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Efficiency Analysis of Efficiency and Efficiency 1in

National University Hospital

Jang, Chan-min

Department of Economy and Industry
Graduate School of
Korea Maritime and Ocean University

Abstract

The medial industry is experiencing continuous growth as one of the areas
of drawing the most attention in the industrial revolution, the future of 4th
industry. It 1s evaluated as an industry of high added-value and employment
creation, developing everyday due to increased public attention along with
higher per capital income, low birthrate, and aging population. Yet the
medial industry in South Korea has low efficiency because of high entry
barrier, health insurance guarantee system, and government regulations. Thus,
a policy is needed to increase the efficiency of medical industry by adopting

efficient competitive elements.

This study analyzed the efficiency of 11 national university hospitals in
Korea for 5 years from 2012 to 2016. The input variables are the number of
hospital beds, number of employees, and medical expenses; the output
variables are income from outpatients and income from hospitalized patients.

The data was collected through the management information system of public
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institutions and the websites of each national university hospital. The study
aimed to analyze the efficiency and efficiency changes of national university

hospitals using Stochastic Frontier Analysis (SFA).

The analysis results were as below. First, hospitals with the highest
technology efficiency among 11 Korean national university hospitals from 2012
to 2016 were Busan National University Hospital, Bundang Seoul National
University Hospital, and Chonnam National University Hospital. In terms of
net-technology efficiency, Gangwon University Hospital, Busan National
University Hospital, Seoul National University Hospital, Bundang Seoul
National University Hospital, Chonnam National University Hospital, and
Chungbuk National University Hospital were the most efficient, and in terms
of efficiency of scale, Busan National University Hospital, Bundang Seoul
National University Hospital, and Chonnam National University Hospital were

the most efficient.

Second, analysis results on the returns to scale of 11 national university
hospitals by year was as follows. In 2012 and 2013, there were 5 hospitals
with constant returns to scale (CRS) and 6 with increasing returns to scale
(IRS). In 2014, there were 7 hospitals with constant returns to scale (CRS),
the highest number; in 2015, there were 7 hospitals with increasing returns
to scale (IRS), the highest number. Next, in 2016, there were 5 hospitals
with constant returns to scale (CRS) and 4 hospitals with increasing returns

to scale (IRS).

Third, the efficiency analysis results by SFA for each hospital showed that
Bundang Seoul National University Hospital had the highest efficiency,
followed by Jeju University Hospital and Chungbuk National University
Hospital, while Chonbuk National University Hospital and Busan National

University Hospital had low efficiency.

Fourth, according to analysis results of efficiency change from 2012 to
2016, the numbers of hospitals whose efficiency increased with MPI value
higher than 1 were 5 during 2012~2013, 10 during 2013~2014, 8 during
2014~2015, and 6 during 2015~2016. The average efficiency change from 2012 to
2016 shows that the b5-year efficiency increased on average in 9 national

university hospitals but Chonbuk National University Hospital and Chungnam
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National University Hospital.

Fifth, efficiency determinant analysis set technological efficiency as a
dependent variable and external environment as an independent variable to
perform a Two-way Fixed Effect Model. The analysis results showed that
consumer price index, unemployment rate, and expected lifespan had a
significant impact; technology efficiency increased when consumer price index
and expected lifespan increased, and technological efficiency decreased when

unemployment rate increased.

The limitations of this study are as follows. First, more input and output
variables must be used to conduct various efficiency analysis; second,
qualitative variables must be selected to reflect the characteristics of

national university hospitals.

KEY WORDS: DEA, Malmquist product index, SFA, IRS, CRS, DRS, Super-SBM
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s
HARRE
H7SE
HYEH
n7EH
7IE

agd  BdE cdd DpEE  EEE  FEE  Gc¥E  HAE 13 1gE

Abg: BARAY YRALR, 2015
<29 2-2> FHusd 9 9

oz gty e Ay il BASLE AHHEGTY). 37 HASTE @
ol A= ASFZ U5 ALtsle oA 10T TA| He B3 5 2% 2%
2 09304 HU 2.747+A 2] HE&E JEFSTH

9) FFRAFATALQ014), 2014 o] FA A=HH} BAZAE WEAR, 2015004 183k
I S RAAS] AT A0S A AJAE3HATE 27] HHESE Y-S TP E FFTHEY T
Aol Az F o} &7F B 257t .
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2000

CLTE TS
= o A e

AR BEE cEE DEE EHE FEE GHE HEE

Atz St EAANIRISY, 2014
<29 2-3> ZPANH Y oA oinl By

212 Y 2 A&

21.21. A EL] F4
THHSE Y] FABFR014)S AHEA A 2HARE FEHAIGY. stu=

FEAA5Peln YA shbs A5AY 9 £ BRI ARAd5gdels o
A AFHAQFOIN DHAAFWOE Yl AHAUF AS FAFY, B
2F1) 25y 9 JEE TESD AN 4 AYFeT 2o5d 8 )
B2 UE 5tk ARAAFLelA b 2 FA@Foss AL BE A
Argoz ot ABAY For de Fod ARt AU BE AL
ge AA ARAAFYe] 83.6%F AAHT Utk ARARAAREFS BEl B
23 wge] AA £ F 3%l VA Yol FRHEF FuE B¢ e
o= s4Hc

10) 452) 2gAL 9 o]z
1) H5e] AL o] %

T =&
T =&

12) 719 THEA A A 52 98 ARRy 44 2Ane 2o
13) naFeeel B8 W we AAve 9
— 9 —
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<E 2-D mduiss8d < 4%
(@9l W)
437 949
. SRR 572 39 | g
aas | wxa | LU aqsg | T

Zddgigtay | 189,000 | 929,700 - - - 10,022,900 | 11,141,600
ZAadstuy | 530,000 | 285,700 6,900 | 44,446,900 | 278,800 - 45,548,300
73 stuy ¢ | 1,864,100 | 1,196,200 3 19,258,300 - 1,027,500 | 23,346,100
Aot 9l - 1,280,000 - 52,141,600 | 323,500 | 14,460,700 | 68,205,800
Agdigagd | 615,300 | 477,200 s 87,444,400 = 36,904,500 | 125,441,400
Agdistuy | 240,000 | 1,401,900 | 32,700 | 51,149,600 | 129,800 | 7,738,600 | 60,692,600
AEdstuy ¢ | 1,012,000| 334,100 - 29,132,700 | 20,500 | 7,094,800 | 37,594,100
AFdstuy | 10,000 270,100 - 11,315,200 | 35,100 445,300 12,075,700
FEdigtuyd | 162,400 | 702,300 - 30,249,500 | 125,200 | 3,337,700 | 34,577,100
THEWuwHY - 1,410,600 - 14,457,900 | 915,200 | 2,194,600 | 18,978,300
A 4,622,800 | 8,287,800 | 39,600 |339,596,100| 1,828,100 | 83,226,600 | 437,601,000

R 71T

FY8E SMAILE 715 A114(2015)

14) 33713 BB E F/MA =R &) 2(www.alio.go.kr)
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2122 THUEF LY A=
THUE U AETF(2014)= AHEH HA ASFAE 4% 376049 HolH 7}
A 2 AU AEUgtugde] A9 12 2549 do =z AA &9 28%F A
I e ez Jeiwt s Fe AEHY A9 Adustugdezs
Aoz AA A& HIEE KW 255%F2 YEIGTH ARFoz & 3o
s dolEd AA AE F AAWI) 348%F JERFI, AFYH] X E0] 305%=

<E 2-2> =3ugEd A< 4%

T ] | Fd=dl | Atel | ARdRE | 7IE A&
sty | 4,396,200 | 3,306,600 | 2,848,200 | 410,000 | 180,600 | 11,141,600

ol
Hr
=
1%
=
ok
(o,

17,455,400 | 6,407,400 | 20,755,500 | 930,000 - 45,548,300

ol
ox
=
1%
=1
ok
(o,

9,048,700 | 4,042,800 | 5,797,700 34,200 4,422,700 | 23,346,100

It
2
4
Lo
=
ok
(o,

21,340,600 | 8,889,200 | 24,620,700 | 1,909,200 | 11,446,100 | 68,205,800

>
o
=
%
=1
of
o

38,143,500 | 44,933,900 | 7,738,700 821,900 | 33,803,400 |125,441,400

=L
g
=
%
=
ok
o

19,578,000 | 13,924,600 | 19,169,000 | 1,051,600 | 6,969,400 | 60,692,600

2}
Hr
=
%
3
of
o,

12,035,000 | 5,600,000 | 13,050,700 20,000 6,888,400 | 37,594,100

AFdigtugd e | 4,414,400 | 2,268,200 | 3,549,100 640,100 1,203,900 | 12,075,700

Fadigwy e | 12,907,200 | 4,766,400 | 11,697,000 - 5,206,500 | 34,577,100

FEUgwE Y | 6,090,800 | 2,607,500 | 7,140,000 336,700 2,803,300 | 18,978,300

A 145,409,800 | 96,746,600 | 116,366,600| 6,153,700 | 72,924,300 | 437,601,000
A8 FE71H FIRE ZHA = ATFA
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2.1.3 ¥ &3I4
"SEOEHY AAEY), o ostd A9z A23 mHUSH AL oA 19,

o] A} 9?1

AR 11 AR R Al of k. oJARS = A2z Ao A3 AL
AFEAE B e akE L J

Ff

of &3 A, ALY FHE B ATl A} A T AE

Aol BE AFE =5, FAY U FYOR A 5 Uk FPohy
o] geiz o oAbt 2 YU 2~39 o TAH] ke, FPUiE A o]}
5 9e oA s AAY S5 FE 3182 607%2 T AR 0
o geon, ARgstnyde N2d o FIUsEAo] Bast Fule) o
o FYss 248 AN,

15) =Hiey Y AXH HE http://www.law.go.kr/

16) &= 1 314F4 X1 &-(2009)
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22 AEAY A

221 AZRPZA ] o5H B

FPUSY A W AZRABA BN BT WFe AHRY AZHIRAEL
A 58.27% = eI JHE 64.96%, Y= 46.32% = UERGTEH Aol iR
o A ko el A9 viFe Hio Ags RUSL b Ao e
sk,

(E 2-3 AFRPBA o uH BT AF
(9 9, A, 4, %)
=2l K RAR- R

PR agn | el [3URER| 9AAS | AWLF | ARAS | Amug | 0T

add 383,240 794,052 | 2,183,164 5,004 8.7 5,004 4.88 64.96

<] g 30,607 21,224 44,740 5 - 97,594 95.12 46.32

A A 47,006 58,917 149,037 - - 102,598 100.00 58.27
2k 5 o)t £, 2013 A4
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<E 2-6> T Huistd Agsr s %

T 2007 2008 2009 2010 2011
ZAst a2 120 170 220 270 270(45)
AEus g 1,580 1,580 1,860 1,930 2,280(72)
B 960 110 110 120 130(1)
Fako) gty < 1,580 1,580 1,670 1,900 2,030(8)
Algdistay 4,160 4,740 5,110 5,400 5,910(79)
Addie a9 1,310 1,540 1,720 1,900 1,900(77)
AEde a9 1,310 1,540 1,720 1,900 1,900(77)
Ao st g 2 10 20 30 260 330(43)
ety 1,190 1,350 1,520 1,660 1,820(76)
SEUg A 710 750 860 900 910(80)

At g o4 ¢, 2013

224 FaH4A &9

WAolT YARAE AT FUL FHEM, YNPAR FFPUE FRADD)
AurgAe WFelzt ohiut FFHAREE MFele] SotuE, $FPUL A

Aol FFHd vEs AuEd AU ug Aol 9.85%= 7 v
A vepgom ALStstuE oA 29.76% 2 7 B4 Vet A E AR
W Aetstmy Aol 31.54% 2 71+ @A el

A 5473%E 7 A UEST A& AMHUEE Y T AAEAAEH Y-S 421%,
A Ba 2 dL 41.8%, AN H AL 409%, A=HEH AL 3B.0%E A&

1
etmE QR 43 WA 2 gehtthel T4 9, 2013).
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K
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23) HE 4214, 19120 495 AEWAR w1 o} WUsig 1 s)Fe] g2,
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Ze #d 2L w%, JY [R eakebal
2olA Utk WA date gEle FHo]A o] FAHE] UTie). 2010 d HE
015974 9] AR} o A ®sh Pk 20159 WHARY ol vmakE A

g Yol 10219¢90 2 7IE =4 YEelgty ZAUuigugYde 5259907
7 9 YElg e HlE2 MY =2 X U ure o] Aol 19.4m| 2 A

A7h o Eee ¢ S Utk

<E 2-8> I HUITEd AT w{AY o4 2 A4k

! 2010 2011 2012 2013 2014 2015
Zadgtay 21,700 11,700 16,600 18,100 22,700 52,500
ZEdstug 113,600 121,600 132,200 127,000 142,300 191,100
7 d st g 100,100 119,900 103,200 108,300 111,700 170,100
ok gk ay € 127,600 140,600 142,400 186,000 217,900 415,100
Mg a9 535,500 693,500 788,900 829,200 779,100 1,021,000
Adoistug o 133,000 170,300 189,200 153,400 162,300 305,200
AEdstug 62,300 24,600 66,300 82,600 92,000 174,700
Al 8h g 28,700 47,800 57,200 69,000 81,800 103,700
FEUE 25,500 22,500 30,100 30,500 31,700 71,300

Am: dele FAUSEY LHAS of - A4k

24) &2l FHolAel 1o B = AsE E/HsHA o Aejstal 97) =-uistE el gt
a4,

25 10 =HishE Y o - A4k A87F I/ E UA SE
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232 ATFAY

TR AP EREE AT 8 @, AT 4HE 9 A7
AY A, AT 24 S AT AQSY A, FH AT AL L HYL F
]_

A Ad o AYeE olFALL 9t} 2015 it FO R AFARY o 4te]
MR Be ydov Ay dos 205972005019, Y He Ao
ZE FEUSuE Yo F 5943005 o]t} oqto] HE =& Wy e el
2 54.464H1 9] zlolE H AT
<E 2-9 ZHUstH Y A AFAY o4k 2D AR
(e9: 9kl
o 2010 2011 2012 2013 2014 2015
Zddggag 68,100 92,700 87,600 112,100 107,100 108,200
AEdsuEY 554,100 887,300 1,719,000 1,275,600 1,432,000 1,899,900
Ao a 442,200 439,200 469,100 478,500 493,100 586,500
g g 885,000 682,800 1,293,300 1,162,400 1,327,100 2,392,100
Agustay 1,264,700 1,264,900 1,339,200 1,417,200 1,386,900 1,693,300
Agdistugd 1,085,100 1,627,700 1,914,000 2,021,200 2,191,100 2,957,200
AEdsuHEY 1,112,400 1,387,600 1,473,400 1,626,500 1,776,700 1,465,900
AT ega 152,100 195,900 185,100 214,200 222,500 228,300
=EgguyEd 37,600 41,100 42,000 44100 43,600 5,4300

Ata: gele AYTishEY LYARY of 2o

26) 170 =HishE o - A4k A87F I/ E YA S
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24 FFERAEAY AF

241 919
THYSH YL FFRAFTAG s Al H FPL 93 AFgx2 S v
st Qth A x2S A %%tﬁfﬂﬂ B 4499 A cgog FA FHolgl

= =
3, W 2799 AY dgoz Y Atk A A F WMAFY B A
=]
o

<E 2-10> =HUsH Y FFERAgEAY AH

w2l A B C D E F G H I o3t

Ad| 3 5 6 3 4 5 2 7 5 44
o1

A 1 4 3 5 3 31 2 2 1 2.7

Ag: RAEAE YB7252D, 2015

2.4.2 A%

B>

FTEHEANTAIY R 10718 mHistH Aol =i 3.299¥(2014d 3.694), 7N
T Ht 32,0008 Ho]l ALHATE2015E 7). w7t REas AQde G ¥
24| dato g FFEAY, X2kA £ 7EF TUFo g TS ol sed HA
AR ollgtell HISA =Tt A A DEE BEg HoAHl AT Zo}
A FX o] olEgo g AEsta vk A FFERUYFAY 9
o] AA 3= HIFS HEF Hl&L 10% Wolth =3 50%7F 9=
Ao AA FFRAAEAY 44k 10,0007+ o]stZ Aol A7}
v Zol, FFRAJEALY ot ALdAS FTHAZE BaAo] A= Ut

[‘1‘2

ol

2N Medstude JAHAE FHoz B FHA wjAF
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<E 2-11D =HuishEd 33EA8AY] o4t

(29 o, %)

SR
9l BARAR | AAA 71e} R %7 FEXS
1] (%)

A 3,200 6,000 94,000 1,500 104,700 3.1

B 3,200 - 15,000 8,100 26,300 12.2

C 3,200 4700 80,000 12,9975 100,897.5 3.2

D 3,200 1,500 - 120,533.9 125,233.9 2.6

E 3,200 450,000 192,850 903 646,953 0.0

F 3,200 1,800 550 29,220 34,770 9.2
G23) 33,900 72,200 = 39,890 146,290 23.2

H 3,200 N = 2,340 5,540 57.8

U 3,200 - - 22,190 25,390 12.6

J 3,200 - 46,000 9,600 58,800 54

A5 BARAR YRAE, 2015

B, AtEE AR, T2 4E)
o
=1
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A 3 o123 WA

31 E&4 o|&

311 E&49 /Id

F &4 (efficiency)®] 7'd2 QA wEtk vl GefeAl siME T dwRbE o
1ol Ao g8 AHole ‘o= Atz ghEdiH F
H&  ATH(Robert et al., 1980)29).

L7 AT0). F8AS A4kslr] Slsl
Ay ojol x| ut AH/A FH7} ofHG

ae4% FAPNIELE 834 (effectiveness), 7 A Ad(economy),  AAHA
(productivity) 5°] AT WA AL 4= T4l JIEoE v A3 dEE
< 24338 ES A FdFdeE FHEEA aRA8e wEEHATr & ¢ Ao o=
BAAE BYdrT sAY 71989 BrPid e gh=e SR AYH FUR

2 BdEo] nEFHATH BAAEE FEATL S = ok mpA= e
2 AN a8 B FEo] REsle S E8A8Y a9 2Eo
2 B #f(Harty & Fisk, 1992), &&43 a3 AHl2o A, J3A4, =
T 84F XFANIE gddE #H(Van Wart & Berman, 1999; 2 - 1145,
2001), A meAel FE Aol il st FAE FLR} NE LR AHESE
= Y TdT Aol Aok B A= olH3 o A #H FolA ZEA N
g ARt it

29) Robert et al.(1980) E&Ao thal] oyt 4F=2] ojv 3 =wwk FaEE Ao olyet U7}
SAlO aEEolok & Rty A el E&Adold IR o FYS B e A= AU
of A, Ev AT e 7] Al AT F]lo] o] R Ae-E 9n|

30) M &, 2002, 9=, 2008
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312 E&49 FF/
3.1.2.1 Farrel®] &84

2 Debrue(1951), Koopmans(1951)8] A& B S = Farrel(1957)°]

o 2
off
e
e
N
>
flo
N
L
pe)
2
T,
o
=
f
N
N,
o
W
i
e
N
e
=
o
4
St
)
M
9
%

7194 FF or Qs EAsts vlEmEEo ds) T 7Y

SollA EolA e AgE S8 aeAde SASte WS Basin. E3 7
do EeAL =93 2 AAZ 242 AAAETL sien, 84S MY 84
HE b2} 7]« 88/ (technical efficiency) ¥ Wi & &4 (allocative efficiency) 2. =

ZledsAH MEEEEY] Ads 3 VIdY AAAJ E&8AA FEEA
(overall efficiency)e] AJ4t=Ew, =gk A7k Hge #= =
return to scale, CRS)& 7}Astal, AHETFS BT #ho = 143 JH

3-1>3 22 FgolXe] EeAs 428t th(Farrel, 1957)%2).

H (constant

oANM <IH

X(FYU=2)

s P(ZFTH4 DMU)

<19 31> 44 =zdstolA FUEC i E&8dS ol Zoin, o7]A

31) Farrel, M. J(1957), “The Measurement of Productive Efficiency,” Journal of the Royal Statistical

Society, 120(3), 253-281.
32) Farrel, M. J(1957), “The Measurement of Productive Efficiency,” Journal of the Royal Statistical

Society, 120(3), 253-281.
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7 DTHREE, 2004).
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3.1.22 AEF
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M_wwo
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aH
B!
o
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%

ZF4ko] 9] &(Return On Asset; ROA) F°] AT

=

AFR &R FHols FAFE(Return On Investment; ROI), A7]A}HEo] <]
[e)

& (Return On Equity; ROE),

22

A7 Aew, B5ol
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A TFHSherman, 1984).

o]
A

AN A LAY

Fe 7149 &7

2] ZE

ERMEREL

7kl aLe H A

3

35

FEA AAH Fol

o 2l

o] H§ th(Sherman &

EEZ o2 e

Gold, 1985).

2 A2

-

—
o

i
oju

3] 2 (regression

approach)o] t;

A5 (index

analysis approach)-s©]
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CCREH] 7tRFEH sto] Yiyts FJdo= Aosta AFH= RE oA
AAANESY UL 7HAT Aol T84S BHss AR VEEsAolgn
golst=tl Whell, BCCRE L AR = o3 #4845 Avbs JES9

Foz Aoty olgA ZAE Z&HS wrisagdolst o metx EF
AAA 97 CCREY B BCCRF O &40l BF 101 /M HA #FRE &
FHL 7P ZeAolgta Zod 4 U

322 FEHAEA: SFA

DEAS SAH ZF stue FY 9 2EE st #Ho(bias)ol tigt FAoH, &
3] AFEEo WHE HoYs Yo i (random effect)dll gt 1HE & F lkar
stk 1eja A 4 A BAE F e LAHerron)E FAISHA X & A9 S
g exo o FAE F de Ade Fd FL FiFHo FAHE ¢ Uk =7
ol 2atz s FA=I IO ok st FLABAE 1HE A 2
o}

SFAZt E8& ZEW 74 (Stochastic Frontier Analysis)= DEA%} &g 23}
o HESAS 18 & 548 5 FHskes Y ECH, 34 B/tsd =9
HeEE wd ol Z3A7IAL, HaSAdd gk AR B HESAd g wAH
TAE SR F A= FHo] ATh(FHFE, 2005)34

Aigner, Lovell & Schmidt(1977)2} Meeusen & Broeck (1977) A2 = SFAE Al
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Cheng(2004)2 thr8 ol &fFAet LIEEY ZdAAd d3 ARX &
(DEA)EA S stlor, ez 3HEAI AdEAL 284 Aols AFsAL
H, A# =+ A Y (Regional Hospital)olW A < (District Hospital) =5 At

% ARG FPF P T840 BoHgda Ak &, JFTAEWFC] e A
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<EF 5-2> A5 7&€agA 24

DMU 20121 2013 20143 20154 20161 it
Zodstuy 0.924 0.967 0.972 0.827 0.888 0.915
ZEdguy 0.992 1.000 1.000 0.873 0.959 0.965
Zddgtuy 1.000 1.000 1.000 0.902 1.000 0.980
FAkd sta s 9l 1.000 1.000 1.000 1.000 1.000 1.000
Agostug 1.000 1.000 1.000 0.892 0.942 0.967
TEA Yty 9 1.000 1.000 1.000 1.000 1.000 1.000
Addigtuy 1.000 1.000 1.000 1.000 1.000 1.000
AEUguy 0.977 0.939 0.908 0.856 0.890 0.914
AT gtu sy 0.979 0.925 0.955 0.833 0.942 0.927
FEdistuy 0.991 0.947 0.964 0.856 0.933 0.938
FEO Sty 0.988 1.000 1.000 0.848 1.000 0.967
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<¥5-P d=HE /|8 &4 4
DMU 2012 20134 2014 20159 20164 R: Iy
At u Y 1.000 1.000 1.000 1.000 1.000 1.000
BAEouE Y 0.998 1.000 1.000 0.931 1.000 0.986
R e A R 1.000 1.000 1.000 0.973 1.000 0.995
Ao st ) 1.000 1.000 1.000 1.000 1.000 1.000
A&ty 1.000 1.000 1.000 1.000 1.000 1.000
EdAEdGay A 1.000 1.000 1.000 1.000 1.000 1.000
Adoistu 1.000 1.000 1.000 1.000 1.000 1.000
ALEstuy 0.981 0.942 0.913 0.903 0.891 0.926
AT s 1.000 0.984 1.000 1.000 1.000 0.997
THstuwHY 0.995 0.953 0.983 0.891 0.943 0.953
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(B 5-4 A= FRESAY 24
DMU 2012+ 20134 2014 20154 2016 gt
Fedstaryg 0.924 0.967 0.972 0.827 0.883 0.915
7dEth sty 9l 0.994 1.000 1.000 0.937 0.959 0.978
73 g i sk 2l 1.000 1.000 1.000 0.927 1.000 0.985
Ak shanrg < 1.000 1.000 1.000 1.000 1.000 1.000
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JHEA 5 EEE
Ava | B2 @ | AFR |EFLA| @

R 2.741 15.774 0.174 -6.090 | 13.422 -0.454
log(*87&=) 0.254 0.095 2.686% 0.178 0.082 2.159=
log(# &) 0.245 0.110 2.224x 0.213 0.083 2.57 2%
log(&] &1 &) 0.224 0.076 2.935%: 0.281 0.091 3.079s:
7]k (time) 0.010 0.005 2.097= 0.195 0.066 2.944
sigma-squared 0.011 0.007 1.467 0.005 0.003 1.883

log likelihood function 36.073 97.998

LR test of the one-sided error 24.163 17.754
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ZdA et 0.888 1.000 0.648 0.932 0.979
R A ] 0.959 1.000 0.883 0.968 0.970
737 sty 2 1.000 1.000 1.186 0.920 0.987
FAko et 1.000 1.000 1.026 0.943 0.968
A oistas e 0.942 1.000 0.897 0.980 0.980
LAty 1.000 1.000 1.148 0.984 0.980
A oigtay 1.000 1.000 1.083 0.985 0.980
A& oistay < 0.890 0.891 0.746 0.908 0.970
Al o 8y 2 0.942 1.000 0.650 0.983 0.980
R B R R 0.933 0.943 0.725 0.972 0.992
SHUstuH Y 1.000 1.000 1.035 0.987 0.980
R: Iy 0.959 0.985 0.912 0.960 0.979
SFAL: T&Hs o+ ox 3 SFA 84
SFA2: T&RH s ddeFFY o= 3 SFA 584
- 60 —
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5.4 Malmquist Productivity Index #4723}

AR XA (DEA)S ©l&3 A84 B4 @Y AFANAY a&dS SA
g AlFoA el E&4 4 &stv 2HdE ol AR dAY &4
H3l= EA48A Xk ARl Atk ABEZFEA(DEA)ZE 71 E&4 9 ¥
of tigt FAHES FESHY] 3] Malmquist A4 AFE AREgth. MPIEF &
+ Malmquist A48 A+ (Malmquist productivity index)©= 00172 & 7FAH
19 A F 71zt tid 284 ®3t gle ZelH, 189 F A5 F 7|3l o

El'-_
dol S7FstA AL a3t =3 18T 22 A F It tid 2&4

T 717k iRk a4 Wk djle e JdT <3 58>

H, <& 5-9>2 TCI, <3 5-10>% TECI #< Hl23tA

2
X
rlr
<
=
N
flo
z
=
ol
;8
o

=

2012 F-E 2016@7A 2] &84 Wl BAAE AFeshd, 201219 ~2013d 73t
NME ZAdustay Y, 50 aEd, ALtsiayd, dddstayd, S50
WALl MPIZEe] 1072 2012139 HIsl 20131 d o] &4 o] F718k5 e, 2013
A& AT 1070 et Ao MPIgke] 10]%
Aol E&Ao] ZU1skATh 2014 ~20153 7|7 A=
Adistug e, Agustuyd, EFAedguy Y, Addduyd, A50g
et 9ol MPIgke] 101402 2014\

)=
[¢] =
o] Hla] 20150l EEAo] SR e, 20153 ~20163 7|t A = ZHETE

Kl
L ok ‘lE

Hel, AdUgadd, ALgUsindd, EFASUSaEYd, FEUSgw
MPIZko] 10]3F= 2015 @) Hl3] 20160 &&A40] TAasP o Yz FoA=
&40 Uk

2012 A HE] 20163 71K 2] HH G284 WHIE AR AEOisuydy S
2

FmYAS AN 971 FTAWFYANA B MPIgke] 120 7 FFH O 5
7 EgAel FARTR B 5 Atk <39 sUsoldE E&A WMSEA U@
1

=4 FAE AAEIR ST, MPIE TCI9F A FAHE Heolal len, & 8&

S F2 A 9dEs TCOA e 4 AATH

r2

o,
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<E 5-15> st Aol 2012 ~2016 E&4 W3HEA: MPI

Zadstuy 1.041 1.027 0.955 0.985 1.002
ZEdguy 1.003 1.028 0.998 1.059 1.022
Zgdgtuy e 0.977 1.029 0.963 1.042 1.003
Ao sta sy 9l 0.959 1.005 1.132 0.984 1.020
Aeostug 1.019 1.056 1.050 1.055 1.045
TEA Yty 9 0.891 1.099 1.150 1.049 1.047
Adosta g 1.005 1.029 1.367 0.860 1.065
A& sty Ll 0.951 0.982 1.039 0.997 0.992
AFdgta sy 0.942 1.049 1.034 1.000 1.006
FEdistuy 0.956 1.031 1.007 0.997 0.998
FEO Sty 1.008 1.017 1.003 1.074 1.025
Ry 0.977 1.032 1.058 1.008 1.018

<¥ 5-16> FIrHusrEd ol 20123 ~20161 & &4 WA3HEA: TECI
DMU Wit el | e | %7
Zadstuy 1.047 1.005 0.851 1.074 0.994
ZAEdguy 1.009 1.000 0.873 1.099 0.995
Zddgtuy 1.000 1.000 0.902 1.108 1.003
kg sta s 9l 1.000 1.000 1.000 1.000 1.000
Aeostug 1.000 1.000 0.892 1.056 0.987
TEA Yty 9 1.000 1.000 1.000 1.000 1.000
Adostu g 1.000 1.000 1.000 1.000 1.000
A& sty L 0.962 0.967 0.943 1.039 0.978
AFdgtu g 0.945 1.032 0.872 1.132 0.995
FEdistuy 0.956 1.018 0.889 1.089 0.988
FEO Sty 1.012 1.000 0.848 1.179 1.010
o 0.993 1.002 0.914 1.069 0.994

_ 6o —



<% 5-17> mHduig el 2012d~20161d &&4 WHslE4]: TC

ZAdmstu 0.995 1.021 1.123 0.917 1.014
BETuE Y 0.994 1.028 1.143 0.964 1.032
R e A R 0.977 1.029 1.067 0.941 1.003
Ao st 9l 0.959 1.005 1.132 0.984 1.020
A&ty 1.019 1.056 1.178 0.999 1.063
EEdAEay A 0.891 1.099 1.150 1.049 1.047
Ao g ad 1.005 1.029 1.367 0.860 1.065
AEetu 0.989 1.016 1.102 0.959 1.017
AT o sl 0.998 1.016 1.186 0.884 1.021
THstuwHY 1.000 1.013 1.134 0.915 1.016
FTEOTuwHY 0.996 1.017 1.183 0911 1.027
Bt 0.983 1.030 1.158 0.942 1.028
12
11
il _ -
! P— -r-;u:__dt_ —‘H-:::ww“-‘-&
0.9 T~
0.8
0.6
2012~20134 2013~2014H 2014~2015H 2015~2016'3
g V1P| g TEC TC
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553 2R 8¢ EX4d3

SHHTFTE 24 Tt BE Fdsta 4 AR Fdsitde JHEe 30
sEA|NE o] ZFA A FATE He AL #dFA =0 AE o] &2 (Heterogeneous)
o] E

T sf=ro] WA
2ygSs B ATl
AT 18 A7 2 ¥ (Fixed Effect Model)2 =
Model) 0. 2% Eel=d extahs FAs) o & 42 a3tk 3 Fdtol 7
A”E A2 =294 uAHe] dna 7P olE FalA &4 AAE old48E
T F Ak HFHoE B AFdAME A olFdAd F AR oldge 1

Aol o] Y1 a2 (Two-way Fixed Effect Model)e F4 33T

olduAaNTFHe FAH Ay <FE 520> AHYSAL 7EEEAHS EEH
T2 ALY oY, EPASE 284 #EAJE dFQ8does HAHISIY. =¥

o] ARy AHFg=zol| et FoAS AHEWA Farol g pakol 01% FFolA
o Aoz yetda Jrh iE FYWFY FYAS AuRE AHAETHA
AAE, 7ItFEe] FoFE 1%A4 Fo3 Ao 2 Uegt & ALHAE7HA
7F 1%4s3sta E84-2 1.113(=exp[0.107])7F S713tal, AAEC] 1% 453t
&4 0.856(=exp[-1.155])7F 4, ZIdigrEe] 14 FUletH sS4
1.129(=exp[0.121])°] F7}8h= Ao E LERSE
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8o

BakE ohed Aok aMABTASe] F7hs Weo

o
L Z7h s 9 Eedel FHAU TS vF & Aok =@ S d5H
o Frbe wATY F/hE BolgAe vk we 7Y olgAEY FrhE
J AT B 719

Collection @ kmou



<E 5-200 o) YT AEARH G o] &3 A 20IHA
WHEg(21) F3A T AR tk P&k
R -57.293 12.023 -4.765 0.000s:3
AU A 7HA 5 0.107 0.024 4.424 0.0005
AR E -0.155 0.053 -2.892 0.006%
ARG E -0.066 1.623 -0.410 0.684
71+ 13.921 2,741 5.078 0.000s:3
o]z oJul & 0.017 0.016 1.053 0.299
= F=8.869(prob=0.000), R-squared=0.773, Adj R-sqaured=0.686
wen s 27k ol 0.1%, 1%, 5%NA ARAME 7148 5 Jee ond
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107) WY MPIZke] 1°]4, 20143 ~2015d 7| 7Fol A= 871 Y9 MPIGEe] 19]
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