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Effects of Loading-Unloading Environments on the Efficiency
of Freight Railroad Stations : An Empirical Investigation

Seongho Kim*

W Abstract ®

In this paper we analyze the effects of loading-unloading environments on the efficiency of freight railroad stations
using a two-stage procedure for efficiency model estimation. And from the results we explore a way for efficiency
improvement of freight railroad stations. Two-stage procedure is composed of data envelopment analysis and re-
gression analysis. The results show that we could expect efficiency improvement through the government’s effort
to make railway stations to be strategic position. Furthermore, they advocate policy-makers that efficiency can be
improved by simplifying the kinds of freight items and increasing the scale.

Keywords : Freight Railroad Station, Efficiency Measurement, Least Squares, Maximum

Likelihood
1. /H = AU FA3 2 Qi) H2 FEFHER} e}
= AxgE9ye AAHES sty g8 &4
71FRsg e 2 nf7t 59 FASHL Ae Hoz HITE/ He JEL A A-g
2 A RELY $5FHE 2751 gt o ste Y EYa AR A 08 HET vt gl
of me} FRAME Fxo JESS HYELS 5 tHEEHSH1D. 2=3E EYZY AME
717171 A% ohFst A4 B AEs M e BsEHFYe AAE Frkehe A4
=28 120094 128 2290 =243 20109 04¥ 089  =2AKEAY 120104 048 13¢
* Qstfsta Hgey



46 ARz

o] MggE]ofof 3| T Ao FIFE T+ 29
& BAA A HAg 9% B dAder
g,

AEEHFYY AAE Friste M g3
e A i R(EY B B
FY § 94 V&S AHEshe Aot e vy
7126l Qg Frte AT el B 4 99
TH2AE B3] AdgnE dAE Yok
FEHFHY $G2AL 4 An|29] At 7
HAHo2 ASEHE FY849 Aoz FE3
= A3 os 7Y 5 gtk 2 3EF
w99 A ARE FAlo whds JrH2), o
237 A7} v Eo] Aol AHHF o AMEHE
FAQAE A W a8 BUH3] Bol Bu
g oul gvk B = oA b Ml Al 2F
HHog Fgae HaAdsie] AnsEHF
A9 &4 X 4% EAEa o8 3
A & AR A BEE ZoRad g

E8A0) J3g njxE 29 BF BALe AT
AL F23 B4 gl Bymes et all10]2
ulse] AE g YFA G e =313 Yag
Aol S WX E 2908 Y3 8 A HA
GAN M AEEZEA (data envelopment analy -
sis ' DEA)S.Z 58438 F33tn 7 A4 dAd
M BZRP7E SPEgoln g g &
&40 F5A IARY(ELAN RS FHY
= 22A HAE AHEEAT ol F EEEAME Y
g 294 A2 two-stage procedure)® 8.94[26],
230, s8] 59 aeAT 284 2YS 34
s AHEE 9 ERD 32 Banker and Natarajan(7]
& dutHQ A A E&AEH g RES
AR F 2R (ordinary least squares : OLS) ¥ )
$-E %A (maximum likelihood estimator : MLE) <}
A7} BAX U3 Al(statistical consistency)g 7}
A& st v Ak

ok

il

1) 297 A3 A7 WS ok BopolA] B4
sol gt} Simar and Wilsen[30]o1& 2¢t4) A7t
289 B9 4799} 250 £53 3ok

HXE 4FE $HEL o) BN 1A A
& 9% e Folrnz} Fuh FalEol
AEREATAY 2844 A G g
24A%e de4dd ARE A w3 44
Bt e AR FALAE A WG =
&4 97} 53 vlaste] g AR, FA8s,
A APEAE 25 wd¥oe N B
A4 Hrle & & Qi oY JYrpdde
ARG e AEAASEAY 499F £
ARG B R fr&etA A2 T e Aok

2 =89 742 b 20 A 289 &&
e &3] A AREGRH S Mystn 7
E a7l ZEARFES FA8] A8 A8
s JARA RS dHEY. A M=
FEHFYG Y8, AEE, ANNEER T
9 24y BEEE AWstn FHEFHE
AN AT R A 44904 RS AN T

2. AeAAA Qe BAL 93l
%A A2}

P
o2l
o ®
Ao
ol
_)'i
fru
s
iC)
o
i
2
R
%
o
i
o
ol
K

olojq E&ARHe FAYHE Yyt

DEAE: 59 - oita 7o) 5848 o
7V& & 9l v R4 o2 Chames et al{12]
7t Ag 2T ol F AEH o o]l WA &
o] thaFgt FobolA &4 WML E A H



Asatgl@7do] AxsEATYe] BeA PIXe 9% 47

o} $tt}2) Charnes, Cooper, and Rhodes[12]¢] DEA
TH(CCR 23)2 2E 7|¢o] A9 AR
A RHI Y& o AP EHTESFY(cons-
tant returns to scale)& 7H43tx itk CCR 23
o] &7iE o]F T3 dutsl By Eo] AANHR
o B =@M B FHHo| ofd AR
719% 23E] 9& | A A5 FEF(va-
riable returns to scale)& WElE & JEE dutg)
gt Banker, Charnes, and Cooper[6]¢] DEA =3
(BCC 2¥)S AMgg

a7lY 71gem FAY EEAA A 7199
E&4AE F317] 93 B BCC 2¥e o
=% Z2& APAGERY SR Yepd & oI

f,=min{6|0x, =X\, y, <Y\, 1A=1, \ER"}
(1
A7 X =[x, o %,
Y = [yl, oy yﬂ]
%9 v, 8 47 kA 7199 B9
g Atz
AE A7) (hx1) 8] FRE WU
1€ 227} 5 191 A7) (1xn) 9] Y]

BEORNY 7 kWA T4 284 A
bE A AE $EL fAHEA HeYoz
24 F gde FY FE& v 0<h, <18

2
.
ek
&
’:b >
i

< A Y FEE 100% ZF
AHgEol A2 o] FAES JEMY kA
710l E&AYL 9ndit) ¢, =102 FJrld &

2) DEA9] o] ¢ &858 BEE& Gattoufi et al[18),
Emrouznejad et al[17] 5% 2% + Yt} Ga-
ttoufi et al[18]o} & 1,800 9] F& 22 0] A A Ho]
913, Emrouznejad et al.[17]9] & 40008 o]}e] &
HEEo] A Ho| gt}

B =R Axegr|de A9l deiF
del FHEFEE)IE F7HAFI7] 48 =88
= JEFIFYY 5984 gL B%Er] o
& w9 ¥ #4E NI e Aoy 148
o FAUYR YL Aot

3

=

YEe ne Wzgd 79ed 1344
S8 ANY o v ge) 982 sul 3 g

< dA9 FUFERT H2 ¢S AREE 4
FEol FA8E€ ey pHA 7190l HlaS

< oujgt. 4,9 go] 0o HE 5 H&
£49 #20] AZE vehd.

A
-~

22 EE4289 FH

A dx @AdA DEA 302 3
FE BANFE A9sis A8y

sk
po{:
o
oX
ml

bomatafre, k=L 2mn @)

4714 4,& DEA 2302 78 r¥A 7|49
as4 A
2,5 kA 7199 @730 HE
a, pE FAGIA 3= A5 R AS

o

Z vebd = 9lvh Nyman and Bricker[26], Aly et
al.[5], Sexton et al.[29], Gillespie et al.[19], Darmar
[15] 5& OLSZ 4 (& F4s4th ¢4 07 1
Atolo] 9ol ghe 2t DEA A5 X A3t &
t sge s dest Ada F5959 34 OLS
2 3A4% Ao He(bias)’t T TAH
& 3¢ 284 ) Bjurek et all9], Chavas and
Aliber{13], Dusansky and Witson[16], Kooreman
{22], Chilingerian[14], Luoma et al.[24), Carrington
et allll], Hauner[21] && A|gtE< ¥4 (limited
dependent variable)ol 4] HEPLREAE 7H 1 )
+ OLSY tigtes EBEAEA(Tobit regres-
sion)& AH&-3HTH

Simar and Wilson[30]& DEA E<7F 1.0%1 45
 AAR EAsE #el g FAXY] e
#3E¥E 2 DEA B3] 72 o3 BEoZ 2
SHEoln} wlghM DEA H47h 102 #E7|AES



48 7

FEAEYY FAA AYste DAY (tr-
uncated regression)©] E}F3 WAL FA3A
o). o8& F39| w72 Nyman and Bricker
(26114 DEA <71 1.090 B$-E oA (outliers)
0% B3 ZEAA A & £3P& OLSFAH L
F712 AEZF olf, 281 Alexander et al.[4]%]
A DEA A47F 0959 F& A$9rE OLS 334

of X327l FEX R E(sample selection model)
S ZEARYY FWHoz M ol T3
20u & 4 gl

r and Natarajan[7]2 DEA %2
%73 HArE Addle a84REe ¢
22 ez A gofl digk OLS
MLE7} ¥*54 % consistent estimator)d-&
sFicts)

S

ot do

o 1o,
ok
mlo

1nék= otz B+u —u

=atz, f+e, k=1,2,n 3

4) Simar and Wilson[30]2 4] (2)¢] 8428 & 3
7] ¢ Yoz da3ARMe] g3ds 4%
# g 2 ¢ 18 FAAVAS ALED), 2,
69 AaA, 0,9 M) oz Qg TAHL =
T 4 dE o|FRAEHN Al double bootstrap pro-
cedure)& AA3tAT A AL S A8 o) &
@A (truncation point)dll A @l HolF ¢ o 2}
27t BoQlE Ay $x¥F Aus m4E e
o AR 7hsAde] e Aoz d#A IrHGreene
[20], pp.E27-75). B =FolME AL =
A Yste] A9 2 Simar and Wilson[30]¢] A ¢t

O FR2EH HIAE ALY & ¢tk

5) Simar and Wilson[30]3} Banker and Natarajan[7]2
Z+7} A E A 37 (data generating process)oll th gt
ANz e /1AL AAZ 584 2 584 239
FAE A% 204 Ao HIAA T 284 2
Pol g 2 -FA o] dXFHFolet= HelMe
22 A2 7HA 2 ik 28y Simar and Wilson[30]
2 A 2004 ¢ ALEH, 2,9 9 FHEA,
6,9 B9 So] ¥4 (asymptotically) & 2= Abe}
AR FERARANE EAE opr)F)|A G2 B}
olE FE35y] 9% et AAE Ao, Banker
and Natarajan{7]& E&X 28 g FR o] o
AFAFY S st FF3to 4= FFRE
A 6,9 Bel7t 2ASE EAE BRIV wet
ATFA7E gedor & Aoz AR

A7NA T Elv) =003 FEEAQ] FEF
¥ g8
w it QHFEE v EEA
6 (=vy—u )T BEZLA
O, 24, @, BE A (QAIX G 25

e

BT x4
W 4] AaaA g FUWFTe AadAE ¢
& /Mt 4 (99 AeEE gel g OLS

9} MLE7}F 9 %% % (consistent estimator) Y-S
Zr st th Bymes et al[101E v]=9] A 2
A9 Q= =17 AREEFA FFE 1A
T 898 B4 98 4 3y OLSE F4%
u} 9lt}, Bhattacharyya et al.[8] 2] (3)2] &&<2
e ATEER ST HEede AT ER
(half-normal distribution)2 7H83te A= A=
7070 &3 ALAEY tigt H$-FAHXE T3}
At A7 0 2 Banker and Natargjan[7]S Bymes
et al.[10], Bhattacharyya et al[8] 5] EA4 o2
A BEAS 7Hd 28R Y FAYHEE A
SHes FHAE A7 &+ Yk

P =RdAe Aol sEFHFHY &

240 A E GBS AR A 4 B9 £
4E¥S OLS, MLE 59 $3o2 435w 1
23t BAUL £9 o] 278 ENAARA, A
WAL 5o FAAAs waste] AREEY
F2 A% A9 3 $& 4R



APl gtzde] A= BHFAYe] A4l viXe 9F 49

B/ )8 BATE(DEY - EAA)E AEARE A
LRt

FEHFHY 9=
ol AFH o "}%ﬂ‘—‘f Folaie} 744
gt HAPPALR TEE F
AFGo] EFS Aul2E Adsted AFHe
2 AR £984 2= <lE(labor), A (equi-
pments), A (facilities) 5& € F Ut EHF
Ao AL EFYY, ddu, ExEA - 24
& A% AH(AY - A F 29 Az

< TR AHFH YY) o= ?—‘?'—f'?z_} T
Aok AFEF o Faedd AHEEHE
A%, 23R, AAR, Aol ?,] zom]y} Mg
Q~ 73%, 28 gujet 18 o] A A8 H= A

T LR FEEY B =RdAe grsted A

29 ¥H 5& njsto] HelA 19 7 AHeE o
- EAIE (DY W20, HeEA0E G G
55 13ty 8ol Ak 1Y 5]"413}%‘5
(9l YY), 7Nl 3k} (freight car)P S
2% Qe MR Zdolg AR FAT :r‘
WRA7Fs (DY) - %) 58 FUAEE ARSI,

AT Fo ARNIQBRozE Hahy
M, AR, 23 7 gl AHAE AT}
5509 54 52 5 4+ U Ashy
Azl sl Aaddel olFolqLA ohiwl
pulol olal Hakagdel o] Foixe7ke ek,
Jol2t g Ho| AHGozAe UL 3
7ol elve Uehdeh s5500) B4
do] Ui} ke Fie F2E AT

dehie AFESURY, Gl AFshe

ok
rlr

koL c:»N rlo
i o&l vo oy
¢

0
=

o T

N
T

6) ‘dPAAUY L =FIHE Belste AHA o
AeHe ﬂ‘% Aol FEHO SiA A &
wrdME SErd Mua Add AHSEE 9
B 98 S IR < EFIY  (ERAY 'Y
e A+ GG GYNeR e AHEE
A

7) AL 208 AFse 32 (ocomotive),
oA Al A& AF3E A2 passenger car), L
22 StEHAF 7S AF3E 33 freight can)®
FERHED

2o 2e Yrhle A7, ol AFehe ¥
29 o= Ausl WEEIWIE Uehie 47
Wg 5oz TEAT o|F ST APy, A4
A% ol HeAFIe HeAl ofd JFL
A3 gerte BHsIA B,

£ =gl i AR 9E 20
A 54500l 54 e 2o AxE 24T
o o9 ool AFEITEIE FRREN 1 )
2 249y, AFAet dE2 FEHE AR
% FolA A% o] AL Ba HlE = A%
&(99) 092 SR T AN &L AFEY
A wpEwe) AXse v&(H | W 2HT
o Asrge dol AT BN T,

B8, 2H53 59 F50] AA| 3k H&(E9 : %9
& €3 (proxy) 2 AHE-8le] SAGRTE ARG R
Aol Qee 3l vt qRE FFHETE00]
10%8 233l F50] gle7tE Vo= gud
F9] g2 vehdch

32 &

B =8oA A5 Ase KROIS(Korea Rai-
lroad Operating Information System)oll*] 3 gt
20074 ‘SEeS ARG GETE 4P,
adx 20073 ZF 9ol 8439 ekl WRas

8) d& So] 20079 & 3l ¢ AHFA HFF
2o 97657E0H HAEE $49 AAEFS
81 PLSBELZ A H ] ‘HK{E L 1.06%(= 7,667
+ 87,791,526 x 100) 0] t}.

9) Adoly, W3 %3 Fdek 5L ¥IF YRE
9] FEL A avHolA, TAHY, FA7], Ho
29 59 FH2 3ol 635% Ll
s, vg 58 d¥d AARE, AFAE F
2 olHo o8 Hago] FPHr)

10) ‘E2HH5eL 83 %%ﬂ A g F$5HE A4
B FoA i do] HFse EFY ¥E&S
g} o2 o] 2007 3 & ¢ ExE
28 ‘SARL 27707808 oW ‘QH G b
B praee 6899250, o] A AAHY R
Agl TEASL L 249%(= 689,925 + 2,770,780 x
100)°] e},



50 I

(E 1) BEQAEA(n=189)

T L @9 EKis E£F 9% Hagh Ak
i GETFE e/ 230 751 00 7543
=AFR e/ 229 6.8 00 7212
=4 A - dxE B/ 108 12.1 00 &6
19 FgAgsy 2/9 77 1320 05 1042.0
FURANTHF B3 %0 1257 40 7940
23} FEF 7N 33 24 10 130
24 g % 05 14 00 115
73 A& % 296 378 00 1000
ARAR 03 05 0.0 10
A A % 5.1 409 00 100.0

SBATY Hatad 87 2 A 59 AR
FABAT 20078 @ o B HELEAHe] 9l
£ 3530 o Fo4 R - 4EAE 2 AR
AAES AZE BF F0G 5 Yt 1897 o]
wEo] LAY, <® 1> BRARIN 7
F4, 43, H4YBY AR LFEAFS U}
ehd Rolch

33 EMdn

2] (1)¢] DEA E8o 2 73 1897] 32339
o] &P Hoe 05192 vERGTEID oE
F2d ¥ FEFHTYCl HTH 2 BFYFE
9 RI%E A= FEFEE FAL & UL 9
gl DEA E59 EFEAAE 0279, Aie
0068, AUlg< 1022 Yepyith <& 2> DEA
A BXE vehd Aotk dgiF oz 839
el A FHE L dE BEHTY & FRUIHL
BAZ RE 1323%0 Aog Vet vEg
A SEATGL 84 A7 07 1Atole] A
A FHeM v glov v 8475
o Bol 2XHo] e A= ekl B840

11) DEA #<=9) AAke GLPK Package(Makhorin[25])
9} R(Venables et al[3I)& ZAAE Zg2agog 4
g

08014 1.07I%H] SHEHH AL FE 9 502%E 1
Eb L 020138190 S 2 6.93%E ekt

(% 2> DEA H=9| EX

W | =% | wee | 4ot | e
6=1 25 | 1323 | 1323 | 10000
09<6<10 4| 212 | 153 | &7
0.8<8<09 70 370 | 1906 | 466

07<g<08 | 13| 688 | 593 | 0%
06<é<07 | 20 | 1L11 | 3704 | 7407
05<6<06 | 16 | 847 | 4550 | 62%
04<6<05 | A | 1270 | 3820 | M0
03<f<04 | 30 | 1587 | 7407 | 4180
02<6<03 | 29| 153 | 042 | 58
6<02 20 | 1058 | 10000 | 1058
A 189

<& 3>& DEA s 2aRge ¥
B3 FE55, AR, AANE, ARG, A
59 HalRUeR WsES SHEWsE 44
A ()9 28458 E 343 Aotk <F Do)
A R A G SAAFE OLSE FH§ Aol
o}, ZEcoke] vebd e ZFSARENYH F

Rk

2 I




Al 8ol AESEAFA BEYo AL 93 51

A3 Agrolth. T WA 4L 4 (39 agAHEY
oA FdEoxte BXE AFEXE JMAEa ¥
249 BYE WAFEYE 7143l MLEZ
A% Axeln). A AA & 4 (39 AR
e EXEARY(Tobit) 2.2 $A% Aoo|th?),

o

ot

(% 3) 8428 ¥

OLS MLE Tobit
(D @) &)
Cay -069™ 007" -067™
(08" | (015" | (0717
FEE -0.10™ -0.07" -011™
(-024" (-0.18)" (-0.26)"
A& 0.18™ 017" 035"
0.26)" 0.25)" 049"
AAuE | -0002 -0.001" -0.002"
(007 (-0.04)" (-0.08)"
ARAR | 0457 0.30" 037"
020" 013" 017"
A 0001 0.001” 0001™
0.09” 0.04" (0.06)"
by 302
o 089" 063™
%) n=189.

* opkel 0058 FAE&g e,
™ pgkol 001R T ZE& vhebd.
()¢t = EFAR2RY FHE A,

<% 3>} 3 wA o ek OLS 379} A7 -

A5 (coefficient of determination)= 0212 & 343}
A3 TEo] DEA AFEawsiel W59 21%
AEE Asta Loy a=001904 FEAY ¢
AL F(518)=312011 #AZFLS F(5183)=
95501014 FoFF 1%00A4 A&AHAEH Ui

12) OLS, MLE, Tobit 5¢ #4243 2% LIMDEP
90120182 TaH¢ich A9 ALA L2 LIMDEPIO
A4 71222 439 BHHH ¢85 7 BFGS ¢
2EEE ZF ARGy $EdsH gt 2
€ ged Addsisc

OLS #3237t fog Aoz Yepdt <F 3>
o] T sl GANA AE o (AEEA)S EFAR
gt o (FEL2DS EFEBEA v&S vy
ok 0,8 B 4, o B §e AFEL g
th <¥ 3> F A o] Yehd MLE 3257
oA B A7F FYFE 1% FreFoly ol&
Z&ATY g MLE $4 9] AA 2 F(misspe-
cification)’} §1&& BAFE FAH A% T F
ek <E 3>9 A WA Gell Jebd TobitF4 9
HALFHAES 98 AF%E 69 FHAFEEE
z+= Lin and Schmidt[23]¢] $A % A4% 29
FHo| A FEEE 2+ Pagan and Vella[27]19) 54
ZFg 734k Lin and Schmidtel 43L& #
a4F 1%004 2] A 163180} v £ 76.6%
Vel Tobit 28] i AF7Hde] 71453
v}, %3t Pagan and Vella®) A fo¢E 19
Aol JAZE 9215} vl 2 150,772 e At
Aol 554 REE RAFA

<¥ 3>9 3 WA defl vebd OLS FAAHE
Asuy FE5 ARE, ARAR 5 E&49
FoH9 AL FE= AoE vehda HAn &3
AA o) AL frolHolA ge Ao eyt
t} F249 ASE 01028 52 e A
F89 AsE 0182 G52 VElgEY ol AT
FEo| fjYdrE §84L Yoldg sl #
FTHEN AZFE A&Ao] Eo1AE ouigid.
o8 At FEHAFYNA FEEe FES U
et HRE sl Aol BeY ANE
AL & LS HAFE Aolg & & Utk A
o B ol AL 04568 5= el oje A
HRoeae dag s 9o] 18X gL 9
o B4 0] 56%(= ("4 — ') x100) TS vl
th olgs A 2 FEHINY A=FAL
83 gE MEYZ ARt A9 & §
A B9 AE 78 F 8-S BAFE

13) LIMDEP9.02} Tobit 5% Z 3] Lin and Schmidt
[2318] &A% Pagan and Vella[2718) A%l
A A



ozt & & girk. AAu| gl o] FoHolx
A vebd AL BExu| 2 F2 AF3e 9
I = MB|2E F2 T 90 384 &
Z9] Zol7t ge-& omigt). T HAgel o
o] frjHolx A vepd R Aol 4w
&0| BT E F840] Fold Aojgte Al
71l 537 = Aot o] 89
7FsAd o2 QI X9 Abgel 7| Aoz
gddn <& 3> F WA do Jebd MLE 3
AAde JAATY @, oA, F3 Fol OLS
FRA%Y vl FAStS OLS FAHAHZRE 9
A 22 BAWES 48 F 3ok

<E P>AA Zzetd Yebd EFEIATZEEH
FAE AFelst BEHAF)E A4
7t &R Pl X 9P AiE FAEE &
Mg otk <X 3>9 A WA dol Yehd OLS
FA3A4TNAN F93 ERIAFE AHRA A
& 026, FE5F 024, A¥AE 02022 Yeld
om ol &AM U JFo] AH FoE &
A7b AFEETSY, AFTE, AYARY &4
A4S gt o7 ¢4 MLE FHZA0A
T ZA vebdth 39 < 3>9 A WA de) U
e Tobit 3 AALFAANA 7125 0] A
FFEAFE Q% OLS F447e] Held) i
FEg #Ao] oA =HArh

o5

4.4 £

€ =rodde 28 2 AeARYY FHE
A% 26A HAE AgSt] St AR
99 HaAg@dAe] A=gEHTHY AL
of PlAE dFE B8 )8 A 54 )
e A% BIe Fopugitt 2dA dxie) 3 A
A @A Banker et al[6]9] DEA 23& A-43}
i F WA @A DEA Ao 2addke Hs)
ZAggRurs dgsts ARES dutHaA
¥, 944, 181 ENEALY 59 Uy
S 2 FAA. 29A AA2 AT A g

(1] FES IR, 2228 20108744 271 A
< AXES 1%/ Au 3, 2008,

2] AAZE, LAE, “AEXENS d43 A
SEHFYGY] AV, reEEs =R,
A124, A235.(2009), pp.315-320.

[3] kx4, 38+, ‘DEA-ARS &8% =3
E3EY 584 B4, "dguEetsiA|,, A
273, A33.(2009), pp.7-16.

[4] Alexander, J., J. Wheeler, T. Nahra, and C.
Lemak, "Managed Care and Technical Effi-
ciency in Outpatient Substance Abuse Treat-
ment Units,” The Journal of Behavioral Heal-
th Services and Research, Vol.25, No.4(1998),
pp.377-3%.

[6] Aly, HY. R. Grabowski, C. Pasurka, and N.
Rangan, "Technical, Scale, and Allocative
Efficiencies in U.S. Banking : An Empirical
Investigation,” The Review o FEconomics
and Statistics, Vol.72, No.2(1990), pp.211-218.

[6] Banker, RD., A. Charnes, and W.W. Cooper,
"Some Models for Estimating Technical and
Scale Inefficiencies in Data Envelopment An-
alysis,” Management Science, Vol.30, No.9
(1934), pp.1078-1092.

{7] Banker, RD. and R. Natarajan, "Evaluating
Contextual Variables Affecting Productivity
Using Data Envelopment Analysis,” Opera-
tions Research, Vol.56, No.1(2008), pp.48-58.

18] Bhattacharyya, A, CAK. Lovel, and P.
Sahay, “The Impact of Liberalization on the



Astd@7del AESTAZAY B2l PAE 9% 53

Productive Efficiency of Indian Commercial
Banks,” European Journal of Operational Re-
search, Vol.98, No.2(1997), pp.332-345.

[9] Bjurek, H, U. Kjulin, B. Gustafsson, and D.L.
Bosworth, "Efficiency, Productivity and De-
terminants of Inefficiency at Public Day Care
Centers in Sweden; Comment,” Scandinavian
Journal of Economics, Vol.94(1992), Supple-
ment, pp.S173-S191.

[10] Byrnes, P, R. Fare, S. Grosskopf, and CAK.
Lovell, "The Effect of Unions on Productivity
: U.S. Surface Mining of Coal,” Marnagement
Science, Vol.34, No.9(1988), pp.1037-1053.

[11] Carrington, R., N. Puthucheary, D. Rose, and
S. Yaisawarng, "Performance Measurement
in Government Service Provision : The Case
of Police Services in New South Wales,” Jour-
nal of Productivity Analysis, Vol.8, No.4(1997),
pp.415-430.

[12] Charnes, A., W.W. Cooper, and EL. Rhodes,
"Measuring the Efficiency of Decision Ma-
king Units,” European Journal of Operatio-
nal Research, Vol.2, No.6(1978), pp.429-444.

(13] Chavas, J.-P. and M. Aliber, "An Analysis of
Economic Efficiency in Agriculture : A Non-
parametric Approach,” Journal of Agricul-
tural and Resource Economics, Vol.18, No.1
(1993), pp.1-16.

[14] Chilingerian, J.A., "Evaluating Physician Effi-
ciency in Hospitals : A Multivariate Analysis
of Best Practices,” European Journal of Op-
erational Research, Vol80, No.3(19%), pp.
H548-574. '

{15] Damar, HE, "The Effects of Shared ATM
Networks on the Efficiency of Turkish Banks,”
Applied Economics, Vol.38, No.6(2006), pp.
683-697.

[16] Dusansky, R. and P.W. Wilson, "Technical

Efficiency in the Decentralized Care of the
Developmentally Disabled,” The Review of
Economics and Statistics, Vol.76, No.2(1994),
pp.340-345.

[17] Emrouznejad, A., BR. Parker, and G. Ta-
vares, "Evaluation of Research in Efficiency
and Productivity : A Survey and Analysis of
the First 30 Years of Scholarly Literature in
DEA,” Socio-Economic Planning Sciences,
Vol.42, No.3(2008), pp.151-157.

[18] Gattoufi, S., M. Oral, and A. Reisman, "Data
Envelopment Analysis Literature : A Bibli-
ography Update(1951 ~2001),” Socio-Econo-
mic Planning Sciences, Vol.38, No.2-3(2004),
pp.159-229.

[19] Gillespie, J., A. Schupp, and G. Taylor, "Fac-
tors Affecting Production Efficiency in a
New Alternative Enterprise : The Case of the
Ratite Industry,” Journal of Agricultural and
Applied Economics, Vol.29, No.2(1997), pp.
409-418.

[20] Greene, W.H., LIMDEP Version 9.0 : Econo-
metric Modeling Guide Volume 2, New York
. Econometric Software, Inc, 2007.

[21] Hauner, D., "Explaining efficiency differen-
ces among large German and Austrian banks,”
Applied Economics, Vol.37, No.9(2005), pp.
969-980.

[22] Kooreman, P., "Nursing Home Care in The
Netherlands : A Nonparametric Efficiency An-
alysis,” Journal of Health Economics, Vol.13,
No.3(1994), pp.301-316.

[23] Lin, T-F. and P. Schmidt, "A Test of the To-
bit Specification Against an Alternative Su-
ggested by Cragg,” Review of Economics
and Statistics, Vol.66, No.1(1984), pp.174-177.

[24] Luoma, K., M.-L. Jarvio, I. Suoniemi, and R.
T. Hjerppe, "Financial Incentives and Pro-



54 7

=

ductive Efficiency in Finnish Health Cen-
tres,” Health Economics, Vol5, No.5(1996), pp.
435-445.

[25] Makhorin, A., GNU Linear Programming Kit
' Reference Mannual(Version 4.39), Boston :
Free Software Foundation, Inc, 2009.

[26] Nyman, J.A. and DL. Bricker, "Profit Incen-
tives and Technical Efficiency in the Produc-
tion of Nursing Home Care,” Review of Eco-
nomics and Statistics, Vol.71, No.4(1989), pp.
586-594.

[27] Pagan, A. and F. Vella, "Diagnostic Tests
for Models Based on Individual Data @ A
Survey,” Journal of Applied Econometrics,
Vol.4(1989), Supplement, pp.S29-559.

{28] Ray, S.C., "Resource-Use Efficiency in Pu-

blic Schools : A Study of Connecticut Data,”
Maragement Science, Vol.37, No.12(1991),
pp.1620-1628.

[29] Sexton, T.R., S. Sleeper, and RE. Taggart,
Jr.(1994), "Improving Pupil Transportation in
North Caroling,” Interfuces, Vol.24, No.1(1991),
pp.87-103.

[30] Simar, L. and P.W. Wilson, "Estimation and
Inference in Two-Stage, Semi-Parametric
Models of Production Processes,” Journal of
Econometrics, Vol.136, No.1(2007), pp.31-64.

[31] Venables, WN, DM. Smith and the R
Development Core Team, An Introduction to
R-Notes on R : A Programming Environ-
ment for Data Analysis and Graphics(Ver-
sion 290), http://cran.r-project.org/, 2009.



