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Abstract

The purpose of this study is to investigate production efficiency of Oceans and Fisheries Human
Resources Development Programs Efficiency using Bootstrap-DEA. The study extracts 33 officials
curriculum, 11 fisheries managers curriculum for its analytical. First, the study estimates technical, pure
technical, and scale efficiency of each curriculums based on traditional DEA under the assumption of CRS
and VRS. 8(official 7, managers 1) curriculums are identified as efficient DMUs under the CCR-model, and
13(official 10, managers 3) under the BCC-model. We provide inputs that allow inefficient curriculum to be
efficient DMUs on a production frontier, and a reference set for their bench-marking. Second, rank test,
Wilcoxon-Mann-Whitney test to find a statistical significance of heterogeneity existing in efficiences
between Bootstrap-DEA tenical vs Bootstrap-DEA pure technical was no significant difference.

We have identified that G10, 11, 12 13, 25, 31, 33, 39 curriculums are the most efficiently produced in the
technical and pure technical efficiency. Also we managed to measure the inefficiency which exists in
efficiently produced curriculums when estimating the bias corrected efficiency scores.

In Technical efficiency, Operation and facility was significant at the 10%. In Pure technical efficiency,

facility was significant at the 10%.
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Table 1. Fisheries managers and Oceans and Fisheries officials Development Education personnel

(unit : persons, %)

2014 2015 The rate of change
Courses
cources personnel cources personnel | personnel %
Sum 118 12,085 104 12,825 AT740 6.1
1. Collective training 75 4,805 62 5,225 A420 8.7
Basic Training 4 350 3 625 A275 78.5
sum 56 2,930 44 2,510 V420 14.3
Professional Job specwlty 40 1,725 28 1,330 V395 229
Training Job competency 9 820 10 850 A30 3.7
Information 7 385 6 330 V55 14.3
Ocean & Fisheries managers 14 1,510 13 1,450 V60 4.0
citizen - - 2 640 A 640
International Cooperation 1 15 — - 0 100
2. Cyber 43 7,280 42 7,600 A320 44
Source : Oceans & Fisheries HRD Institute(2015).
242 AT AOE B 5 o, AR A, £ AE ke Yy oo
Aol 2A T FAGE 1S SHHE
V. AEEN 250 AXFHE AAES FAH YHoR
78 sH AT
. EE0} A0 MED
DEEERE Bl w8t 1Ak s DMUS-S 3549 2912
DEAR RS A 8517 ol A2E0 A 49 HEES ALga o} obul, B9 R 49} 413
ATk Rl se] oA AYS AT Y AY B AYH 5 YA AVTPAES AT 9
ol Yool A s AP ofopwTh BT AL B AL 4 ik ATt
(Decision Making unit: DMU)7} 2t 3o of 3+ % ZF DMU 7Ho] E-&A 8yt oy, vl &84 Q1 H
12 ODMU ZE7tHI 7Hs, @ Y - A4S 23 o] A== A8 AA S 181
229 24 /b5, @ B4 daol AU Y ek B4 Aol ateh A 4G4 =gl
“oz T olof ATk Aotk Telw BA " 4 gl = 21914 w7t s eha 497
st} she ol AW ol WAL o mAom AN 5 Gl A Folofof st
AL YeAstol gz wetol Bastul, o] Brlojae] fof u]s) £Y L AE WS B
Y3 5 AN BEe BARe) HEvt ANA  msiA gow Ao RE /¥ By B
27 folo) ek 2 o] a4 ARk SobA E BA 7L A ANE 0 2 a3}
upebA 2 Ao A= AR, LT A 2 Al F7H7t 7he st H7F i HDMU) 2 4=
SOl A e et Aek B, FA F o Eole o] &, AEa 49 & Ao
JEH Flo|A &G == SAS IS =35} Banker(1984)2} Fitzsimmons(1994) 7] & o] Z &

6) M5AFY L 201498 A SR HE A2 R0}, 20150 9] AR = WS WaPF4 d
upzhEl g ehgt g A A A2 vlasto]of sk, & At LAY A SR E vt B v agh A Q.
7) Oh, 2001, Kim and Pyo, 20109] 1E 214 91§
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rht
o

S

y =

: A= a5 = Hae 7S Al

4 of ot

+DMU = (RYU8 4 5 +AFE R 4 °)X3
(Banker R. D. et al, 1984)

‘DMU ¢ (5922 5 +4&Q
(Fitzsimmons J. A. et al, 1994)
(Banker 7] 0] 7} 342, o 3

=2 Fitzsimmons 7| & AF-&)

S|
~

>
ol
mom

B

\S)

)%

o A

i

o SAE AR 5 oAl v AA7E0
71z Hdshe MEERAY, BEUdHsE 48
Ak, A AHCTAD, LS Zhe] AL, AE 4
= XEAH(FEA), THUEZEE A5t
o), A ARy A aQl Ao 48T &
AHeRE a2 Q, SA Atk A xS
F7hsh it

A A= DMU 9 F ka9 7]
&5 AT A 5492 otefl Table 29} k.

A& BN 447] 9] wEaH ol A E
Yo 24k Bt 9,004 Y, £l 3
o+ 109, LA HF 3641 7FS 2 e
AE s NSAY B 35, T ==

Table 2. Analysis data All 44 DMUs Descriptive Statistical Characteristic

(unit : won, persons, hour,%)

Division Input Output
variables Budget Personnel Time Graduates satisfaction
MEAN 9,004,818.3 10.4 36.4 35.2 0.95
S.D. 12,380,338.2 9.9 29.8 19.7 0.04
MIN 1,578,333.3 2.0 14.0 14.0 0.85
MAX 63,149,350.0 58.0 140.0 109.7 1

Source : Oceans & Fisheries HRD Institute(2014).

Table 3. Oceans & Fisheries officials 33 DMUs Descriptive Statistical Characteristic

(unit : won, persons, hour,%)

Division Input Output
variables Budget Personnel Time Graduates satisfaction
MEAN 10,412,609.5 11.0 41.2 35.0 0.95
S.D. 14,048,873.7 11.3 33.1 18.4 0.04
MIN 1,578,333.3 2.0 14.0 16.0 0.85
MAX 63,149,350.0 58.0 140.0 109.7 1

Source : Oceans & Fisheries HRD Institute(2014).

8) Jang, 2011.

9) AT AL fFAR. 20153 ARe A& FEE S 2015 12 0] HiE o] 20169 shik7]of

F5 7)o 20143 AR E 283}
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Table 4. Fisheries managers 11 DMUs Descriptive Statistical Characteristic

(unit : won, persons, hour,%)

Division Input Output

variables Budget Personnel Time Graduates satisfaction

MEAN 4,781,444.5 8.8 22.3 35.7 0.95
S.D. 1,151,275.4 1.4 42 243 0.05
MIN 3,205,000.0 7.0 21.0 14.0 0.88
MAX 7,383,640.0 12.0 35.0 82.0 1

Source : Oceans & Fisheries HRD Institute(2014).
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AbE 84 E wSQlYd Hat 367, F
TS 95%E HolFen
F vlawsh B, WA TR ALl A A
2,0 WA B FY L Lo T
g YFE LGHD UL F S Uk 24
A FHRLY A, WEIA, o4, T
SEEERHELIEEEERES EERY
o vla) mE NS HE 1Y A= WA ek
oh mbeb A EBE ) A G FAE A
Lo AF A BEA} o Fol W Bast
sleha mergch
3. 24
) CCR® &7 BCCR g 9] &4
(1) PS4 FRULE HEA
BAY FRY BRUY F ERAY Y57

Q1 &8 7] 2 (not violated) -3} 7 ©] ~= CCR
8 o A= 770 (21.2%), BCCE & of A = 117}
(33.3%), FHRAEFANA = T7H(21.2%) &2 LHE}
seh B84 Yok 1 vehel v E g A9l
(violated) u5-3}7 O] 4== CCRM 3 of A = 26
71(78.8%), BCCIL & of| A = 2270(66.7%), 712 &
&g ol A= 267 (78.8%) = LHEFRLTE. §FH, Ray
and Bhadra(1993)9] 4 G- & o] 9|3} ™, &5 &
(weakly violated) Q] 212 CCRE & ¥} BCCE & o
A ZHZE 170 (3%), R A S A= 1770
(51.5%)& ebykch. oF & & & (moderately
violated) ¢l Z-& CCRE & of| A 37§(9.1%), BCC
Lol A 471(12.2%), 2 A& &4 ol A 671
(18.2%) =% W EFSETh. H] & 8 & (stronly violated)
o] 21L& CCREF o) A 227(66.7%), BCCH & o
A 1770(51.6%), TFRE&A A A 371(9.1%) 2 Lt
BTt ofof gt A& w3E+= ofzf Table 5

o} 2.
LeTAEY FEA N EEEA S
CCRE 3 o] 4= 065985 374 5 o], & &4 2l
T4 o] u]a oF 35%2] ¥l & &2 Tk £¢lo] 9
on, AEA AL 9T B F40 g7}
Qe AL ® et REAAE 024530
oF 24%0] LG TS 7+ B4 AAE HolF
qrt

BCCR oA B A 2474 R 84 ke
072060 2 24 €], &&=l 74 o u]a) o

10) Ray and Bhadra(1993)2] S£&4 AL o] o} & 415 of ol5tH, &8 2 (not violated) : 1.0, %= & & & (weaklly
a

violated) : 0.9~1.0 1] gk, oF
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Bootstrap-DEA S ©]-§-3F ] At A Ym0 B&A B4 o udh A+
Table 5. Oceans & Fisheries officials DMUs efficiencies distribution
(unit : e/a, %)
. not
L Violated violated
Division Sum
0.5 0.5~0.6 | 0.6~0.7 | 0.7~0.8 0.8~ 0.9~ |
under under under under 0.9under | 1.0under
Freq 6 11 5 1 2 1 7 33
CCR Tech eff
% 18.2 333 15.2 3 6.1 3 21.2 100
F 5 6 6 2 2 1 11 33
BCC Pure req
tech eff % 15.2 18.2 18.2 6.1 6.1 3 333 100
CCR/ Freq 0 1 2 0 6 17 7 33
Scale eff
BCC % 0 3 6.1 0 18.2 51.5 21.2 100
28%0) W] E&H ek jol om, Aol A vlEEA ol HRH R oF 3% EAFHH, o F
ZF2 GASUA TR UG glo] EUFS  2v|E uALAT FR AR 22} o
2% F AL 5 Qe AL A AR UE 28% T%E Rol, 7% v E &40 flRio) i
Wk FE A= 02578, CCRETH 1% =2 H49 S7hu Aol Al -3 o] o] F ol & o
WEIAHE I EEAH ARE HolFY MASHe FRESY Hobs BYA4S uE
CCRE A NEgHo|dd WRIH G4,  LHOE AFHOR A THRL £57]%
17,2728 BCCR o) A& AR H 0= byt v AE Ao o) iAo = o §ae it A
o, e7leragdodes AV YIS ER o 02 ey
B AR AN A7k BEIHEC]  ZEAWTH(Ref Sen)"S 12 5H¥, CCR % BCC
o, B S el WS 227 FolA & B oA F5 A HasHoR By
&4 A47F0.5 nigko] WA RANKZF409]#H Q1 G2+ G25,31,399 & 4Q nSgES |
Hl 8§24 w5742 G20, 26,3, 1, 2=, B 54 Aut7)sto] B Q45 28 of gt 3]
ol FRY W&o AFH RO Yt o]F  (Ref Freq)?7} 714 H& WIS G252
712 ¥ E&4 Q1 DMU?I G2+ 0.12519] &84 233 9] 15 Hol o, FYHE A LSHA
& Hol oF 88%ets =2 HlAEA S UEW apobeh & g Ad o] lrkar wekE i
ohoofo] gt 4 BA AT ofd Table 6  FEEZAHVWE 7PN L T8I0 FES
3} e} o Wishepahg shote 4 glO B2 DEA w9

4 092582 LR 2] 2

Fm7 o] o Fol A RFOEM 8% TR 2] A Z(RS), A ZH(DRS), F-S &M (CRS)

MRS B otk P MALH B oA £F FUA o] LS Bekst i st

A2l G4+=0.56429] T84 FHOo 2 oF 44%9] +f 337 S = FE5 A E 147)(42.4%),

5 AM o1 X7} 9l A 02 vhebr FR 4] B T7H212%), 7749 Az 127)
344 BEAS BAROR Iejste] /|4 u] (364%)2 LhEbTE. o] of B3 Fm Ao} B A

Aol YFS 0 AL 8S ATHH, 7E AT obef Table 73t 2}

1) 9 EEH JAISo] WAk 4O Aofof & DMU.

12) &2 DMUEo] /2| u}7 o] thifo] B= Sl 32 Sl & W& F 50 AvtA el a&4 7l

Aof| 523tk olu] & 7} (Park, 2010).



Table 6. Oceans & Fisheries officials efficiencies

(unit : %)
. Efficiency
DMU® RANK RTS REF SET REF FREQ
CCR BCC SE

Gl 0.1721 0.1727 0.9965 43 DRS 10,11,28,31,39 0
G2 0.1251 0.1267 0.9874 44 IRS 25,31,39 0
G3 0.2433 0.2578 0.9438 42 DRS 11,31,39 0
G4 0.5642 1 0.5642 1 DRS 4 0
G5 0.5431 0.6204 0.8754 31 DRS 13,25,28,34,38 0
G6 0.5189 0.5198 0.9983 39 IRS 10,25,31,33 0
G7 0.6502 0.6605 0.9844 30 IRS 10,25 0
G8 0.5349 0.5356 0.9987 38 IRS 10,25 0
G9 0.5891 0.6012 0.9799 33 IRS 10,11,39 0
G10 1 1 1 1 CRS 10 17
G11 1 1 1 1 CRS 11 3
G12 1 1 1 1 CRS 12 0
G13 1 1 1 1 CRS 13 5
Gl14 0.8447 0.8652 0.9763 16 IRS 10,25,39 0
G15 0.6367 0.7455 0.8541 25 DRS 13,25,28,34,38 0
Glo6 0.8633 0.9087 0.95 15 IRS 10,25,33 0
G17 0.6206 1 0.6206 1 DRS 17 0
G18 0.5879 0.6064 0.9695 32 DRS 10,13,31,33,39 0
G19 0.5503 0.5554 0.9908 37 IRS 10,25,33 0
G20 0.4758 0.4949 0.9614 40 IRS 10,25,39 0
G21 0.584 0.5881 0.993 34 IRS 10,25,33 0
G22 0.5459 0.5646 0.9669 35 IRS 10,25 0
G23 0.4901 0.5608 0.8739 36 IRS 10,25 0
G24 0.5338 0.6605 0.8082 29 DRS 13,28,34 0
G25 1 1 1 1 CRS 25 23
G26 0.4627 0.4735 0.9772 41 IRS 10,25,33 0
G27 0.6663 1 0.6663 1 DRS 27 0
G28 0.9902 1 0.9902 1 DRS 28 4
G29 0.5684 0.6793 0.8367 28 DRS 13,33,38,39 0
G30 0.7347 0.8448 0.8697 18 DRS 25,38,39 0
G31 1 1 1 1 CRS 31 10
G32 0.6778 0.7389 0.9173 26 IRS 10,25,31,33 0
G33 1 1 1 1 CRS 33 8

MEAN 0.6598 0.7206 0.9258 — - — —
S.D. 0.2453 0.2578 0.1138 — — — —
MIN 0.1251 0.1267 0.5642 — - - -
MAX 1 1 1 — - — -

13)

{1

ALQIALE T (G, A1 QAL T(G2), 41914 7 I(G3), LHH2) 1 EH22) 5(G), 324 TH(GS), 1A (G6),
Ha 2 AL oF & @ A (GT), 34 2(GB), SHPRALZ) T2 (G9), S ol A 2 2(G10), 58 44 el 4 7]
WG, YEAY L P71 RE(G2), 231274 YE(G13), 3120 §8 9 L BIHGI4), 24 - o] &
B A(G15), AR YAEA T2 A F(GI6), o] 4] A AF8) R - A B(G17), 3ol & BH(GIR), 2AHEHAH T
2(G19), S AHAE 7 o - ol 22 5.0 (G20), W4l o] ¢ ul of = kel (G21), 3HTH 2(G22), 3 G AL £ AR
THAL(G23), BHabo] a7 A g AL A A A (G24), BFRESE ) A4 (G25), ALEROEA el (G26), § - EAISHA
2(G27), = AHEHA HHH (G28), < Bgbul 2 A1 (G29), AR (G0), MH s 3 A RAHG3D), gAY
18} o 7 8HGI2), el HhE o]t AAI(G33).

N 2
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Table 7. Oceans & Fisheries officials DMUs RTS anaylsis
(unit : e/a, %)
Division IRS CRS DRS Sum
courses 14 7 12 33
% 42.4 21.2 36.4 100
Q) A G s a&A a4 MAE AT £ F29 AATF A=
1R AR G w5y 5 ae4d 4 22 YEHY £EFH 2= 0.0989% of 9%4
7H 19l A& A Ql(not violated) W5 9] == NS I A AAE HofF 3l BCC
CCREF A= 17](9.1%), BCCEF o A =37  EFoA A &r7lsasd 42 0.8425
(273%), FRAERANAE 1IHO.1%)2 Gebg 2 2= o] Al 3ol v]ah o 16%2] 1]
oo EE Berh 1 owd MEEHd  AeH A Rdo] donR AR AEFS
(violated) 2§ 744 o] 42tz CCREF AL 10 A 5HeA] 2 w5t glo] BT 16% F4
M(90.9%), BCCH & o 4l &= 870(72.7%), FR A A7 % 9t o A7} 9 Ao 2 vepydoh ¥
A A= 1070(90.9%) 2 LEFS T}, $FH, Ray FHAFE= 010932 CCRETH 1% AE =2 W&
and Bhadra(1993)¢] 4 720 o5t £H&H WAL 1 AEA AAE HolFrh
(weakly violated)¢] 712 CCRE & 1} BCCE. & o CCREF A vl a&& o] d w1774 G34,

A 2F2E 07 (0%), H L& &/ ol A = 571(45.5%)

38E BCCH P oA = &A= eyt on,

2 eyt oF § 8 % (moderately violated) Q1 # sr7leagdde BAVF Qe R §
& CCRELF | A 671(54.6%), BCCELF of A 77} 82 MAT AA7L = s g ol g
(63.7%), T A& /J o A 571 (45.5%) 2 L EFSE H, v BEAQ S 227] SOl A GHM4= &
t}. v] & & | (strongly violated)?] A2 CCR®E 24 A4 069352 oF 31%Et= v agAdS
oA 47)(36.4%), BCCR GOl A 171(9.1%), 2 Febyich. o] o gk &g B4 Aahs ol
a&/dol A 07](0%)= LebRLTh ofo tgt & Table 99} 2t}
/3 B 3E = ofef Table 83} Zct. FEEEA S Hat 090630 2 e
REHAE FRAQ N ETEA B HAFE FYo] o] Lol A BF o2 o 10%
CCREF A= 076072 =4 = o] A&4 B  FRHEES HolFdch 7Hd vla s3]l
ol ul) oF 24%0] v E LA Thek Fglo] 9lo]  F A Ql G4k 0.78349] EEA gro® o
Table 8. Fisheries managers DMUs efficiencies distribution
(unit : e/a, %)
Violated 'not
L violated
Division Sum
0.6~0.7 0.7~0.8 0.8~0.9 09~1.0 |
under under under under
Freq 4 4 2 0 1 11
CCR Tech eff
% 36.4 36.4 18.2 0 9.1 100
BCC Pure Freq 1 4 3 0 3 11
tech eff % 9.1 36.4 27.3 0 27.3 100
CCR/ Freq 1 4 5 1 11
Scale eff
BCC cale e % 9.1 36.4 45.5 9.1 100
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22%9] FEAA 077} 9= Ao 2 hepye).

W2 o7 3 o] £

A BEAHS FAHOR Tefste] 7|40 B4 (RefFreq)7t 7HE B B
B0 GG 0 AL RIS AT g 1359 J5E HolFo] LAl
T} 2ok ) su EeAo] BAH O R oF24% & SlA wotd Wa o] Qe AoR T
Ak, o] F =rlEH AT FEEE S 1) BETA 2 Fma0] A2 47 (364/0)
gol ZH2F oF 16%, 9%E B 7le vlaede] RS =¥ 19.1%), L
REO FRALA B QLS HE  (545%)F Lheluh. ofof T3 37
Ao m AMg e R e B HE =57]E A off Table 103 o).
BEgge] S A Mo gFSWE R FRSY AFA DAL BYs
© 2 eyt Tom g mEol SHE o] Fuo
ZF 7 A eH(Ref Set)% s, 74 BCC (Economics of Scale)7} &AL & f 1
wgol /g v g o R AYHYE GAOT A7), FEAp] B 5T
GME&iMJL”4§ ﬁdﬂ%&@%& 2299 U A A YA T A9
Table 9. Fisheries managers efficiencies
Efficiency
DMU™ RANK RTS REF SET
CCR BCC SE
G34 0.7843 1 0.7843 1 DRS 34 6
G35 0.7184 0.8016 0.8962 20 DRS 25,34 0
G36 0.7513 0.7857 0.9562 22 IRS 25,31,39 0
G37 0.6937 0.7576 0.9157 24 DRS 31,39 0
G38 0.8004 1 0.8004 1 DRS 38 4
G39 1 1 1 1 CRS 39 3
G40 0.6699 0.7619 0.8792 23 DRS 25,34 0
G41 0.6718 0.8155 0.8238 19 DRS 25,34 0
G42 0.7287 0.7871 0.9258 21 IRS 10,25 0
G43 0.8601 0.8648 0.9946 17 IRS 10,25,31,39 0
G44 0.6893 0.6935 0.9939 27 IRS 25,31,39 0
MEAN 0.7607 0.8425 0.9063 — — —
S.D. 0.0989 0.1093 0.0780 — — -
MIN 0.6699 0.6935 0.7843 — — —
MAX 1 1 1 — - -
Table 10. Fisheries managers DMUs RTS anaylsis
Division IRS CRS DRS
courses 4 1 6
% 36.4 9.1 54.5

=
i O
SEEL:
A

TG ALY A = 2H(G34),0] 2 LA (G35), 01 2 A4 ok "P
il 7 4 91(G38),] - 3H F A AU P A(G39), 3 =
S AFA]E HACCP IL-5-(G42), 84k o] A 591 2 9F A (G43), A& 2] o] &

7767
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9o Hd d BUEHE Ao 287 k4t 917 At
Hapof Al dsig e solve gdet | A Bokol, 447 WS 7T =527
o g ool BAAT, AAEAY  EEEYCl MY W Aot Y 18y
AAZF Eei A= 49 nlaedd $F A GE, a0l 13%0] &kl 87%2) 74l
of EAtRE i E &Y ot Atk wEkd o o7} e A 22 e Table 119 3}
AHEA QL YAA L} 2 E HEUsHA st = AFIA B TS A oA He vpef o], G2
of @4 Wsto] Aot Al FARSAA wsAAHY AEAE ALt A= G258,
b S 9% ko] g E Tk S e QU 31,399 WA E& A4 47%, 20%, 34%2)
Table 11. Reference DMUs & Weighted value
(unit : e/a, %)
DMU Reference DMUs & weighted value
Gl Gl10 0.34 Gl1 0.22 G28 0.05 G31 0.17 G39 0.22
G2 G25 0.47 G31 0.20 G39 0.34
G3 Gll 0.03 G31 0.07 G39 0.89
G5 GI13 0.00 G25 0.14 G28 0.57 G34 0.07 G38 0.22
G6 G10 0.36 G25 0.40 G31 0.22 G33 0.02
G7 Gl10 0.74 G25 0.26
G8 G10 0.68 G25 0.32
G9 G10 0.87 Gl1 0.00 G39 0.13
Gl4 G10 0.41 G25 0.40 G39 0.19
Gl15 G13 0.01 G25 0.40 G28 0.10 G34 0.25 G38 0.23
Gl6 G10 0.72 G25 0.27 G33 0.00
G18 G10 0.69 G13 0.02 G31 0.06 G33 0.07 G39 0.15
G19 G10 0.78 G25 0.22 G33 0.00
G20 G10 0.46 G25 0.53 G39 0.02
G21 G10 0.94 G25 0.06 G33 0.00
G22 Gl10 0.82 G25 0.18
G23 G10 0.80 G25 0.20
G24 GI13 0.03 G28 0.32 G34 0.66
G26 G10 0.34 G25 0.63 G33 0.03
G29 G13 0.41 G33 0.26 G38 0.25 G39 0.07
G30 G25 0.34 G338 0.55 G39 0.11
G32 G10 0.02 G25 0.78 G31 0.18 G33 0.01
G35 G25 0.60 G34 0.40
G36 G25 0.64 G31 0.09 G39 0.27
G37 G31 0.23 G39 0.77
G40 G25 0.71 G34 0.29
G41 G25 0.55 G34 0.45
G42 G10 0.36 G25 0.64
G43 G10 0.19 G25 0.41 G31 0.08 G39 0.33
G44 G25 0.92 G31 0.02 G39 0.06

,77,



Table 12. DMUs Input Excessiveness & Input Projection

(unit : won, persons)

DMU Input Excessivenes Input Projection
Budget Personnel Time Budget Personnel Time
Gl 14,214,792.32 28.13 115.82 2,968,207.68 5.87 24.18
G2 29,456,463.72 50.65 122.26 3,700,936.28 7.35 17.74
G3 13,792,137.48 27.46 118.54 4,791,462.52 9.54 21.46
G5 1,830,780.43 3.42 13.29 2,989,099.57 5.58 21.71
G6 3,789,037.10 4.80 16.81 4,108,362.90 5.20 18.19
G7 1,199,528.24 4.47 9.85 2,333,271.76 4.53 19.15
G8 2,048,625.60 4.36 16.25 2,362,674.40 4.64 18.75
G9 1,696,431.31 422 13.96 2,557,368.69 4.78 21.04
Gl4 455,198.20 1.08 2.83 2,922,201.80 5.92 18.17
G15 1,218,505.62 2.29 6.36 3,570,894.38 6.71 18.64
Gl6 249,137.15 0.46 1.92 2,472,462.85 4.54 19.08
G18 4,919,503.18 3.15 13.77 7,581,496.82 4.85 21.23
G19 1,918,411.31 3.56 15.56 2,397,988.69 4.44 19.44
G20 2,565,816.64 5.85 17.68 2,513,983.36 5.16 17.32
G21 1,599,021.77 2.88 14.41 2,291,178.23 4.12 20.59
G22 1,765,080.64 3.65 15.24 2,289,319.36 435 19.76
G23 1,800,231.32 3.61 15.37 2,298,968.68 4.39 19.63
G24 1,985,430.51 3.06 12.78 3,861,769.49 5.95 22.22
G26 4,701,334.79 5.79 18.43 4,232,165.22 5.21 16.57
G29 27,597,267.68 2.25 11.87 25,902,732.33 4.76 25.13
G30 1,262,718.50 2.93 3.42 3,863,581.50 8.07 18.58
G32 1,277,876.79 2.09 5.48 3,620,223.21 591 15.52
G35 1,774,566.56 1.60 4.17 3,212,333.44 6.41 16.83
G36 2,819,540.22 1.93 4.50 3,419,709.78 7.07 16.50
G37 2,653,225.38 291 14.00 4,730,414.62 9.09 21.00
G40 1,255,075.04 2.71 5.00 3,063,124.96 6.29 16.00
G41 1,364,550.08 2.55 3.88 3,264,449.92 6.45 17.13
G42 682,328.76 1.72 4.47 2,522,671.24 5.28 16.53
G43 537,752.90 1.08 2.84 3,439,947.10 6.92 18.16
G44 1,671,336.18 2.76 6.44 2,865,963.82 6.24 14.56
MEAN 4,470,056.85 6.25 2091 4,071,632.15 5.85 19.03
S.D. 7,305,840.72 10.56 33.64 4,262,419.18 1.38 2.49
MIN 249,137.15 0.46 1.92 2,289,319.36 4.12 14.56
MAX 29,456,463.72 50.65 122.26 25,902,732.33 9.54 25.13
gz fixoste] BYgee SxAE 44 o AohES AL Aot G29] B, &8
Skl T} MohES SHaskofof otk of 129,456,464, = 1€ 517, a5A[7H 122
Table 120 H| Z A WEIHHEC] &47] A7 2Aste] BE 2804 3,7009369, F
EREHL AT Qoke] BY BEFT T AU T, I8AT 2O BEFS LE 5 9
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Table 13. Bootstrap-DEA, CCR model Confidence Interval estimation

(unit : %)
Conventional-DEA Bootstrap-DEA . 95% Confidence Interval

DMU - - Bias S.D
Efficiency Rank Efficiency Rank Lower Upper
Gl 0.1721 43 0.1471 43 0.0249 0.0003 0.1325 0.1663
G2 0.1251 44 0.1078 44 0.0172 0.0002 0.0949 0.1200
G3 0.2433 42 0.2066 42 0.0367 0.0011 0.1806 0.2399
G4 0.5642 32 0.4744 37 0.0898 0.0068 0.4125 0.5394
G5 0.5431 35 0.4896 35 0.0536 0.0009 0.4470 0.5207
G6 0.5189 38 0.4719 38 0.0469 0.0005 0.4400 0.5013
G7 0.6502 25 0.5904 21 0.0598 0.0013 0.5464 0.6366
G8 0.5349 36 0.4865 36 0.0484 0.0011 0.4455 0.5248
G9 0.5891 28 0.5261 28 0.0630 0.0016 0.4821 0.5741
G10 1.0000 1 0.8544 2 0.1456 0.0102 0.7741 0.9871
Gl1 1.0000 2 0.7561 11 0.2439 0.1276 0.6495 0.9695
G12 1.0000 3 0.7706 9 0.2294 0.0523 0.6862 0.9794
G13 1.0000 0.8118 4 0.1882 0.0336 0.7117 0.9873
G14 0.8447 12 0.7633 10 0.0814 0.0026 0.6943 0.8351
Gl15 0.6367 26 0.5722 25 0.0645 0.0015 0.5266 0.6170
Gl6 0.8633 10 0.7876 6 0.0757 0.0032 0.7181 0.8532
G17 0.6206 27 0.5495 27 0.0711 0.0028 0.4997 0.6153
G18 0.5879 29 0.5236 29 0.0644 0.0024 0.4752 0.5811
G19 0.5503 33 0.4974 31 0.0529 0.0015 0.4548 0.5447
G20 0.4758 40 0.4307 40 0.0451 0.0006 0.3999 0.4642
G21 0.5840 30 0.5167 30 0.0673 0.0027 0.4637 0.5772
G22 0.5459 34 0.4945 32 0.0514 0.0015 0.4499 0.5392
G23 0.4901 39 0.4389 39 0.0512 0.0012 0.4025 0.4804
G24 0.5338 37 0.4918 33 0.0420 0.0009 0.4518 0.5273
G25 1.0000 5 0.8562 1 0.1438 0.0091 0.7803 0.9793
G26 0.4627 41 0.4214 41 0.0412 0.0006 0.3914 0.4535
G27 0.6663 24 0.5748 24 0.0914 0.0032 0.5288 0.6507
G28 0.9902 9 0.8526 3 0.1376 0.0117 0.7644 0.9793
G29 0.5684 31 0.4911 34 0.0773 0.0031 0.4427 0.5526
G30 0.7347 16 0.6502 17 0.0845 0.0034 0.5829 0.7205
G31 1.0000 6 0.8043 5 0.1957 0.0250 0.7171 0.9728
G32 0.6778 21 0.6085 19 0.0693 0.0017 0.5610 0.6682
G33 1.0000 7 0.7720 8 0.2280 0.1169 0.6507 0.9935
G34 0.7843 14 0.7160 13 0.0683 0.0022 0.6567 0.7761
G35 0.7184 18 0.6467 18 0.0717 0.0029 0.5857 0.7075
G36 0.7513 15 0.6612 15 0.0901 0.0046 0.5885 0.7315
G37 0.6937 19 0.5684 26 0.1253 0.0134 0.4954 0.6768
G38 0.8004 13 0.7026 14 0.0977 0.0041 0.6301 0.7773
G39 1.0000 8 0.7814 7 0.2186 0.0594 0.6718 0.9598
G40 0.6699 23 0.5843 23 0.0856 0.0043 0.5260 0.6615
G41 0.6718 22 0.5882 22 0.0835 0.0043 0.5297 0.6623
G42 0.7287 17 0.6545 16 0.0742 0.0020 0.6067 0.7144
G43 0.8601 11 0.7521 12 0.1080 0.0058 0.6751 0.8318
G44 0.6893 20 0.6078 20 0.0814 0.0031 0.5525 0.6721
MEAN 0.6850 — 0.5921 — 0.0929 0.0123 0.5336 0.6710
S.D. 0.2214 — 0.1758 — 0.0577 0.0273 0.1555 0.2174
MIN 0.1251 — 0.1078 — 0.0172 0.0002 0.0949 0.1200
MAX 1.0000 - 0.8562 — 0.2439 0.1276 0.7803 0.9935

7807



Bootstrap-DEAS 0| 87 444t ¢14) 94 29 584 £4of B3 AT
Table 14. Bootstrap-DEA, BCC model Confidence Interval estimation
(unit : %)
Conventional-DEA Bootstrap-DEA . 95% Confidence Interval

DMU - - Bias S.D
Efficiency Rank Efficiency Rank Lower Upper
Gl 0.1727 43 0.1444 43 0.0283 0.0005 0.1285 0.1681
G2 0.1267 44 0.1090 44 0.0177 0.0002 0.0950 0.1229
G3 0.2578 42 0.2111 42 0.0467 0.0034 0.1753 0.2522
G4 1.0000 1 0.7495 14 0.2505 1.4990 0.5404 0.9766
G5 0.6204 31 0.5251 33 0.0952 0.0048 0.4730 0.6135
G6 0.5198 39 0.4574 39 0.0624 0.0012 0.4234 0.5070
G7 0.6605 30 0.5867 28 0.0737 0.0021 0.5306 0.6355
G8 0.5356 38 0.4632 38 0.0724 0.0033 0.4117 0.5269
G9 0.6012 33 0.5310 31 0.0702 0.0018 0.4856 0.5787
G10 1.0000 2 0.8148 2 0.1852 0.0254 0.7179 0.9616
Gl1 1.0000 3 0.7544 11 0.2456 0.2106 0.6222 0.9868
G12 1.0000 4 0.7758 7 0.2242 0.0719 0.6769 0.9807
G13 1.0000 5 0.7484 15 0.2516 0.2800 0.5979 0.9747
G14 0.8652 16 0.7746 8 0.0906 0.0033 0.7120 0.8561
Gl15 0.7455 25 0.6278 25 0.1177 0.0084 0.5611 0.7318
Gl6 0.9087 15 0.8247 1 0.0840 0.0040 0.7536 0.8968
G17 1.0000 6 0.7412 17 0.2588 1.7736 0.5374 0.9808
G18 0.6064 32 0.5259 32 0.0805 0.0026 0.4769 0.5892
G19 0.5554 37 0.4880 37 0.0674 0.0030 0.4312 0.5507
G20 0.4949 40 0.4417 40 0.0532 0.0008 0.4102 0.4809
G21 0.5881 34 0.5095 34 0.0787 0.0051 0.4423 0.5744
G22 0.5646 35 0.5067 35 0.0580 0.0019 0.4576 0.5564
G23 0.5608 36 0.5055 36 0.0553 0.0016 0.4611 0.5466
G24 0.6605 29 0.5583 30 0.1023 0.0074 0.4943 0.6375
G25 1.0000 7 0.8059 5 0.1941 0.0299 0.7219 0.9871
G26 0.4735 41 0.4236 41 0.0499 0.0010 0.3911 0.4636
G27 1.0000 8 0.7820 0.2180 0.1113 0.6454 0.9709
G28 1.0000 9 0.8107 3 0.1893 0.0318 0.7079 0.9665
G29 0.6793 28 0.5706 29 0.1086 0.0112 0.4925 0.6689
G30 0.8448 18 0.6970 19 0.1479 0.0268 0.5984 0.8254
G31 1.0000 10 0.8095 4 0.1905 0.0359 0.7042 0.9917
G32 0.7389 26 0.6542 23 0.0847 0.0033 0.5969 0.7214
G33 1.0000 11 0.7651 9 0.2349 0.1193 0.6377 0.9742
G34 1.0000 12 0.7529 13 0.2471 0.7403 0.5634 0.9923
G35 0.8016 20 0.6813 22 0.1203 0.0106 0.6015 0.7930
G36 0.7857 22 0.6898 21 0.0960 0.0060 0.6065 0.7745
G37 0.7576 24 0.6238 26 0.1338 0.0274 0.5174 0.7350
G38 1.0000 13 0.7532 12 0.2468 0.2136 0.6127 0.9822
G39 1.0000 14 0.7555 10 0.2445 0.2587 0.6136 0.9619
G40 0.7619 23 0.6498 24 0.1121 0.0098 0.5716 0.7565
G41 0.8155 19 0.6943 20 0.1212 0.0109 0.6087 0.8017
G42 0.7871 21 0.7018 18 0.0853 0.0027 0.6472 0.7746
G43 0.8648 17 0.7458 16 0.1190 0.0082 0.6702 0.8427
G44 0.6935 27 0.5928 27 0.1007 0.0081 0.5242 0.6807
MEAN 0.7511 — 0.6212 — 0.1299 0.1269 0.5375 0.7353
S.D. 0.2347 — 0.1747 — 0.0734 0.3578 0.1467 0.2300
MIN 0.1267 — 0.1090 — 0.0177 0.0002 0.0950 0.1229
MAX 1.0000 - 0.8247 — 0.2588 1.7736 0.7536 0.9923
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Table 15. Efficiency Wilcoxon-Mann-Whitney
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Test(1)

Division TE BootTE PTE BootPTE BootTE BootPTE
Mann-Whitney U 713.000 608.000 860.000
Wilcoxon W 1703.000 1598.000 1850.000
z —2.129 —3.010 —.901
Approximated significance probability(two-sided) 0.033%* 0.003%** 0.367
exact significance probability(one-sided) 0.016** 0.001*** 0.186
Test(2)
Division TE BootTE PTE BootPTE BootTE BootPTE
Mann-Whitney U 120.000 143.000 142.000
Wilcoxon W 681.000 704.000 208.000
4 —1.667 —1.043 —1.071
Approximated significance probability(two-sided) 0.096* 297 284
exact significance probability(one-sided) 0.049%** 154 .148

** P<0.05, ***<0.01
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Table 16. Efficiency determinant factor analysis

Efficiency paramether Estimated Std.error z-Statistic Prob
c 0.5588 0.6334 0.8822 0.3777
Operrations —1.0485 0.6175 —1.6980 0.0895*
Tech eff facility 1.0797 0.5860 1.8424 0.0654*
Log likelihood 17.3125
Schwarz criterion —0.4429
c 0.5034 0.6522 0.7719 0.4402
Operrations —0.9035 0.6404 —1.4108 0.1583
Pure Tech eff facility 1.0269 0.5963 1.7221 0.0850*
Log likelihood 17.4188
Schwarz criterion —0.4477
c 1.1597 0.4948 2.3437 0.0191**
Operrations —0.3848 0.4955 —0.7765 0.4375
Scale eff facility 0.2053 0.4362 0.4707 0.6379
Log likelihood 48.3104
Schwarz criterion —1.8519

*P<0.1, ** P<0.05
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