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Abstract This paper aims to analyze the production efficiency in Korea’s ten service sectors using DEA
and its determinants utilizing a truncated—Tobit regression model and a censored—Tobit regression
model in 2010—2019. This paper found: First, the Korean service sector’s production efficiency in
general has been significantly low and polarized. Especially, the inefficiency resulted from the scale
inefficiency in the ‘sewerage waste management industry.” Second, in the determinants analysis, the
results show the positive effect of the investment and R&D expenses on technical efficiency, while FDI
and lobbying expenses illustrate the negative impact. Moreover, it seems that the larger the industry,
the higher the efficiency. Thus, the future Korean government’s economic policy for the service sectors
requires a mixed and integrated policy of the macroeconomic aspect such as active investment and

R&D activities with microeconomic aspect including a convergence of FDI and human capital.

Key Words : Data Envelopment Analysis (DEA), service sector’s production efficiency, truncated—Tobit
regression model, censored—Tobit regression model, efficient minimum wage, integrated

economic policy

«*Corresponding Author : Se—Young Bae(sybae@konyang.ac.kr)
Received July 13, 2021 Revised August 13, 2021
Accepted October 20, 2021 Published October 28, 2021



340 —AEgEFAT A9 A10%

1. A&
21A7 )= gE]slel Aldear gt mlsa 9 5
o] AR AAE olu] F AAHGDP) <] 2/3 o]do]
ARzl 71918k A 2qie] a8 Hap soluvhar
ATk AR ] Al wheh An]2skd e vlFe] AX]
3 9= Aotk olE B9, 7S ] A=E o]k
(CIA, World Factbook 2020), %g=r2] Mu]x] Agrkak
o] AA ¥]E-2 79.2%°] a1, An|2=q] a1-8-0] Z A A
A= BlES 83.5%% Tk A2 A=l A= 247t
68.6%F 74.3%°Itt. o] -ibet A A 68.7%%
70.9%% AU 2ARA Y AAR YA
s, -EluEke] A9 o] HjEo] 2018%301] Eapay
58.3%%} 70.6%= AR~k o] F 3182 70.6%4 =
= ALk vro] 25 = FE7E o] A2k 9
Adgk Jske] QA7 =i Egh o] 4hde] s A
o] w9~ ol {FA7} H]aL Qirk S, Au|2Akge] A0
GDP:&= A 1209 GDP2] 82.6% Hlel =] ¢o} So}
Ao} 15715 & Au]2=4k]ie] g AlabAd o] 7hd vk
Ao e ekl
AR 24 B ABAREE22) A~
Ao IAL=

5 AlFaE 2
= WE, A, AN, 3] ol o7
sh, &, 9%, 1A, g, B, 58, B¥, e &
g3t} A 200 Boke] Mu|AARI S Ao "
£ (efficiency) 3 A4 A= =u-9] 4 o
Yol P ATt AHE WHEO RS AR L HEA]
(Data Envelopment Analysis: DEA) 3} -5 2 E]o]
A1 (Stochastic Frontier Analysis: SFA)°] 21+&t)
DEAC] oJgh A77} FA o= ftweAolgtal & 4= Ut
71 o= DEA= o8] FEjo] T3 AERTE $A
of AR8-3 4= 1o, SFAXF A Aol HlA A A
L"FE BAetA] ok = Fao] qh7] wiitolth B
gk oo AT SldA duE w6, By, 98,
HFde] T A olebA M| Fofe] kAl mE
e w=etrlel AAA edrh
upeba], 2 o] B4 1eHA| R, 9-2ukEl 10719
T ETARIEFH(KSIC) 57 A8]2~ 2k e] #k=7) 7

tlo _11~>~

oo
52 o

o

o)

s

1) A=A AAF (CIA, World Factbook)

2) A=Ak
5 o)F= AYE Yrletn A2 AH|l2Atd s 23
(Feuete] -9 Anlagde: 3xRde oF 65% XéE) wr}
AR Adolm AR EARE Edel ick e,
Ao g T pde] fAletAl AREE AL .

o

m9 R

e 0] Bo] ohd 892 3

=3l A

o

1 2010~20199714) 9] Eol3} AZo] et A2
237 TAF FollA LAlste] ZF A sk ] &
DEAE o|&3te] SA¢itth 2gAlolA= o] &5
A= o A48 01 (determinants) S YA E

(truncated Tobit regression model) ¥} =

m& ‘”10
oZi

b gl oX
i
ofl

23 (censored—Tob1t regression model)

1:]- o|#]3 g8Ale A 84

A BRS AfH| 2414 o] b o]

743 AE =8 + Aok

DEA®] 7]% o] &<l CCR¥ BCC Rl

qﬁ}oﬂ Arggict. 3ol Ae vkl AHl= Ale] &
A4 Q2

AUNET)
i
pect
toy
r X

2
ko ro

O

of 1o
oo okt
b=

i
= H
M

¥ 2 2 M HE ox mp b of
£

X

o

e

lo

to rr

=

rlm

N}
ot
=
>
e

f?} TR
Aol A=
DA Al /\].xq o] 3‘54 ‘Q_Iﬂr

2. DEA—CCR¥} BCC =¥

IR RO

a8y

7190 oA FF2 71
9] (Decision Making Unit: DMU)eol| o3t 3
A& ek e 7 0 2= DEASE SFAZF 9l
DEAE H|E4=(non— parametric) 574 Wol™ ZA|
sk 7149l Ao, =9 AT (operations research) ol
R4 Ak H|-8-2] ZEE|olE S48, SFAT B
(parametric) S78WHoln &4 FiS E3AA 4
AEEE FA ek Wiolth DEAT SFAS} Hlulste] -
AAR] 478+ ko] Aol Ed gstH, o] £

A ARg 7FsEkaL, 715 2 Al ARl 9] AL
£o] 7155, vlEaAde) Ayt A BlEeA =4

o] 755t Aol 2k ek, A9k ofm T 2k
WG5S ARgsh=vkel] gk 713 SAIA oA
(outlier) ol wi-$- W7t HE EA gt
DEA+ Charnes & Cooper & Rhodes (1978, CCR
&) [1]el] oJal] A== o™, Banker & Charnes &
Cooper (1984)[2]9] 2l&] BCCE o] 7=l
Cooper & Seiford & Tone (2007)[3]9] uwt=, CCR
22 v53 Ak Folxl AwedlA ZzF DMUS| &84
< U5 ol AU V1N DMUS SHAE
DMU, (0=1,2,...n) 23l 3A} g]ar ofge] A3
ZEIAH(LP)AA 2(2) ~ 2 (5)9] 2725 o]

]

O

o



A5 33X EA(DEA)E ©]-&3

$eLke e 224l &

gk Oake Folstels wAlE F= Ao R Al s
2},
(Lf)o) maX9 = u1y10+u2y20+"'+usyso
U,V
(D
subject to,
VZy, t e T, =1 (2)
1y1j + . usysj - 1.’E1] +. jL/Um‘rm]
(J=1,..,n) (3)
VsV = 0 (4)
Upy Uy = 0 (5)
2N 247 713 (virtual) A} 7hge] £
o] wlgol 1% 7 R@che g TP, %
A DMU, (0=1,2,..,n) & SUIskshs 4] &
91 v, 9, & TRz Aolth o] 2B s A7
o 93k (07)e A 19 @e 2=

714 T8 0 (A9 gol 10] WW DMU,
= CCR-a&4 (CCR—efficient, S+
Efficient)o]2kaL 3h, 18T} 2 74 9-+= CCR—H| &
F2 ot} o] A& WA (radial) &84 T 7|&4
#84 (Technical Efficiency: TE)o]gtalx: &2
t}.3)

BCC B3 th29] 2(6)2] AIEHE Py=

R e

o

Py=A(zy)le = X\, y < Y\,eA=1,A > 0}

(6)

471" X=(z;)ER™"" o]aL Y=(y)ER "]
], NER"T e RE Q47F 191 W (row) WE] o]

2E
t} 283 CCR RE 3= g EE(convexity)Z4A

3) (0 = 1(i)F all slacks are zero (i) 27L& 2T 245

e

73§l o1& ZJa-573(strong efficiency) o=
Pareto—Koopmans &-&7do|etaL 341, o] =4 3 3 HAvk

NS

:I

/\
F58= A2 Fa s (weak efficiency)olghar ko),
DEA° A o] f-(slacks)= &2 Foz S7MAZ & 9
E E e AEE AN e FYY 978

v @t

12 rlr

o]
=

(BCOH o= v 2o

max z = uy, — (7)

URTRA

ve, =1 (8)

—vX+uY—ue <0 (9)

v=>0, u = 0,u, free € sign (10)
=, BCC 282 flolA Au5d dagdl 7HLﬂ°lU%

CCR &3} BCC B3 9] zfol= 2(10)olA A

(free variable) u, 2] €8]t} T3 CCRO FH* ]
= Z =W (global) TE (Technical Efficiency)<ld] wt
sty BCCol =4 A= A (local) w5714 284
(PTE: Pure Technical Efficiency)E& YeERB =2 o}
2 A(11)o] Ayt

CCR(6")

L =SE <1
BCC(6)

(11)

o714 SEE 7159 54 (scale efficiency)S YERY
= o] BCC BgA A2t 2AY 2] 284S
el wEbA, 2] vl sAd-S R a8
7118k = 9t

3. 71 =9 24

DEACI 2] gk =] Mu2aq] whel e vl
A=Y, S8 E d= 59, Fulodl A Bae
& Kim (2020[4], 2017[5], 2013[61), Baek (2011)[7],
Kang (2015)[8] o] i, sieles ¥ #AdHS
(Fukuyama (2012) [9]¢} Ohsato & Takahashi
(2015)[10], =@ o] A|o}= Othman et al. (2014)[11],
A=A HdS McKillop et al. (2002)[12], —1¥]ar
McKillop & Quinn (2009)[13]+= ol A= A 18]

o]

2 F§71% #H I Pasiouras & Zopounidas
(2011)[14] Go] Yk F=3F FEXEN-DEAE 5
Kim & Cho & Park (2014)[15]3} Park (2015) [16]
o] AUtk

A ol FEARY Qo= ARl Akl tigh &
43 A A= S (Bae & Lee & Kim
(2010)[17], Bae & Kim & Lee (2010)[18], Kim &

g3t



342 yAgEgETAT A19AH A10E

Bae & Lee (2008)[19]), =} %71 Z@x}o]= (Kim &
Bae (2019)[20]), =7} tHePH <l (Bae et al. (2009)[21])
ol ok 1Elar, Auj2s Ak WA B KSCL A+ 2
FAERFol 23 A= Lee & KcKibbin (2018)[22]
o] AUtk

g X 1‘31* tlo] Aot BRtdhs the 54
& 7HAaL 7] el aEAdol ARkl S glo]

A Q5F7F B, Jarvinen et al. (1996)[23], Avkiran
(2009)[24] Li & Prescott (2009)[25] “5-o] “A1n]2 4k

Aol Aox o] Aidel 7S AElsialth o5 9‘/‘1
H]i kel Qdojx o] A ofefje] A1(12)¢} 7ol
A1 Ay} FAQl o] gl Azl JojA= FAd
Hol ZFgh v An] 2 Akge lojAs= A1 Hol &
QA Fojof ghtal TS oS 50, An|2 4ol
UM A FYL Azl oM g A
ZFa} 3o 22 obd H717EA] (value—added) 2] 71
o] oo} gl Aol MAH whes] S7F FA9 7h
ol A g3]sjof dhar ko), wjebA], Li & Prescott
(2009)[25]2 AMH] 2 714 2] AL 714 o] mabd
(effectiveness) ] 7Nd4) o]ojof ghrhar F74gtet. Vrat
& Sardana & Sahay (1998)[26] 9A] o]&]st 71714
o] el A2 71 Wo] aLgRlEe] wmHo] ke
A4S #5sH= A (index)ol7] Wl o v
Hgehar gl S, A H| 2 AR e] Al S QI%E
¥} FRA= ALY (humanistic) 7152191 SHollA] (technical)
nietElol gth= Zlo|th

A B2 akd o] kg =

FE0l FEFs MAE aflEs 24
o] A ATEolA =
regression model) HE+ E‘%lﬂ?}?ﬁé (Tobit
Wilson(2007)[27]°ll 2]g+ & W” T84 9
RS Ak vl T Edus] Y-S ARgshE Flo]
Epksb grom, iAlel EENSIARY (truncated—
Tobit regression model) & & FA 3 of 3Hr}i= AL &
HZ2 43S ESH 4533t Brida & Detotto &
Pulina (2011)[28 o] 2000~2004'd¢] o]Eg]o} AH]

=
o
2219] ] zﬂ‘%@—% OJFFEAEYE  (double-

4) Effectiveness implies an ability to state desired goals
and ability to achieve desired goals, while efficiency
relates to the benefits realized or resources used.
(Cooper & Seiford & Tone, 2007, p. 66.)

bootstrapt) =

A EBI R 32 %*’%\—Eﬂ"’FUr SHHT7E Bl A
A $He (restricted) -5, = W] HE7L Alske 749
AEEE 7}435aL = OLS (Ordinary Least
Squares) ﬁﬂm’i‘.% A< (biase)® T THEE Fte

o1 3t e] ol

/\1 21 7(4 ogx=1 oﬂ

flzla<z<b) = - flz) -
() —p(2H
ag ag
1 x—
?9< 9M)
- b— a— (13)
o(—) —p(2—H)
ag ag
714 ¢t b 27k A AT WE
o} BX3E yehdith SrE e A e W] g
3} vjshH Aoty Fio] ofy] FEolghd dud
Wamo] P A, 1 ubtle] A9 3to] Foll
o O] dotkalgde Aoy A] ke 7-9-9f H|us)e]
FEAHe FA wHEY
B =FoAe o] F B¥S BT o]&sle] A aql
= Hla-#A g
4. ASEA

4.1 AHEE A 7% A
B AZEAA ALgE AH T AEE AREE Bt
P FR0R AHE FUAAE E 81
AFEE R&D(ZAA - 1)), Hon] 2 S ole
gareaoll A w7ke 7|97 GEA (2011~2020) 004
W59 al, WEMSEL TuErlx|ge| o8] 2A Y
Atk 1231, GDPe} & shute] FQhigel wgate] 4
= 37F SAEE (KOSIS)oA, AALF3 Hdae
HAYF A3 oNA, 2] %jEx}(FDDQJr e
=457] 99w FEUNL )
= At
Table 1 oA E =R A] AFRH S22k

e}

5) Stata.com®| 4] rtruncreg.pdf. (Truncated Regression) %+

al.



i

o 5 S-2fubet Mulakele] E&AT APl BA

343
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Table 1. KSIC

Code Name of Industry
C manufacturing

E37-39 sewerage, waste mgt, materials recovery
G45-47 wholesale and retail trade
H49-52 transportation and storage
155-58 accommodation and food service
J58—-63 information and communication

L68 real estate
M71-73 professional, scientific and tech. activities
N74-76 business facilities mgt & bus. support
R90-91 arts, sports and recreation

S96 other personal services & activities

4.2 2849

2010~20191%
Table 33} Zt}.
Table 3914+ 2 2010~2019d7}4]
9] CCR &84S Yeplla o] HH o7 G45-47
(=l 2 &) Ak e ;fzg**o] 7F =9kar (0.903),
N74=73 (AFGAA#E], AFFA D 2 A ofAn|=4])
(0.705)7} J58—63 (BH-E214) (0.689)°] L HE ©|3
o} 718U, o] o]9je] kel a8 UAH R vt
UL (BHEEAE 0.447), 53] 155-56 AHY (&1 2
S-2191) (0.083), R90—91 2+ (d<, ~¥>= @ o7}
#) (0.135)3 S96 A (Z1EF 7/ AR]2=4d) (0.085)9]
HEHGE g srobx] mEAde] st AT B 9
Ark 714 =l A B she] we o] a8
27k F7VekaL = A G45—-47 (v H A,
H49-52 (5 2 F31)), J58—63 (HHEFA1), L68
(5415 & Holdnk v A Ae: g8 A7
AlRre] 5 sk UiA] Gl 1= o] mlEel = 7l e
A7} gle= EAAh
Table 4914+ DEAZ ©]-&

714 a84(TE) A& ot
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- . A =0 o)
AE9)F9] (output—oriented) 7PAH Feolgpm Sl &A1 w=efEl CCR &84} EUﬂ SRR |
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Table 2. Basic Statistics
Variables Average St. Deviation Max Min
Total Value—added (VA) 53,593,674 91,042,388 39,6267,399 700,316
Number of Labors (LABOR) 413,232 282,672 1,114,191 49,435
Total Fixed Assets (TFA) 52,414,555 51,298,406 188,007,500 2,673,920
Wage Rate (MWAW) 0.410 0.124 0.739 0.211
Investment (INV) 29,515,278 37,461,765 156,082,330 594,198
Foreign Direct Inv. (FDI) 1,044,220 1,625,558 9,410,655 1,813
Openness (OPEN) 0.193 0.405 1.491 0.002
R&D Expenses (R&D) 352,494 598,784 2,496,953 378
Lobbying Expenses (LOB 384,665 514,982 2,080,068 14,379
Table 3. Estimated TE—CCR Efficiency
Industry Av. 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
E37—39 0.490 0.625 0.498 0.519 0.437 0.427 0.449 0.442 0.509 0.502 0.492
G45—-47 0.903 0.408 1.000 0.976 0.909 0.927 0.921 0.908 0.978 1.000 1.000
H49-52 0.283 0.164 0.245 0.257 0.264 0.266 0.313 0.289 0.337 0.338 0.359
155—56 0.083 0.007 0.068 0.079 0.082 0.088 0.088 0.096 0.098 0.105 0.114
J58—63 0.689 0.516 0.601 0.667 0.704 0.690 0.689 0.702 0.772 0.742 0.788
L68 0.555 0.041 0.349 0.361 0.441 0.542 0.655 0.861 0.836 0.779 0.686
M71-73 0.584 0.687 0.558 0.552 0.525 0.619 0.596 0.576 0.599 0.560 0.564
N74-76 0.705 1.000 0.676 0.711 0.719 0.698 0.689 0.699 0.591 0.633 0.630
R90-91 0.135 0.026 0.126 0.126 0.115 0.152 0.148 0.154 0.154 0.154 0.158
S96 0.085 0.068 0.066 0.075 0.057 0.085 0.092 0.103 0.092 0.094 0.115
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Table 4. Estimated BCC Efficiency

Industry Av. 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
E37-39 0.845 1.000 0.753 0.779 0.716 0.808 0.799 0.877 0.870 0.921 0.923
G45—47 0.910 0.408 1.000 0.982 0.909 0.942 0.932 0.912 0.986 1.000 1.000
H49-52 0.293 0.166 0.248 0.260 0.267 0.268 0.317 0.292 0.341 0.342 0.363
155—56 0.093 0.008 0.070 0.081 0.083 0.089 0.091 0.102 0.132 0.108 0.117
J58—63 0.715 0.532 0.619 0.686 0.725 0.710 0.707 0.739 0.792 0.760 0.806
L68 0.588 0.043 0.366 0.378 0.464 0.569 0.687 0.902 0.871 0.812 0.714
M71-73 0.633 0.770 0.609 0.596 0.575 0.666 0.634 0.612 0.637 0.605 0.608
N74-76 0.732 1.000 0.684 0.715 0.745 0.709 0.714 0.736 0.615 0.668 0.673
R90-91 0.144 0.027 0.133 0.133 0.153 0.161 0.156 0.170 0.163 0.162 0.165
S96 0.092 0.077 0.076 0.087 0.064 0.094 0.099 0.109 0.097 0.099 0.119
Table 5. Estimated Scale Efficiency
Industry Av. 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
E37-39 0.580 0.625 0.661 0.666 0.610 0.528 0.562 0.504 0.585 0.545 0.533
G45—47 0.992 1.000 1.000 0.994 1.000 0.984 0.988 0.996 0.992 1.000 1.000
H49-52 0.966 0.988 0.988 0.988 0.989 0.993 0.987 0.990 0.988 0.988 0.989
155—56 0.892 0.875 0.971 0.975 0.988 0.989 0.967 0.941 0.742 0.972 0.974
J58-63 0.964 0.970 0.971 0.972 0.971 0.972 0.975 0.950 0.975 0.976 0.978
L68 0.944 0.953 0.954 0.955 0.950 0.953 0.953 0.955 0.960 0.959 0.961
M71-73 0.923 0.892 0.916 0.926 0.913 0.929 0.940 0.941 0.940 0.926 0.928
N74-76 0.963 1.000 0.988 0.994 0.965 0.984 0.965 0.950 0.961 0.948 0.936
R90-91 0.938 0.963 0.947 0.947 0.752 0.944 0.949 0.906 0.945 0.951 0.958
$96 0.924 0.883 0.868 0.862 0.891 0.904 0.929 0.945 0.948 0.949 0.966
12

=]
m

[

]

E37-39 G45-47 HA49-52 I55-56

m CCR Efficiency

Fig. 1. CCR, BCC, and Scale Efficiencies
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Table 6. Results of the Regressions
Variables/Models Model 1 CCR Model 1 BCC Model 1 SE Model 2 CCR Model 2 BCC Model 2 SE
¢ (constant) —1.632 —1.767 0.714 —1.632 —=2.779 0.5664
) (=3.411)™ (—2.662)™ (0.523) (=3.411)™ (=3.871)™ (2.091)™
N 0.225 0.391 —0.235 —0.341 —0.276 —0.032
MWAW (0.981) (1.279) (~0.36) (~1.221) (~0.931) (—0.281)
INV 0.126 0.155 0.071 —0.001 —0.019 0.020
(4.093)™ (3.697)" (0.834) (—=0.051) (=0.701) (1.883)"
FDI —0.058 —0.092 —0.627 0.005 0.012 —0.001
(=1.229) (—4.660)™ (=3.194)™ (0.443) (0.774) (=0.191)
OPEN 0.001 0.001 0.002 —0.001 —0.001 —0.001
(1.228) (0.692) (1.865)" (0.723) (0.783) (0.300)
R&D 0.103 0.116 0.067 0.0132 —0.036 —0.003
(5.484)™ (4.684)™ (1.107) (0.436) (—=1.051) (-0.301)
LOB —0.981 —0.232 —0.670 —0.447 —0.932 —0.227
’ (=2.109)™ (—3.654)™ (=3.191)™ (=2.911)™ (=1.923)" (=0.731)
SIZE —0.037 —0.047 —0.078 0.179 0.227 0.025
(=0.63) (=0.73) (—=0.499) (2.764) (3.451)™ (1.894)"
log—likelihood 52.313 32.973 179.042 73.395 68.459 162.759
Feoo = A2 BAROR (v=1%, 5%, 10%NA zzte] Frol3rs oJujEit)
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