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A 24 R&D =dEY 2 54 HF

7F. R&D =3 2 ¥ (logic model)
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QurA el A% A A el RDE 4E WS 23

23 (logic model)e] A7} A &Y
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ATEA I ALE 7He g HolE o Fol wel vE2A A H
Garcia-Valderrama and Mulero-Mendigorri(2005)2 ¢, 2}
4, 2=, 2749 4 A2 AA YT Brown and Svenson(1998)
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[ 4-4] Ak e) % FA-AEUS V1 EFAZ
Variable Total Mean Std. Min. Max.
AE-EA =
(9<) 31,544 2,103 2,865 75 9,486
U=
(<) 18,482 1,232 3,120 5 12,399
Uird &
(9<) 10,082 672 744 11 2,502
ER ke
71 4672 311 463 12 1,499
APl 7] 2k
(7€) 1,390 93 29 35 119
ey %
(1) 4,452 297 512 2 1,866
=3 5
(1) 9,500 633 1,003 6 3,284
7 A A A 2
(<) 21,177 1,412 2,590 9 10,134

2 2t &) 37
o i-; ”Jr”-



- ;j% g g j;; Abe1 7] 71
e, | G| @ | O G
1 1,124 185 229 200 62
2 446 39 110 94 110
3 611 677 778 30 82
4 1,939 327 552 282 111
5 9,486 1,515 2,502 1,499 119
6 870 96 226 305 113
7 8,377 1,197 2,109 1,336 114
8 598 45 111 107 60
9 2,850 743 1,272 338 114
10 1,337 223 466 188 113
11 1,270 365 301 76 119
12 180 206 116 15 47
13 I6) 5 11 14 35
14 1,145 460 653 176 111
15 1,236 12,399 646 12 80
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£ 4-6] A 53 AE-doEs @
Nz A7
bMU e 53 4 CEERCE
(2 () (}40)
1 209 491 70
2 50 121 381
3 13 109 25
4 173 676 479
5} 1,866 3,284 10,134
6 267 292 122
7 1,094 2,769 1,251
8 48 157 34
9 253 706 1,203
10 265 393 1,794
11 3 41 9
12 2 6 360
13 6 22 74
14 155 418 2,078
15 43 %) 3,163
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[E 4-7) Y 57 284 AFEF A)
DMU | %9 | &84 A% | #2594 | vasy
1 1 1.000 CRS T 5
2 12 0.935 DRS 7=
3 1 1.000 CRS T 5
4 1 1.000 DRS T 5
5) 1 1.000 CRS T 5
6 1 1.000 CRS T 5
7 1 1.000 CRS T 5
8 1 1.000 CRS T 5
9 13 0.889 DRS 7=
10 1 1.000 CRS T 5
11 14 0.214 IRS 7]
12 15 0.145 CRS 7=
13 1 1.000 CRS T 5
14 11 0.956 DRS 7=
15 1 1.000 CRS T 5L
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DMU =4 S84 X 2= 0
1 1 1.000 CRS
2 9 0.644 IRS
3 12 0.417 RS
4 5 0.836 DRS
5 1 1.000 DRS
6 7 0.774 RS
7 4 0.950 DRS
8 11 0.614 RS
9 8 0.661 DRS
10 10 0.628 RS
11 15 0.076 RS

12 14 0.076 CRS
13 3 1.000 RS
14 6 0.839 RS
15 13 0.104 RS
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[ 4-9] A 5 234 AFEZE A)

DMU | =9 | 234 A | #2794 | vlzed 944
1 13 0.018 IRS 7&
2 9 0.119 DRS 7=
3 12 0.022 IRS 7=
4 3 0.131 DRS T 5L
5 1 1.000 DRS T 5
6 11 0.033 IRS 7=
7 7 0.174 DRS 5
3 15 0.011 IRS 71&
9 6 0.303 DRS T 5
10 5 0.471 DRS T 5
11 14 0.012 IRS 7]
12 1 1.000 CRS T 5
13 10 0.117 IRS 7=
14 4 0.579 DRS T 5L
15 1 1.000 DRS T 5L
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DMU | <9 | &34 A5 | 1EFY
1 12 0.017 IRS
2 8 0.115 DRS
3 14 0.008 IRS
ol 9 0.106 DRS
5 1 1.000 DRS
6 11 0.033 IRS
7 7 0.139 DRS
8 13 0.010 IRS
9 6 0.263 DRS
10 5 0.471 DRS
11 15 0.004 IRS
12 1 1.000 CRS
13 10 0.058 IRS
14 4 0.527 DRS
15 1 1.000 DRS
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[ 4-11] AH == AAE A(29F A)

DMU | <9 | AAA A | =2 d | vlazed 9
1 13 0.073 IRS 7&
2 1 1.000 DRS T 5
3 14 0.040 IRS 7=
4 9 0.218 IRS 7&
5 1 1.000 CRS 5
6 11 0.149 IRS 7=
7 10 0.155 IRS 71&
3 12 0.086 IRS 71&
9 3 0.389 IRS 7=
10 1 1.000 CRS T 5
11 15 0.009 IRS 71&
12 1 1.000 CRS T 5
13 1 1.000 CRS T 5
14 1 1.000 CRS TR
15 1 1.000 CRS TR
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[ 4-12] A} = A A<(29 B)

DMU | <4 A Ag |t R
1 12 0.024 CRS
2 7 0.357 IRS
3 14 0.016 CRS
4 10 0.127 IRS
5 1 1.000 DRS
6 11 0.056 IRS
7 9 0.136 IRS
3 13 0.022 CRS
9 8 0.266 IRS

10 5 0.552 IRS
11 15 0.003 IRS
12 3 1.000 IRS
13 6 0.386 CRS
14 4 0.711 IRS
15 1 1.000 CRS
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A STAGE 2¢} STAGE 37} 43 &9 Z#adAE zZ=v/s A
Aste 237 =E2H AT ek R&DY B S Eol7] 913
Me S FEAN7Ie A B AA Ade] =geol B
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[E 4-13] EEY-EH-AY FBBARASE)

T i&4 eI s A
R 1
R 5 -0.3066 1
Ak -0.222 0.9634: 1

e ki
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(% 4-14] FEFIA 2 wEEE AT A)
A= TETAA H &84 2191
DMU
sl s2 s3 sl s2 s3 sl s2 s3
1 1.000 | 0018 | 0073 | CRS | IRS | IRS - 7% 7%
2 0935 | 0119 | 1.000 | DRS | DRS | DRS | 7= | 71& | 1%
4 1.000 | 0022 | 0.040 | CRS | IRS | IRS - 1% | 7=
6 1.000 | 0.131 | 0.218 | DRS | DRS | IRS - TE 7%
7 1.000 | 1.000 | 1.000 | CRS | DRS | CRS - - -
8 1.000 | 0033 | 0149 | CRS | IRS | IRS - % | 7=
10 1.000 | 0.174 | 0155 | CRS | DRS | IRS - TR 2
12 1.000 | 0011 | 0.086 | CRS | IRS | IRS - 1% | 1=
14 0.839 | 0.303 | 03389 | DRS | DRS | IRS 7% TR 72
15 1.000 | 0471 | 1.000 | CRS | DRS | CRS - TR
17 0214 | 0012 | 0009 | IRS | IRS | IRS Ne | % | 1=
18 0.145 | 1.000 | 1.000 | CRS | CRS | CRS 714 - -
20 1.000 | 0.117 | 1.000 | CRS | IRS | CRS - 7% -
21 0936 | 0579 | 1.000 | DRS | DRS | CRS o Y -
7= | 7E
22 1.000 | 1.000 | 1.000 | CRS | DRS | CRS - - -
Ayt | 0876 | 0333 | 0541 - - - - - -
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[E 4-15] 7254 2 vEsY (Y B)
A5 REECE M Egd 9
DMU

sl s2 s3 sl s2 s3 sl s2 s3
1 1.000 | 0.017 | 0.024 - IRS - - 7= | 7sE
2 0644 | 0115 | 0357 | IRS |DRS | IRS | 7= | 7= | 7=
4 0417 | 0008 | 0016 | IRS | IRS - 7= s | s
6 | 086 | 0106 | 0127 | DRS |DRS | IRS | 7% | 7I& | 71%&
7 1.000 | 1.000 | 1.000 | DRS | DRS | DRS | 7#& | 7% | 11&
8 0.774 | 0033 | 0056 | IRS | IRS | IRS | 7= | 7= | 7=
10 | 0950 | 0139 | 0136 | DRS | DRS | IRS | 77X | 7% | 7I&
12 | 0614 | 0010 | 0022 | IRS | IRS S I e e - v
14 ] 0661 | 0263 | 0266 | DRS | DRS | IRS | 7l | 7% | 7+
15 | 0628 | 0471 | 0552 | IRS | DRS | IRS | 7= | 7% | 7=
17 10076 | 0004 | 0003 | IRS | IRS | IRS | 7= | 7= | 7=
18 | 0.076 | 1.000 | 1.000 - - IRS | 7= - THE
20 | 1.000 | 0038 | 038 | IRS | IRS R I e - e
21 10839 | 0527 | 0711 | IRS |DRS | IRS | 7= | 7l | 7=

22 10104 | 1000 | 1.000 | IRS |DRS | - | 7% | 7= -

Hat | 0645 | 0317 - - - - - - -
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[ 4-17] ESS #A| <%

T8 % )4 HERA Q)
Bk | 9% | IRS DRS | CRS 7l | TR
584
0626 | 0552 | 61.8% | 59% | 32.4% | 70.6% | 14.7%
Bk | 9% | IRS DRS | CRS 7l | TR
914
0462 | 0439 | 71.4% | 14.3% | 14.3% | 57.1% | 286%
Batgk | T91% | IRS DRS | CRS 7= TE
QR
0546 | 0536 | 286% - 71.4% | 100%% -
[ 4-18] ESS #hAl % A3 (¥ B)
T A% FR5o) g M EEA 99l
Brg | A% | IRS DRS | CRS 7= T
584
0470 | 0414 | 82.4% | 5.9% | 11.8% | 75.8% | 24.2%
Bg | T | IRS DRS | CRS | 7= T 5
R
0462 | 0459 | 71.4% | 14.3% | 14.3% | 66.7% | 33.3%
Btk | T4 | IRS DRS | CRS 7= TR
PR
0534 | 0536 | 14.3% | 42.9% | 42.9% | 60.0% | 40.0%
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[

4-19] ESS 3-STAGE ###A(EE A)

T 284 R 363 g
&4 1
T 0.0654 1
A5 0.0924 0.8901 53
xp<0.05
[ 4-20] ESS 3-STAGE J##A (23 B)
A 2E&A T Rages
&4 1
TIA 0.3305 1
AR 0.3167 0.8835 1
*p<0.05
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[3F 4-23] A8 3-STAGE F##A(RE A)

w7 GRS GE R
&4 1
&b 0.4436 1
A2 0.5039 0.94445 1
p<0.05
[ 4-24] A998 3-STAGE 4 #34(23 B)
A & T4 A A
&4 1
&b 0.1459 1
AR 0.4732 0.8330+ 1
x*p<0.05
,H *_ 1_-_]'| -¢,1r T
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A YER T o] ARl = AAIE S Ag Hgto] TME
o= vERed, dE e e e 3 2R A

TEFAELE 2&8ddM= FEFYS7HIRS)E HEtH = A
o] Hl&o] A7 56.3%= =W TEF(CRS)E WE W= HA <

T Hup oftb mokth o] AR ThE ARlE vE Sold Ao
A= EAAG M PR A(DRS) HATE 556% =2 v E
AA Y= dolh. magS SCIet 537F AA14 Aos 3=
dabd 2 SCIgk 5317F =0
&S HEpdY. o] 4%, SCI9
5317F AAA Az olojx = mEe] AAR ve Ad = 3
i, SCIsk 53l A% S7kshad Ao 2ol os] a3
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[3 4-25] ~vlEaEe 34 5 Ad3(2E A)

i A% TR NEX S IEE
Hetzk | 9% | IRS | DRS | CRS | 7= T 5
2E4
0.6408 | 0.6207 | 56.3% - 45.2% | 100% -
Hegk | s | IRS | DRS | CRS | 7= TR
EER
0.2260 | 0.1210 590.6% | 44.4% | 93.8% | 6.3%
Hogk | 9% | IRS | DRS | CRS | 7<= T 5
R e
0.2850 | 0.0990 | 44.4% - 95.6% | 93.8% | 6.3%
[3Z 4-26] ~vtE 28 = 3A &+ Z273(2E B)
T A% TRERIR WESA 99
Hagk | 9% | IRS | DRS | CRS 7%= T 5
284
0.500 | 0412 | 65.6% | 25.0% | 9.4% | 75.0% | 25.0%
Bk | 9% | IRS | DRS | CRS 7= T 5
A
0.204 | 0.114 | 72.2% - 21.8% | 88.2% | 11.8%
gk | 9% | IRS | DRS | CRS 7%= T 5
Rl
0.195 | 0.058 | 66.7% - 33.3% | 94.1% | 5.9%
d &-1] |
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[ 4-27] ~vtEE]|= 3-STAGE 333 A (28 A)
A i T4 A
284 1
R -0.0765 1
A4 0.2267 0.8780sx 1
#p<0.05, **p<0.01
[ 4-28] ~vlEdE]|= 3-STAGE 433 A(528 B)
] i &9 R
284 1
R -0.122 1
SR -0.0101 0.9864 1

*p<0.05, *¥p<0.01
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(4) AAQYANAA 7] €7REAY

AAANTA HA= BY AolM BE8A AF7F i 0432%

>

A4 ww, E94 A%k Wi 00842 AP WAl et of

ol N AAE A5 BRG]l FAgNG B vhehui,
gz selel 9 A aFRT 49 Qe A 1Fo)
Axg 5 vk 2ejy B AdEd vastd A

=
T BEgHd FTAFel 05 oldtm A AL 010

o,

7). DEASIA Al4bE E84 A4t doigke] obd Aoid g

ol k.
TR F4e 584 ERAE 27 5L1%, 65299 HAl
A FEFIFHRS)F veht Y AAE AAF FAF 37

b Bad Aow wUHY MEEA] AL 929% o4l

Z¥7} 391% % 525%9 HAELS FEFYSIHIRS)E Hol I}
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[ 4-29] 21A A A = 4 AIHEH A)
TE A4 TFESFIA H &84
Hetgk | 9% | IRS | DRS | CRS 714 | PR
T84
0432 | 0354 | 51.1% | 1.1% | 47.8% | 929% | 7.1%
Az | 9% | IRS | DRS | CRS 714 | PR
a4
0034 | 0009 | 65.2% | 54% | 29.3% | 96.7% | 3.3%
Hetgk | 9% | IRS | DRS | CRS 714 | PR
YA
0113 | 0017 | 380% | - | 620% | 100.0% -
[ 4-30] A AN IR A =5 B4 A3 (R3S B)
TE A 4= TFESFA HE 84 99
Az | =93 | IRS | DRS | CRS e | TR
a4
0.151 | 0115 | 39.1% | - | 60.9% | 100.0% | -
Hiak | =97 | IRS | DRS | CRS e | TR
el
0.076 | 0.008 | 82.6% | 5.4% | 12.0% | 98.9% | 1.1%
Hiak | =97 | IRS | DRS | CRS e | TR
A2
0.077 | 0.009 | 52.2% | 2.2% | 45.7% | 98.9% | 1.1%
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[ 4-31] A AA A 3-STAGE A3 #A (23 A)

oA Rl =i Bk

&4 1

=R 5 -0.181 1

Rl -0.0006 0.8350s 1
*p<0.05

(3 4-32] AA A 3-STAGE 43 #7(23 B)

f] 254 eI Ak

&4 1

=R 5 -0.1427 1

A5 -0.0069 0.8820 1
*p<0.05
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[} 4-33] 832 A = 23 (EPA)
TE A = TFETA HE&A g
Hzk | =93 IRS | DRS | CRS 7] % TR
284
0.622 | 0661 | 71.2% | 3.0% | 25.8% | 90.6% | 9.4%
Bzt | Y931 IRS | DRS | CRS 7% T2
g4
0.048 | 0.010 | 72.7% - 1 273% | 96.9% | 3.1%
A3k | 9% | IRS | DRS | CRS 7% T2
Y AEA
0.101 | 0.032 | 12.2% - | 87.8% | 100.0% -
[ 4-3HA] Fo3y A = ZI(EEB)
TE A 4= TEFIA Hl g &4 9l
Hiak | 9% | IRS DRS | CRS 7% TR
a8
0466 | 0461 | 59.1% | 34.8% | 6.1% | 69.8% | 30.2%
Hazk | 93| IRS DRS | CRS 7% TR
3944
0.048 | 0.010 | 87.9% | 15% | 10.6% | 96.9% | 3.1%
H3 | 9% | IRS DRS | CRS 7% TR
N
0.074 | 0.017 | 33.3% - 66.7% | 100.0% -
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[% 4-35] 2.92] 3-STAGE 488423 A)
7 S 4 A
584 1
T4 -0.153 1
A2k -0.1147 0.9511=

*p<0.05

3-STAGE ##A (&

@B)

w7 E 74 SR
2 1
34 -0.1033 1
A ~0.098 09132+
#p<0.05
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Ty % w1y HEEA 99l
Atk | 594 | IRS | DRS | CRS 7= 5
584
0.407 | 0.298 | 51.6% | 4.8% | 43.5% | 94.7% | 5.3%
Atk | 594 | IRS | DRS | CRS 7= TR
e
0.134 | 0018 | 7.1% - 192.9% | 100.0% -
Hat gk | 591%k | IRS | DRS | CRS 7= TE
AL
0.150 | 0.034 | 7.1% - 92.9% | 100.0% -

[3E 4-38] 92 A 5 2A3H(EEB)

72 A% ol A MEed 29
Hatgt | 297 | RS |DRS | CRS | 71+ | 7=
T84
0293 | 0212 | 7429 | 8.1% | 17.7% | 84.7% | 153%
Bitg | 292 | IRS |DRS | CRS | 7% | =
T4
0114 | 0012 | 143% | - |857% | 1000% | -
Atz | £9% | RS | DRS| CRS | 71% | 7w
A2
0.143 | 0030 | 71% | - | 929% | 1000% | -
M &-fj ek
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[3 4-39] ¥A+% 3-STAGE #3423 A

A 2E4 R Y AR

T2E4 1

TIA -0.0201 1

AR -0.045 0.9398:x 1
xp<0.05
[ 4-40] YA 3-STAGE #3344 (23 B)

A T2E&A T A

&4 1

TIA -0.1124 1

AR -0.1453 0.9837x 1
*p<0.05
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[ 4-43] A7 3-STAGE A33A4(E8 A)

A 284 A SR

284 1

&34 0.128 1

R 0.2568 0.8438+* 1
*p<0.05
[3E 4-44] A7 3-STAGE 733341 (23 B)

A 284 =344 AR

254 1

a4 -0.1926 1

R 0.093 0.8351* 1
*p<0.05
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[ 4-45] A3 A = Z2F(EFHA)
7 A% SRR MEgd 99
H7k | =97 IRS | DRS | CRS | 71& | =
a&4
049 | 0460 |556% | - |44.4% | 100.0% | -
Bz | 2997 | IRS | DRS | CRS | 712 | #%
e
0126 | 0001 | 250% | - |75.0% | 100.0% | -
H57k | =97 | IRS | DRS | CRS | 71& | =
AP AEA
0195 | 0038 |125% | - |875% | 100.0% | -
[ 4-46) A3 A = A3 EEB)
72 A% o)A MEgd 99
Hitak | 98| IRS DRS | CRS 7%= TR
T84
0380 | 0319 | 74.19% | 22.2% | 379% | 60.0% | 36.0%
Hi k| 98| IRS DRS | CRS 7% TR
EER
0.126 0-9100 75.0% 95.0% | 100.0%
H57F | =92 | IRS | DRS | CRS | 71& | 7%
A AL
0.127 | 0.001 | 12.5% 875% | 100.0%
-':rxﬂ-! _'\«.‘I.'\-'I_ -I_'ll :
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[ 4-47] A st= 3-STAGE F33A(EE A)

A 284 A SR

284 1

&34 -0.4264 1

R -0.3669 0.9575%* 1
*p<0.05
[3% 4-48] H A s}e 3-STAGE 4#3A(EEB)

A T2E&4 T R

284 1

a4 -0.1926 1

R 0.093 0.8351* 1
*p<0.05
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[ 5-1] &4 Slack(dF&)-AFEdA=-1
= 0] H }I\J:i H = 0] H }I\J:i H
slack(o] 1) 4 v H(ng} xj)g ] N H(giﬁxg ;)ﬁ |
DMU
IH =02 } ol _ _

Bhran ® | stk | 23w | ¥ 58 | wm | 59 | ex
1 1124 - 1,124 0% 18.6% 43.7% 18.6% 43.7%
3 611 - 611 0% 2.1% 17.8% 2.1% 17.8%
4 1939 - 1,939 0% 8.9% 34.9% 8.9% 34.9%
5 9486 - 9,486 0% 19.7% 34.6% 19.7% 34.6%
6 70 - 370 0% 30.7% 33.6% 30.7% 33.6%
7 8377 - 8,377 0% 13.1% 33.1% 13.1% 33.1%
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[ 5-2] 2&4 Slack(AFH)-AFE=A+-2

= 0] H }1\_ = H = 0] H }I\J:i H

DAMU slack(hoorl'ﬁ:) T']f]?@l Tﬂ(gxcq) ;‘(j)g ] Tu(}‘iﬂ@ _—?;)g ]

7(31‘?4%0&% J 7} Z:}QEIH] E = RIS = E = IS =

(Q_"]%) Slack 51_;(0%}\ % = T ‘—TO‘] o
8 508 - 508 0% 8.0% 26.3% 8.0% 26.3%
9 9 850 562 2,288 20% 8.9% 24.8% 11.1% 30.9%
10 1337 - 1,337 0% 19.8% 26.4% 19.8% 26.4%
11 1.970 166 1,104 13% 0.6% 3.2% 0.7% 3.7%
12 180 4 176 2% 1.1% 3.3% 1.1% 3.4%
13 IB) - 75 0% 8.0% 29.3% 8.0% 29.3%
14 1145 9 1,136 1% 13.5% 36.5% 13.6% 36.8%
15 1936 - 1,236 0% 3.5% 4.4% 3.5% 4.4%
Al 31,544 742 30,802 2% 4,452 9,500 14.1% 30.1%

o_11] -
A 2 tjf 8
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ZA A +10% +20%
DMU
84 Rank &4 Rank ae4 Rank
8 1 1.00 1 1.00 1 1.00
9 13 0.89 13 0.89 13 0.89
10 1 1.00 1 1.00 1 1.00
11 14 0.21 14 0.27 14 0.29
12 15 0.15 15 0.15 15 0.15
13 1 1.00 1 1.00 1 1.00
14 11 0.96 11 0.96 11 0.96
15 1 1.00 1 1.00 1 1.00

S e ki
- 148 - L



Y. AL A4 Slack(d /&
(1) Slack(d &) 4

ZEEGA)S} FEREB) 25 248 oY, FrER A=
slacko] WEFUA] SFob A ol A Al 9] 8} ] .
A A Aol el AREATY dA AAYE F oA

Be 4960 Aol ek, ESSeIA 17914, shzElnle A 12974,

4

slEad oA 16919, wAFENA 2299, +avdlA 139
o9, QbAoA 22909, AAHAA 26099, A
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A dALd el 69 FAGAT o] AFEe A AEFES
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e % ool 0o e} ool B
Aol gl Aoz eyt RNAEES A g E o fio
1959 1 o2 vhERyL
e, FadFelA 1799, <A 199, AAHelA 15299

7t A 24919, A FEATFAA] 1

ol Aol A ARFAFo|A LAF= Slacke] 7HE i, tSo
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[3£ 5-5] A1HA Slack(d+2)-4F == (<)

4 iy T4 iy
slack(o] &) &4 A el
DMU (=4 #) (=4 %)
AEEAT Slack ZA gk 7l n] & 7 A A A 7 A A d 1}
1 1,124 17 1,107 1% 6.2% 6.3%
2 446 3 446 0% 85.4% 85.4%
3 611 12 599 2% 41% 4.2%
4 1,939 16 1,923 1% 24.7% 24.9%
5 9,486 3 9,486 0% 106.8% 106.8%
6 870 22 848 3% 14.0%% 14.4%
7 8,377 139 8,238 2% 14.9% 15.2%
8 598 22 576 4% 5.71% 5.9%
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[3% 5-6] A4H Slack(A i) -AHF-E=A5(99%)

T4 iy T4 iy
slack(o] f-3) =4 2] =]

DMU (=4 A (A %)

ARZAF Slack ZA 3k 2+ Y H 73 A A3 1 74 A A A 3
9 2,850 260 2,590 9% 42.2% 46.4%
10 1,337 3 1,337 0% 134.2% 134.2%
11 1,270 6 1,264 196 0.7% 0.7%

12 180 B 180 0% 200.0% 200.0%
13 6 3 6 09%% 98.7% 08.7%
14 1,145 3 1,145 0% 181.5%% 181.5%%
15 1,236 3 1,236 0% 255.9% 255.9%
A 31,544 496 31,048 - 67.1% 68.2%
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[ 5-7] A -1 #£4-1
A A +10% +20%
DMU
&4 Rank &4 Rank TE4 Rank
1 13 0.07 13 0.08 12 0.09
2 1 1.00 1 1.00 1 1.00
3 14 0.04 14 0.04 14 0.04
4 9 0.22 9 0.22 9 0.22
o 1 1.00 1 1.00 1 1.00
6 11 0.15 11 0.15 11 0.15
7 10 0.16 10 0.16 10 0.16
8 12 0.09 12 0.09 13 0.09
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[3 5-8] A -"7= &4-2
Z4 A +10% +20%
DMU

284 Rank a&4 Rank ae4 Rank
9 3 0.39 8 0.39 3 0.39
10 1 1.00 1 1.00 1 1.00
11 15 0.01 15 0.01 15 0.01
12 1 1.00 1 1.00 1 1.00
13 1 1.00 1 1.00 1 1.00
14 1 1.00 1 1.00 1 1.00
15 1 1.00 1 1.00 1 1.00
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A2dAPAF

o AF Ao R&D &84 294 A F /AR FE
Hr}, A2} Individual factors(ZHQ12F 8.21)3} Environmental
factors(BH4 2 Qol)ojt}h. ALY 2902 thAl & UFo

ZZ oiE 2 FEHAG(Kylindri et al. 2012, Nagesh®t Thomas,

7F. x99 22 (Individual factors)
(1) 947+ A &4 (Research Autonomy)

A Aol M= R&D A3 e Ta3 dxem A4

Fo)Adol AzEHWang et al. 1999, #E3F, #HA$, 2018).

A7k AfEA Ay A7 F4T F dE Pz A
o} Varma(20149)E A7 &4 A4S Az 2 2zt 2y
of FHE g, B % HxE Aojdte sHor AHosta

aekd Aedd 29 AsAo

-

mo oo AfAe AEALS BASH R&D AAAo] =

obxlttar  F7sth(Politis, 2005, Hindo, 2007, ®fth2 <, 2015,

P
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AFat 2], 2018). A4 Hefd 57 FosEEA A&dS o
TA A ATFFAE dEetA st

=
A TEE dere Aud ¢ A B o] o

r o
1>
it}
:L
N
2

R&D A3z o]ojd 4 dth.(Bland et al., 2005, Ernst, 2002,
Gambardella. et al., 2015, Heinze et al, 2009, Jain et al.,
2010, Oliver and Maximilian, 1999, Lindgren et al., 2003).

AEAdS R&D &84 2002 HE AFAES A&A4e ¥
o7} 7HQl B ofyel 71 AAe Al Ay FEol T8 9
S 3tz Eth.(Abbey and Dickson 1983; Amabile et al.
1996; Liu et al. 2011). ol= Ab&Aol oA, A=A 7]
of, A A9 AF B VA YT TAHHoR AuEo
TR AEE dHoz oox]7] wiLo]th(Fini et al,.
2012, Foss et al., 2009, Parker et al., 1997).

Ernst(2002)= #-&7de] AAE 7 dAA T3 He &
Adoletar ¥l Blandet et al.(2005)> "= Missouri t3}9]

WFEAS e ® 3 AEZ A A R A=A B A

A 3 SHoA oAATY AT AEAE T3 ahEa
F43tt. Baek and Lee(2022)= A7-718 @A A 9 #&A
=& R&D A= ol AFA7E A=A w2 oA

4, drEE 2 AT AA Folsk= AHe A9 R&D S =

&
o
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e glol Aqtsrieh EdxTF A el S8 A dF= v

(Baek and Lee, 2022). R&D =YL=}

2
AUE
rlr
[-'O
—
i)
B
ki
%0,
)

¥ odge F2 2Adey 24 s A5 oA =4
of gk dAl FEE FAA thFo Xtk (Mathieu and Zajac,
1990, Reichers, 1985, Nummela, 2003).

=YEs R4 293 I8 =42 i =t(Allen and
Meyer, 1990, Cullen et al, 1995, Reichers, 1985) H|%=% &=
A= o84 HEE 9uste v, 354 592 A4 dF
o8 yehdt BE =de #H7t

BEs 2P FAA qsd =44 Fx2 =H 3 (Nummela

aly

Held B Ao s,

2003; Cullen et al. 1995, 2000). H%=% % dF54 =AU oA
291 @A 7 Ak (Cullen et al,. 1995, 2000).

Baek and Lee(2022)%= A% R&D ZZAEA 7|do] AHF
HExa oiv] vfZste AdS 95 E9E W= 1 A7)zt
o] 71 AT A9 A3 FE A= A7 =d=T 25

g ATEdE AA A
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g0l oA GBE WA F2 AT} ol FolAh
lo} @esle o 4y RD G844 BEde] <
FHle] Fqdol TR gl vAE ol UE AFAINEo]
Bk A7uE A ATgste Zed And IFH I
AE A Ao depdth ey dpulsl g el

B4 GgpAe vAs ARsE i, o PBS 2e AAA
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53 0.2827 0.0934 0.3383 0.2705 0.2639 0.3377 1
A4
A3 0.3664 0.24 0.22 0.0679 -0.2189 | -0.1678 0.1168 1
o
*p<0.05
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[ 72 1-3] Aded 2Y-20E W Fa Ry
A5 17+ 17+ ¥ k- 73 #| A
SR -o'l* Ijj_\_ Ijj_\_ A 71501\ SOl '1—5781 A A A
=d+ A5 A& 713k 71 2
_zé v 1
=d=
w7k
. 0.6497x* 1
w7k
- 0.7669* 0.2365 1
A =
R
0.6625% 0.374 0.6795% 1
71k
Zhod
. 0.5962* 0.0297 0.7102* 0.4692 1
71 &5
SCI 0.3947 0.4804 -0.0445 -0.0683 0.0573 1
£ 5] 0.6141%* 0.8078%* 0.1635 0.365 0.0439 0.6309% 1
PEE
X3 -0.0138 0.0234 -0.0336 -0.017 0.044 0.3245 0.3328 1
[e]
*p<0.05
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[ 55 14] avfeagls FY-2ts Hay a7
R w7k w7k I}A| Z 3 A A
om B : : o] S0l - A Al
=dF A= A = 713k 71384 2
_zé v 1
=97
w7k
a= 0.2155 1
v ZF
L 0.7404 0.4767+ 1
=
7]
0.7271* 0.2615 0.6913x* 1
713k
zho
N 0.5922x 0.2759 0.8081* 0.4582x 1
7] &
SCI 0.1776 -0.1881 0.1579 0.0417 0.2384 1
£ 5] 0.3658 0.0534 0.1942 0.2052 0.0687 0.6063: 1
73 A A
o 0.2284 0.0527 -0.007 0.0142 -0.0123 0.1862 0.2276 1
*p<0.05
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[3 55 1-5] 24 UA FY-AtE Hy AdEH
R w7k w7k I}A| Z 3 A A
e | B¥ | 03 T s | se | 27
=97 A= A = 71 ZF 71 &5 CE
_Zél?_ 1
=9
w7k
a= 0.4782x 1
v ZF
L 0.6838x* 0.4455% 1
H =
3
0.7041* 0.3716* 0.4726% 1
713k
zho
N 0.5295% 0.2333x 0.3423+ 0.2949x 1
7135
SCI 0.1169 -0.0682 -0.0829 | 0.1548: 0.2729x 1
£ 5] 0.2781* 0.0039 0.1550x* 0.3475% 0.1299x 0.3674x 1
73 A A
o 0.2945x 0.2948+ 0.2924 0.1637+* -0.0148 -0.0248 0.0449 1
[e]
*p<0.05
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[ 55 1-6] o838 FY-4k=E Hy A4
R w7k w7k I}A| Z 3 A A
e | B¥ | 03 T s | se | 27
=97 A= A = 71 ZF 71 &5 CE
_Zél?_ 1
=97
w7k
a= 0.4605% 1
v ZF
L 0.7567* 0.6151* 1
H =
3
0.7890* 0.4196* 0.6048x 1
713k
zho
N 0.4244x 0.1256 0.3226x 0.2851* 1
7135
SCI 0.2862x 0.0703 0.1001 0.2299 0.1928 1
== 0.3774x 0.1181 0.0978 0.3389x 0.2773+ 0.5357x 1
73 A A
o 0.1175 0.0362 0.1173 0.016 0.0186 -0.1139 -0.0591
[e]
*p<0.05
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(£ 5% 1-7] 948 59-2% W5 4aE
L ERG RRG )7 2 A

TE o ) ) A g SCI = 3) 3
=AF =y A& 713k 7 B CE

_Zﬁ_ 1

=dF

w7k

Az 0.5123% 1

Nk

. 0.8530% | 0.7225% 1

=

3} A
0.6635% | 0.3460% | 0.4843% 1

713k

o]

o 05612% | 05251% | 0.6266% | 0.4615% 1

7138

SCI 0.1224 0.1874 0.0882 | 02507+ | 0.3355% 1

E 3 05705% | 0.4506% | 05287+ | 05336+ | 0.6018+ | 0.5585% 1

ZEE

e 05462« | -0.0121 | 02362 | 02786+ | -0.0418 | 0.0663 0.0332 1

[e]

*p<0.05
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[ 55 1-8] AT T4k Wy A3
R w7k w7k I}A| Z 3 A A
om B : : o] S0l - A Al
=dF A= A = 713k 71384 2
_Zél?‘ 1
=9
w7k
. 0.8013= 1
v ZF
L 0.9202* 0.7630* 1
=
7]
0.6402x* 0.7303x* 0.4333x* 1
713k
zho
N 0.5306x 0.322 0.3613 0.3868 1
7] &
SCI 0.6742x 0.6752x 0.6007= 0.5946 0.4088x 1
E3] 0.6277* 0.8103+ 0.4668 0.8436 0.3625 0.6170 1
73 A A
o 0.7811+* 0.5423+ 0.9345% 0.1658 0.1798 0.4237+ 0.2166 1
[e]
*p<0.05
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[ 5= 1-9] HAste FY-AtE Hy 4324

A K 7k o 7k 7} A Z 3 A A

am B : - A o] sCl =35 A A
=AF =y & 713k 7 B 3}

_@EA 1

=dF

v 7k

- 0.5096x 1

LA =

w7k

. 0.4929x 0.9455x 1

o=

A
0.5204 0.2626 0.3667x* 1

71 3¢

Zh o
0.7356% 0.3177« | 0.3259% | 0.5141% 1

71

SCI 0.4614 0.092 0.0602 0.0581 0.142 1

£ 5] 0.5859: 0.0733 -0.0181 0.0247 0.3985% | 0.6106% 1

7 A A

A5 0.3425x 0.9220% | 0.9678x 0.1774 0.1487 0.0521 -0.0697 1.0000

o

xp<0.05
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[ 55 2-1] ESS &84 89 AR A)
2y 1 2 3 4 5
AErEd= -0.0004
g7k 0.0072
NdE -0.0045 -0.0092 -0.0024
o] 7] B -0.0334
T 713t -0.0055 -0.0074x* -0.0078x=
SCI 0.0188:: 0.01425 0.0179 0.0144% 0.01823
=5 0.0302: 0.0284: 0.0287 0.031 13 0.030253
BAA 0.0129
TRL_1 0.16565 0.1160 0.1162 0.0953
TRL_2 0.0343 0.0213 0.0043 0.0087
TRL_3
5} 3k 2] —0.1599% -0.1395*
32
Log likelihood 23.6584 18.6782 21.6243 21.7167 23.6620

*p<0.1, **p<0.05
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7y 1 2 3 4 5
qREde ~0.0039:
1 7ke) 0.0026
A E -0.0028 -0.0161 % -0.0145%x
ol 7)1 B 0.0051
T2 7] 7k -0.00473x ~0.00393 ~0.00405
SCI -0.0017 -0.0001 0.0025 -0.0010 -0.0001
55 0.0364x 0.0324sx 0.0326% 0.0358: 0.0356%:
BAA -0.0058
TRL_1 0.0460 0.0107 -0.0192 -0.0242
TRL_2 0.0035 -0.0058 -0.0394 -0.0384
TRL_3
&} 2k 2] ~0.1138*x -0.0330%
&3
Log likelihood 64.3025 36.2699 40.6409 53.7654 54.4589

x*p<0.1, **p<0.05
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X3 1 2 4 5
ARrEde
R~ 7kl 3
N E 0.0051 %%
ol
TP 7|3t 0.0051 3
SCI
=3
AAA A -0.0003 0.0056 ~0.0121%*
TRL_1 —0.0154: —0.0200%
TRL_2 0.1371%x 0.1401%x 0.1116%x*
TRL_3 ~0.0999%x 0.0371*
&F 32 -0.0358 0.0963x:
&FA

Log likelihood

*p<0.01, *xp<0.05
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SCI -0.0003
53 —0.0154 3
aAA 3=t 0.1371%x
TRL_1
TRL_2
TRL_3
!

\

ofr
HE P

o>
o ook

Log likelihood 16.0396

0.0056
—0.0200%3
0.1401 5
—0.0999s
-0.0358

0.0051 3

—0.0121 5

0.0963%*

22.5888

*p<0.01, *xp<0.05
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A
w3
2 4 2 4

M = -0.01943 -0.02025x
AFR 7] 3T -0.00502 -0.00174x
BAA 0.120633: 0.123763* 0.11768%x* 0.123492:

TRL_1 0.187603 0.128302 0.148412 0.094538

TRL_2 0.304857* 0.246892 0.283128 0.231263

Log likelihood 2.597671 3.375854 2422271 3.183702

*p<0.1, **p<0.05

- 255 -



[ 7% 2-6] AU¢# &Y 8 A=Y A)
2y 1 2 3 4 5)
FEETE 00161
¥17H) 4 0.0713
A= -0.0292 —0.0606 -0.0462
e 71 B 0.0873%
TP 7] 2r 0.0027 0.0114 0.0016
SCI 0.0431: 0.0301 0.0284 0.0149 0.0154
=5 0.0086 0.0161 0.0223 0.0294 0.0384
cEERCE 0.0014
TRL_1
TRL_2 0.0430 0.0267 -0.1448 -0.1074
TRL_3
sk
3
Log likelihood 9.8866 3.4288 3.4902 6.8662 7.0958

*p<0.1, **p<0.05
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(£ 7% 2-7) A95d 284 4 Ash(¥ B)
g 1 2 3 4 5}
FEETE ~0.0292++
¥l 7w 3 0.0573x
7t = 0.0285% —0.0536%3* -0.0059
7| B 0.0101
T3 73 0.01083 0.0175 -0.0148
SCI -0.0102 -0.0197 -0.02751* —0.0335%: —0.0319%x
59 0.0934 3 0.074013+ 0.10093 0.0805%: 0.11533
BAH 3 0.0010%
TRL_1
TRL_2 0.0042 -0.0672 -0.1877 -0.0640
TRL_3
EEs —0.3234 3 —0.4761 %
g2
Log likelithood 26.4458 9.7447 12.6655 12.8880 18.6068

*p<0.1, **p<0.05
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(£ %2 2-8] AA%=d A N AEE A)
2y 1 2 3 4 5
e
w1 7k 3
Nt = -0.0481 -0.0386
Zol 7 B
e R Eds 0.0190 0.0134
SCI 0.0400%3 0.0411 0.04503
=5 —0.0367: -0.0372 —0.0541 5
BAA 33 0.0079: 0.0079 0.0082x3 0.007 L5 0.00733
TRL_1 -0.1822
TRL_2 -0.0454 -0.0038 -0.2129
TRL_3
s 0.1866
R
Log likelihood 8.5868 87175 9.4892 5.9397 6.0286

*p<0.01, **p<0.05
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Yy 1 2 3 4 5
AH-=d=
917k g
NEE -0.0475 -0.0443
e 7)1 He
T3 717k 0.0189 0.0170
SCI 0.0471 0.0486% 0.0533
=5 =0.03743x —0.0382: —0.0583*:
BAA 3 0.0080x: 0.0079x: 0.0085%: 0.0074 0.0075
TRL_1
TRL_2 -0.0726 -0.0233 -0.2342 -0.2236
TRL_3
ClEs 0.2214 -0.0201
3]
Log likelihood 9.774803 10.17428 11.5456 6.3213 6.332361
*p<0.01, *xp<0.05
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(£ %5 2-10] AT A2

ko
ro,
M
1%
iR
B=)
e
ofl
=

2y 1 2 3 4 5
Ar=da 0.0055
91 2k -0.0642
NdE -0.0242 -0.0481 -0.0386
ol 7)1 B 0.0089
T3k -0.0017 0.0190 0.0134
A A 0.0076% 0.0077x 0.00775 0.007 1 0.0073%:
TRL_1
TRL_2 -0.0174 -0.0472 -0.2129 -0.1822
TRL_3
&F a2 -0.1200
&2
Log likelihood 5.6565 4.6547 5.1878 5.9397 6.0286

*p<0.1, **p<0.05
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[ 35 2-11] A58 4204 29184 A3H(2Y B)
Yy 1 2 3 4 5
AEr-=d= 0.0082
71 7 % -0.0657
NdEE -0.0230 -0.0475 -0.0443
e 71 B -0.0030
T3 711k -0.0040 0.0189 0.0170
SCI
=3
AAA A2 0.0079: 0.00805 0.00805 0.0074x 0.0075%:
TRL_1
TRL_2 -0.0404 -0.0643 -0.2342 -0.2236
TRL_3
&} 2] -0.0961 -0.0201
S
Log likelihood 5.8631 5.0086 5.3624 6.3213 6.3324
x*p<0.1, **p<0.05
pa
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(% %% 2-12] 2rbEaEs 284 8984 A3HEY A)
Les 1 2 3 4 5)
AH=ds -0.0036
EIRAR R -0.0016
HrEE -0.0053 -0.0084 -0.0068
71 B 0.0052
TP 7] 3F -0.0080 -0.0063 -0.0060
SCI 0.0094 0.0020 0.0015 0.0065 0.0056
=3 0.017453 0.01973: 0.0193: 0.0186x: 0.0184 3
BAH 33 -0.0012
TRL_1 0.42433 0.5186x: 0.2877 0.378 73
TRL_2 0.0905 0.2444 5 0.05873* 0.1763
TRL_3
s —0.28683* —0.2119%:
e
Log likelihood 11.2830 5.2601 10.4296 13.2386 17.4391

x*p<0.1, **p<0.05
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2y 1 2 3 4 5
Ar=da —0.0075%*
71 7k % -0.0039
NrEE 0.0054 -0.0048 -0.0048
e 71 B 0.0087
TP 7] 2r -0.0036 -0.0052 -0.0052
SCI -0.0013 0.0006 0.0006 0.0038 0.0038
=5 0.0251 %3 0.0202x3 0.0202x3 0.0194: 0.0194 53
<EERCE! -0.0002
TRL_1 0.1042 0.1211 0.0167 0.0144
TRL_2 0.0857 0.1132 0.0634 0.0605
TRL_3
&3 0.0817 0.0053
g
Log likelihood 24.8671 10.3786 10.5744 14.2654 14.2678

*p<0.1, **p<0.05
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F52 2-14] ~vfEOEE 23

d QA Ay(x

4 A)

2y 1 2 3 4 o
= 0.0042%x* 0.0041
T3 73 -0.0071%* -0.0071

SCI -0.0003 0.0005 -0.0005

=35 -0.0027 —0.00373 —0.00343

A A 0.01123 0.0114sx 0.0118sx* 0.0112:x* 0.0113s
TRL_1 -0.074 —0.1571 % -0.0419= -0.0646
TRL_2 0.0550% 0.0146 0.0453x3 0.0344
TRL_3
& 32 0.0638 0.0176
g

Log likelihood 24.5167 28.7968 29.7627 217.2333 27.2951

*p<0.01, **p<0.05
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(£ %% 2-15] 2obEe)= G5 R4 272 B)

2y 1 2 3 4 o
= 0.0025%* 0.00235
T3 73 -0.0031 -0.0031

SCI 0.0021 0.0023 0.0015

=35 —0.0031 53 —0.0035% —0.0032:

A A 0.01033 0.01043x 0.0107x3 0.0103x: 0.01043x
TRL_1 -0.0256 —0.091 25 0.0029 -0.0360
TRL_2 0.0150 -0.0175 0.0112 -0.0076
TRL_3
& 32 0.051 23 0.0301
g

Log likelihood 38.5211 40.1328 42.5072 37.0405 37.5952

*p<0.01, **p<0.05
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(% %5 2-16] 2vlE1 = Ay 284 29(RE A)
w3 1 2 3 4 5

dREdT 0.0002
R17kv) 0.0080
MR E 0.0073 0.0042+ 0.0041 %

el 7)1 4 ~0.0107
S 7) 3k ~0.0096++ ~0.0071+ ~0.0070+

SCI
53]

CEERE 00106+ 0.0111:x 0.0113++ 0.01125% 0.0113+
TRL_1 ~0.0357 ~0.0789 ~0.0419 ~0.0646
TRL_2 0.0601:x 0.0391 0.0453 0.0344
TRL_3
ERR 0.0356 0.0176
& FA

Log likelihood 26.6619 24.8079 25.0205 27.2333 27.2951

*p<0.1, **p<0.05
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¥ 5 2-17] 2vtEa = A e A3 (EE B)
7Y 1 2 3 4 5
dREde 0.0001
21 7ke) 0.0007
NEE 0.0041 53 0.0025% 0.0023x:
ol 7)1 B -0.0051
T3 7] 7k -0.0045%x 0.0103 -0.0031
SCI
55
BAA 0.0103 0.0102:x 0.0105% 0.0103x 0.0104
TRL_1 -0.0038 -0.0600 0.0029 -0.0360
TRL_2 0.0136 -0.0138 0.0112 -0.0076
TRL_3
&} 2k 2] 0.0462
&3
Log likelihood 38.5902 34.0067 35.0517 37.0405 37.5952

*p<0.1, **p<0.05
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[3 FF 2-18] 2 A= 5§ A A (R A)
7Y 1 2 3 4 5
dREde 0.0021
21 7ke) -0.0010
NEE ~0.0064 -0.0036 -0.0036
zho] 7] B -0.0145
T3 7] 7k -0.0086% -0.0097 ~0.009753
SCI 0.0179s: 0.0149s: 0.0150%: 0.0155%: 0.0155%:
55 0.0154 0.0121 s 0.0125% 0.0159s 0.0159
BAA 0.0000
TRL_1 0.2490% 0.2321 0.1345 0.1345
TRL_2 0.1730% 0.1564 0.0587 0.0587
TRL_3 0.0930 0.0856 -0.0156 -0.0156
&} 2k 2] -0.0458 0.0004
&3
Log likelihood 30.3729 25.7004 26.2861 32.2690 32.2690

*p<0.1, **p<0.05
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[ 32 2-19] AABAUA &84 2984 A3(2E B)
7Y 1 2 3 4 5
dREde ~0.001 75
21 7ke) 0.0007
NEE -0.0013 -0.00373x ~0.0033x
o7 -0.0019
T3 7] 7k -0.0015 ~0.0041 53 ~0.0042s3
SCI -0.0008 -0.0011 -0.0009 -0.0011 -0.0010
55 0.0094 0.0065%: 0.0070s% 0.0093s 0.0092
BAA 0.0000
TRL_1 0.0558 0.0368 -0.0222 -0.0224
TRL_2 0.0497 0.0310 -0.0292 -0.0291
TRL_3 0.0238 0.0155 -0.0415 -0.0407
&} 3 2] -0.0515%: -0.0155
&3
Log likelihood 153.2962 119.1459 125.1352 143.9446 144.5833

*p<0.1, **p<0.05
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[3 75 2-20] A= aad aQiEs A3H(RE A)

2y 1 2 3 4 o
= 0.0008 0.0005
T3 73 -0.0004 -0.0004

SCI -0.0002 0.0006 0.0005

=3 ~0.003833 —0.0041 5 —0.00435

A A 0.0006%3 0.0006%3 0.0006x3 0.0006x3 0.0006%3
TRL_1 -0.0225 -0.0135 -0.0251 -0.0252
TRL_2 -0.0037 0.0054 -0.0197 -0.0196
TRL_3 0.0278 0.0324 0.0174 0.0171
& 32 0.0252 0.0090
g

Log likelihood 65.6448 66.6518 67.0559 63.5387 63.5765

*p<0.01, **p<0.05
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[ 75 2-21] AT A 53

2y 1 2 3 4 5
= -0.0001 -0.0007
T3 73 -0.0001 -0.0001

SCI 0.0005 0.0013 0.0012

=3 —0.0040% —0.0044 —0.0045%

A A 0.0006%3 0.0006%3 0.0006x3 0.0006x3 0.0006%3
TRL_1 -0.0302 -0.0209 -0.0360 -0.0363
TRL_2 -0.0033 0.0061 -0.0259 -0.0256
TRL_3 0.0196 0.0244 0.0045 0.0039
& 32 0.0260 0.0209
g

Log likelihood 68.2895 69.1183 69.5722 65.6900 65.9020

*p<0.01, **p<0.05
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[32 F5 2-22] AT A A

2y 1 2 3 4 5
AH=d= -0.0008
iRy b -0.0005
7= 0.0034 0.0008 0.0005
o7 B -0.0042
TP 7|3t 0.0005 -0.0004 -0.0004
A A 0.0006%3 0.0006%3 0.0006x3 0.0006x3 0.0006%3
TRL_1 -0.0319 -0.0282 -0.0251 -0.0252
TRL_2 -0.0261 -0.0223 -0.0197 -0.0196
TRL_3 0.0145 0.0165 0.0174 0.0171
&F 32 0.0129 0.0090
g
Log likelihood 63.7042 63.4388 63.5398 63.5387 63.5765

*p<0.1, **p<0.05
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[ %5 2-23] AN P24

2y 1 2 3 4 5
A=A -0.0008
LiRdasE -0.0005
Wt &= 0.0021 -0.0001 -0.0007
ol 7 e -0.0021
TP 7|3t 0.0006 -0.0001 -0.0001
A A2 0.0006%3 0.0006%3 0.0006x3 0.0006x3 0.0006%3
TRL_1 -0.0340 -0.0298 -0.0360 -0.0363
TRL_2 -0.0240 -0.0197 -0.0259 -0.0256
TRL_3 0.0063 0.0085 0.0045 0.0039
&F 32 0.0146 0.0209
g
Log likelihood 65.6777 65.6836 65.8196 65.6900

*p<0.1, **p<0.05
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[ F5 2-24] 7838 584 & 4
I 1 2 3 4 5
AREda -0.0025
717bu) g -0.0008
W7 8 0.0040 ~0.0049% -0.0043
Fe 7 B4 -0.0169
S Kk -0.0052+ ~0.0080+x ~0.0083#
SCI 0.0077+ 0.0076% 0.0089%x 0.0096% 0.0099+
E 3] 0.0323%x 0.0201 0.0286% 0.0295% 0.0294x
AAA A -0.0005
TRL_1 -0.1524 -0.1728 -0.1379 -0.1411
TRL_2 -0.0645 -0.0637 -0.1181 ~0.1160%*
TRL_3
3}k -0.0667 -0.0240
&k
Log likelihood 32.6964 23.3278 24.2930 30.8573 30.9832

*p<0.1, **p<0.05
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[ 75 2-25] 8+

ol

o
4 9

SE-E

(2% B)

2y 1 2 3 4 5
FTETE ~0.0047%+
71 7k % 0.0007
NrEE 0.0026 —0.004 -0.0024
e 71 B -0.0008
TP 7] 2r 0.0010 -0.0024 -0.0030
SCI -0.0013 -0.0034 -0.0024 -0.0028 -0.0024
=5 0.03303 0.0292x3 0.02933 0.03023: 0.03023
<EERCE! -0.0001
TRL_1 0.1525%* 0.12533 0.1394: 0.1375%:
TRL_2 0.0235 0.0196 -0.0003 0.0018
TRL_3
Sh a2 —0.0760%: -0.0483
SR
Log likelihood 77.9349 58.9893 62.7028 64.7996 65.8717

*p<0.1, **p<0.05



[ 5 2-26] =o@e] &A =4 AA(EF A)
2y 1 2 3 4 5
= 0.0000 0.0000
T3 73 0.0000 0.0000
SCI 0.0000 0.0000 0.0000
=3 -0.0000= ~0.00005 —0.00005
A A 0.0046 3 0.0046%3 0.0046x3 0.0046x3 0.0046%
TRL_1 -0.0003 -0.0004 -0.0002 -0.0003
TRL_2 0.0006x 0.0006% 0.0005 0.0005
TRL_3
& 32 -0.0003 -0.0002
g
Log likelihood 2271.8074 229.6903 230.2451 221.2518 2271.3797

*p<0.01, **p<0.05
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[ 75 2-27] so¥e 294 aEA A3H(E¥ B)
2y 1 2 3 4 5
= 0.0000 0.0000
T3 73 0.0000 0.0000
SCI 0.0000 0.0000 0.0000
=3 -0.0000= ~0.00005 —0.00005
A A 0.0046 0.0046%3 0.0046x3 0.0046x3 0.0046%
TRL_1 0.0001 0.0000 -0.0002 -0.0002
TRL_2 0.0004 0.0004 0.0003 0.0003
TRL_3
& 32 -0.0001 -0.0001
g
Log likelihood 380.3847 381.6844 381.8859 379.6485 379.7473

*p<0.01, **p<0.05
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2y 1 2 3 4 5}
A=A -0.0015
LiRdasE 0.0006
Wt &= -0.0014 -0.0022x -0.0013
ol 7 e 0.0029
TP 7|3t -0.0002 -0.0012 -0.0016
A A2 0.0051 #3 0.0050%3 0.0051 #3 0.0050x3 0.0051 *x
TRL_1 -0.0081 -0.0200 -0.0124 -0.0155
TRL_2 0.0025 0.0057 -0.0084 -0.0046
TRL_3
&F 32 —0.04635% -0.0330
g
Log likelihood 61.7954 596.5162 98.9619 59.6323 60.5978

*p<0.1, **p<0.05
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(& %5 2-20] Fave 444 2984 AvHLY B)
2y 1 2 3 4 5
Ar=da —0.0015%*
iR 0.0002
NdEE 0.0006 -0.0018* -0.0010
e 71 0.0004
T 717k 0.0001 -0.0007 -0.0010
BAA 3 0.00503 0.0048x3 0.0049x3 0.00493 0.00493
TRL_1 -0.0244 -0.0337 -0.0283 -0.0278
TRL_2 -0.0061 -0.0063 -0.0135 -0.0117
TRL_3
53 2] -0.0369 -0.0251
R
Log likelihood 90.2439 85.2693 87.1960 87.5374 88.1182

*p<0.1, **p<0.05
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2y 1 2 3 4 5}
dREde 0.0011
iRl ke -0.0022
Ut = 0.0021 0.0020% 0.0016
ol 7] e 0.0046
T 7|3t —0.0112xx ~0.01095 ~0.0100x3
SCI 0.0391 5 0.0318: 0.0336%* 0.0349x* 0.03505
=3 0.0199%x 0.0182: 0.0152: 0.0208:* 0.01983
AAA A -0.0004
TRL_1 0.0341 0.0531 0.0620 0.0645
TRL_2 0.0788 0.0866% 0.1010%x* 0.0995%
TRL_3
&F 32 0.1021* 0.0479
& FA
Log likelihood 40.9888 34.3558 36.0160 41.4276 41.7628

*p<0.1, **p<0.05

- 280 -



7Y 1 2 3 4 5
dREde -0.0012
21 7ke) -0.0010
NEE 0.0007 ~0.001 13 0.0000
ol 7)1 B ~0.0204
T3 7] 7k -0.0025% ~0.00375 ~0.00583
SCI 0.0099: 0.0125%: 0.0107: 0.0107: 0.0105:
55 0.0288 0.0215%x 0.0246% 0.0259sx 0.0284x
BAA 0.0001
TRL_1 0.0225 0.0033 0.0085 0.0023
TRL_2 0.0408 0.0329 0.0294 0.0330
TRL_3
&} 2k 2] ~0.1168x
&3
Log likelihood 83.38239 67.40733 72.63329 75.37703 81.96005

*p<0.1, **p<0.05
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(% 55 232 9438 594 2% A A)
=3 1 2 3 4 5
e
¥ 74 %
WUitd &= 0.0048x 0.0047+
Zol 7 w4
R Eds -0.0083* -0.0082x*
SCI -0.0065 -0.0070 -0.0037
53 -0.0013 0.0009 -0.0008
AAA A 0.0009% 0.0009: 0.001 0% 0.00073 0.00083%
TRL_1 -0.0728 0.0083 —0.1599x: -0.1251
TRL_2 -0.0182 -0.0386 -0.0018 -0.0065
TRL_3
s} 3F 2] -0.0476 -0.0364
g2
Log likelihood 15.6831 15.7637 15.8608 19.7677 19.9371

*p<0.01, **p<0.05
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=4 AaH(E

2 B)

2y 1 2 3 4 5

AR EAT

%17k 4
U= 0.0004 0.0003
Zol 7 B
T3 711k -0.0027 -0.0026
SCI -0.0018 0.0042 0.0111
=5 -0.0026 —0.0095% —0.01303%*

BAA 3 0.0010%3 0.0010%: 0.0011 3 0.0009x: 0.00093
TRL_1 0.2131 0.3802x3 -0.0308 -0.0012
TRL_2 -0.0145 -0.0565 -0.0383 -0.0423
TRL_3
&} 3 2] -0.0979 -0.0309
Rl

Log likelihood 20.6311 22.0122 23.0876 20.5467 20.6827

*p<0.01, **p<0.05
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723 1 2 3 4 5
AEEA= -0.0056
W 7ku) A -0.0110
Uitd & 0.01355: 0.004 8 0.0047
ol 7] B -0.0007
S AP —0.0084 -0.0083x -0.0082x
SCI
=3
AAA A3 0.001 3 0.00093 0.0010%: 0.0007 0.0008
TRL_1 -0.0670 -0.0073 —0.15995 -0.1251
TRL_2 -0.0693 -0.0753 -0.0018 -0.0065
TRL_3
sl &k -0.0364
Ap g2
Log likelihood 20.5890 15.3976 15.7121 19.7677 19.9371

*p<0.1, **p<0.05
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(% 5% 2-35 93¢ A4

7Y 1 2 3 4 5
dREde -0.0025
21 7ke) -0.0224
NEE 0.00935x 0.0004 0.0003
ol 7)1 B -0.0071
T3 7] 7k -0.0041 -0.0027 -0.0026
SCI
55
BAA 0.0010%x 0.0009sx 0.0010 0.0009 0.0009:
TRL_1 -0.0434 -0.0215 -0.0308 -0.0012
TRL_2 -0.0419 -0.0441 -0.0383 -0.0423
TRL_3
&} 2k 2] -0.0244
&3
Log likelihood 21.9505 19.8458 19.9243 20.5467 20.6827

*p<0.1, **p<0.05
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2y 1 2 3 4 5}
dREde -0.0015
iRl ke -0.0082
Ut = -0.0040 -0.0008 -0.0019
ol 7] e -0.0086
T 7|3t -0.0093 -0.0091 -0.0087
SCI 0.01673x 0.0106 0.0110%x* 0.0140%x* 0.01635
=3 0.0163%* 0.0024 0.0022 0.0044 0.0044
AAA A 0.0008
TRL_1 -0.1285 -0.0887 -0.0786 -0.0313
TRL_2 —0.1829: —0.1766%: -0.0807 -0.0792
TRL_3
&F 32 0.0779 0.14823
& FA
Log likelihood 11.1640 7.2623 3.0808 3.4864 10.1849

*p<0.1, **p<0.05
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£ R 2-37) A9 Ee
2y 1 2 3 4 5
Ar=ds —0.00835
H1 7k % 0.0008
NEE -0.0044 -0.0017 -0.0012
el 7l B -0.0107
T 711k 0.0007 -0.0132 —0.0133%x*
SCI 0.0011 -0.0083 -0.0086 -0.0023 -0.0034
=5 0.03053% 0.0147523 0.0149x: 0.0179x: 0.0179%3
AR A% 0.0012%
TRL_1 -0.1023 -0.1433 -0.0345 -0.0561
TRL_2 -0.1066 -0.1131 0.0398 0.0391
TRL_3
&3] -0.1044 -0.0677
8134
Log likelihood 21.7267 6.4809 1.2927 9.6891 10.0597

x*p<0.1, **p<0.05
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[ % 2-38] AT EIY 8RN AR(EY A)
2y 1 2 3 4 5}
NdEE -0.0037 -0.0034
A 71 3F 0.0015 0.0006
SCI -0.0001 0.0010 0.0006
=35 -0.0011 -0.0021 -0.0020
A 43t 0.00083 0.00083 0.00083 0.001 2 0.00123
TRL_1 -0.0744 -0.0795 —0.0851* -0.0827
TRL_2 0.0094 0.0100 -0.0194 -0.0043
TRL_3
Sh k2 -0.0133 -0.0096
SR
Log likelihood 18.8736 20.0138 20.0748 22.71954 22.8169

*p<0.01, **p<0.05
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(% %% 2-30] 4% 294 2

24 23

(2% B)

2y 1 2 3 4 5
A= —0.00273x* —0.0026%*
el 7] 95
R Eds 0.0023 0.0019
SCI 0.0006 0.0011 0.0007
55 -0.0008 -0.0013 -0.0012
BAA 3 0.00083 0.0008x3 0.0008x3 0.0011 3 0.001 13
TRL_1 -0.0319 -0.0373 -0.0502 -0.0489
TRL_2 -0.0034 -0.0028 -0.0441 -0.0363
TRL_3
53 2] -0.0144 -0.0049
A
Log likelihood 25.9154 26.4188 26.5975 29.9675 29.9834

*p<0.01, *¥p<0.05

- 289 -



LR 1 2 3 4 5
AREAF 0.0008
7k 0.0006
& ~0.0093s ~0.0036% -0.0034
e 71 0.0151 %
8717k 0.0006 0.0015 0.0006
BAA 4T 0.001 8 0.0008s 0.0008 0.0012s 0.0012s
TRL_1 -0.0485 -0.0512 -0.0851 * -0.0827
TRL_2 0.0073 0.0075 -0.0194 -0.0043
TRL_3
&} 3 2] -0.0065 -0.0096
R
Log likelihood 27.1377 18.9246 18.9389 22.7954 22.8169

*p<0.1, **p<0.05



723 1 2 3 4 5
AEEA= -0.0006
71 7h) 0.0021
Uitd & —0.0054 =0.00273* -0.0026%*
ol 7] B 0.00895
S AP 0.0018 0.0023 0.0019
SCI
=3
AAA A3 0.00145 0.00083:« 0.00083 0.001 1 0.001 1
TRL_1 -0.0173 -0.0226 -0.0502 -0.0489
TRL_2 -0.0045 -0.0040 -0.0441 -0.0363
TRL_3
sl &k -0.0127 -0.0049
Ap g2
Log likelihood 33.7829 25.6892 25.8344 29.9675 29.9834

*p<0.1, **p<0.05
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a4 addEs 23 (ERE A)

kol

[ 5% 2-42] A4 3

2y 1 2 3 4 5}
AH=d= -0.0037
iRl ke 0.0004
Ut = 0.0031 -0.0007 -0.0008
ol 7] e —0.0525%

T 7|3t -0.0025 ~0.0052x3 ~0.0052+3
SCI 0.0003 0.0061 0.0062 0.0055 0.0055
=3 0.0286%3 0.02173x 0.0224 3 0.0197x: 0.0196%

AAA A -0.0004
TRL_1 -0.1941 -0.2001 -0.1631 -0.1628
TRL_2 -0.0284 -0.0377 -0.0770 -0.0762
TRL_3
&F 32 -0.0537 0.0065
& FA
Log likelihood 17.2634 7.4395 7.6781 11.6397 11.6437

*p<0.1, **p<0.05
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2y 1 2 3 4 5}
dREde -0.0062+*
iRl ke 0.0001
Ut = 0.0051 5 -0.0004 -0.0006
ol 7] e -0.0017
T 7|3t -0.0011 -0.0019 -0.0021
SCI 0.0091 5 0.00905 0.0089 0.0089 0.00895
=3 0.0273#x 0.0216% 0.0213%* 0.0208:* 0.01983
A 3= ~0.0005%3
TRL_1 -0.1437 -0.1417 -0.1368 -0.1342
TRL_2 -0.0120 -0.0088 -0.0325 -0.0265
TRL_3
&2 0.0183 0.0541
S
Log likelihood 39.1593 24.1912 24.2863 26.7375 217.6346

*p<0.1, **p<0.05
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(¥ 22 2-44] 345 w74 2984 A=Y A)
2y 1 2 3 4 5
Ut E 0.0000%: 0.0001 53

o] 7 B
T 7|k —0.0000: —0.00003:
SCI 0.0000 0.0000 =0.0000s3
53 0.0000 0.0000 =0.0000s3
AAA 2 0.0005% 0.0005%: 0.0005%: 0.0004 0.00043
TRL_1 0.0001 0.001 15 0.0000 0.0001 53
TRL_2
TRL_3
5} &k 2] 0.0005%: 0.00003:
A
Log likelihood 58.8723 58.8921 64.0704 72.4046 7'7.4202

*p<0.01, *¥p<0.05
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(¥ %2 245 345 F9A N ALY B)
=3 1 2 3 4 5
e
¥ 74 %
WUitd &= 0.0000 -0.0000
Zol 7 w4
AFR 7] 3T 0.0000 0.0000
SCI 0.0000 0.0000 0.0000
53 0.0000 0.0000 0.0000
AAA A 0.0005% 0.0005% 0.0005% 0.0005 0.0005%
TRL_1 0.0000 0.0000 0.0000 0.0000
TRL_2
TRL_3
s} 3F 2] 0.0000
g2
Log likelihood 87.2943 87.7999 87.8275 36.8193 88.2067

*p<0.01, **p<0.05
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2y 1 2 3 4 5
dREde 0.0000
71 7k % 0.0000
NrEE 0.0001 3 0.00003 0.0001 5
e 71 B —0.0000:
TP 7] 2r —0.0000%3 ~0.00005 ~0.0000x3
A 0.0005 0.00053% 0.00053% 0.0004 53 0.00043
TRL_1 -0.0002 -0.0001 0.0000 0.0001 #3
TRL_2
TRL_3
&F a2 0.0001 0.0001 5
A} S 2]
Log likelihood 77.9620 58.5547 58.9136 72.4046 77.4202
*p<0.1, **p<0.05
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$2 2-47] BASE AAA

2y 1 2 3 4 5
A=A 0.0000
LiRdasE 0.0000
Wt &= 0.0000 0.0000 0.0000
ol 7 e 0.0000
TP 7|3t 0.0000 0.0000 0.0000
A A2 0.0005%3 0.0005%3 0.0005%3 0.0005 0.0005%3
TRL_1 0.0000 0.0000 0.0000 0.0000
TRL_2
TRL_3
&F 32 0.0000 0.0000 0.0000
g
Log likelihood 87.3438 86.5459 87.4471 86.8193 88.2067

*p<0.1, **p<0.05
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[ 55 3-1] ESS 284 29 =47 A)

A 1 2 3
Ut E 0.0126
T 73 0.0065

SCI 0.014419x 0.014908

55 0.027521 %> 0.030374>

TRL_1 0.167705x 0.152432x
TRL_2 -0.0155 0.0408
TRL_3
714 -0.21078x -0.3352
714
=A714
=427 -0.0488 -0.1356
o 8} -0.1462x -0.2090
SESS

7] €}

35

el

B =Y 0.1183 -0.0420

g3 0.0377 0.0036

=4

Log likelihood 22.6881 19.9997 -4.1785

*p<0.1, **p<0.05
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g 2 3
UtdE -0.0091
T 7)1k 0.0054

SCI -0.0010 -0.0003
E 3] 0.0324 0.0330%x
AAA 3
TRL_1 0.0483 0.0358
TRL_2 -0.0140 -0.0049
TRL_3
714 -0.0803 0.1290
3714
FA714
=279 -0.0399 0.0416

o 3} -0.0455 -0.1659
AT

7] €}

45

#HH1

22 0.0374 -0.2878

93 0.0408 -0.0646

He4q
Log likelihood 37.4533 36.9898 1.0273

*p<0.1, **p<0.05
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3

4

TRL_3
71 ¢
714
=774
2714
ok
A2
7] e}
43
#el
H22
Ha3
24
Log likelihood

0.1219s:
0.0188
0.0977

0.0476

10.7545

0.11071 %
-0.1587:
0.0708x

0.1617
-0.0719

18.2142

0.0015
-0.0163
0.1122%x

0.0123
0.0790

13.3702

-0.0034
—0.0130%x*
0.1147x:

0.0647

13.2039

*p<0.01, **p<0.05
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3

4

TRL_3
o714
714
=714
FTa71¢

o st
ATAa

7] e}

A5
#el
g2

@23
ey
Log likelihood

0.1220%
0.0188
0.0977

0.0476

10.7545

0.1102%3
-0.1588
0.0709%

0.1618%
-0.0719

18.2142

0.0015

-0.0163*
0.1123s:

0.0123
0.0790

13.3702

~0.0034
~0.0130%x
0.11475x

0.0647

13.2039

*p<0.01, **p<0.05
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g 1 3 4
NS -0.0260 -0.03031
S ks -0.0090 -0.01053

BAA 33 0.1225%s 0.1095% 0.1144sx 0.120353:

TRL_1 0.3670 0.5196:
TRL_2 0.3928 0.6294
TRL_3
7]
3714

=714

2714 -0.2577% 0.037489

o 8}

AT

71 &

g7

241

#E2 -0.3770%x -0.0118
43 -0.6328 -0.1005
A=
Log likelihood 4.7085 41.8419 2.0617 1.9875

*p<0.1, **p<0.05
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[ 5= 3-6] ESS A4k 89l

e | ot
[

4

o | o

4 2
A
L

SCI

]

BAA A3 0.1196%
TRL_1 0.3368
TRL_2 0.3754x
TRL_3
o714
3714

714
2714 -0.2707x
off &}
A
7] e}
45
#91
He2

[
ol

93
924

Log likelihood 4.6786

0.1094 s
0.54805
0.6294 3

-0.4327+x*
-0.6327+x*

41.9525

-0.0261
-0.0069

0.1139%

-0.0420
-0.1136

2.0952

-0.0277
-0.0074x

0.1190%x

0.0058

*p<0.1, **p<0.05
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kol

-

=
R

A 2t

TRL_1
TRL_2
TRL_3
7]
3719
FA714
=714
o st
A
7] €}
45
#HH1
2
H43
He4q

Log likelihood

0.0311

0.0149

0.0558

0.1824

3.8297

0.0296
0.0100

0.0414

-0.1325

4.1929

-0.03745
-0.0043

0.0985

—0.2579%x*

5.6330

*p<0.1, **p<0.05
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ofl

e

0.0064

-0.0121
SCI -0.0179 -0.0195

E3 0.0717xx 0.0761 %
BAA A
TRL_1
TRL_2 0.0284 0.0047
TRL_3
714
714
=714 0.3443% 0.3773
a7
o &
A2
7] €}
g5
A91
HE2
A93
=4
Log likelihood 13.3458 9.9265

0.0453 -0.1648

-1.6845

*p<0.1, **p<0.05
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A 33
TRL_1
TRL_2
TRL_3
71
714

A7
&7
o 8t
AT
7] e}
4
He1
2
g3
He4
Log likelihood

0.01173:

-0.0356

-0.5929

6.4269

0.0070%x

-0.0226

-0.1227
5.2661

-0.0238
0.0018

0.0067

-0.1635
5.9607

-0.0169
0.0024

0.0114s:

-0.5508

6.7071

*p<0.01, **p<0.05
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A 33
TRL_1
TRL_2
TRL_3
71
714

A7
&7
o 8t
AT
7] e}
4
He1
2
g3
He4
Log likelihood

0.0124s

-0.0606

-0.6552

6.4269

0.0075%x*

0.1105

0.1009

5.2661

-0.0187
0.0006

0.00745x

-0.1067

5.9607

-0.0132
0.0006

0.0121 5

-0.6087

6.7071

*p<0.01, **p<0.05

- 307 -



(% 52 3-11] A953 YA

1

jd
o | ot

3

4

AR

Al
1=

7

L

A
N,

3
A% A 3
TRL_1
TRL_2
TRL_3
o719

719

TAY

=714
et
A4
7] e}
4
#el
92
HH3
24

Log likelihood

0.010246x3

-0.00309

-0.36273*

18.14974

0.007535%*

0.006319

-0.04147

16.52584

-0.01344
0.001
0.007349x

-0.06533

18.26438

-0.01019
0.001044
0.010085%

-0.34452:

19.35604

#p<0.1, *xp<0.05
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% 3-12] A Yy

o | ot

7

SCI

]

BAA 37
TRL_1
TRL_2
TRL_3
7]
3714

4714
=z
<

o |t

4 2
o

_

Jim
ol

Y
e

P
2

—

o oo ook ot g N 12
w

AL L )
A}

>

Log likelihood

0.0075%x*

0.0036%

0.0010

69.8566

0.0075%x*

0.0035%

-0.0013

70.3235

-0.0006
0.0002

0.0075%x*

-0.0019

69.4915

-0.0005
0.0002

0.0075%x

0.0003

68.6855

*p<0.1, **p<0.05
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284 8 AAT(EEY A)
ny 1 2 3
N7t & 0.0146%:
73 -0.02245
SCI -0.0046 0.0002
E3 0.0197 s 0.021 3
BAA A
TRL_1 0.2683: 0.3556%:
TRL_2 0.0772x 0.0950
TRL_3
7] ¢ -0.3239 ~0.6717xx
7149 -0.43073 -0.041 15
1714
F2714 ~0.2481 -0.3920%
o st 0.2221 % 0.0752
A4
7] €}
5
&
HEH2 0.4317+ 0.1095
=3 0.0714 0.1394
# =4
Log likelihood 26.6785 7.2701 8.6071
#p<0.1, **p<0.05 ;
%]
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[ F5 3-14] &~vlEO8E 884 8 AT(2Y B)

g 1 2 3
N7t E 0.0202x:
3713k ~0.0304x

SCI -0.0058 0.0035

E 3 0.02273: 0.0186::

BAA A
TRL_1 0.0242 0.1231
TRL_2 0.1153x 0.0905
TRL_3
714 -0.0041 ~0.4149xx
3714 -0.1346 -0.8698
714
=274 0.0531 -0.1209
o st 0.3933 0.28505x
AT A
7] €}
5
#HeE€1
H=2 -0.1379 -0.6061 5
3 0.1614sx 0.1733x
=4
Log likelihood 22.3482 13.1987 7.5330

*p<0.1, **p<0.05



2y 1 3 4
NEE 0.0048 -0.0020
T3 7171 -0.0083#x 0.0050

AAA A3} 0.0114sx 0.0110% 0.0112+x 0.0113%
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Environmental, Energy, and Engineering Economics Major
The Graduate School

Seoul National University

This thesis analyzes the efficiency of government energy R&D
and consists of three essays.

The first essay is ‘'evaluating the efficiency of government
energy R&D'. Based on the 3-STAGE Data Envelopment Analysis
(DEA) model, the efficiency, effectiveness, and productivity of
government energy R&D were evaluated at the program level and
project level, respectively.

The second essay is ‘a budget portfolio study of government
energy R&D’. Using DEA slack analysis, a methodology is
proposed to translate the results of the efficiency, effectiveness,
and productivity assessment of government energy R&D into R&D
budget portfolios, and a sensitivity analysis is conducted to
examine how efficiency and productivity change with increasing

inputs.
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The third essay is ‘analyzing the factors affecting the efficiency
of government energy R&D’. Tobit Regression model was applied
to analyze the factors affecting the efficiency, effectiveness, and
productivity index of government energy R&D.

The research results of these three essays can be summarized
as follows. First, we found that the scientific and technological
efficiency of R&D does not necessarily guarantee economic
productivity and effectiveness. And since effectiveness and
productivity are strongly positively correlated, it was determined
that improving effectiveness is a prerequisite for improving
economic productivity. In addition, the results of the returns to
scale analysis showed that it is appropriate to maintain or reduce
the scale of the program from the perspective of scientific and
technological efficiency, and that it is necessary to expand the
scale of the program to improve productivity.

Comparing the results of the program-level and project-level
analyses, we found that the correlations between efficiency,
effectiveness, and productivity were the same at both the
program and project levels. However, returns to scale showed
different results at the program and project levels. This suggests
that increasing returns to scale is appropriate from a
productivity perspective at the program level, but should be
applied differently at the project level depending on the
characteristics of individual projects.

Second, this study provides a methodology for translating the
results of the efficiency, effectiveness, and productivity
assessments of government energy R&D into R&D budget
allocations and derives an appropriate budget portfolio. For
projects with increasing returns to scale (IRS) characteristics, a
10% increase in government expenditure improved efficiency by
about 26.1%, and a 20% increase improved efficiency by about

37.5%. In terms of productivity, programs with economies of
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scale were found to be about 11.3% more productive with a 10%
increase in government expenditure, and about 21.4% more
productive with a 20% increase. A 20% increase in government
expenditure was associated with a one-step increase in the
productivity ranking of the program.

Third, we found the following factors to improve the
performance of government energy R&D. First, we found that a
bottom-up competition, i.e. a method that grants autonomy in
research planning, generally increases the scientific and
technological efficiency of R&D. However, in terms of
effectiveness and productivity, top-down funding was analyzed to
be more favorable.

However, unlike the program-level analysis, which found a
positive effect of increased government funding on efficiency and
productivity, the project-level analysis found no statistical
significance that increased government funding had a positive
effect on the efficiency, effectiveness, and productivity of
research projects. On the other hand, in sectors where public
firms have a significant impact on the market, there is a
statistically significant increase in effectiveness and productivity
with an increase in corporate engagement. It was concluded that
corporate engagement inputs can be seen as an indicator of the
likelihood or willingness of a developed technology to be
commercialized by companies to participate.

By type of organization, universities and research institutes
were found to have higher scientific and technological efficiency.
Except for the renewable energy sector, there was no statistical
significance that large enterprises were more effective and
productive when they were the lead organizations.

The simpler the type of collaboration, the higher the efficiency,
effectiveness, and productivity, and except for some programs.

This is evidence that collaboration is not linked to R&D
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performance, and there is a need to introduce a system to
streamline  external collaboration among domestic R&D
organizations.

From the above analysis, the following implications can be
drawn. In order to improve effectiveness, structural
transformation to demonstration-type projects, expansion of
top-down system, participation of public enterprises, and
expansion of government expenditure to program may be helpful,
and cluster management to facilitate inter-institutional
cooperation may be important.

The significance of this study is that it provides a new
perspective on R&D efficiency analysis, namely 3-STAGE. The
3-STAGE DEA methodology presented in this study can be used
to derive recommendations for improving the total efficiency,
effectiveness, and productivity of national R&D expenditures
based on returns to scale and sources of inefficiency. Unlike
efficiency discussions, which wusually result in expenditure
reductions, the 3-STAGE DEA methodology is expected to
facilitate the identification of strategic directions for improving

efficiency, effectiveness, and productivity.
keywords : 3-Stage DEA, R&D Efficiency, R&D Effectiveness, R&D

Productivity, R&D Budget Portfolio, R&D Effectiveness Factors
Student Number : 2011-30289
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