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Aol A

s
-

o

(<}

37]-

A
[¢]

1wt webA

S

=
=

LAY gE dibt =

40}

3

Iz
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09

AelAel a7t

AALH
71959 2012 WUZ=HE 2015 dx=7tA]9]

it

I

HA= aaidol

EIGE

5

o|E Kk

5

A
=

Sl
YE93 DEA-SBM

A

2437 DEA Window R3S

8

=4

dolHz &

HET Yolrl @5l

)
o

<k

ol

el
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2 AFE F 5 2ARE JgHEt 94, 2 A4+ Network DEA-SBM
7Me ettt HEYE DEA 71 (Network DEA)E AFZ<
Az x2HE A (Traditional DEA)S HIE o2 ZITHIEES 1185 2 A
A

qugolcy. webd UEYI B4 o4 AFAA DEA 7ol e

H
L

Bt Aaslolol & Aolth. 1 thgoR EQEM HEEW melshe

(Decision Making Units)2 ZHE&HSHAtE o3 o 2= A4 a84 EA4S

%
2
A,
e

At A=E HG Aotk HA 2 HolA EIAXAE F
FAHSE (Input Variables), & 7H#4= (Intermediate Variables), 121!
AbZ=H4= (Output Variables)E &-gsto] 2 toA AMgHE ZF HS

Aosta 7I9ES] FAAERE FAl ARE FOEE SHlH tEe
Network DEA #4°] ¢t4 AAd W4EE UESYD DEA A72FES
AR ol 2 AFo FHAE Ho dEQ st HoFil 7|E9
At ofGA ApdetE=A] mefd o ok vl WA dA= oA HHE

A=ns ALd YEYZ A=nz=E4 Network DEA)S Aot =



(Traditional DEA) 7|9} Blw-EAS a8kl 4= oA 8o
A, 719E Ztol=akel (Guidelines)& Aot mpA|gto gz A|AE
(Time Series) TAolA FEIAQ] WHIE 2st=d 7|&S] DEA 7|H-2
FAHS Zreth w2t DEA Window 23S &-8ato] SAAA TS5

&4 Heheoly aeA W Y HEe ddess AWEAH.

a
2 @79 55 BASGHA (1Y 3-Di 2o

{1¥ 3-1) Research Process

S Sy Network DEA
Research Model Netwotk DEA- Window

Firm Selection Data Collection :
Development SBM Model Analysis

+Dacision Making Units  *Input Variables +Comparative Analysis  +Time Series Analysis
+Output Variables of DMUs
+Intermediate Variables
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3.1 A= EZZEA (Data Envelopment Analysis)

3.1.1 Atz x=E A (Data Envelopment Analysis)9] 71 &

olg REH & 4 Q. ¢HFcoz DEA V¥ oo RdEd

AEES o885t G884 ZEENE EES & JAFEAHTES] (Decision

Making Units)E°] &&% ZEHO|zRH Aoy Holy U=AE
ZAstth, o] MAoA a8&A ITLEEo]o] =9 Best Practice Units =

BlEEAl AREAG A AR THed ZEAE AASHH HEo

dgomA vmge et ANUFS ANDE DEA £ oXEREY

2
i)
rE
3
>
5
<2
=)
N
<
4
el
X
o?
i
rok

ML) A4, DEA & Swaoh

714& a+skA] etk B4, DEA & F

N
rid
D)
il
19
°
o,
2
re
o
=}
ko
o
N,

3131
gl 3ExA

71 A=l 24 T et A%l 4

Jhsstet (o1,
2016). DEA + Charnes, Cooper, and Rhodes (1978)°] 9Jsf] #3o=

’

JQtH olgiE I go] z&HHo7 SR E|o] two-stage DEA, Network
DEA, Bootstrapping DEA & THYRE Zggo] Aot ffFEEe] g2
CCR % BCC Ry= WP =oA vttt Q7] wiwel o] & 23
FHoz Aud.

=22 -



3.1.2 DEA CCR¥} BCC 29§

(Technical

RYE

gy BCC

FAct

S

Efficiency)] EHE FA1 dorlx=

mjn
ﬂmo
of
N
<
G
Al
R

<

ol

(Input—oriented Model) 7}

23

!

ol

zel

;Qn_
K

<

of
i

2

AL
__OO

|

z

)|

o

Hell, &

ks

SLLERESEE

= A~
AEFEEO

oA EEQ HaAgtel Arr =AHITh (Farrell, 1957).

K

N

~a

e Z7hAI webd ool

A

e A7E =

(Cheng G., 2014). p N9 Edaxet q e 4

(L)

V=1 + X + -+ X,

(2)

u = lll'_\’l + 11.2_\’2 + .-+ llq.\’q

-23-



FAE9 d57tl ot AEEk HEA R Frleke ASE 4T
(BFFFS], 2008). oAlE S0 3ol L2Ae 49 7|AdH| o] +5 3 Hi=
=4 B¢ 2o wE A4kEe]l wvlEl SUKeke] 3 MR AEE BRE

2wolgty 7+58 4= it} Charnes, Cooper, Rhodes + <
A9l ae4dS Fotr] fIt FUA¥F CCR 29 (Input-oriented

CCR)&] A3 Alefxe A3)T Zo] sEjHor EAJH.

S 7

Zr 1 UrVro

maxh, = 57—

i=1 ViXio

o Ef':luryrj KPR -
Subjectto: ———— <1 ] =iFasms (3)
m B
Yi=, ViXij
v,u; 20; r=1,...,s; i=1,..,m

u, =1 B MES0 B IFEX,  y.o = DMU O/ r HR M EFZ

v, = L IR EGYZ0) LYt 7FEA],  xio = DMU S/ r HH F /=

AZNA, vy, x;GA BE R Z42F DMU; S| ¢ WA AHEET 0 HA

]

EUES 9uigitt. A(3) AFEA v, u; 20 F549 v, w2 FE
g EAQ] Ayt wat A" ohAT 9] Fol AL AL}
H]A4E  (Nonlinear), Al¢Fx7o] H[ES (Nonconvex)ql EAS ZrHe=t
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19e BALASE AHE Pohs do] Esidch oy Y
249 4% A A5 TAPANA Wt EAs] o] HAHY
S7} obel wEeh fatsic W] HlAd 2AY Aol HAw
Aol A e S glor] ok medo} st st £ S& Yk

webd ¢ 271 B4A8 CCR 9L AgAgzdosn oheol 44)9)

R

s

maxh, = Z U, Vo

r=1

Subjectto:  X7_,u,.y,; — X2, ViX; < 0; =T m: (4)
m
Z l.’i)(,-o —— l
i=1
) e | T o . o S I B

SRR 9] AFAERG AN DMU & 7t F23] WorxH Z1of uz}

Aotz Aol %m Pol ZeA " o= AdAdmyel o2

H
)
FIF
fin}
2
S
oo
filo
N

o webq gz adstel Aored Aol

FE FUE & et AEE] & ()9 der Hop FAH 28]

A 21

| &} 7
I
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XS L Aok (P, 2005). o]t FAAI A-S & oto] Banker,
Charnes, and Cooper (1984)= FR4271H (VRS)2 7143t BBC RE<
A5

BCC 1§ E3t CCR Ryt EFAYHEEH HAFAAH7IA] FAS

rir
)
lo,
o
alll
lo
il
ra
Y
i
=
os]
@)
O
ko
oflh
i)
@)
@)
S|
u!
oflt
lo,
r
I
T,
>
B
o
o
rlo

A (5)2F £t

s -
r=1UYrYro £ Ug

maxh, = —
i=1 ViXio
S S upyyitu ) 3 : :
Subject to: ~ Z=RTYHTRO o, G=1,..,n) (5)
zi:l ViXij

W}, g AlfRAL EAH  (Projection  Point)¥ 7}

JrARRS Y] A FRE FUT SFEoR o2 S, FRELA



ol
oo
ol
=
o,
5
rir
v)
@
=
T
=)
(6)¢]
o
[\
=
h

At 9He Aolg Qs FHe

HiFs], 2008). BCC 29| iRy tha2 4603 £t

min &
n
s.t.z Aix;; < Oxy,
Jj=1
n
2’1}'.\’1'] = Vik
Jj=1
n
4=1
Jj=1

AZQi=12  EE12E =1,2, 0 (6)

S U7V FRSQ7FH (Variable Returns to Scale) A&

TFAHCZ BCC P CCR HE Atolof zto]#-& Banker, Charnes,

and Cooper (1984)7} AAgE <19 3-2)E &l AHEHES SHAH.
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{29 3-2) Technical Efficiency and Scale Efficiency
Outputs

L I IS T R L I
N O Y o oW Bom Ho %o X
g 2 N T
_ _ Mr. U w_._m_ A Mf. o <
M ! ~X o ) L
\ d _ . ﬂo O_' ‘ml.._ 0 —_— ;OE
NI N B PO IR
m \ O lae ! 1 s e} olil ﬂ 1_1_ —
_ " £ ) o - mor = S B g
1 1 — N 5]
| ' il T g . = 110 ~
a5 T T e EE g d T
! eBT | S~ < om0
~ _«MMNT 1 ,A_l m _I,l— ‘mv_DAl or [z} 83 0 m
\ $P3% " H O = — =
, wead ] JH ~ H_wl _HE < 0 ﬂ.ol - OE._ frm
" : ,mm._ ,Ul mm.‘_ D._.A %u 8o
| " = T o R M < o 3
" ] WK or o o " X o .. . g
I I ! ,A_l T Gl ~ iny X W) <
I o Hoox % ©o g o DVA 9
: = T OB OEF R B S F
\ M ——
A __1_ FZ =]
w B on %o TR £
L < i ,__ME W G} ,._,_nulo <+ ME
.~ _ B =a T o X ™ o
X H R R o I =
& T E o TN R L g
»° « QM ol o X0 (Y ~
» SN ol o m W R g%
N = o W B % o A <
. T o TH TN <
N < ol ) of TR
\ v e T A W W o) o o
N " o o M F X B R
E T OE W OT oo oW %
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(ahaks], 2008). VRS BRI 716H BEAS FRABHH Holg

ulel SsY ol &4 714 eI TR meHoR TRE 4 9t

rE
N
i)
)
ol
o
ox,
Mo
|
Hu
kel
rel
ri
o
S|
re
ol
_%
8
v

9 T me) A Fmel

o]F VRS EFPoA =}golo] =4 7|&3d AN R g&doe=
=

M TE = PTE x SE ¢} Zt}. =, o= gtol wet 3 712 &
DEA REYoA FR42 (Returns to Scale)2 CCR E&3F BCC

3ol gz fFL AAZ ag 3-204 CCR BIFL CRS &

7HgstER dgRt BReh go] W fRmeAd He 92

e

ZA
FHIE el BCC 24 VRS E 7HESHH FE259AF (Increasing
Returns to Scale)¥ F242E®H (Constant Returns to Scale) 12|11
TFESAE (Decreasing Returns to Scale) 3 7FA] #3teg2 FREEo] (19
3=-DAM H G FH A D 7] ZEEoE Tt (I8 3-2)¢] VRS
Bl GE A4 IRS 3ol &5k 4 E wb CRS 7bof| &3t
UMzl E 8 D 7HA9 E% A (Convex Curve)Z FUE ol

FHg4s AEEe wd Fobl vAA Rsts DRS 7ol s,

Heer uwHi 474 qRagEW (CROFT fR47P (VRS2

7Hgeith FRselEHe 7Yt CCR 2y oAHEATS] (DMUs)



kel
WH o7 Banker, Charnes, and Cooper (1984)& 427t (VRS)

BEgS AN FRSZM BYoli Hoste VEA AgHe &F

3.1.3 DEA-SBM &g

oA 2tz =R A (Data Envelopment Analysis)@] 7]22<Q1 5 71Z]

mago] disiAl AmHESktt. CCR, BCC R@2 AHEAHSE ] Ay

CCR 233 BCC Ryoez yepd 7FF a&2Q Ao a&84d42 1 2



AL
__OO

o
KA
o

ot.

5

ModeDolgt dZ o DEA €] 7|21yl CCR, BCC o] o] &

o|]

3|
K
ol

el

o

P19 =

ols
1_:'_0

HE AERNSTl BE B

R

3

S =
= O

tt. (a9 3-3)

5

ojn]

oA

DEA (Input-oriented DEA) 23§

K

<14 3-3) &Y4A

X1 /¥

"lo’] <1% 3_3>'% 2 7H_Q] J:’-:_?ﬂ]% xl—T”]— xZ'g]- 1 7H94 /\\_]_—

5

A9}

e
=

Input—oriented model)

(CRS

PAFED

% gtk CCR 7 BCC B3l D 9 A F 9

J—

HATt oj7)A HlEe&Ao

S

:[L
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o&
E
R
é
ol
ol
lzl
rlr
=
I
=
%,
o,
O
ol
o,
A
=)
My
Mo
fol
o
)
|E
rhu
Aul
9,
=2

EQso] Wrt= AL & 4 Stk M E 9 A A Aol EAjot= FY=E9
AR HHAFY &8 (Non-radial Slacks)o2 7 <]stH, DEA-SBM
(Data Envelopment Analysis Slack—based Measures)2 FJ=2] ALEH
= HHAR s¥ES dlelste] A aeAdes ST (IFS, 2015).
O" 3-3)o4 ma2 ZEFEo] = A 570 7k=dl & A, B, C &
W HEARA SElat AR SElo] E (O olth. Koopmans (1951)9]
agidel OEH a&4 nEEoo] Ago YAk 9 H A, B, C & &0l

A & 9 oAb Zdle] BE 0 9 W J]&Hes aadol

DEA-SBM R3S A83ozx ojv Ay IEE 2~ 9t} DEA-SBM

2L 440 vehiE thee] A7) 2.

(o 2nsm)

(DEA-SBM) #%'=min b —
(zon Y

(™)

3 _yJ J - - —yJ Jj — ]
s.t X,’,,—ijle/lj+sm, m=12..,M), Y,f—ZFlYn/lj—s,f, n=1.2.,N), Z} A=1

and 4,20, G=12..,]), S=20,(m=12..,M) §;=20,(n=12..,N)
9] 4(7) DEA-SBM && ¢t o Ztizl2 CCR, BBC ZofAe}
oEEAR 0 T 1 Afele] &g HASE VKM 1 o TheSE
aedor WrHh &A% DEA-SBM RoAel a84d #H4 1 I

CCR, BBC m3oAe] &84 H4+ 1 2 ti& Aolsith. DEA-SBM

-":rxﬁ-! ":I:I '|_



BYolq 284 LEeofo]

r [¢]
o,
.
r [¢]

&
(Non-radial Slacks)¥} ®WrA}A && (Radial Slacks)e] 2% 0
dtAof, CCR, BCC BN TEA 1 & ZtE A2 HHAE &3

Dt ehn WA LU 0 & Zhech webg DMU,~94 DEA-SBM

G4 71QIske, DEA-SBM 2@ 7lEzlel Aynguct a8y B7tol
Qo] AHoR ¥ BAH PFS Hshn 9rk obge 9 2 DEA-
SBM @] A shol £ U AEure] 3710 daRe PAHoR &

% qlo} )zo] mynt and Hzo] Pl

3.1.4 Network DEA 29

AHEHSE T8 G AGA (Single Stage) 2 FA4F DEA 2 ollct. 9]
e Euiset AMEHSE AlElote] AFEATSE Atolo AfthA

final output models ] 7N'd2 AgFstHA Tt Aths ZAT YEYATE
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EAES TSt L& (nodes)ol FAozg Hujd 4~ Q== g 84 BAE
Hog a4 4 U2 AASHALE o474 Black Box # T2
A9 3-4HAMAHE o] AHPE (Divisions)= o9 £ 9 AEES

2% shte] goow =

mk&“

udk
=

A ofulgith. et oleg FgHe

Sotal, FAAR] AYE9] HlasEAdo] & HAlY] nxe IFE Yt
2= 9= F¥L 7FAE (Kaoru Tone and Miki Tsutsui, 2009). 22z o =&
i dZ2 S5 d225S WYot= ZF of9] 845 fi HE=

BE AMAHHEES HEHS 9H=R dkEkE & A skl ole
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(1Y 3-4) Black Box 29 [&4*]: Kaoru Tone and Miki Tsutsui, 2009]

[_pivision1 |

Link 13

YEYT DEA 2L AEAS DFEA 7|93} upzrtA]

i
o
o
e,
2
(e

AF Hygog FEHET. UERS DEA REgo] s o2 o8 A=
ez FUAF d AEAF Y EYA DEA d+E 73453

and Zofio, 2006; Herbert F. Lewis and Thomas R. Sexton, 2004). s}A|%F
313 oMk AmHSfRo] FdHeet AEHsd Hau S7PF

HlEHoln] o WE wrgshe

N

Al o HARA Hss Aotk
ge84s =457 Ydir= SBM  (Slacks—based Measure)o] ZgHstet,
Kaoru Tone and Miki Tsutsui (2009)+= VRS 7Fgsto|lA A=At AAE
53] FJAF SBM Black Box 2T} Separation EFO] H|mEALS
AASFIT. 1714 Separation HE-2 9] (1¥H 3-4>oA UF9o] 2e=9

T84S Hrlely] QalA] aetE mygom (1% 3-5)9 At}
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{34 3-5) Separation 2% [EA: Kaoru Tone and Miki Tsutsui, 2009]

______________ Division 1

Output 1

Division 3

Output 3

n)

2
Tlo
o
i
e,
N
R=)
Mo
2
Y
e
>
4
Ho
i,
B
5
o

AmrA oz Black Box
o] &/ a7t Separation RPET= A Ugh=tl, ol 1=
P& 2ETtel] Zpel7h Q171 diEoltt. FgAer & o

=
Separation Xgo| HHEZH AJyto] ¢lojA Black Box EFHE

)
i
ol
olt
ok
filo

9rth Sebastian Lozano and Ester Gutiérrez (2014)&= SBM-NDEA

Adde F3AdY 3284 Hote]l A&skath. g dFtolAds At

ZZ2AA (PP)eF o Z=2A|A (SP)of| Wsl Non-oriented SBM &84

HA4E g5t A5A0 Td T2~ 2E (Single—Process Model) 2]

Haeot vuwstylet. B7F 94 DMU &2 PP, SP BF &g 1EFY
z

ZeAlATE a9l OF 123 4% (PP, SP) 5 m&ZolA] ¢k
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Yyaoz 7

& 4 QeI HlmeAl Aol gAdes MATEdS

Eis

e
~

AAee 4 HEHSol &2 (Slacks) FA AFESGIT ok

R4S Fol7] SISte] F7 QAR QolAE 9y Wk Ao,
EEAel BEelA ANE o) UEYS DEA ¥YHe A5H ©

b s, Al WA Axgute] ofd Zk71e] TR mEAAE
o}

Aok (23 Avkiran, 2009; 53 Yu, 2010). Yo7t J.A. Sharp, W. Meng
and W. Liu (2007) + <JFA(Externalities)= ot F=%
(Pollutants), 89r% 5% (Undesirable orders) 53 72 Negative Inputs
and Outputs A= A|AHA MSBM (Modified Slacks—based Measrue)
Hgol Ag ZhsAde oEAoh HELAZE =" miAET AYAT+E
Hg o2 Y ELA DEA Wi 3 AAES 7ot AgellA ds2Ql

DEA 7Rt} fghdols] &

iv)
o
H1
e
rlr
=
Y
_lz'
flo
=2
>,
ol
)

g 202 £ 9 A& &9 (Slacks)2 5 o= Non-oriented
Y EfI3Z DEA 9 384& Fdote= A4tAoltt (Kaoru Tone and Miki
Tsutsui, 2009). Kaoru Tone and Miki Tsutsui (2009)7} AA$F Non-—
oriented HIELZ DEA e &-&4, Input-oriented 1231 Output-

oriented 2FHe] T84 ZHzt Al (9), A (10), A (11)3} Zo] LIt

-37-



K—
MmiSio
Zk W, [ my 2:1_:1.,‘1( }]
it
k Tk Sro
Ek 1w [1+ 27‘—1 3 }]

Yro

ps = min

3

With Y¥_, wk = 1,wk = 0(Vk)
st. xkE=X2*+sk k=1,..,K)
yk — ykAk —sk+ (k=1,..,K)
AR =1 (k=1 K), A2 0,55 =055 =0,(Vk)
where X* = (xk, K, xk) € Rmexn, vk — (3K K, yk) € RTexm

and fixed linking constraints or free linking constraints added

(a) Fixed link: z&™ = Z&m3R (V(k, b)), 2™

= Z0m) 2k (V(k, b))
(b) Freelink: Z®:Ma* = Z&M3% (V(k, b)), where Z¢M) =

(zlk ) K Z(k h)) & Rt(k,h)xn
n: # of DMUs, K: # of divisions, my,: # of inputs to division k, 7,: # of outputs from division k (#: %)

i, Non-oriented divisional efficiency

[ "k Ztli'fﬁ-—}] (9)
P = m (k=1...K)

TR |27 1;7’9:

ii.  Input-oriented divisional efficiency

k=
b = 1—mik{z:';’; xk} (k=1...K) (10)

ili.  Output-oriented divisional efficiency

Tp= e B =1;:41K) (11)
e
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<

o
HE

32 BN A% 2 AR 57

224 (Data Envelopment Analysis)2 H7lAto]  EH&=

B4 dolg Hetel 7|8ts] AFEE o) dlolE g2 82l DEA 9
Ae FY ¥ 4E HgeER AR, 2 Ao &8 YESZA
DEA A= Z7] W4(ntermediate Variables)E ZES$HeF 3 ©HA| fjo]g]

o}
42 ALAEM DMU eko] A HollA 7Hd el 747t Aozl

Banker et al. (1984)+= 9] HEEHZ =o]7] QoA JAEA T
M7t B 2 AEQ4E F@Rt A9 3 Hf oio] Hojof 3tha

S0l gmeh 2 ) olgo] Holof b @eElAYe xSkt
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Fitzsimmons (1994)9] 749+ DEA A+
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1
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7
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(F)3 5o DMU 13 Cluster 5

T FRFEYELA DMU 14 Cluster 5
ZH3E DMU 15 Cluster 5

(F) | =AY T DMU 16 Cluster 5

—_— (FHiteds DMU 17 Cluster 6
ofA|ohta}-E6) DMU 18 Cluster 6

(F) %o of DMU 19 Cluster 7

2] H]- 8- F-FAt of o] F-AHR) DMU 20 Cluster 7
(FAFZF DMU 21 Cluster 7

(E 3-D2 =l 2F Aula gl &9t 21 79 7de A=
Fojok, FAH|L ARl &9t 7 e oE At (&, ASH,

aSHA JEZE AL FEAE ANER}EADI e mE SHY

EEAAERC  d=EEGSCN  2eAHlcE FEHe RS
Fastda, AEla 22 WU ARE FEY £ e JHAHEAAEAE

1324 (Fixed Asset), +GH]-8 (Operating Expense) 2 A3,
AdEHes ey gVIeoldler AASIGH dEbdlor 799

Hue PR o ATARL 4E gl B8

i,
A
e
re
-
2,
o
rr
Mo
ol

Aplz Qe obgEA Rea 54 A

—

1o,
A
oX,
flo
X
o,
=
rir
i
N
Htl
>

(Sarkis, 2000), Al°]E 4= (Sarkis, 2000; Massoud and Bijan, 2003) 5]
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(E 3-2) &% AHL Aol Aelx &2 2H 29

. o]
HOlx A a ooy
Intermediate %1? :-:_] j B AEA A=A z-ilo-]—. %‘i = i;] =
Data Hof 1] B P 198 8ol &7
Daugherty, .
Stank, and = v \4 v
. AH]) A
Ellinger (1998)
David A.
Hensher, Peter WA
Stopher and o v v v v v
Philip Bullock ~  °
(2001)
John T. .
Mentzer, et al. = v v v v
A~
(2001)
Y.-H. Chang, -
C.-H. Yeh °©° v v v v v
A A
(2002)
Angel Mill oY v v v v
(2003) S LIES
Laura Caro et =% v v v
al. (2007) AH| 2
Laura Caro et o]y v v v v
al. (2007) A H| A
Laura Eboli and
Gabriella H A v v v v v
Mazzulla %
(2007)
Markus o
o v v v
Fellesson et al. AqH] 2
(2008)
Doddy Hendra H 2 v v v v v
Wijaya (2009) =5
Krishna K. =
Govender ° v v v v v
s
(2014)
GERNEIE S . . . .
(2013) A E] A
A 11 1 11 9 6 2 11
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el 8 8ae (E 3-8 £o] F 7 7 7IELR ARSI,
77 VIS dF=EEYLT AlEete o= A 5E2 0 AS9

A2 vte £

SERVQUAL =®dE¥} Croinin

=, Parasuraman, Zeithaml, and Berry (1988)2]

and Taylor (1994)¢] SERVPERP 9] AJt

A Hebstol AH|A Fd S Hohe AR oe 7 7 s &
Aol aaiRTIEe R ARSI, F 12 Mo EIXRAE o A9
3 7 AElA EE B84 (E94 MM, ARA, 294 2HE)E
Aokt 7|4 EYLFH  AH]A (Primary Needs Fulfillment)gt
S=EFFLlY] Qoo wer uAe] ZEA &40 MB|AE F
FZE =712 grlgE @401, AFA (Reliability) 2 B2 12 AH]A

AFAlA =71e A=3ES 4Btk o714 Al=delst AujA Al3A1e]

HEs 2o WA &

P4 (Media Tangibles) 2 2% E2l= 27

Agstl gt WE AN A&

1o

o,

rioy

(Physical Evidence)2 AH|A H7HE 93t g2 @A E Eitrh

3.3 9+ 19
32 Hode E 7o
Ae" WSEo] A

WSS NGe YEYD 7

goletet. ¢ 3.2 Ao HF

BARgQ CAAARSI DEA 7]
CHERE

Ze (¥ 3-6)1} Lt
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INPUT efficiency INTERMEDIATE efficiency
—> —>
Network DEA
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A 4 % A

949 ARARE FEAEY  AGFAAAE (dart.fss.or.kr) ol 4]
FEE NEAATEHEE SR, AFEEHIEANA A 4 (i
A FTAdYs Ame =Wl HAO ZIABEAE AH[AQD Kisline o
SAE RS FH6HAT. & AHlA A 7heH Zshd S AH

Cluster 2o &3 71959 2% ¥ FUAce] B Q% APR:

ok
Hl
EH
r-{N
gl
ol
)
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ol
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o

rr
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N
L
)
o)
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R
)
=
et

et A AERE BT
BHRE Zleer el 249 FtE=EER FUKAH. 1Eu
GEAEAR, @], AoRdE, @AFIEe 2012 @k AHA
a&4d HrtHole+s AFEA %oF Modeling Data Irregularities and
Structural Complexities in Data Envelopment Analysis (2007) XA]9]

Chapter 17 “Preparing Your Data for DEA™E Z5t¢th. Chapter 17 9]
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A2} Joe Sarkis &= “missing data”E A2tz WH2 ods] ARPAYS
ZZSHAA, missing data E=RE 2+ ZolE o9 AFAES HA
FEA Yoz HIAS dFoHAH. Sarkis = Z2AE oA <t
ZeAES = ARS FASH] sl AREEHE HEE 37
(Pessimistic), ZH1Z] (Most Likely), Y#X%] (Optimistic) & 3 H FAA]
(Three—point  Estimating)®] 7H'@-& “best estimate”E A4tst7] 94
oz Attt HlEFEE  (beta distribution)®]  ZItHES  thE9]
A(12)eF o] A ojdtt,
V, + 4V + 1,

e (12)

where V : estimated value; V,: optimistic value; Vi,: most like value; Vj: pessimistic value

o] A (12)E sty =T, GRloof,  ofo] A,
GAIFF5l et 2012 Y= missing data & Aottt o7 HESZ
DEA #4& fsid= &5 dloldE 7 DMU + AAHAY sidats
oFr2 WAToF Sttt (Kaoru Tone and Miki Tsutsui, 2009). wahA 2
A= S7HlolE (Negative Data)E oz Hed 4 Qe ohfet B
(Bowlin, 1998; Sarkis, 2007; Cheng et al. 2003) 7}2dl Cheng et al.
(2013)0] ARt WS AAste] 242 UAsIAH. ole 2 AFollA
BAHo] 32 &8 MaxDEA Ultra 6.16 A AAgH 7|22 ¥
(Default Method) 22 Variant Radial Measure (VRM) E+= Non-radial
(SBM) o] EAA &t oE o AEst Utk o (F 4-

_[E_'_
e AAH 21 7 AAADS ] 4 AEE (2012-2015) 7|2 EA =g

tlo

QoFg Amolth. olold (& 4-20] ANE Ant B AT7NH TEA

WS G AEARZA WA ABBAS FLstdct 1BM SPSS
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Version 22 & o]835le] AEA
Atold =2 ABIAZ Q=
SAFoZ [ou|gt ATTA 7t

ndo] 7z 89 4 UL

Lozano et al. 2014; 733} 2016).
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(E 4-1)> Network DEA EA& QI3 7|2EA T
Input Data Intermediate Data Output Data
R Pt s =g _
R (a9 (a9 A amg sdA e ol ot
H k) L))
Mean 4,473 3,154,013.39 1,507,248.16 74.33 74.37 74.08 1,500,649.74 - 124,038.42
S.D 6,797 5,201,673.49 2,702,722.72 2.99 2.94 2.98 2,776,187.25 585,906.11
Max 28,779 20,175,377.27 11,984,099.55 81.10 81.10 79.50 12,261,681.00 577,640.00
Min 71 5,662.62 13,652.56 65.70 65.90 65.70 13,907.00 - 4,467,213.0
(E 4-2 FQUS, QUL B, ABUSE 0] FBBA Q0129 - 201595)
FTALS AR ARAE 234 HAH AqH A A= =94 &4 | & g7l
49 1 945" T -.196 -.212 -.188 756" -.576""
LR Pl .945™ 1 854" -.040 -.042 -.019 842" - 477"
2+gH& T 854" 1 297" 191 .169 .999"" -.232°
EAF AMu|A -.196 -.040 297" 1 898" 8457 3067 3357
A=A -.212 -.042 191 898" 1 .920"" 197 272"
=23 &3 -.188 -.019 .169 845" 920" 1 176 276"
wj&H 756" 842" 999" 306" 197 176 1 -.211
F71&0]9] -.576™" -477" -.232" 335" 272" 276" -.211 1

** AdTo] 0.01 £
*. Aol 0.05

ZolA §AGUTHER).

SN §OFITHER),
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FolRS of Ao & HFAE A sk 4AHEAF (Output—oriented)
nYs 7B oR AAHAL. ot UEYZ DEA-SBM (Slacks—

based Measure)2 ©]8&3sle] 7|& DEARYS wHo|dd 184

AL AHs EDS 1 o9 JEYIL ngoz AL @

87

fol
o
o,
O
<
o
—
i
o
=
@]
2.
5
O
=
Mo
Mo
of,
fols
o
o
.
O
S
@]
—
=
5
x
=
=
Q,
(@]
5
O
<
N
i)

YEQZ Bygo=z g8 ¢ of A® Zo] free link &2 fixed

re

linke] AlfzdE Aokttt AHdE Atelol A2 (Links)oll it 7Hg2

o8 UYESHZ EI

Mo

712 separation Ro] WSz = K
separation ®3 AfoJe] zpo]o] QlQlo] a1, o] zto]E “AAAT (Linking
Effects)” 2t F-E2r}. ©<= separation B2 SJAFAAFTS] ol ddart
AAZ EA5t= Aol AdE AiE HoEH (Kaoru Tone and Miki
Tsutsui, 2009). LAEFA 0 2 fixed linkS 7FASH ELYA 2F o] free links

e EYEY G884 Havh =9 22 a2, & Aeld] Axe

rr

Zx2 dAZA7  (Suboptimal Link Effects)olA] oW F2AH a7}
EqAAG (Projected Link Value)¥ 3#2gE (Observed Value)Ate]o]]
&= WP Aol & dAFolAe= free link7HES AER}IORH
dEdgFol AfEA AAEE= shlvh. W%4 VRS-DEA Adgh
Network DEA-SBM &4 45 AEstH oz <& 4-3), (& 4-4),

(B 4-5), (B 4-6p1} 2t}
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(E 4-3) 2012 VRS-DEA Z}Ft3} Network DEA-SBM 884 M4 &4

DMU 3 2 0.8087 0.7019 0.854 0.8219 17 16
DMU 4 2 0.6688 0.571 0.6859 0.8325 19 21
DMU 5 2 0.8501 0.615 0.9362 0.6569 16 20
DMU 6 2 0.6742 0.63 0.7111 0.8858 18 18

DMU 9 3 0.9515 0.7661 0.7733 0.9907 13 15
DMUIO 3 osMe oses s oaws s @
DMU 11 3 1 1 1 1 1 1
DMU 12 4 1 1 1 1 1 1
DMU 13 5 1 1 1 1 1 1
DMU 14 5 1 1 1 1 1 1
DMU 15 5 1 1 1 1 1 1
DMU 16 5 1 1 1 1 1 1
DMU 17 6 1 1 1 1 1 1
DMU 18 6 1 1 1 1 1 1
DMU 19 7 1 1 1 1 1 1
DMU 20 7 1 1 1 1 1 1
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(& 4-4) 2013 VRS-DEA #3737 Network DEA-SBM &-&4 A4 B4

DMU 1 1 0.9715 0.9117 0.9905 0.9205 10 12
DMU 2 1 1 1 1 1 1 1
DMU 3 2 0.8342 0.6276 0.7489 0.838 17 17
DMU 4 2 0.6018 0.5751 0.714 0.8055 18 21
DMU 5 2 0.8836 0.6111 0.9262 0.6598 16 20

DMU 9 3 0.9459 0.7988 0.804 0.9936 14 14
DMU 11 3 0.9982 0.9502 0.9628 0.9869 6 9
DMU 12 4 1 1 1 1 1 1
DMU 13 5 1 1 1 1 1 1
DMU 14 5 0.9938 0.9837 0.9839 0.9998 8 7
DMU 15 5 1 1 1 1 1 1
DMU 16 5 0.9918 0.948 0.9485 0.9995 9 10
DMU 17 6 0.9685 0.6223 0.9997 0.6225 11 18
DMU 18 6 0.9618 0.865 1 0.865 13 13
DMU 19 7 1 1 1 1 1 1
DMU 21 7 0.9975 0.9938 0.9943 0.9996 7 6
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(X 4-5) 2014 VRS-DEA ZA}Ft3} Network DEA-SBM 884 M4 &4

DMU 1 1 1 1 1 1 1 1
DMU 2 1 1 1 1 1 1 1
DMU 3 2 0.7965 0.6512 0.7925 0.8216 17 17
DMU 4 2 0.6306 0.5916 0.7312 0.8091 18 21
DMU 5 2 0.9413 0.6389 0.9449 0.6762 15 18

DMU 9 3 0.9977 0.8044 0.8076 0.9961 10 14
DMU 11 3 1 1 1 1 1 1
DMU 12 4 1 1 1 1 1 1
DMU 15 5 1 1 1 1 1 1
DMU 16 5 1 1 1 1 1 1
DMU 17 6 0.9901 0.762 0.9889 0.7705 11 15
DMU 18 6 0.9719 0.8783 1 0.8783 14 13
DMU 19 7 1 1 1 1 1 1
DMU 20 7 1 1 1 1 1 1
DMU 21 7 1 1 1 1 1 1
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(& 4-6) 2015 VRS-DEA Z3}Z3 Network DEA-SBM &&7%4

DMU 1
DMU 2
DMU 3
DMU 4
DMU 5

1 1 1
1 0.9834 0.9286
2 0.8405 0.6587
2 0.6589 0.6008
2 1 1

0.9911 0.937
0.7961 0.8275
0.7437 0.8078

DMU 9 3 0.9545 0.811 0.8169 0.9927 14 16
DMUIO 3 osds o2 1 0% 69

DMU 11 3 0.9865 0.9685 0.9757 0.9926 9 10

DMU 12 4 0.9935 0.9469 0.9486 0.9982 8 11

DMU 13 5 0.9698 0.9331 0.941 0.9916 13 12
DMUL s gl eems 1 oms 28

DMU 15 5 1 1 1 1 1 1

DMU 16 5 0.9773 0.8917 0.8944 0.9969 11 14

DMU 17 6 1 1 1 1 1 1

DMU 18 6 0.9528 0.8385 1 0.8385 15 15

DMU 19 7 1 1 1 1 1 1

DMU 20 7 1 1 1 1 1 1

DMU 21 7 1 1 1 1 1 1
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Zhedl maAol &2 Hdeor U,
4 A AA &9o] £ DMU E2 %%5%<l DEA &
HE®Z DEA B&/40] Addes =7 37t ddold, gxzo=

gogo] Soj7hA) ke UHe YESIZ DEA &84 W47t WEA DEA %

AeEtg =2 249 TF 8&4 (Overall Efficiency)®] 547 VRS
7Hgste]l ALtE &%t ol As =g 4 Utk ol#e dvd
A7 des AL daer HmrmElRAo AdA BrpdAd
Z|Q1gt . & 4= ok

FAAH o2 DMU 7 (Cluster 2), DMU 8 (Cluster 2), DMU 10 (Cluster
32 2012 FH 2015 @7bA19] 4 7d 5% H52 DEA 49} Hlwsto
UIEQIZ DEA 9] H47F 2 oAEAT St Ar A F4& Alett
HEQZSY adtE & AHEAEH=EClH FddiH 4= A4

Aats AEE fiHg Auls 2o Wge Fo Eo H agoe=s



'

+FHL e AeER EF 4 Utk 7|4 HEQZ ane 7]ES
As4Q DEA HaHog FHMEES 18T o 884 Hart At

e dA=) viHol|, DMU 1 (Cluster 1), DMU 3 (Cluster 2), DMU 4
(Cluster 2), DMU 5 (Cluster 2), DMU 9 (Cluster 3), DMU 11 (Cluster 3),

DMU 12 (Cluster 4), DMU 16 (Cluster 5), DMU 17 (Cluster 6), DMU 18

>

(Cluster 6) 59] & 971 AFEAGRY = 2012-2015 o] AAH AjH]|
Zorer W 93]y BrEE4rt WolxlE Hdholth 9] 9 7 A ARG EL

AT AdTket vlasiA AE|

>

Fdol FAHESIH. AEd 4 iR ARE AuE" AAPdTet
AR R 21 A AT Foll 2012 W, 2013 Wk, 2015 W& &
3 /Aol 5 3, 2014 Fo ARt 6 3to] HEYD a3E HE o=
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ZAHE9n. SR %4 DEA &84 @t ¥EYE DEA #eA

Efficiency Model)-& ©]-8%t F7F4¢l £40] B Zo|rh

., mid Aol AR dHiAHez FHAH 2 9 HEHZA

otk 4 WBS 719 e WA RE gol 1 2 Ul &

H1
N
=
0
offt
rO

OIAFAADRY (DMU 15, DMU 19)7F 2012 UEHE 2015 4

AR At Aquls B WA b agdoR 7198 295t Jes
HolZolrh ol 41 Hol WEe AP BARRES Fd) Amu

Adtoltt, 4.1 HolA ohFA] E3E 4 78d% (2012-2015)] thet A4 <1

olsfet olg HiFoR F ANt BA 42 oA A HESIE

Jfu

shAt.
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42 BEH £9L 9% ol=atal

HEYI DEA & F &84 (Overall Efficiency)= 4AH&5tH 29

HEHAS maddel 1 o mAx =& o Fd dd2 odel derte
Held & ot olE 501, 2012d%°] DMU 5 & AdEd 24 3847

Horr BAd ddider aaHox] xRt IFo] &shH HlmeaAd

A= A2 (B2 FAAagA)= Hd 2012 dx®or ofbyet
%

2014 d7kzx] 3 dZF H|$E &S

re

t}. 1822 DMU 5 =

aa/de NAdsh] fiet Weks Atsiof it

TEdeld  oE gue gt 2dsd 2 o &% ol
AR AurdoR £ wedel Magdel Aol k. ge
Aol FASIE 7 AT IS TASE Hglo] B Aol ol

EERETRES

2
r ]
v
es!
o=
o
=
[m
©
H
v
t
>
ol
o
o,
o
P
>
o
=2
rl
i)
A
mlm



dojdict, weba] MF2 9l DEA WHosE §84S F7Hd wo HEHA
DEA Hgo= Hrier uff Atojof| D 59 Z92H 2 W Ay dA7t
gefdith. DMU 5 &= 884<& ¥7Fske W (Traditional DEA s,
Network DEA-SBM)elA] @& 2o]Z osfsty A=A PJAHSHS

nleAsior & ot

TEgte] AREE HuE S dgsk. & dFolM AWE *F

AE|A Ao &35 sHE =2 ®uf (Cluster 1), AsFE (Cluster 2),

)
of

-

FIEWA (Cluster 3), @EIZF (Cluster 4), oJ3BAF (Cluster 5), A

(Cluster 6), HHLFZAF (Cluster NE & 7 N9 Aot Z47H9]

AARENE TGS E 4-1 ) B

|
o
>.
a
fi|r
Tlo
PN
=]
w
|
=
)
My
o,
1o

+3 Z224T BB a8 FES deth oodA Od 4-D (Od 4-

2012 2013 2014 2015

TYPE OE CE OE CE OE CE OE CE

Mean 0.9181 0.9532 0.9098 0.9241 0.9216 0.9363 0.9156 0.9563
1 0.9964 0.9922 0.9953 0.9603 1 1 0.9955 0.9685
2 0.7599 0.8449 0.7463 0.8393 0.7640 0.839 0.7766 0.8925
3 0.9090 0.9934 0.9077 0.9896 0.9314 0.9952 0.9309 0.9908
4 1 1 1 1 1 1 0.9486 0.9982
5 1 1 0.9831 0.9998 0.9968 0.998 0.9588 0.995
6 1 1 0.9998 0.7437 0.9944 0.8244 1 0.9192
7 1 0.9943 0.994 0.9979 1 1 1 1
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a9 4-1) E92H4 29 884 (Operating Efficiency)
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x-axis: Cluster
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a9 4-2) Z212HE FA 8§84 (Competitive Efficiency)

1 2 5 R R + B
0.95
X
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0.85
A A
0.8
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0 1 2 3 4 5 6 7 8
x-axis: Cluster
y.axis: Score 42012 W2013 A2014 <2015
B 4-7, O" 4-1) 893 ¥ 422 n|Fo] HAY
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Abstract
Measuring the network efficiency of
transport service companies in Korea

. Focusing on service quality

Seongwon Park
Operations Management
The Graduate School of Business

Seoul National University

This study evaluated the relative efficiency of domestic transport service
companies in seven different industry sectors in South Korea, focusing on
transport service quality. The transport service industry in South Korea has
expanded along with the country’s manufacturing industry. With this rapid
growth, customers’ expectations of service quality and their interest in both
quantitative and qualitative improvements have also steadily increased.
However, even though service companies have found huge opportunities to
differentiate themselves to customers via service quality, there is still a lack

of research on overall service quality in the transport service industry.
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Efficiency assessments of companies in the transport industry that exclude
service quality have their limitations when results—based guidelines are
presented.

To this end, this paper conducted a network efficiency analysis of
decision making units (DMUs) at domestic transport companies between
2012 and 2015, focusing on service quality, and tried to establish guidelines
for improving network efficiency between companies or industries. To
measure network efficiency, this study used the number of employees, fixed
assets, and operating expenses as input variables, and sales amounts and net
incomes as output variables. Compared with the conventional Data
Envelopment Analysis (DEA) model, a network DEA approach allows for
more realistic analysis of results by considering internal flows. To do this,
intermediate variables must be defined in advance. This study selected
primary needs fulfillment, reliability, and physical evidence provided by the
Korean Standards Association as intermediate variables and was conducted
on 21 companies in the domestic transport industry.

Interestingly, the results show that some inefficient DMUs in terms of
conventional DEA can become efficient when service quality elements are
considered, and vice versa. In addition, the causes of inefficiency among
DMUs are easily understood by separating overall efficiency into operating
efficiency and competitive efficiency. Also, a DEA window analysis shows
how the efficiency scores fluctuated from 2012 to 2015, making it possible

to disentangle well-run businesses from poorly managed businesses within
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this period. All things taken together, service quality elements play a crucial
role in verifying operational inefficiencies in the transport service industry in
South Korea more clearly, and by considering service quality, an enhanced

operating strategy can be made.

Keywords : Transport Service, Network Efficiency, Service Quality, Data
Envelopment Analysis, Network DEA-SBM

Student Number : 2015-20609
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