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Zhaligtom 657 tistollA] 20001 15870 tisto= 30 52t oF 2.54] Z7t
P sHYSE 19708 33,483%0lA] 20009 913,273 o= oF 27HE F

St 29 F digte] Asoh= S0 FUhet AFGALs]e] A

%/\'] 1990]’31—’}] }_?l—oﬂ% EHE]—O] —_ahzldgl_ﬂ] ﬂ@ﬂj—_’ i}_l\g

(% 2-5] 99 HEds 98

TE) as(h) SA4() Je(E) | EUARE)
1970 65 33,483 - -
1980 128 165,051 - -
1990 117 323,825 - -
2000 158 913,273 318,135 223,489
2001 158 952,649 322,687 232,972
2002 159 963,129 311,304 239,114
2003 158 925,963 275,318 246,789
2004 158 897,589 259,182 226,886
2005 158 853,089 251,283 228,763
2006 152 817,994 254,433 222,973
2008 148 795,519 255,395 215,040
2008 147 771,854 249,291 207,741
2009 146 760,929 242,525 199,421
2010 145 767,087 249,144 190,033
2011 147 776,738 249,693 188,216
2012 142 769,888 238,952 188,468
2013 140 757,721 227,707 184,817
2014 139 740,801 221,750 183,557
2015 138 720,466 214,466 182,424
2016 138 697,214 208,808 178,482

(EFA @ A=SAAE, 2016)
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Data Envelopment Analysis(Formulation)

A B C D E F G
toputtx |3 2 6 4 8 10
Output:y 1 2 4 6 7 5 5

CCR - (Input-oriented)
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Wotths J14 shold aede WSt wEe sidshs] gie A
o0& Fuielo] WAL WG 4 olnt ¢ BCC RS g
219l A Tt (scale of operation)E &#HsH7] {9t ot} e B
gl DMU9| ma/doll d3s uE & AL Az Aolst s
H

== Hl st W2 TS o= & Aot mEbk BCC 2¥2 DMUS
%

ol mE

o

2o 18

AR
1

rr
o rlo BN

DMU+ AAe] T3 a82 gl 943]1 49 Bl oA
3717t 7Hs st

#52(201D2 CCR R AeFAe] F7hd BCC Yol A8 75t
F9ol CCR RBP4 A8 7Haet g9 FEFde] =9 BCC 239 &
&7do] CCREPY agAHY FA Hoh wov RO g H4A®
(Indicator of return to scale)E 7}2]7]H, ofefjAlofA o gt B4}
S7Foke B9 wo < 0 o]al, fFRo gt H47F AAHSHH wo=00]H, 1
of gt B47F AASHA wo » 0 7F Hh

s
maXEK = Zuryrjo_wo
r=1
m
s.t. Evixljo =1
i=1
m
Zur 7’j Zvixij = Wos jzl""’n
i=1

r=1
m
Zviwijo =1
i=1
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Data Envelopment Analysis(Formulation)

A B C D E F G

Input:x 3 2 6 4 8 8 10
Output:y 1 2 4 6 7 9 9
et b d b b e e Becaidio

F{,E'S,Q} G(10,9).

—e— . X

(EA  ZHAs}, 2017)

BCC - (Inpiit-oriented )

_50_



3) DEA 2g9] & - &4

DEA= #2947 A2 4
papametric) ¥ oltt, 1

_;L
+ WA T AAEo A7

b RSAG vgRh 2871T, F
1 - GRIIW, FEUIW, HE/INEY ARAS S5 BYoR AY
sttt ool B9 - fERe] EAG: A%l ae4e 3T & 9o
W, Aage) o BAsel 54T 5 Ak FEL AL Arke Y,
2010). £F DEAE RHTe] BR5AE AHgohe A7ARAT e, hAle

787 e F1 AHT 5 Uk PS4l
T JRE AT Eoh. 59|, FAv BEelHY Bag W] et 7
A ZHgre Mol 4T mEeold] AR AFHDRE FH A0l B
25 gk & £ % AEU5Y Age] glon Tg4Ae] Akt ol
He EQI A5 A A9 AuwE o F48 B Akl Yk
o, 2004)

>
30,
)
&

N
ofx
2

i of o rob

- - E
Rojstn] A% W 29 WMASY 2REE WS 25T oNSESY
Fe AT 5 govl Briigel mAEAPRY 284S B of
= s THRITEES, 2013).

bz F&% 49 DMUE &ET 4= Qlojof stal, IAREAT &2 FEA
o] 5l g&2] ¢¥om Charnes, cooper & Rhodes(1981)7} 3 DMU
o] = FUQAS} 4AFEQ A0 47t 38 o4 o]ojof om] Q= AWE 4F
= 4 Utk & BY - AEa49] 4 diH|ste] S4stA sk= DMUS
= FYAE 249 HAA 5 X Y 3uf ool HA] o 9w
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A= At APAET] ofHr] w®
Atke]d g, 2010).

4) Hef 2] o] (Meta—frontier) &4

HEetZZeolo] 7]E fEe =FEX WA A (stochastic  frontier
approach: SFA)ol EtiE Fi1 & &84 —E—*ﬁ]‘ﬂqgi(Assaf 2009),
Battese and Rao (2002)°] A+E 7|
Hd= 85 QIoh.(F7A3) 2006). HlEFZEE 0] B2
Adl 2&<S 7 DMUS 718 DMUE HlWsSHAA TIF &
B0 1% 9 Hd 2eAE 7 DMUE =&
At 7J94 71E AXE Zﬂf‘]oﬂ <+ E}E}i 71&2] DEAR

Y

F

L
i
o
o

= e made vuste Aol Jhesta(eldieet @<, 2014; 4=k

2016; =4 2], 2010; Battese and Rao, 2002).

oet ZeEole] ma4 23 FHL FAD 71ES Agois 549 3
DG5S ohfe TEoR WET 7t 18W ol AN nEeolg AEsl
Y Y SEUE S SEEYS] BUIREE VR, B0
ArEE HEZZE o] B4 5ot A7 o2 Jjeg M 4o OF A
st Estl Y SNBSS 1F AN B8 BE 3
A 4 Qoh 18al ol Fo A= o AMdESE AL e OF
7ol a8/ Hluwrt 7+ & AAl Ftt(Battesse et al., 2004)

he ol Wet LEelole] mHuY W Seh gae] dat QurEel Bge
A 91(2010), A= AER1(2010), oldizet 45(2014), A=

(2015, 2Fs (2010)°] A5 Ed2 Bad $4& 4ot iyﬂ%ﬂ.
et 2Elo] ML thgo] S &
9 el o2 oje] MO o2 AAES ghe b g0l g;um A5 tﬁ’
kA Ak-th)o] 1% 2de Wi BN 5L AU glon] thed
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(DI 2ot A71A, g0t @0 22 kIE 9] (-th) 2 DMU9| 4t
delel E9E HEoo|t, g.= k¥R I o] Hod =4 F

2 e >
™ o
U2
e
Zo,
rr

iAL)
iy
0,

1

B <(unknown parameter)©1™, v, N0, 07,)9] Lt
RS 7 Qe FEAQD BEOIH, vy A4S 71&A <l H|
d(technical inefficiency)E AEst7] #1si 7FdE H|&(non—negative) 2|
oA, N(uiry oo) S E2ES] 004 AetE][ojX (truncated) =HZ
?l BXE 7Sk ot ol d¥tdor FueERAlE Fol SAEHH,
7 B84 @2 A A combined error term)ZHE FET| ™ (Assaf,
4 @&/ (technical efficiency: TE)2 o229 4 )< &
th(F 7=}, 2006b). TEF SHEA ZEE ] AAREE o9 A (3)1 Zol
Aojgt = ik 9714 ¢ & HEtZRZEo] Ay} goly, § & v A (4)
o] AL WEHA7]E Yt EZEgo] W9 "HlE gholtH(O'Donnell et al,
2007).
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Yik)

TEy=e " )
Z/j :f(xh;, Ty xjvyzﬁﬁ*) Ui — ez,»<k)ﬂ*+v,(k> 3)
T B = 2B (4)

4 (e P4 EnEee] gat 2t 150 584 ngdold] zethy
e Ueit A (D9 K1EE HEA WA get Helslela i v
270 p2g AT goltt wal 4 (3)o] LIS MR k3]
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BFZEEolo]  dH|ste]  IF  ZEECS  Hlgol#, O'Donnell et
al.(2008)>  AeldE 0 1Afelo]  FHE U dEpledlg S
(Meta—Technology ratio)2 Aottt A (2)¢} H|TE W] Aoz |
HA - £2o] B ZEE] aadde 4o A& J—Eﬂﬁﬂ/ﬂ HEtLE
ol9] AHEET Hlwste] AME x| O] AEEEe HleR 4
Kem, A (5= HEZEH o e meAde, A (DI o] &
A AL, LubHQl HEZEEole] Yl TE,
(T, )7 71527 1% (TGR,, )& Fste] ehd 2 9l

g
g

o
N
1
bol‘
9—‘5

* yz yz yz
TE, (*) *( ) . (*)
Y; yz(k) Yi
409 B . ®)
— o Mt € e Wl T v
e%(mﬁ
exi(k)ﬂk
TGR, - (6)
i3
(&
TE;, = TE) X TGRy, (7
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drRtdo® DEAS Tl SAYE a&4d 2 v¥=ESsA goz, A4
S 7R Y=tk & DAEE Sl 54" 2 F4o] oy AUt
d gtold. wEhAd DEASl med 2 AFte 44 &+ Qv 94
S 7HAx gk webA o]d DEAS AZS FESEY] 98] Simar and
Wilson(2008)0] A|¢tet REAE(bootstrap) WS Fd DEA BEA

gl AFPE FF 4 9k

AP

_55_



2yt 627 A&

gen] A=s

e
o

5}

dTAA

o

o

71l

Al 3%
NAE e o

dfste] mg

ATFRY

o] 2016 o

=

s}

A 1A

o

- 56 -

or ,
B Ak wm wi oo
T 5 wr TE X i
o " oar o H R WS WO KB R
ﬂAIL o} R ° ) ﬂVlH_v\_ T 7o o LS

T O_E ‘_jn _OL b Wl XX el ol =

_,A_l Or.c o E._L .A_ HE Or.—_ﬂ__lﬂ 3
o e T B 9 Ty %0 ey

= a o HX ol Lo
mm B mﬁ wﬁ vz _E " wh R
o e . _w.ou Jmm o Mo oF RO

,A ol H e
ng I RO A T
Al %zmdmﬂ = .

i = o o o oo | W
T ™ o o i SRR | ®e

No M ™ Al | e I

T . = i - Sz R o 5H
oo By iy 2 ZE | &m R ~
T il B T = %hxﬂ el
ol o o< ol o - - Ko

S I i o

aF ALaEE F 3
&= o F = M or M o g

__:A | —_ —_ b=

— m oo B I 5 8 il
cm_w u wﬁ o %o Q. g = o
i W o S & I
A o 9L B
% B MmO w5 ih =
T = Y oo o
. Mﬁﬁoauﬂ”% = e
T q 7 il = oF JJL O_E O_E el
ﬂLE_ﬁdMﬂLxxmm_g = mm_,w. u._a._%ﬂo m
Hoﬂ@raﬁi%mdw Z |z T =
RN B Zlzh| PR S
_"E o X° _Qn_ o X X KX
__ﬂ B8r n_Al,._ NW Wm | 7.”_ _In_ _!n_ _J.n_ R



ot

o

[

Q.

=

s}

=g

&l

T
ol

kel

AR gARRe]

SH
el

o

20169 %

il
=
—

A7

=

A2 A

_57_

SRS E A E S LT
o T w by X T
= ) 2 m o w o g 8 m. ) . G| E
pg e Bx B %y ¥
o RNk R 4 | 4
P o oo — BN A | o
0 B3 KOl o T T w3
3%_%0 ﬁ%#%ﬂ iwﬂie_emﬁ:aﬂm %M T SR
% TH S & oS FEog G 0w < |
TF Ay FET T OHE o W w W g || T X
I L R |4
e g m I e AETE s [Ty
S W 2k g R B R <
AR oghele ForLZREIY s fe s
= o 5 0 Too 8 L A R Bl
o or M%EL_EML %e%ﬂ%ﬂléﬂ% ol @3E(T
F o o X iy 5 WO FOR o W o A A
S T M R S R I S
0 L SR - B ol N S G+ | A
WO B o~ & O &8 o m W o G oF
N N BT o T <+ < T
] oo H o7 o © ) ,.r1_1D|,m_.L D | P
ﬂiﬂ%ﬂgo B ot BTl e o ==
No ~ ) P-_. oF H B < on W . W = ok S 51 A
m%%aHmMXOﬂﬁﬂo HLnqu._ﬂm_-ﬂo_ﬂ_.ﬂld_ﬂ =
RN s 2K X =
sstd _HoeE TeFrmiged w
Do B o o 2B e A 2w g
B = __OL EE 1A_l Ow.c 1__.._ oS T L - < | —
ﬂ_AIL _A/7 EE O“_O H_ﬂ_ —_ m iy 7AO AT Lmv_l - 7‘A M — % [SS <
S o ,ﬂLﬂﬂMﬂ%ﬂaaLD _ zls |3
T ® T2y " dggy st s 7%z
T e R s B Tt T d B g, OF AL C|ES
o e h ol DR e 9ol H m/l\ >
OTOWamﬁ%ﬂﬂ_ﬂwﬂﬁ@.#%m_@y g1z | %
O L E xS BTN 9 S8 | A
B oo 3 K~ TR o F D o« 2o M A
S mABA s e Pag . 5% 34
B s H ~ m OB + o " o T 8B




[

El

3-2] B9 W% 4

1

Q@7 B4

i
o,
rE
B

AR

ZolAa

El
s
ek
Mo

Qe <] (1998)
o=, 0]-&Hl(2000)
LHe1(2004)
A&t (2004)
A1), u115=(2005)
H4-91(2006)

] 244(2008)

98], UR1=(2010)
Z-2(2011)
= (2011)
H.2(2012)
15}93(2013)
571,41 (2013)
0] 4(2015)
] 22 (2015)
22174 (2015)
2]3814(2017)

Breu & Rabb (1994)
Athanassopoulos & Shale(1997)
Zheng(2002)

Abbott & Doucouliogos(2003)

o]/, 0]-Z-Hl(2000)
4o (2011)
=H-2(2012)
o] g4 (2015)
2]3]/41(2017)

Lee(2011)

ol/d=,]-&Hl(2000)

2
rio
rel
ook

AA 2](2000)
]3] 54l (2000)
al=£(2004)

AT (2004)

A 8], 4e13(2005)
0] 341(2008)
+Z2(2011)
A3}94(2013)
A57],41dH(2013)
o]g4(2015)

Abbott & Doucouliogos(2003)

_58_



m RO X o) @mmma m%
& 5 HoNr ®UR T o WX
g 5 A ol g ode R
S 3 %ﬂw_mﬂg,%%
2 = T X o B T ol
E .mo 17 Wu_l_:_/_u.._ or.c NI m_u o| MH = A_l
® E < L - S .
E S 3 X AR o B ogi
i 3 e = DT R
A m.. m m O_E A‘._ OT_ ‘Mﬂ __01_ 1.._AIL mMO 1rE
3 29 S o o W o— Sy N
2 = = il = X TG
g £ 2 5 o Gl
= £ % = I W_Urﬂmmaa T
= B < MOﬂA_.mﬂ BN oWy,
0
Cmom T oAy o
— __O_l — = y‘mﬂ
o N o T o TP ool X
oo Tt o =
— oy = o ™
ot z:| OE o) ..__L
I
% g RET oy g
LI =S = = 238 2 . H o T b X
AaNFa s s s s T
29U EISTE | S98 28308002005 TB oo Ko
TSSS88| TS| FSS|FTSTSSSSSS %%%ﬂgﬂmﬁ%ﬂm
gg8g8g8 g8 g SRS g33gggggag x o
TBooo) T W F WL | bh BT O[T X N T %E Be X ORTORM T = X o RS
TOE D P R Moo W | BN W TR R PR R M ww ,Q%éiﬁeﬂ%?
PR M| oM | oM ([T NWE Vo o N W o ol He o X o
o mf%ﬂ%v_%mﬂﬁgao
o o o T T o =y
o] @ Z . pFEEETET S L
il . = : e R e
=0 T -~ —
T .__.,w. e < [ o T odo o 50 Zo Hp Ao ~
To = OE._
N o P i
do R ¥ He NF T oW omw 2

_59_



K

(@]
=
X S
7 G :
wko o X
ﬂm_o ~+O o Mﬂ
s
o) Al = =
= Tlo|X| |2
s
W ol ol x A _
T|N| S| S = &
Mo | X [ X | N |F|o|X
n_Aﬂ_ ~ ~|l~|m@ | D w2 ol
BRI | | T =T =
TIE B | e XX
- ol Bl I Bl BTl Bl
o N O S A R R G s
< | ) 7u | % | 7 | BE
I
S I B - I
| E || ® |9 | x|~
auh R | | WO ﬂbm =
RIB|B | & || | w
S
—~ OE
~ % —_
FI[ISIS ~ | 2
WIS S8 | ok ®
> | o | o | o /,m\ I I PN IPN
Elm | e | S
Bogr e e | ® ||| oo
F | R || | H || B
HiE IR | N R R
TH o1 N
- w- =

w5, 2017)

A

=
=

(

Tor

WASHELS 982.2%~ HA 25.8%=

F 199.9% ~ A 89.3%,

o
—

TEEEE

2 A 144.6%~F 4L 94%=,

o
=

%

>
Ad 0.32% ~ A 0053

4

St
ol

F2A A

T
N

£ A 17.2% ~ H4 1.4%=2 4

8}

o
—

=
=

81762 UEOoH

109.32,

HAEL 58852 UepFon], SD.g

130.40, ]

Hed

e e 2
159.02,

£ 6.31,
He2 6.02

el
of

Zl
9|

0.152,

ot

o)

Z]
I S

21.18, wWAgHES

[e]
—

WARSHE &

gt

10.15,

upe} e,

-
—

o] [E 3-2]94 ®H

O
=

o

olE Q°F X

_60_



<k
e

Tr
_Z.E

ol

Tor

A
T

gl

[Z 3-5] =

Output

]
3
R

76.70

43.40

58.85

6.47

i
Tor
~!

17.2

1.4

6.31

293

g
H
Kfo

—

jang
ArZool

Tor

0.32

0.05

0.15

0.05

Zoojl
Tor op

o

144.6

94

109.31

10.15

Input

B
e
R

162

43

81.76

26.80

982.2

25.8

167.82

159.02

199.9

89.3

130.40

21.18

80.38

51.46

61.88

6.02

Max

Min

Ave.

S.D.

_61_



et ZEEO S med =4 A 4 I5E 'l A ZEEHOE
AEst 1FE A4 ZEECE ZEels WEHIZEHY AteES
et AhEd mEZEHY 245 T AR e Ulee R 47
of I Axteket mlaste] A oAREA ©elEe] IF ol &EE
e SAstL olE TS Az uE AddsE A Qe OF e
2e4 vt 7hed & U Hd
T

o =
o] 7|=Ha8A(TE: technical efficiency)dt +=+7]&8&
technical efficiency) SHolA =g a&4d¥ 115 a&d 2 7l&s AR
o] % 19 e 7 8583 HAdo=z FA HolA mE&AQl dist
FolA et diske 245 fste] 7 e® CRS 71HHe] TE g
JMtog HEAEH HBAS Ad519Y, REAEM Ayt Meangto] 0.95
V& 97 dister 14.52%=2 2AUL, 0.9001=> 327] diste=m
51.61%=2 EA=9leH, 0.900]5= 2170 thehoz 33.87%2 A4 dct.

ol/ge] EAATE gulotH, sMIAFH 5,000 BT HETSto A=
g a8y OF 5e4 el ZleAxrr S8 5,000 oo HEd
oA HEg a&d I 8e4d el 71eAxke] Hl&o] EofF 5,000
g ole] dEdistEe] meAde & 4 3l

&

=
5,000 oyl AL 67
§, EG 50009 ue] AL
DRSS gl glo Fme HH3IE ol BEAS o7l AT W

vrol ul@o] A|Fe Aoz wekHc
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an, ol=er iP°l7P dEdiste] maddel dd= vixtt= dA stell, 6271 A
wHeE sHAeol 50007 mIwE 387 thiskat 5,00078 o<l 2471 ot
o _

A4Sk, = Aol 188 =

TRE MY 5000 mIRre] EREH HAEdigtelAd= D-A-01,
D-A-02 %5 3870 dist ZFo 147} dfiste] 7|&2 A-E8A4(TE: technical
efficiency) ¥ &4 7] G&(PTE: pure technical efficiency) SHAA ]
B gyt 2% 584 9 e AAHEo] BF 19 g2 THAe a8
o] &%t Aow A HUTh

el AdEdiete] msede AWEd [ 4-1]9
A BHE dpel Zo] D-A-01, D-A-02, D-A-06, D-A-07, D-A-11,
D-A-14, D-A-19, D-A-20, D-A-23, D-A-31, D—-A-33,
D-A-34, D-A-35 D-A-362 3871 tist Fo] 1470 tisto] 71&H=
S4(TE: technical efficiency)®t <+=47]&8&8PTE: pure technical
efficiency) SHolA wgt &4 1F a&4d 9 7l 4
T 19 s e B2eF FAdoldth. EIt E¥gR ole 7HE
CRS 7|94+ D-A-03, D-A-17, D 2
A2 12 maAdol wou, HWE meAde A7 0.8564, 0.9593,
0.9972, 0.9689= HlEEZH o2 EF= At
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ES JMGR oS 7P VRS 7]EollAe D-A-03 D-A-227F

g&Ho 3.
a23 D-A-05, D-A-09, D-A-17, D-A-29, D-A-30°] 711&
aede meAY Ader ERHoH, UﬂE‘r 84 SHAe ¥R
% ATt ﬁ& TR o] SHA aede AdTEY,

-A-08, D-A-12, D-A-13, D-A-15 D-A-16,
D-A-18, D-A-21, D-A-24, D-A-25, D-A-26, D-A-27,
D-A-28, D-A-29, D-A-30, D-A-32, D-A-37, D-A-38 187 o
stog SE o] PTE #Et AAGE > PTE), ot Highse 294

o mEgE Aste] HEA ol WA U Ao BAY 4

O

]

AN
HhHo| D-A-05, D-A-09, D-A-10, D-A-17& SE %t°| PTE %t
B} HolASE < PTE) 20| Haga st agAel Wi e 7

olgtx FAT 4 Urk. X D-A-08, D-A-09, D-A-17, D-A-18,
D-A-21, D-A-22, D-A-24, D-A-25 D-A-272 B40lo] A=
(increasing return—to—scale : IRS)e] gl {Ix|5taL 9o —,—H]_J SRR
o AFES] 7P 9 2 gl EAskaL dth

g o]l D-A-03, D-A-04, D-A-05, D-A-10, D-A-12,
D-A-13, D-A-15, D-A-16, D-A-26, D-A-28, D-A-29, D-A-30,
D-A-32, D-A-37, D-A-382 %242 A7 ( decreasing return—to—scale:
DRS)E] g9l o], FAS7HET 4=357F | A2 odoﬂo]‘jr w2hA] o]
ool A st= DMUES 12499 23S Tl &84 SHALSHS v
Shojof gt

0
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TechnicalEfficiency PureTechnicalEfficiency
DMU (TE):CRS~-based (PTE):VRS—based SE RTS
MF GF TGR MF GF TGR

D-A-01 1 1 1 1 1 1 1 *CRS
D-A-02 1 1 1 1 1 1 1 *CRS
D-A-03 0.8564 1 0.8564 1 1 1 0.8564 DRS
D-A-04 0.9392 0.9702 | 0.9681 0.9478 | 0.9847 0.9625 0.9910 DRS
D-A-05 0.9861 0.9976 | 0.9884 | 0.9947 1 0.9947 0.9913 DRS
D-A-06 1 1 1 1 1 1 1 *CRS
D-A-07 1 1 1 1 1 1 1 *CRS
D-A-08 0.8764 0.8764 1 0.8962 0.8962 1 0.9779 IRS
D-A-09 0.9634 | 0.9681 0.9952 0.9871 1 0.9871 0.9761 IRS
D-A-10 0.8054 | 0.9437 | 0.8535 0.8866 | 0.9785 0.9061 0.9084 DRS
D-A-11 1 1 1 1 1 1 1 *CRS
D-A-12 0.8872 0.8872 1 0.9262 | 0.9715 0.9534 0.9578 DRS
D-A-13 0.8468 0.9366 0.9041 0.8520 0.9489 0.8979 0.9939 DRS
D-A-14 1 1 1 1 1 1 1 *CRS
D-A-15 0.9249 0.9427 0.9811 0.9317 0.9460 0.9849 0.9927 DRS
D-A-16 0.8784 | 0.8784 1 0.8839 | 0.8839 1 0.9938 DRS
D-A-17 0.9593 1 0.9593 0.9843 1 0.9843 0.9746 IRS
D-A-18 0.9132 | 09380 | 0.9735 0.9203 | 0.9440 0.9749 0.9923 IRS
D-A-19 1 1 1 1 1 1 1 *CRS
D-A-20 1 1 1 1 1 1 1 *CRS
D-A-21 0.9041 0.9090 0.9946 0.9082 0.9193 0.9879 0.9955 IRS
D-A-22 0.9972 1 0.9972 1 1 1 0.9972 IRS
D-A-23 1 1 1 1 1 1 1 *CRS
D-A-24 0.7972 | 0.8032 | 0.9925 0.7981 0.8058 0.9905 0.9989 IRS
D-A-25 0.8976 0.8986 | 0.9990 0.9042 | 0.9056 0.9984 0.9927 IRS
D-A-26 0.8774 | 0.9343 0.9391 0.8843 | 0.9360 0.9448 0.9922 DRS
D-A-27 0.8472 | 0.8508 | 0.9957 0.8497 | 0.8641 0.9833 0.9970 IRS
D-A-28 | 09466 | 09895 | 09566 | 0.9558 | 0.9939 | 09617 | 09903 | DRS
D-A-29 0.9252 0.9582 0.9656 0.9255 1 0.9255 0.9997 DRS
D-A-30 0.9689 1 0.9689 0.9757 1 0.9757 0.9931 DRS
D-A-31 1 1 1 1 1 1 1 *CRS
D-A-32 0.9023 0.9063 0.9957 0.9095 0.9251 0.9831 0.9921 DRS
D-A-33 1 1 1 1 1 1 1 *CRS
D-A-34 1 1 1 1 1 1 1 *CRS
D-A-35 1 1 1 1 1 1 1 *CRS
D-A-36 1 1 1 1 1 1 1 *CRS
D-A-37 0.8904 0.8937 0.9963 0.8980 0.9009 0.9968 0.9915 DRS
D-A-38 0.8427 0.8593 0.9807 0.8530 0.8658 0.9852 0.9880 DRS
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(% 4-2] B7R(5,000% o4 ARefshe] aed 24 Azt

TechnicalEfficiency PureTechnicalEfficiency
(TE):CRS-based (PTE):VRS-based
DMU SE RTS
MF GF TGR MF GF TGR

D-B-01 | 0.9296 | 0.9414 | 0.9875 | 0.9431 | 0.9714 | 0.9708 | 0.9857 DRS

D-B-02 | 0.8422 | 0.8675 | 0.9709 | 0.9046 | 0.9439 | 0.9583 | 0.9311 DRS

D-B-03 1 1 1 1 1 1 1 *CRS
D-B-04 1 1 1 1 1 1 1 *CRS
D-B-05 1 1 1 1 1 1 1 *CRS
D-B-06 | 0.9623 1 0.9623 1 1 1 0.9623 IRS

D-B-07 1 1 1 1 1 1 1 *CRS
D-B-08 1 1 1 1 1 1 1 *CRS

D-B-09 | 0.8939 | 0.9406 | 0.9504 | 0.9002 | 0.9937 | 0.9060 | 0.9930 DRS

D-B-10 | 0.9441 | 0.9935 | 0.9502 | 0.9584 1 0.9584 | 0.9851 IRS

D-B-11 1 1 1 1 1 1 1 *CRS
D-B-12 1 1 1 1 1 1 1 *CRS
D-B-13 1 1 1 1 1 1 1 *CRS
D-B-14 1 1 1 1 1 1 1 *CRS

D-B-15 | 0.9093 | 0.9284 | 0.9794 | 0.9206 | 0.9325 | 0.9872 | 0.9877 IRS

D-B-16 1 1 1 1 1 1 1 *CRS

D-B-17 | 0.9297 | 0.9474 | 0.9813 | 0.9402 | 0.9490 | 0.9907 | 0.9888 IRS

D-B-18 | 0.9586 1 0.9586 | 0.9587 1 0.9587 | 0.9999 DRS

D-B-19 | 0.9342 | 0.9556 | 0.9777 | 0.9379 | 0.9730 | 0.9639 | 0.9961 IRS

D-B-20 | 0.9709 1 0.9709 | 0.9837 1 0.9837 | 0.9869 DRS

D-B-21 | 0.8887 | 0.8926 | 0.9956 | 0.8887 | 0.9071 | 0.9797 1 DRS
D-B-22 1 1 1 1 1 1 1 *CRS
D-B-23 | 0.9907 | 0.9981 | 0.9926 1 1 1 0.9907 IRS

D-B-24 1 1 1 1 1 1 1 *CRS
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A 244 HEAEH(bootstrap) & EA

JviHoz DEAS Bl 4% &gy %S wusd glom BA
A A ghow] = DAES Bof 24 e F4ol okl Axtd
L oge

grolth. webs DEASl m&d w2 A=E AAE 4+
ZEAAL Qi wepbA o] DEASl HAIE =E5h7] flsf Simar and
Wilson(2008)0]  A|tgt BREAE®(bootstrap) WHS B DEA &84
el A=atke e 4 Stk

A dist Fold S diske EA4sSH] ffste] FrHH o=
CRS 7]¥te] TE & 7|Wte= FREAES FAS Adsily, FEAE
A%t A3 Meangto] 0.950142 97) s}
90042 3270 tigte R 51.61%2 EAE9len, 0.900]5Hs 21
0= 3387%% EAESoH (& 4-3]dA Hi Hpel Zt

(£ 4-3] 2 AEocte] REAES @84 At gofF
T2 (Mean) St H]-&(%)
0.95 o]AF 971 14.52%
0.90 o]AF 3270 51.61%
0.90 o35} 2170 33.87%

2 dpoHE F7HHo2 CRS 7luke] TE g 7|Wez REAEY
eq] BHe theo] [m4-4le] FmE HEY)
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(£ 4-4] R AEgste] REAE (bootstrapped) T84 SH 2
DMU (oifgifal) Bias | Mean | Median | sp |ChLower|CLUpperBl g
D-A-01 | 1.0000 | 0.0656 | 09344 | 09204 | 0.0507 | 0.8750 | 1.0427 28
D-A-02 | 1.0000 | 0.0529 | 09471 | 09327 | 0.0382 | 0.9010 | 1.0156 11

D-A-03 | 0.8564 | 0.0282 | 0.8282 | 0.8241 | 0.0195 | 0.8057 | 0.8788 56
D-A-04 | 09392 | 0.0217 | 09175 | 09138 | 0.0129 | 0.9013 | 0.9500 38
D-A-05 | 09861 | 0.0273 | 09588 | 09541 | 0.0190 | 09360 | 1.0029 7

D-A-06 | 1.0000 | 0.0642 | 0.9358 | 0.9282 | 0.0466 | 0.8776 | 1.0238 2
D-A-07 | 1.0000 | 0.0337 | 0.9663 | 0.9647 | 0.0212 | 09376 | 1.0128 2

D-A-08 | 0.8764 | 0.0280 | 0.8484 | 0.8390 | 0.0229 | 0.8246 | 0.9027 55

D-A-09 | 09634 | 0.0274 | 09361 | 09312 | 0.019 | 09151 | 0.9889 2
D-A-10 | 0.8054 | 0.0265 | 0.7789 | 07735 | 00181 | 0.7571 | 0.8214 62
D-A-11 | 1.0000 | 0.0584 | 0.9416 | 0.9272 | 0.0430 | 0.8893 | 1.0127 16
D-A-12 | 0.8872 | 0.0249 | 0.8622 | 0.8554 | 0.0178 | 0.8421 | 0.9006 51

D-A-13 | 0.8468 | 0.0221 | 0.8247 | 0.8246 | 0.0104 | 0.8083 | 0.8453 59
D-A-14 | 1.0000 | 0.0705 | 09295 | 0.9081 | 0.0577 | 0.8664 | 1.0513 33

D-A-15 | 09249 | 0.0243 | 09006 | 0.9010 | 0.0113 | 0.8823 | 0.9226 42
D-A-16 | 0.8784 | 0.0283 | 0.8501 | 0.8483 | 0.0155 | 0.8283 | 0.8882 54
D-A-17 | 09593 | 0.0273 | 09320 | 09243 | 0.0224 | 09101 | 0.9925 30
D-A-18 | 09132 | 0.0236 | 0.8896 | 0.8877 | 0.0127 | 0.8719 | 0.9200 45
D-A-19 | 1.0000 | 0.0572 | 0.9428 | 0.9208 | 0.0567 | 0.8906 | 1.0991 13
D-A-20 | 1.0000 | 0.0590 | 09410 | 09288 | 0.0432 | 0.8876 | 1.0274 17
D-A-21 | 09041 | 00164 | 0.8877 | 0.8876 | 0.0062 | 0.8775 | 0.8985 46
D-A-22 | 09972 | 0.0327 | 09645 | 09587 | 0.0235 | 09371 | 1.0372 4

D-A-23 | 1.0000 | 0.0350 | 0.9650 | 0.9608 | 0.0205 | 0.9380 | 1.0138 3

D-A-24 | 07972 | 0.0170 | 07802 | 0.7781 | 0.0093 | 0.7690 | 0.8027 61

D-A-25 | 0.8976 | 0.0225 | 0.8751 | 0.8714 | 0.0147 | 0.8570 | 0.9102 48
D-A-26 | 0.8774 | 0.0252 | 0.8522 | 0.8496 | 0.0153 | 0.8309 | 0.8870 53
D-A-27 | 08472 | 00196 | 0.8275 | 0.8256 | 0.0110 | 0.8126 | 0.8515 57
D-A-28 | 09466 | 0.0219 | 09247 | 09230 | 0.0116 | 09076 | 0.9505 36
D-A-29 | 09252 | 0.0278 | 0.8974 | 0.8959 | 0.0167 | 0.8755 | 0.9307 43
D-A-30 | 09689 | 0.0329 | 0.9360 | 0.9293 | 0.0250 | 0.9088 | 1.0026 23
D-A-31 | 1.0000 | 0.0543 | 09457 | 09312 | 0.0458 | 0.8967 | 1.0418 12
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Score

CI_Lower

CI_UpperB

DMU (Original) Bias Mean | Median SD Bound ound =9l
D-A-32 0.9023 0.0215 0.8808 0.8792 0.0105 0.8654 0.9068 47
D-A-33 1.0000 0.0311 0.9689 0.9647 0.0221 0.9438 1.0266 1
D-A-34 1.0000 0.0638 0.9362 0.9141 0.0546 0.8774 1.0473 21
D-A-35 1.0000 0.0595 0.9405 0.9280 0.0487 0.8878 1.0476 19
D-A-36 1.0000 0.0438 0.9562 0.9579 0.0292 0.9193 1.0128 8
D-A-37 0.8904 0.0161 0.8743 0.8742 0.0074 0.8632 0.8899 49
D-A-38 0.8427 0.0261 0.8166 0.8142 0.0149 0.7952 0.8526 60
D-B-01 0.9296 0.0220 0.9076 0.9091 0.0101 0.8905 0.9247 41
D-B-02 0.8422 0.0171 0.8251 0.8247 0.0063 0.8129 0.8371 58
D-B-03 1.0000 0.0619 0.9381 0.9247 0.0510 0.8805 1.0428 20
D-B-04 1.0000 0.0661 0.9339 0.9115 0.0543 0.8729 1.0410 29
D-B-05 1.0000 0.0693 0.9307 0.9077 0.0551 0.8668 1.0442 31
D-B-06 0.9623 0.0273 0.9350 0.9354 0.0139 0.9131 0.9607 27
D-B-07 1.0000 0.0746 0.9254 0.9032 0.0640 0.8588 1.0734 35
D-B-08 1.0000 0.0466 0.9534 0.9497 0.0273 0.9154 1.0110 9
D-B-09 0.8939 0.0200 0.8739 0.8718 0.0102 0.8602 0.8950 50
D-B-10 0.9441 0.0211 0.9230 0.9212 0.0114 0.9073 0.9488 37
D-B-11 1.0000 0.0582 0.9418 0.9280 0.0459 0.8890 1.0429 15
D-B-12 1.0000 0.0580 0.9420 0.9197 0.0562 0.8897 1.0786 14
D-B-13 1.0000 0.0411 0.9589 0.9479 0.0319 0.9236 1.0398 6
D-B-14 1.0000 0.0704 0.9296 0.9050 0.0606 0.8657 1.0663 32
D-B-15 0.9093 0.0163 0.8930 0.8921 0.0070 0.8814 0.9077 44
D-B-16 1.0000 0.0643 0.9357 0.9310 0.0457 0.8762 1.0228 25
D-B-17 0.9297 0.0167 0.9130 0.9123 0.0071 0.9024 0.9284 40
D-B-18 0.9586 0.0309 0.9277 0.9248 0.0199 0.9023 0.9790 34
D-B-19 0.9342 0.0208 0.9135 0.9113 0.0096 0.8980 0.9316 39
D-B-20 0.9709 0.0226 0.9483 0.9477 0.0091 0.9321 0.9651 10
D-B-21 0.8887 0.0350 0.8537 0.8402 0.0313 0.8236 0.9269 52
D-B-22 1.0000 0.0591 0.9409 0.9192 0.0551 0.8874 1.0730 18
D-B-23 0.9907 0.0271 0.9636 0.9618 0.0138 0.9422 0.9930 5
D-B-24 1.0000 0.0644 0.9356 0.9203 0.0489 0.8801 1.0342 26
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ABSTRACT

Operational efficiency analysis of
colleges using meta—frontier

Kim, Ji-Young
Major in Service Operations Management
Dept. of Business Administration

The Graduate School

Hansung University

Most of colleges in Korea are facing a serious crisis of shortage in
admission resources due to a sharp decline in the schooling population,
an assessment of the university's structural reforms by the Ministry of
Education, and an increase in youth unemployment. Therefore, in order
to improve the competitiveness of colleges, the exact diagnosis of current
problems is mandatory to suggest efficient improvement plans for the
proper operation of colleges.

This paper is to trace the current problems revealed in educational
system of Korea to suggest useful strategies for the future. First, this
paper employed the DEA methodology using the university information
disclosure in the Ministry of Education. The input variables were the
teacher retention rate, school building rate, school land rate and staff

status, which affect the performance of the college. The output variables
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were student enrollment rate, dropout rate, enrollment rate, and
employment rate.

In order to analyze the efficiency of individual DMU this paper
offered, information such as meta—efficiency(ME), group efficiency(GE)
and technology gap ratio(TGR) for the efficient analysis by scale. In
order to overcome the drawbacks of DEA data envelopment analysis,
which has the characteristics of nonparametric statistics, efficiency was
measured on the basis of the scale profit invariance by the bootstrap
method, suggested published by Simar and Wilson (2007).

This study divided into two groups of less than 5,000 students and
more than 5,000 students according to the college scale/size number. The
metafrontier analysis method and the bootstrap method which can measure
the group efficiency were analyzed by comparing DMU with individual
DMU with maximum efficiency in each group.

First, as a result of measuring 62 colleges, 26 universities were
analyzed as excellent efficient group with meta — efficiency, group
efficiency and technology gap ratio of 1 in terms of technical efficiency
and pure technology efficiency.

Second, this paper used bootstrap analysis based on CRS—based TE
value, to analyze superior universities among efficient universities, and
the Mean value of 0.95 or more was analyzed as 14.52% in 9
universities, more than 0.90 were analyzed with 32 universities as 51.61%
and below 0.90 were analyzed with 21 colleges as 33.87%.

Under the current government situation, in parallel with the evaluation
of the wuniversity's structural reforms, the university has become a
student—oriented trend to overcome the crisis. To improve the efficiency
of its operations for the college and to improve the quality of service for
students, it is necessary to prevent dropouts and to increase the number

of students enrolling and employment rate and to improve its
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competitiveness and student satisfaction.
The results of this study suggested a strategic initiative to control the

supplement input and output variables that need improvement

Keyword : College Efficiency, Operational Efficiency, Meta—frontier, DEA,

Bootstrap

_88_



