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o CHMRINS F= MHIAAR0| MIHMOS WEHs uiH, Sxtal SH2 HEY
0l MLHFO= WEHst EAO|H, MBS ATFE S Al

o CHXO| CHHITHLST, IUSHISLIAUE T4, MEY SO -1}
SEXIY ZHYE, MBAl 2 SHITA SY S wEs SYA| AR
o ey STED AUS

o Ol0] SN UEH Al sl Xloiz MRUS 2 IS SElsts o
Aol ALXIS T SHES S8 SYPMAC Su MIYos B

o S ZM2 CRMAIY MY (MHIAY ST MS - S - SHAIY M (HE

o Sah) el oA - H2rHE 23 617| floll S A2 LHE EAA L] TS
£ St ZHgY YoE =55 A

II. HYBHI2 HE

4/28

M XIYUHESE4 M0Hl HIS =01

AR SHE KOSISo A HlA

2005~2015
A e 2005 | 2007 | 2009 | 2011 | 2013 | 2015 Apoje| 3t
Ay & 2,28 | 2,25 | 2,29 | 2,29 | 2,26 | 2.23 -0.05
=g 0.23 | 0.22 | 0.17 | 0.16 | 0.13 | 0.11 -0.12
2¢ 0.16 | 0.07 | 0.06 | 0.08 | 0.11 | 0.18 0.02
H=Y 1.21 | 1.27 | 1.25 | 1.20 | 1.30 | 1.37 0.16
I, 7t~, 7| & =AY 1.39 | 1.52 | 1.33 | 1.60 | 1.52 | 0.96 -0.43
HHY 250 | 1.93 | 1.93 | 2.31 | 2.00 | 1.62 -0.88
MH|A S FHA| 2.90 | 2.87 | 2.93 | 2.98 | 2.90 | 2.85 -0.05
o W A 2,61 | 2,58 | 2,45 | 2,33 | 2.23 | 2.15 -0.46
2 1.85 | 1.76 | 1.73 | 2.03 | 2.06 | 1.92 0.07
=8} 5l SAH 270 | 2.71 | 2.61 | 2.63 | 2.77 | 2.73 0.03
ST g UEEM Y FEMH[A | 1,70 | 1.67 | 1.59 | 1.58 | 1.56 | 1.59 -0.11
=2 % 28y 2.25 | 2.30 | 2.28 | 2.38 | 2.24 | 2.17 -0.09
FSM A oy 2,73 | 2,69 | 2,68 | 2.81 | 2.75 | 2.68 -0.04
AlHMH| A 4.57 | 417 | 4.64 | 4.62 | 4.47 | 4.52 -0.06
SSHE, DY AzIEZ EE 3.59 | 3.63 | 3.67 | 3.79 | 3.30 | 3.32 -0.27
DEMH|AY 3.59 | 3.54 | 3.55 | 3.56 | 3.52 | 3.40 -0.18
HY 9 AlS|= x| AMH| A~ Y 3.36 | 3.36 | 3.35 | 3.36 | 3.34 | 3.19 -0.18
231 ¥ 7|el MH[AY 2.62 | 259 | 2.65 | 2.77 | 2.81 | 2.75 0.13




II. HMZHC e 5/28
[I'II I' 5 %II HI# $0| ALE . SAHE KOSISOIA A4t
A g AlHAIS 7 1= EAAE 7=
2011 | 2013 | 2015 | 2011 | 2013 | 2015
=9, e 2 ol 0.16 | 0.09 | 0.13 | 0.36 | 0.30 | 0.29
29 0.04 | 0.09 | 0.09 | 0.04 | 0.08 | 0.09
M= 0.67 | 0.67 | 0.65 | 0.54 | 0.53 | 0.53
M7\, 7k, B7| 2 =AY 0.50 | 0.56 | 0.64 | 1.29 | 1.36 | 1.32
sl -HIZIE Azl HE2AM 3 A=Y 0.68 | 0.61 | 0.54 | 0.84 | 0.72 | 0.69
Fal= 1.02 | 1.03 | 1.01 | 0.99 | 0.93 | 0.97
=of 2 A0y 1.03 | 1.04 | 1.04 | 1.04 | 1.03 | 1.02
24¢ 1.05 | 1.00 | 1.08 | 0.99 | 0.96 | 1.00
=H 5l S2IFY 0.95 | 0.97 | 0.98 | 1.00 | 1.03 | 1.02
EE, GM, WEEM G FHMH|AY 0.97 | 0.96 | 0.93 | 0.78 | 0.86 | 0.87
22 % 58y 1.15 | 1.13 | 1.16 | 1.16 | 1.11 | 1.17
sS4y 3 ol 0.99 | 0.99 | 0.98 | 1.12 | 1.13 | 1.02
M2, 33t gl J|E MU|AY 1.05 | 1.02 | 1.00 | 1.53 | 1.52 | 1.47
ArgfAl e 22| 3 AR AH[A 1.17 | 1.16 | 1.11 | 1.34 | 1.33 | 1.30
SSHE, IH U AS|EE #E 0.72 | 0.72 | 0.77 | 1.34 | 1.29 | 1.29
s MH|~Y 1.10 | 1.10 | 1.08 | 1.20 | 1.27 | 1.27
HAY S AISSX] MH|AY 1.22 | 1.23 | 1.22 | 1.21 | 1.22 | 1.22
o=, AFE= 1 0{712H AH|A R 1.12 | 1.14 | 1.12 | 0.96 | 0.91 | 0.93
2l ¥ oAl 2| F 7|EF 7H2! AMH| A 1.08 | 1.10 | 1.10 | 1.10 | 1.12 | 1.09
IO. H&BHel A 52
=4 - 5 NGUHSEL AW 2 AH| =01
A 2he] 2005 | 2007 | 2009 | 2011 | 2013 | 2015
SHoY 0.3 0.3 0.2 0.2 0.1 0.1
=224 15.0 15.9 15.7 16.4 17.8 18.2
CHH My|lIA e 1.3 1.3 0.9 1.0 1.2 1.1
Ay 7.1 5.3 4.8 4.9 4.4 3.9
MH|AH ! J|E} 76.3 77:2 78.3 77.5 76.5 76.6
SEHog 7.1 5.8 5.3 4.7 4.4 4.5
oy 42.5 44.2 47.1 53.2 51.4 48.4
SEHE5 | MR SE 3.7 3.2 3.0 2.2 2.5 4.2
pa b= | 7.7 7.3 6.8 5.9 6.3 6.7
MH|A 2 J|E} 39.1 39.5 37.9 34.0 35.4 36.2
sa0iy 3.2 2.7 2.6 2,5 2.3 2.3
2=y 28.5 28.5 28.9 31.5 31.2 29.9
= HI7IA 5 2.1 2.0 1.5 1.4 1.7 2.6
HHY 6.4 6.2 5.7 4.8 4.9 5.4
M|~ 2l 7]E} 59.8 60.7 61.2 59.7 59.8 59.8
ALE : SAHE KOSISO| Af H At
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o
SEHBHA HEXH MUIAMAHO| MK H2AM ZA
o =AU U=
- AW, B 7 SEE3H | 0jXl= T2=nte] 377t FEEZH 7 o
A0l OjX[= Tt=zate| of SH| +=E2 = H|HEX0[2= E
- 2, SEEEAH A5+ SO UEBH 0X= HEL S50t FE N
H~arof 24 o 3ot 28citt= & g4

r

- AW, BHEFAN 28 L Y, SN L ¥, SA00Y RESMS HF
42 S7Hs R Go| MH|AMAS0 Y3 ABTTHIE 0/X =0
2 38 % 2YY E54 Y AUNUIAEEN BEEE Y 2

o =X o E§

- AW, QIMX|Y HIMB|AY X E+Q 70| AMH|AY AtE mtgsits
Q9 SEHEX|IECE T2 2 HOE |5

- EWN, EYEX| Y HAME|AY XE+2 FI0| MH|AY AE DtEa0t Al &
HEXYGELCH: F2 S HX|Goz M|

- M, S A Q22X E MU AMY & ES| 2ADY, 4 Y g2 28
& BES4 8 AR ME|A, O2|10 AtE| 9 T|EF ME|AZS
HUY =0 S£295| 228517 Ot H & A

1. CHXO} SXM0| A A HQIAM I SHIMXE TS A
. 0 So —eT ol o oo Jloco 8/28
xg A 9_'. X d AN O'IQIAO'II-I Al &EA
SEHAZHA HEXIH MU AAMAO MAM HAM FHN
o = A -3 ol=
—_ = o A = —1 [=] = = AA = ’
o CHEX|HMIM 2 MHEE 2 Ex2 SII(1HA)IIUAS I
==L = A =l =] He iy e | |
E:E'F-I' Eq'xlc—’ldol 'I'°°“0I‘= *n_l'ga *._I‘EH-I'ES’.F.I' =2 oo ma
CHAS HESe Mulag LS
19 Sot e | = |23y E gk delse s - I T N N T AR
Sutas oo m3 e —= m3 =anj .:Iu—uI:;L P EH._' I =Y -rfﬂ' = T:—:':—gun 1371* 71et ek =3
al A — 3 Al o
& At ol =t} HES 2EH  |AHAMd]A 2 FHE | 2H MH[A
EEE 2,084 | 595 | 148 | 314 [2,143 | 409 |7,903 | 217 | 337 | 244 492 919 | 522 | 797 |[9,586(1,175
=9 7.477 (14,997 5,807 [15.794| 9,756 | 3,403 |21,189(11,129{3,259| 1,660 | 3,519 | 4,516 | 6,262 [10,072(32,55412,557
oe2f, Jl~ &= | 869 | 1,550 | 8,000 | 584 |1,162 | 1,525 [ 1,201 | 376 |1,508| 627 1,417 | 1,040 | 1,281 | 1,457 |1,009(1,583
18 27 63 22 45 34 37 14 | 53 17 114 67 29 40 48 | 34
SLIESR 5| 1,522 | 2,490 | 1,307 | 2,155 | 3,568 | 2,963 | 3,059 |2,276(3,639| 3,013 | 1,623 |1,845|1,531 | 2,611 {13,124 2,786
=2 0f 282 | 317 | 182 | 315 | 3sa | 222 | 914 | 231 | 446 68 120 125 | 1as | 313 | 970 | 324
SAlm ol & 212 | 239 | 145 | 192 |1,170| 356 | 157 | 192 | 298 | 215 416 778 | 378 | 662 [8,252| 565
150 | 611 88 | 432 | 369 | 805 | 397 |1,069| 121 112 127 134 | 132 | 198 | 594 | 483
A ks 202 | 130 | 104 | 129 | 408 | 631 | 193 | 116 |1,618| 372 220 168 | 128 | 305 | 328 | 231
U =E 278 | 259 | 247 | 273 | 481 | 324 | ara | 250 | 226 | 1,862 352 220 | 335 | 376 | 491 | 339
A AjoiMH[~ | 193 | 497 | 320 | 420 | 413 | 411 | 488 | 223 | 708 | 240 232 194 | 228 | 465 | 941 | 447
=8E Y I 4 13 3 10 7 11 10 12 3 3 3 3 3 5 16 10
S YmH 41 58 47 54 65 55 | 106 | 33 | 46 33 29 53 48 53 | 196 | 60
2].7[E} Mu]a~ 29 50 24 a7 | 110 | a3 48 48 | a9 25 42 70 41 72 | 670 | 70
IEt 132 | 316 | 148 | 283 | 191 | 106 | 371 | 101 | 134 83 83 98 | 105 | 162 | 665 | 258
|§7| 11,969 19,656 | 15,325 [18,669|16,675| 8,333 (33,478 (14,012 8,796| 5,560 | 7,166 | 8,387 | 9,626 |14,977(56,411/18,135

HH-ZETE <20055 K| FAE H2tE = 0ff 2|5t Al At
27, TCHERX A ME|A LS| Z3ad Ha2oh,, st= 2 E S =22, 20159,
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= A A A
II. tHE A0 MAX HAM SHIEE Jisd o) 28
SEAHZHA HEXIF MUIAMAO| MAX BAM 24
o St - SEX|AHAM ZI MHHEE £S+2 SIHAHA) I US o,
CHHZXIH0| +5|5l= A1Y M=nE S0 A2 crel s Hel
= - AMy]22 L
EFLHTAY FErR
1 S MY | S8 | e 7L . M2 2 5
h olgt [BEE Lo | PE Mgy | | 842 | o [E82 323 |essw szen|age MRE | B
Loy ot o ws | =@ jeusuRw| =z | G0
oY 93 9 1 5 19 4 52 2 3 3 4 7 5 i 96 15
=¢ 1,831 (1,130| 158 757 834 322 1,047 | 595 280 205 315 492 501 1,102 (3,481 |1,001
M, Jp Y =2 9 50 18 10 20 12 26 8 11 14 14 13 20 34 47 a5
i 15 28 131 30 a7 64 50 26 82 28 339 121 50 73 35 52
TSl Eadi =i | 1,355|2,207| 1,136 |2,179 (3,411 | 3,425 | 2,002 |1,719|5,287| 6,997 2,028 1,646 (1,703 | 2,897 |6,404 (2,567
| 224 185 45 167 216 116 521 123 413 41 59 72 T4 175 566 192
= Ay 68 86 26 73 469 151 54 g2 127 106 152 213 161 278 |3,367| 220
146 569 64 299 207 355 205 3ot 91 215 128 150 144 193 290 397
Al ol Hp== 140 127 a7 117 456 807 178 152 | 1,541 621 251 149 155 428 274 243
U EFH 385 226 127 280 827 450 240 299 288 5,120 551 247 373 445 254 445
FEA A AE] 244 833 687 |1,038| 921 1,301 579 522 | 2,522 646 706 643 506 1,085 | 705 846
A o W 2 6 1 4 3 4 3 3 3 4 2 2 2 3 5 4
= U mH 66 52 40 58 85 74 121 77 60 54 62 47 171 83 a7 64
2| 7 |E} Mu|2 24 38 12 58 122 57 25 98 57 41 51 63 59 101 663 67
133 56 85 45 86 105 110 75 61 186 149 68 59 58 106 183 90
|§7| 3,303 |3,425| 1,443 |2,981|4,370 | 3,827 | 3,178 |2,350|5,664 | 7,247 2,701 2,279 | 2,279 | 4,115 10,064{3,671
= 82 2810] 20084 HAILES <2005 K| QAIQ B > 0f 2|4 5H0] Ak
Rt WEH2|E B8R, TTHEAIS ME|AARS] ZAE HIWet, SR e TiH S L=, 20150,
=< A A A
I (HAi} ZRHO| AN KMl SHIMA JIS A
SHHZHQ WX MHIAMAO| AR N 2y
o SFA H|MH|AY 2SS+ SI M4=0E51012| XY 24| £l %
CHE s | 2 (£=H | J|EXIH | s
SEisAE 81.36 | 7.04 | 2.00 | 1.82 | 7.79 | 100.0
BAHE 45.53 | 4.09 | 11.69 | 0.29 | 38.40 | 100.0
M= (1574 ArY) &A | 57.77 | 5.13 | 3.44 |[11.83 | 21.82 | 100.0
e, I~ Y 2 56.01 | 12.80 | 4.02 | 10.03 | 17.14 | 100.0
val| 94.69 | 0.29 | 0.18 | 3.09 | 1.74 | 100.0
uuﬂf’fj;'== 2N 7.28 | 5.62 | 1.24 |57.76 | 28.10 | 100.0
alp B 7t SAE L &y 22.40 | 12.22 | 3.18 [34.70 | 27.50 | 100.0
5| =40 1C+e) e 34.90 | 2.78 | 5.25 |30.71| 26.37 | 100.0
g”i};iﬂlﬁz S wa 26.70 | 3.27 | 5.63 |49.79 | 14.61 | 100.0
Méﬁig;ﬁm =8 X =EH 26.17 | 5.18 | 2.54 |46.56 | 19.57 | 100.0
XS DaH|(%) | TSM W AIRIAMH[A | 28.98 | 4.27 | 2.01 |54.55| 10.20 | 100.0
ST U =Y 46.78 | 3.34 | 8.85 |20.30 | 20.73 | 100.0
g EH 50.34 | 5.01 | 3.49 |20.67 | 20.49 | 100.0
Atz ™ 7[EF MH|A | 27.16 | 2.05 | 3.43 |56.80 | 10.56 | 100.0
7€} 55.47 | 4.01 | 4.97 |17.48 | 18.07 | 100.0
Hary Al 54.78 | 5.31 | 3.80 [14.90| 21.21 | 100.0
TSRl UE, S, SRRSO MEIAYRE A B 212t HE54+2 189 S/t Zelots AQE AT ST A RE 244
R WEH2I|E] - Be X, TTHEAIS ME|AAeS] ZAE et SR e M THH S L=, 20150,

-7 =




I, (HAD} SHAO| AN HAM} SHIMEL JIS A -
SHAZHQA HHXIS MHIAAO| MRIX BN 2o
o ZFHA HIMHIAY =S+ 7 A=0SE112| X|HY HjE2F M| £r9l: %
CH= s | 2 |£SH | eI | A
SHSME 0.06 | 5.72 |81.81 | 2.60 9.82 100.0
ZAE 0.00 | 0.56 |67.82 | 0.28 | 31.33 | 100.0
M=ei(1570 A+H) A | 0.44 | 4.34 |60.43 | 12,21 | 22.59 | 100.0
ME, I~ W 5 0.54 |13.10 |58.98 | 8.99 | 18.40 | 100.0
_ Fa b= 0.26 | 0.29 |94.40 | 3.26 1.79 100.0
Huﬁﬁféig = 1.43 | 1.35 | 11.41 |57.62 | 28.19 | 100.0
Mo m= ZHaF ZAIA 9l 2o} 1.79 | 3.13 |32.90 | 35.32 | 26.85 | 100.0
Z|ES2 109 2+ 5.73 | 1.61 |34.32 |32.40 | 25.94 | 100.0
%ﬂﬁiﬂléls Mg as 9.00 | 2.48 |23.91 |50.18 | 14.43 | 100.0
ﬂghrigaaﬁm Ss Y = 2.85 | 4.54 |26.05 |46.93| 19.63 | 100.0
xlodw aMH|(%) | TR AIFAMH|IA 8.04 | 2.62 | 23.58 |55.67 | 10.10 | 100.0
SSUA Y = 3.42 | 1.82 |58.72 |18.82 | 17.23 | 100.0
RAEA 6.26 | 4.35 | 47.74 |20.92 | 20.73 | 100.0
ARE] @ 7EF MH|A 2.29 | 1.56 | 25,57 |61.55| 9.04 100.0
71E} 1.67 | 2.58 [59.93 [18.61 | 17.21 | 100.0
Ak A 1.01 4.29 |58.14 | 15.33 | 21.23 | 100.0
TR (E EY, SEX G0N M AQEE ALQ OE 712t XZ40 109 S/ Zefiote AIYE ASTS S ASE 14|
A2 HEIER 2| 5] QIS K|, TOHEX| S MBI AAQIO| 2472 Haetor, 3+ oS (i F E L= = 20159,

=l e

=

I0. CHAD} SHA0| MK HRIA | SHIMZE IS A o
SEAZAHQA HHXIL AHIAMQIO] A X T2y 24
o SFA HIMHIAY 2B+ 71 MELSS 2| A[HE HjEF YH| £l 9%
X | 84 | 85 |53 | JIEXY | 84
SESME 0.23 |86.66 | 1.07 | 2.52 | 9.52 | 100.0
BAE 0.01 |93.94| 1.64 | 0.49 | 3.93 | 100.0
MZEH (1570 2+4) A | 1.09 | 64.71 | 1.31 | 11.90 | 20.99 | 100.0
M, JA W E 0.27 |63.86 | 0.44 [20.75| 14.68 | 100.0
) Ay 0.84 |94.32| 0.27 | 3.11 | 1.46 | 100.0
Huﬁ'lﬁféi_?_ = 6.60 | 6.80 | 0.76 |57.90 | 27.93 | 100.0
Mo m= ZHaF SMEA =Y 10.59 | 26.94 | 1.23 | 36.18 | 25.06 | 100.0
E|=E4Q 10+ 2% 13.77 | 25.65 | 1.90 | 33.99 | 24.68 | 100.0
g’*ﬂ"iﬁ"éiz SR e 8.59 |21.95| 4.99 | 50.87 | 13.60 | 100.0
ﬂ%l_figaaﬁm =S X 28 11.69 | 20.60 | 3.07 | 47.79 | 16.85 | 100.0
xloE adH|(%) | FEM R AIHAMHIA | 13.97 | 21.06 | 0.88 |55.26 | 8.83 | 100.0
SZUIA =Y 9.40 |46.61 | 3.09 |23.13| 17.77 | 100.0
rlog L _tal 10.59 | 44.47 | 1.55 |[22.51 | 20.88 | 100.0
Azl & 7|EF ME|2 6.93 |24.27 | 1.67 |58.17 | 8.97 | 100.0
71E 3.74 |61.11| 1.46 | 19.53 | 14.15 | 100.0
g 8 2.21 |62.23| 1.28 | 15.70 | 18.60 | 100.0

=
2w RBh27| 3]

O, F, S2AG0M Me A0S A 25
QLR K o A AAQIo] 2= K| Tok

22t 5|Z40 1619 7P Zefots A E ABUFSHAIGE At

SRS T S L2, 20159,
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. (T} SAHO| NI HIM{ SHINE JISA
(=]
=

FESMII=0CTIAA 0 XI1Y MUJA A =
o =FAM = MH[ALES] ICTAY S| MUSEIE

[ ==

esarlEse  AHANY | O et o 8% | 89
=40f 0.526 | 0.565 | 0.122 | 0.250 | 0.206 | 0.020
SAME A =4 0.512 | 0.833 | 0.089 | 0.061 | -0.038 | -0.063
25 0.376 | 0.554 | 0.056 | 0.099 | 0.081 | -0.061
SMF LS 0.285 | 0.533 | 0.088 | 0.215 | 0.106 | 0.002

17| 2 xixpy|y| OS2 28 0.130 | 0.276 | 0.052 | 0.110 | 0.030 |-0.017

== FS4 S AFHAMH| X 0.408 | 0.492 | 0.067 | 0.173 | 0.132 | 0.011
S Y I 0.264 | 0.296 | 0.063 | 0.089 | 0.106 | -0.001
ug Y EHA 0.410 | 0.581 | 0.109 | 0.174 | 0.161 | -0.004
Ats| 2 7|t MH| 2 0.527 | 0.548 | 0.142 | 0.297 | 0.232 | 0.046
71} -0.127 | -0.041 | -0.105 | -0.094 | -0.128 | -0.100
=404 0.786 | 0.809 | 0.594 | 0.690 | 0.706 | 0.663
SAE =4 0.432 | 0.574 | 0.193 | 0.096 | 0.027 | -0.001
=25 0.353 | 0.626 | 0.205 | 0.274 | 0.206 | 0.041
=8 % £ 0.121 | 0.339 | 0.220 | 0.278 | 0.087 | 0.074

SMI LS |ESL Y AIHMEH[A 0.522 | 0.851 | 0.329 | 0.323 | 0.483 | 0.267

SSUF Y W 0.283 | 0.369 | 0.244 | 0.223 | 0.232 | 0.196
e AEHA 0.392 | 0.611 | 0.317 | 0.178 | 0.289 | 0.205
Azl & 7|EF M2 0.473 | 0.714 | 0.331 | 0.380 | 0.364 | 0.245
71El -0.020 | -0.032 | -0.065 | -0.086 | -0.075 [ -0.083

== 20054 K| AL HBE(167] K|, 287} A1) 0|2

FiAs HE S SEAGUHM ME[LQ2 2 MY B5 22 £ F4-0 152 S7F Zdfiste MUE METS SO AIFE F4H|
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Abstract

Redistributive and Tax Burden Effects of
Earned Income Tax System Reform since 2008

Park, Jong Seon
Chonnam National University
Jeong, Seeun
Chungnam National University

Korean household income tax system has experienced no little changes in its nominal tax rate
structure and deduction measures since 2008. This paper focuses on the impact on household
earned income of these changes, especially analyzing the impacts on effective tax rates, income
re-distribution and progressivity indices of household income tax system as well as the
distribution of effective tax burden and after-tax-income share across households. These indices
are normally influenced by the way nominal tax rate structure and a variety of deduction
measures are designed. The result of changes in these factors during 2008 and 2014 lowered
re-distribution index and total effective burden rate and increased progressivity and the ratio of
non-tax payers. The decrease in income re-distributive effect seems to be attributed to the
decrease in deduction for wage and salary income. By the way, analysis of income share ratios
of the whole households shows share of lower 40% households has mildly decreased during that
period. As the income distribution of household has been seriously aggravated, the changes in

household income tax system in the last ten years cannot be considered to be desirable.

key words: household income tax system, income redistributive effect, income deduction, tax
credit
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A mAEA T AwE Aol

2.3. A% AR AR OTT Mulx AYRS o] &4

54 2REAHY AGAE o $AZFH Y A& U U F o o ge o

toh GEHY AEls ) AA FEE 12 A5 SEone ISP ABYAH 2 A Fol
A8 A ol& A4 F ol Ak T TYY FAN 2YRA Y B4 5 U9 o
e wm zeny B A Fa) Faze] AEa @bl sbssihu, ol ISP OTT
A4l 23, o) W mevle Aul

3= Sl
Az FE OTT 7FiA 9 p, o Zvd & l% =
AFe 2T vE&L YA 4 3stat. IsPet A A A Ae CP1F B A
OTT AFdAQl CP2& Ztzh Eel= AlF Ayl di7lZ o] §AEZRE p, p, & 23 7}
PAG v ¢ 24 Tt M EA

ol |, Case A9} Case BollA F+ Z®l= AdA 25 ALY M2t o] &dnd 2
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A%71Yg (SP+CPD9 o] &3t & F = ISP7F QlElYl H& o] ek tirt2 dE o] &9l

LRAEYl Aol 23 HASES 7HEstar OTT HHV o] g2} <] TA F7ol
ES JNEIYL Au] 22 7FYAL ol S

dod () o 1A FE JHAA HHY olE 00E Fox Fwursith 2 (4)—
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o

S E
AR BE Zejulg AnsE SPERE ol g3 gt AT olagreln, B F of
L3 AATE o o83 M@ 4 GelAe o] ISP Y Brlz Au o] g4
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{ m =, —c—d)s +(p,—d)s, + F (6))

7y = (p, —c—pf)s2

Aul 2 2E 57 F A $(Case Aol 443

31 BFHEA FA7E e B+ (NN)

WEAA FA el ISPE F e] OTT Avlz Aize] 2El= 448 F56HA
Aelstn EA S RAF F ou HUE PHHOE AET F gtk of W
2ol OTTAH 9] o] & HE AAsl= &85+ 4 (DY Bo==Z, CP1, CP2 9 A

s A2 0, =w—p)/t, 0,=1—(u—p,)/t oIt}
o] wl, CP1, CP2¢| o] &= s} BAE W FdNE p, p, D AHE s, s, o8

* *
T, T, - Oed 2T

plszZT’ 81:82: 2t ) 7['1:7['2: 4t (6)

28], <28 DoAY ARATELS YelAE 0<6, <0, <1 o] BHEHAo} 37 f&
o, T A c<u<c+t olgts JHAo]l AHH ook gt o] 7} stelA 2] (6)e #3

zdo] 22EH, BeA 5 =s5,>0 UL & F Aot

32. BHA #AZE gl A5 (NNN)

321 F 92 AAA BT QoS AM2E o] &3 A (NNND

olA] ISP7} th7IE A Est= CPY Zrlx AFo] thsfl $A Asts Aol F{E=
F&(paid priority)eletar 7Fstat. &, 7 OTT AF9AF =5 QoS7F BAd W An|xE
TFujEta, ZelzMn| 20 AYAE Zulx ALoRRE fu (>0) o E8S At
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o] w =3 ISPt QoS HAsH: W& AFIHEA ol &g It p, & YA IY
T &A CP1e QoS AW~ ol &3t t7te 7h4AY p, & ISPo] A B8 ol T
ISPe] Flo] 7] WEd o] &3ola MZ FaFoe] vhehuA @rEth QoS AFel w
2 WEe 7tYAT d B @ u, CPlol QoS BAE WAH2E AF A ol wmE *
7hu 8- d; otk (p,—d)(1—6,) & CP20] QoS RAE WAu2g AFFoaN A
g CP2 7FYAR ol &olth CP2E QoS AMl2 o] &t ti7t2 7HdAE p, & ISP
2| 23k},

o)Al AYr1Y (SP+CPDIF ZEl=AAdAF CP29) ol &F U3t EAE tha o] Ao
& Atk

{ max, , (py —c=d)0, +(p,—d) 1—0,) + F ®)

max, (pg C—pf)(1—92)

ol &} 1A 2ACERE FENA p, p, p; B ARE 5, 5, & TIHE g
2.
plzf, pQZﬁU: prBu—c )

*_Bu—c—d ko
S —T, 82—0

%, ¥ CP7b QoS g ol 4% w, CPl# %2 2A%d =4 ISP
E CP20ll T3ke] CP29 7tY4AD o1&  (p,—c—p,) ©l

o] "t weA, BEFAAL FA AE A9 QS B rtE F
b= CP2& QoSH< ol &8 /<o) qltt.

3.2.2. CP2& QoS W= o|&3kA &+ 7 -F(NNN2)
ISPell ti7FE A =3t QoS B= ATEE o Aeol=E Bt CP2e HAE Mulx

Tk o] &3t AEES 7HASHAE o)Al CP1e SAZFYA 6, < CP29o] A YA 6, & o
e

V2(92)=u—t(1—92)—p220, 0, =1— (10)

- 135 -



o
g
o
-
»
i
o
e
)
r (o4
O
v}
—
r o
/e
(@]

(@]
>
p=7
[>
i
o
ofo
r
o
e
i)
o
N
2
O
g
—
X
i
)
[N
>,
2
X

CP2o| Zt7te| o g4 m, m, £ The BTk

{ m =@ —c—d)b, +F (1D

« _ Putctd «  utc

Py 2 s Do = 9 12)
8*_,8u—c—d Sou=c
L 2t 7 T2 2

<19 1>¢ market segmentation 71HS WEAF7] YsAME, 0<6, <0, <1 =
z7o] wmEFolok M, olx FguE Sl (Bu—c—d)+(u—c) <2, fu>c+d,
u>c o WY <ol YL Utk olHF HASel, Pfu>ct+d OJEE p >c+d
°] o] CP1& Hl&& 2H3t= ol&s ¥ F AsS ¢ F AUTh
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o
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2
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AAHAAFGo A AFPe] Hulsioh, we}
A HsAAA AV e A FEo o B4 CP27F QoSH S AM&8A] = ¢
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33. AFFAE FUist k= Hol &7t social welfare maximizing p -3+ ( SW )

oAl ool 1SP7E ARIIYY olg FUHEE p B RHBTL HYAA of
A, AR QoS B AFS W mAx A% AL e, 1 aF daAE A
AR FAS e WA BFYY VHL =UYFL HYA
olAl CP1¥ CP2& =W Q

e Az 40, A

ol &% 8) % FAsTh webA, p, ) 7 A ol .l cris
CP2e ol gFuls ol W2 FAMAL thed 2ok

wer FRIF ASFAL FE AJE Y p
ool A A sk EAE EW, ASFAS S8 sEEs ARE QoS ol &t
g p=ct2—pu B AAHA B AYL ¢ 5 Aok

max, SW=(p, —c—d)b, -I—(pf—d) (1-6,) +(p2—c—pf)(1—02) 15

Py
0, 1
+f ﬂu—t@—p1d9+f ﬁu—t(l—@)—p2d0
0 0,

webA, ARarAl A skell M e CP1, CP29] Awl2 7HA3 A f&, ole2 a3 2
o] =EdT
p: = M, p; =c+d, p;,=c+2d—ﬁu (16)
2
«  Pu—c—d «  Pu—c—d
T Ty T T
% 3(Bu—c—d)? * (Bu—c—d)?
™= —4—t—|—F, M=
=, A FA Sdidtets pjc 2 AH7F QoS tirt AlE 3%, ISP7} ol A== R
B e JHY HEUrE nEEA gowd FAARE 71 (SP+CPD 9 o]&e (-) 7}
2 Aoy, CP29] ol&2 BT HA A7E gl wel vis) S/ Aot
oz o] <& 1>, F CPo An|x &7t =

o, A Aol mA= FFE A
_]

& Zlolth. A7 B4 Avde, () Sd29 84 AEe I3t BFTHEA 7FANN),
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=B = Buzemd
81 8 1= 8= o o = u2tc o= Bu tc d
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= =) " e
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(Am 1 Am,=0) (Am, | Amy 1)

% 2ol 242 Avele NN#He| vlw AaE el Zol.

Al 1. A9 FHF RHEI) =
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0 0,
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of W @A BALNAL 6, 6, £ qolA T WA p—p = @
dlgeEM T & glen, LuA SAe the 2o,
)2 _
OSNN_(U c)  t+c—u (18)

I QoSE o] &3 JFYAYE o] &9
A} 6‘}% H| Aol Al TE OTTA B] 2~
*é FAZF 993 CP2E QoSHS o] &317

_ (ﬁu—c—d)Q—}—(u—c)2 n t+c—u

CSynvn o 5 , 19
ofg] 4 200 Tl HFRA A AY avA TG v § )
—r—d)? _ )2 _ )2 _
Sy — CShy = (Bu—c—d)*+(u—rc) n t+c—u (u—rc) t+c—u 20)

8t 2 a2

_ (Bu—c—d)* — (u—c)? _ (Bu+u—2c—d)((B—1)u—d)
8t 8t

o] 3.18-~33"9 7+ AU LZHE, Case A9l AZAMESIZ 7Fs3hr] fsiAE,
c<u<ctt & (Bu—c—d)+(u—c)<2t, fu—c—d>0 & Z7o] FYP=olof S <l
stk ol& oA 2w, c<u<(ctt), (c+d) <pPu<(ctd+t) (13 752 ) o
HE=Z, futu—2c—d>0 o AYHIT mA, CSyyn — CSyy >0 224, RS HA
TAE A & W v FAo] F7EE AT + Ak

el 2 Aujz9] FHE FEI} 2GR QS AF A WNHE FAFE PFY
Y A EY A, dE £E9 FEE FAGAL FFEYY FAE EYFH G Pl

Ws) 4n]5 Fdo] 1§ Ztdle FHUE W) EA .
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F94  FAZ (e A 2uA FA CSuywdd HaE 98

B—1Ju—d=A,u—c=B & T4 &9 2 (22), 23) 3 2t}

A(BA+10B—8t)+3B*

ACS = CSgy— CSyy = o (22)
ACS, = CSyp— CSyns = 24+ B)(Q;; +3B—4t) ©3)

R, 2 o s A+B<t olm, 4 (22, @I sehvlElel gol W R
e o 5otk & wEPA A SelA Ana Tl gasts setue W)
b EAR obdl <E D& F OTTAMA 2 Aulzs AEsirt 2 ), el e w4
T4 WEE HolFT

GE 2> A 7HA Al e e &uz 34 (AFAEs 2 o)

NN (benchmark) NNN2 SW

5(Bu—c—d)’

(Bu_c_d)2+ (u_c)Q %

8¢ 8t t—2(Bu—c—d)
(u— 0)2 t+c—u _ +
S 1 + 9 4 t+ 02 u 2
(ACS ) (parameter ol o}a}
! ACS, ACS, 7} gerg)

<Od PollAE AE T3l BFTHA = o Fol mE FA Sl dAtviE Heol
el ofgA WEst=AE wasta Atk b e R dSuE ge 1BAA F
< Aol g o Wt wet 4 (22)9F 4 232 A WIIE €A YEue AE &
W, BFHE TAE T 23y &nA FAo] ZAE(ACS <0)3¥ks FetrlE HefTvt
EATE FAL F AT =, QoS AF th7tE ISP7F ol &SHE FEoE A sE Ao
ofUel HAIZIHe] AR FAE S SHSete FESRE FHste AfidE 23y &HA F
Aol Eojd = dve AL EoFEr. QoS7t BAH= Zgv|d ARz i =7=
"l B 7k 25 % drisEs wAske e EA d4F = AW &RA Ao
M E AL dSrbsstt. 28y gel Sk OTTARI = AA9 714 de= xeH st

7] W&o, <IH Dol BRI Ro] frF S8 A &2 Avole QoS tirtE @2
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FOR FAGNE BT Lua T Baste A¥t dug £E Yok

28 3 BEYA FA GRo| WE FA 27D
ACS,

o 4 A 052

V. ¥l 2E3 71 2L F$(Case B 443}

4.1 2R TAZ A= FF+ (NN)

OTT Aul o] that 25 Hoteling m3< o &3] B8 u), Aulx 3+ Fuss} 2
2 orhd Hoteling ¥ =A maolA T Adare] 912 <1g DolAsh 2t} oo &

oot mp7iAlZ o)Al HEFES 7H Aol &R 0, & [0,1] 73t 538

x3sta . o] W CP1, CP29 HfF&ES AAst= SALYA 6, , 0,, 0, = =
2a, ZF AAdARY] /e ST=93—91, 82295_03 o] Ht}.
P U (L +L2)+p2 D —U U—py
91 — - +L1 , X 5 Ll , 95 = : +L2 24)
W24 7FA st e ISP F 9 OTT AlvlA AAGAe] Zdx= A48 253514
Aelstn A2H HAE B3 T ojn shtE SMHow d4T & Ay, A
CP13 ZRIZAIYG A CP29] Zb7+e] o] &3 m, o= 2o

{ 7r1=(p1—c)(93—91)+F (25)

o

7) u=2,c=1.3,d=1t=2.5 2 1A &, [ o Walo] wE 49 Fg YER A,



o] uw, ol&=us =EAE ¥ CPl, CP2o #¥AA p. p, = T,
tLy—L)+2u—c)= C 2tz Eod, B5HA FAstA FdolAe 7} E:
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NE
O:
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o

.« C « _« 3C  « . 3C
P =p, =t 51:52:1—0t’ T =Ty = 50t (26)

a9, <39 sk 2 AZARSI} ol 2o A7) AsAE 0<6, <0, <0, <0, <1
o] grEeofo} 3tH, MetrlE 9 ghEo] o] 2AL WHEAIE WY el Aol 7HAH
ofof ATh® UA 3.1H~33Hcl M9} FRIIA R, oste] BN HetvlH u,ct, L, L
7F ARAES 2de wEshs WS ol Ak 7HE Shell A BAdh

4.2. TFHEA T7AZE gl= 45 (NNN)
4.2.1. dx AYA ZE QoS AMH|AE o] &£3l= AH$ (NNND

ISP7} ti7be A &3E CPo Rz AFd o8] $AAe s 2o 388 o, F
A2 BF QoS7h RAgE W MHI2E Fujsta ZRlEAMH 2] TRiAE ZHE ARG C
2RE fu (3>0) o B4 detha JHgskAh 321dA & AHYH, F CP7F QoS %
< ©] &% w, CP1% FAZAFF =3 ISP & CP29 ol&=dals AF p, & AT
CP2Hfr&L s, =0 o Atk wetA, BSHAF 74 v=Ege= QoS ¥< s F1
o] & F A Huz= CP2E QoSEE o1& #eol itk

8) BEYA A StlAE OTTolgAIS0l A(1)] BEP4ES W20, 0<0, <0, <, <0 <1
x710] SEE7] 943t sretulele] Welt of2) (i) ~ (vi) & 2tk o] F. (iid), (v) & wetuley
2olo} Aaiglol B QoS YAl IE AHAE olgstt AHAEE TEUS ADE nf=

% o
A Elu, o] A% ARAREE oIet mejule] Wel £ (1) ~ (vi)9] 8ol Metsh £, B

i) 0, >0 p, >u—tL, < (u—c)<t(dL, +L,)/3

i) 0, <L, pp<u < (u—c)>tL,—L,)/3

iii) 0, <0, & p, <p, +t(L,—L,)

i) 0, >0, = p; < *p; *t(L27L1)+2u<:> (u*c)>7t(L2*L1)/6
v) 0, >0, & pI >p;+t(L1*L2)
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422, $AARF CPIT QoS MU 28 o] $3H= A$ (NNN2)

ISPell Ti7hE A @aka QoS & zﬂ%%% & e BFsn A4 YA CP2e
Y Auzw o] §8L AYATE CPL thul FAol e Au2E o g3ok st 4
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oAl ¥ CPel olg sl BAE T 2ol Ao¥ % Yk
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Ho
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7AAe] gobxith. Ed, #@elA p >p, o, CP1] HF& s & CP29] HR& s,

f

. 317A+70)?

20T L

™ 35 < 70t (30)
< 3(10c-34)

T2 = 3570t
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43. A8 FQE S8 st Pol &7l social welfare maximizing p -3+ ( SW )

33.014 Case AZ A3 2 2 WHoz P21 =T + Uk p, 71 9
Aoz Folxe w CP13} CP29| oj&Suistxddl wWE ¥+37H4L v53 2o
] 4 2
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FEHY A HE P FHo] o 27 e

(%)

AFARHIL Case Be FElE UEhd o), AEH 452 FASE FFANY FAS
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The Size of lllegal Gambling Industry and Its Components in Korea

Young Mok Bae and Yeonho Lee

The preceding studies on illegal gambling have estimated the size of illegal gambling
industry and its components by some arbitrary assumptions of researchers and the
statements of regulator and illegal gambling manager or judicial executions. But this study
estimates the size of illegal gambling industry and its components by the statements of
gamblers who participate in legal or illegal gambling without any arbitrary assumptions of
researchers. The data of this study is collected by the random sample of 1,700 people and
targeted sample of 300 illegal gamblers in 2015.

This study suggests the following results. First, the size of illegal gambling industry in term
of the net sales is 0.54-0.56% of nominal GDP in 2015. Second, the gross sales of illegal
gambling industry estimated by the statements of regulator and illegal gambling manager is
18% larger than that estimated by the expenditure of gamblers. Third, the share of illegal
sport gambling is estimated 26-29%, that of illegal online gambling is 28-30%, that of
illegal racing gambling 15-18% by two approaches. (K4, D4, L6, N4).

Key Word: illegal gambling, illegal gambling industry, illegal gambler, manager of illegal
gambling
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II. Accelerators in Korea
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IF¥(cohort®  AA  Adstel A 7K 670€)
A= (intensively) S/dgict dutx o2 2 E(equity)S t7t=2 %7] ZJAF(early-stage seed
nvestmenDS AlEsh HEY & B3l AYIF olelteld] AEsE 7SI $<4 F 2K (future
funding& 2H AFstAY E=e= At FAAC AAAZIGMiler and Bound, 201D).
A FgolelE= 20059 =] Y-Combinator7} A& %3k o]F m=oA 2009d 517,
20149l = 200/ = FiE = 5 FHAEHA oA F83 A4S Fdstar lvklennon,
2013).

3, dAHgole et FYRKAE (business center) b FAHE I o]l H S ool )
HdzgolEle} FPYRJAE EF Z7] 7](nascent firmeol =<, 71 Aulx, 2,

AREE 5 ATH olel@ AEe Ful WA 2T Yol v AF A5 =Y £
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Adtt= EAo] giuklsabelle, 2013). W= #2548 3 (National Business Incubation
Association)= ©]=9] HAHRSGAEE Tst AgRor, d@AY, AIdFEL xIsi=
Fd71de E&ste d o wtal dAaigelHes § Jle 7§k Wit #Ha
A7 F2 #AAE HFsn dvdn # = S|
O AR A&ESHA ol Fste A oU HFARGAEE A7 AP
g & (self-sustaining) 7F2H] Fgel AsxdA=R SFRsts H HFIEE T doH,
% 2

BEAEE AR EAE A AASA @t d uel gaddclEs He oo

A
Fretr] flsl Aol ARFEAE AAstes A2 IFJESAEHS QA olHE
FEL ok WE, AAFAE FAY el o BeA FAAs AEges
HEFS ANt or WA/ gs AdAFEA S} FASHA HNEH S AT
TABLEl —COMPARISON TO INCUBATORS
Incubators Accelerators
° MEZE, o|g7|7|, L&, e oluHXl o A JIEh ZHY o, AY, 2R
oiedo| e S LY 20t 718t 2T EQ0 7|Y
°cHE AN, gYE Tt °EH FHEXMQ HY EX 7Y
° B MY, M= e 2E2Y OY
Mgy AW M ojee g XY 7Y
71
A=A °1~5E O|(Ea 337HE) °1~37f 8 £ 7|2k(boot camp) YF
°oro|C|of % HE
° ARBZ HE
° HlEt HAE % X£7| aH|X HE
o HAE, XIHMM MEZH X HY KA
71
b
HS M|~ °HZ=LA HAHE A, e M2}
° SXYE E= 14T HAE TIYst=d
A
£g Az N
° Z&E XH(follow-up investment) SX| &
° QEXE =¥ & M3S
QIot WH(pitch) FH| XA
°©18,000~25,000 B 20| HYXZ EX}
£xt ° HY SR 0jAA|

°4~8% K& Q@

Source: Adkins(2011)
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TABLE2 —DIFFERENCES BETWEEN INCUBATORS, ACCELERATORS AND ANGEL INVESTORS

Accelerators Incubators Angel Investors
Duration 3 months 1-5 yrs Ongoing
Cohorts Yes No No
Business
Investment; non-profit Rent; non-profit Investment
model
Selection .. . o, ", .
Competitive, cyclical Non competitive Competitive, ongoing
frequency
Venture stage  Early Early, or late Early
Education
Seminars Ad hoc, hr/legal None
offered &
Venture . . .
. Usually on-site On-site Off-site
location
Mentorship Intense, by self and others Minimal, tactical As needed, by investor

Source: Cohen and Hochberg(2014).

II1. Framework for the Empirical Analysis

A. Literature Review

FH71del AES HsiAe FAROE AF(finance), 53] A= AFFHFo]
* =2

daHesg Hol HLAdFEs Jete FAA 2gAF(equity finance) ER7Y
o

F83AEE AP rIge]l  otelbolE FAFE . ARAERE 2El7] HsAE
BYAE H& &4 9T =3 v T35 Nesta, 2011). 3] vl 2Y A 2d s
ZleMd, Ad#Y 53 #BHEF A =FE HAFstes AEJHY OgSS

Z F71gel HE3 1A AE(human capita)? AF3] A 2} E(social

3
capitaD= AlF3th= SHA REAELY FHF7IH BS K49 A4 JTo|zt E
AHBerger and Udell, 2002). o]d £ dAFoAe HZ RIAEY AN=ZE R
AT ddyYolE FArPES G E Yo E I} AFste MEYY WESHA
AAZEol  HYrIFY A PAe dFE AFEHFOEHA EIAEY
& SA% #ds A A S
FA7IHel g RS -S4 A-E3} A=

A7l g Il T o] FoA L JYuh. AJERSAEHE %7 FHSS
FA7IHe e oo o = T A7l
sl 3A8ZA FEFs v 453 JokBergek and Norrman, 2008; Scillitoe and
Chakrabarti, 2010; Bruneel ef al, 2012; Ratinho ef al, 2010). =A==
2204 -7 Fw@201Do]  HFAERSAEZE dF7IFel  AFEeE AHlE F E8F
84T A9 -dAHH A, 7l€d Ad 5 HEHE 847 dF7199 A IR Fol

For YFE mHT E45 v I, RIAE AAVIY B SA4%

N
fri
o
2
f
Ho
ri_“
o
-
o
=
28
5
o)
[9p]
[9p]
=
9
c
o
o
—
)
3
1o

»

o
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o
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o
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HHstd e AAERA, WAAvEe] AEH? 75 ha AF7F FAL o] F&H,
AFEMNROE=E A4 =& TAHOZ = A77F dig<So|tKBrettel, 2003; Madill
et al, 2005; Sapienza et al, 1996; Hsu, 2004).
g, HZ AAERSAEHSG EIAAEY Aol FFEHO e A olH 9
A71H EHS5- 54 JZo digd Aol =ZA FS7Fetal Atk (Cohen and Hochberg,
2014). A= olH= 7FA ZIAE B3 FAVIHY AE Ve E Eolv AR
AA = dckMiller and Bound, 2011; Dempwolf et al, 2014). AR =2 JAzH o|E+=
FA7MA g AdS o8 F JEF I A 7wk g T=(stand alone)
FA7149 A5 dE AGelA FA"HY dF oA AL Adrts F8S
Ao Az olE = FHEHS AAdHH oy W EA FXHboot camp)el U+
HAAANA o2 FHHd ZH2 Ad &8 7|3 AFdt. A2 dAHYolHe
FH71gel WMEFDS AFFoEH AAVIFY AHAE AT A golH =
2 A, Vs,
stAl "ok WEH LS gu 4 2 22 Y9
& skth(Srivastava, 2013). AA=Z QA olHE
Bl dAdggoly T OIdd JAHUEHIE
3ltH(Cohen and Hochberg, 2014). Fxbatel AAx7E Az ole] AHejA el
A et FR B BAVE $stE] AFr19 Y —?—
gidor. Aoyl AA7IHY Al wA=

O
=9ox Esta, Aoy HwAH  FH Lo %—?%f& A=l

AR el
EAARY] U5 AT T2 AFFH AFE AFHo|th pwh, HIoe AFATI}
Az Z7bstn 9tk Mejia and Gopal(2015)= »©ElEQ Ay Zzadlo] Fojdt

719E tFoE dAdegole e WMEYN FxAa AAZE FA7IHe A HA=
FHFS AFEHSAT NEHA HAFHoE FAstes J|HLFE AAF AT 4
= A %4 71944877, A2 AAZEe] &g VP FE FEFEAE AT
7bFedol w2 Zog AT |, AAUE ole & FuUdAe dAdgdolE vt
AA71 Aol mAE G A AFTEAL o HA7AE o|FARAA LUtk E
ATFolAE= Mejia and Gopal(2015)¢] AFHHEE d&ste] 2013~15d & AHH9
TIPS(Tech Incubator Program for Startup)ell gk 5278 714 thdo =z TIPS
T AFEe WELDH EXAA AAVE ZAGUIdel A mAEeE TS

F{

2

F2 2 FAE] EokilA EdstA dFHZ Jd=d, AF Jd= slUlexperienced individual, i.e mentor)
BZ3 7id(ess experienced individual, i.e protégé)oll Al 7]<(skil), s F(competence)S A4l &3
d5 BAZ Ao FAHEDby,2010).

2)2~EtEQ Az (Startup Chile)ZzZ 132 A tgjolaolA e HE7F A Ysl= AAH o2 Ay AAH7}
AHE @rle g4 9 FY slBE FFatr] 9 APsinh 2010d M4ATo 28 227) Z4719S Adsto
6L vt & AFsHATh 20119 ol F Azt 23] FAE S Aete] 694 B&3ta 455tEHE AlFdTh
2~EEQ Ade AL ZGridel sl MEY FAx AA 5 Ads 5 ZHrIgel el 1d fFaHA,
&4 & AFI
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B ATE thgel e dgsel AEsnh,

7HE L dAg el (g e MEY S FA7IHY FE5F4 74 e =0
M 20 Al H(dAhe FAA dAZEE AAVIHY FEEA /A

E
e S =AY

B. Data

e

FElvgtell s FHZo A olErt =d" v ¥zl &gk A ol
22O Fodte FYIgel g §4 AR & grRstE b NE7 Bk o]
wEl B AFo A= 2013~153 F AR TIPS(Tech Incubator Program for Startup)ol
gt 5271 71dES W eE TIPS YA AFste WEJFL FAA AAVF
FA7199 Aol HAE FFS HAFEAMEAT. TIPS Z2a3e J|EololdlS

_1 !

= A3
Hadt AddEe sty AT FA4s=E Adstes AR Jedd AL
Zzagolty. Ay o] FEsh= QA H(QIAFAA), Z27]HdE VC §
B T FHES EEsta 199 o) FAEa Aol FHeHE AR=
B A FH8e Al R&D Aw S5de xSt H 99d7tA] AL
+FAE WS, AR S AxAAE e AdEe ols°l +ddke
H5AdE dFAA HF 393 ESFAH &FA e FH7Idel FAAERA
EEAEe AFstes 95 A AE Jhede =017l #sl ZAVIH
A5z og MER, FAA dA 5 FHFTL Fdol Aok TIPS 2282 Fef7]]ie]
M&A == PO(ZH 2 Z3HE AU HANuE So2RE 209 o FHFAE
A e Az viEd 6944 Fo=

AARsIF o Ay Al ARNLFY 10%S IJFste AL dFo= 3 .

Mejia and Gopal(2015)¢} %2 AgAT9 A5 A

Fod71del HIFAo] EAFES oy TIPS ZzIae 7} LJAE AAUIEE
7;] A

Adreta 24 Fh7Idel dis RMEY, WEQRAA S AAFA w2t TIPS
Z23% A= do] Adridel digt a3xE EHn

28T A5 gAdEely A
= ]

2 %849 AAAEE  FYYel FEEAE
FARAEAS BEHAT. FA/1AY B A A FA/A A,
LEFE, YA dol, FY AW MY, YA Y, FIA AF IF 59
SAMFE Besgth £ QdudolHe] WEY ¥ EAx AAAEEE WEY
WEES LYo A FA BEEE BEAAT. ole@ AmE FaAo] ulg
B0 Qe Pt egAele] mEAUAA A Ase AW FAR 47
Agol W@ A= AAE] ABde sz

RE oo WE” 2 EAA
%] 4 W5 ARE TIPS 29 Fasts ITAAFAYS ZRE
Jrstgor, WEY @ A A4 UgAEE F ¥ z ol TIPS
Folrldel e HERAE B FHAATL 0134REH BAAA eIHI A

=
TIPS =273 2013~15d F AA714S 2013 d 1571, 20143 3970, 2015 797 S o=
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SH ML (78] 0|A=5
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TABLE 3—VARIABLE DESCRIPTIONS
Y

S

Variable
ARC| EXIRIAIY &

SRR AA THE X
At LtO|

S5

b

2 AL EAHAIR| A
23l EXpRE FH

=x

m]

HEY

zl
®T
31

]

&1
Krr
&
Kr
ol
K0

ERELERS

3

s
St

X

mr
for

o1

<,

X0

0

t

.
[e)

0l

=
=

=1, Cf

Ab
(=}

ES(HAVEAD Of

|

o)
=

chet

2 dojss

&

K

31
K0

<
3l

[u)
ko
31
31

e

]

Klo
P

SD
0.412

Mean
0.212

TABLE 4—SUMMARY STATISTICS
lor0

Unit

Variable

18.402

39.212

Month

r
&1

4.945
7.636

8.519
43

No. of founders
Years

XfLtO|

@)

3

0.474

0.327

lor0

31

&
Kr
&l

X0

0.505
0.364

0.846

0.519

lor0
lor0

0.480

0.346

lor0

ko
I
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IV. Empirical Results

A. Main Findings
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TABLE 5—QUESTIONNAIRE ITEMS

Hypothesis Items Scale
2HALS] HEYOl 7|HHO:0EH, 18 Bt FXFX {FX )0

7k 1-1 5-point scale
EE0| =2 AFHIN?

7t 12 =gAtet 5t EHad B "ol EXHAIX| £ RS FRESUIN 5-point scale

7Hd 2-1 2AE FXA T HSHoZ 2F5tD UFLIIN 5-point scale

7td 2-2 QAANEREEH EXAF A WA 2 9H 3 Mk O|Z0E L 5-point scale
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TABLE 6—CORRELATION ANALYSIS

HEY HEY 2 AL ERpRF2TY 23S ERpRt2IN

(FAHE7hH (@A 2y E7h (FExFA )
1

HEg - - -

ok

2YAL| XA A7 : ] 05048 !

Note: *** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.

TABLE 7— THE EFFECT OF MENTORING ON THE PERFORMANCE OF THE STARTUP FIRMS(LOGIT)

Y 1-1(FEH E7h 2y 1-2(PYE)

EPNTES S&HEX} QK|=1, HKX|=0 SEEX |A=1, HIRX=0
HEZ 0.177 0503
e 0.046" 0046
nk-E=1-] 0031 0024
AAX} LEO] 0.162° 0158
BY W HY 2648 2632
YR o -0261 0298
AR B3 0.59% 1359
o= 3.600™ 4017"
Mot 0278 0,686

nEDN| 52 52

ol =l YES YES
pseudo R? 0.296 0.330

Note: *** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.
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TABLE 8— THE EFFECT OF MENTORING ON THE PERFORMANCE OF THE STARTUP FIRMS(PROBIT)

2

8 LI BIh

o8 12N E)

SHEX FKX=1, HIFX|=0

SHEX 9=, H[8X|-0

e 0077 0285
o2 0024" 0023
ngam 0012 0020
KR LIO| 0066 0079
ol ZH A 1380° 1306
YR Bt 0247 0286
SRt BB 0371 0800
A5 1957™ 2108™
ded 0.149 0487
B 52 32
o =0l YES YES
pseudo R? 0.290 0.322

Note: *** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.

TABLE 9— THE EFFECT OF INVESTOR TIES ON THE PERFORMANCE OF THE STARTUP FIRMS(LOGIT)

2y 2-1(FN HIh 2Y 22X FAES)

T&d SEEX} FX|=1, H{X|=0 SLEX FX=1, H]X|=0
QAo EXIX} =M 0653 0603
e 0054 0052
1872 0050 0025
AR} L}O] 0183 0184
e MW FY 283 2854
AR} BHEH 0434 0329
ARt ME 0972 0801
A= 3797 4211™
S 2874 0518

T 52 52

STl YES YES
pseudo R? 0.318 0.312

Note: *** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.
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TABLE 10— THE EFFECT OF INVESTOR TIES ON THE PERFORMANCE OF THE STARTUP FIRMS(PROBIT)

2 2 1(FN BIh 2¥ 22AFAA FUAS)
4 SLEX |A=1, HRX=0 SEEX KA1, HRX=0
L2ALO| EXIX} F=AM 0350" 0360
o 0028 0029
k= =y 0022 0.009
Xt LIO| 0095 0099
A XM x| Qf 1457 1532
AOIX} sHE 0364 0300
AR MZ 0577 0518
A= 2045 2356
Attt -1.635 0432
P 52 52
ozl YES YES
pseudo R? 0311 0.310
Note: *** Significant at the 1 percent level.
** Significant at the 5 percent level.
* Significant at the 10 percent level.
B. Robustness Checks
A golele] MNES, FAAL QA FA719e 719483l HA| Fog= FEEA FA

olslol] 1§ 27k WiE 27} 5o 714
RS, FAR QA SRR TR AR

71974=e] th-gr=

T 7Fs7dol

T Ao FAEU

ol G T 5

294e)

d=3

Aol T 7
Fg3le] AT 4 REo]
dlede ool $5w F4E Thev

FA4d9 7k FAR PSS Bes FelnishAl aLgol

Ao FAHI.

= 3
ATt B A
AQ
o=

TolME Az olE ¢

BHEyg S/

Jge

1A 3 8 B
A71909] 1§ 271l vk e
b BesE 180l BEuh BE 5O

2900 FAp QAL 180 TR

ORE L]
3go] Fobi

TABLE 11— THE EFFECT OF MENTORING ON THE PERFORMANCE OF THE STARTUP FIRMS(LOGIT)

28 LIGEE Hoh 2 12AAAYE)
s 18 SIHBR 014, 18 SIHBR 0141,
18 SIHYR 0[5h-0 18 SIHWR 0[8h-0
olE gl 0.182 1164%%
SE 0,008 -0.000
ngqe 0076 0029
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YAt Lo 0.009 0013
e A Y 0574 0406
YAt &y 0071 0252
AR HF 1462 2598
A= 0981 09091
A2t 3851 4534%
5% 2 >
Az Cin YES vES
pseudo R? 0.119 0.241

Note: *** Significant at the 1 percent level.

** Significant at the 5 percent level.

* Significant at the 10 percent level.

TABLE 12— THE EFFECT OF MENTORING ON THE PERFORMANCE OF THE STARTUP FIRMS(PROBIT)

Y LIGHN B7h

oY 12HYHE)

R 18 Z7HEZ Oleh=1 18 Z7HET Ol4h=1,
seEs 18 SIHER 0h-0 08 ZHBE 0[8h0
HE2 0.112 069"
Sk 0.006 0.0006
nf==q-] 0047 0017
KK} LIO| 0007 0008
&AM Y 0380 0248
ARt oA 0036 0194
AR HE 0919 1632
SES 059 0573
NESS 2346 289"
=y 52 52
| YES YES
pseudo R? 0.120 0.243

Note: *** Significant at the 1 percent level.

** Significant at the 5 percent level.

* Significant at the 10 percent level.
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TABLE 13— THE EFFECT OF INVESTOR TIES ON THE PERFORMANCE OF THE STARTUP FIRMS(LOGIT)

2y 2-1(FEH HIh 2 2 2FRA FAZS)

N 18 BIHER 0|41, 18 B7HER Ol&h=1,

saEs 18 S7KWR 0l5h-0 18 SIHBZ Oloh-0
SAALO| EXIRF =M 0433 0681"
o1 0010 0.009
nf=S=-] 00%4 0072
AR Lto] 0.009 0.002
Ao XM X|Q 0638 0520
KHOIR} BhE 0172 0.118
Xt MS 159" 1677
S -1.059 0717
A -S4’ 4903
=] 52 52
ol = 0| YES YES
pseudo R* 0.143 0.162

Note: *** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.

TABLE 14— THE EFFECT OF INVESTOR TIES ON THE PERFORMANCE OF THE STARTUP FIRMS(PROBIT)

DY 2-1(F2A Hh DY 2 2(FRA FUZIE)

N 18 B7HET O|&h)-1, 18 FIHET O|&h)=1,

18 S7HEZ 0[5h=0 18 S7HEZ 05h=0
LS| EXIR} Z=M 0274 0419°
S 0007 0.006
ink=3==] 0059 0043
AFQIX} L}O 0.007 0.0006
A AM XY 0425 0326
X} st 0093 -0.087
gext M3 1012 1050
uES 0647 0422
Azt 3363 29847

nEDN| 52 52

el YES YES
pseudo R? 0.146 0.164

Note: *** Significant at the 1 percent level.
** Significant at the 5 percent level.

* Significant at the 10 percent level.
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C. Summary and Policy Implications
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ABSTRACT

An empirical analysis on the effect of technical cooperation between large and small- or medium-sized
firms on R&D activities-related efficiency improvements

Hong, Sung Hyo and  Kim, Bu-Kyoung
Kongju National University Bank of Korea, Daejeon & Chungnam branch
Division of Economics and Trade Economic Research Team
Associate Professor Junior Economist

This paper empirically analyzes the effect of technical cooperation between large and small- or
medium-sized firms on R&D activities-related efficiency improvements using DEA/Tobit model.
According to the results, through technical cooperation small- or medium-sized firms seem to
experience an increase in the efficiency related with their R&D performance measured by the number
of successful R&D projects and R&D activity-induced sales. Especially, cooperation with large firms
creates a greater effect than that with universities or public institutes. Furthermore, the two-stage

Tobit result where endogeneity issue is tackled indicates that our finding is robust.

Key-words: technical cooperation, efficiency, co-growth
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Abstract

The purpose of the paper is to survey and review the recent literature in the study
of efficiency of public spending using the two most recognized methodologies,
Stochastic Frontier Approach (SFA) and Data Envelopment Analysis (DEA). This paper
not only surveys the previous literature and introduces some new techniques such as
the Bootstrap and Three-stage method, but also analyzes the comparability of two
different methodologies. The findings support the facts that first, the environmental
variables affecting the efficiency of public spending are equally significant in both
analyses, although SFA measures an ‘absolute’ efficiency and DEA estimates
‘relative’  efficiency. Second, both SFA and DEA are not comparable but
complementary to each other in both static and dynamic analyses. The results from
both methodologies are significantly different, especially, when the dynamic behavior
of the efficiency in over time is considered.

Key Words: Stochastic Frontier Approach (SFA), Data Envelopment Analysis (DEA),
efficiency and effectiveness of public spending, public policy, and
bootstrap method

JEL Codes: C14, E62, H51, H52, H54, H75

- 211 —



I. Introduction

Ever since Keynes wrote ‘The General Theory’ in 1936, much controversy
surrounding the public (central and local governments) spending on economic
growth has existed. In the 1990s, Barro (1990) initiated discussions on the effects
of government expenditures. He discovered that an increase in resources devoted
to non-productive (but possibly utility—enhancing) government services are

associated with lower per capita growth.

There are various types of literature on this issue: The first type of literature
includes the analysis of the relationship between government spending and
economic growth with both time-series and cross—sectional data. The second type
of literature shows the efficiency analysis of public spending since recently, the
focus has shifted from estimating the movement of the key variables such as
consumption and real wage by public spending to the efficiency and effectiveness of
the spending. The areas of a government spending include R&D, education, health
care, welfare, national security, and general public administration. Furthermore, the
two most recognized methodologies on these issues have been found in the
literature: the Stochastic Frontier Analysis (SFA) and the Data Envelopment
Analysis (DEA).

Thus, the purpose of this paper is to survey the burgeoning literature on the
efficiency of public spending, not only for the future research but for comparing the
results made by different methods whether they are substitutable or complementary

to each other.

The second chapter describes the concepts of public spending and efficiency. The
third chapter surveys the literature in methodology: SFA, DEA, and comparison of
SFA with DEA. There will be some concluding remarks in the last chapter.

II. Basic concepts of public spending and efficiency

1. Public Spending (Government Purchases/Government Expenditure)

Public (Government) spending or expenditure includes all government consumption,
investment, and transfer payments. The change in government spending is a major

component of fiscal policy used to stabilize the macroeconomic business cycle.l

1) Wikipedia, "Public Spending .
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In 2016, according to the Office of Management and Budget of United States
(OMBU), the estimated total US government spending is $6.7 trillion: $4.0, -$0.7,
$1.6, and $1.8 trillion for federal, inter—-governments, state, and local governments,
respectively.2) The areas (or functions) that the US Government planned to spend
are health care (20.9%), pensions (19.4%), education (14.9%), defense (11.9%),

welfare (7.4%), and remainder including environment (23.9%).

According to Eurostat (2017), the total government spending by EU's 28 countries
is divided into the sectors of general public service (13.1%), defence (2.9%), public
order and safety (3.7%), economic affairs (9.0%), environmental protection (1.7%),
housing and community amenities (1.2%), health (15.2%), recreation, culture and
religion (2.2%), education (10.3%), and social protection (40.6%). The numbers in

the parenthesis indicate the percentage of total government expenditure.

Ramey (2013) makes the distinctions between government spending on private
goods and government value—added output. According to the US’s NIPA (National

Income and Product Accounts), government purchases include:

(a) government purchases of goods from the private sector such as aircraft

carriers,

(b) government value—added, which is comprised of compensation of government

employees, such as payments to military and civilian personnel, and
(c) consumption of government capital.

Finn (1998) also found that there was an opposite effect of government purchases
on private sector output, employment, and investment. Cavallo (2005), Pappa (2009),
and Gomes(2010) had similar results on this issue. On consumption of government

capital, the empirical results are rather mixed.

2. Meaning of Efficiency in DEA

Why do governments spend money on education, health, military purchasing, and
stimulating economies especially in recessions? Every government in the world
spends money to achieve a high economic growth as possible. There are a few
steps between the initial public spending stage and final economic growth stage.

Suppose that US government spent $1 billion on public healthcare programs. This

2) usgovernmentspending.com
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spending becomes an input to produce output such as increased numbers of doctors
and beds in hospitals (measurable) and solutions to traffic congestions
(unmeasurable). Thus, producing the maximum output with the least input is called

‘efficiency.’

In production frontier analysis, Farrell (1957) characterized ‘efficiency’ in different
ways, ways in which a productive unit can be‘inefficient’by: (1) obtaining less than
the maximum output available from a determined group of inputs, which is called
technically inefficient, (2) not purchasing the best package of inputs given their
prices and marginal productivities, which is called ‘allocative inefficient’. Figure 1

depicts these inefficiencies.

i L

<Figure 1> Technical and Allocative (in)Efficiencies

In Figure 1, according to Murillo-Zamorano (2004), Farrell assumed a constant
returns to scale (CRS) in input-oriented scheme: unit isoquant YY'(CC’is a slope of
the isocost line), where X axis is a ratio of input X; to output Y, and Y axis is a
ratio of input Xo to output Y, captures the minimum combination of inputs per unit
of output needed to produce a unit of output. Farrell noted that every set of inputs
along the unit isoquant is considered as technically efficient while any one else
such as point D 1is technically inefficient. The distance BD along the ray OD
measures the technical inefficiency of producer located at point D. This distance
represents the amount by which all inputs can be divided without decreasing the
amount of output. Thus, the ratio BD/OD measures the technical inefficiency of
DMU, (Decision Making Unit of 0), while (1-BD/OD)=(0B/OD) then measures the
efficiency of DMUj.

Conversely, a unit is Pareto-efficient when an attempt to improve on any of its
inputs or outputs will adversely affect some other inputs or outputs. Formally,
Charnes et al. (1981) considered a DMU to be 100% efficient only when ‘none of
its inputs can be decreased without either (i) decreasing some of its outputs, or (ii)
increasing some of its other inputs, and none of its outputs can be increased

without either increasing one or more of its inputs or decreasing some of its other
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outputs’. Since the condition for Pareto—efficiency is that a DMU’s efficiency score

is 1, efficiency and Pareto-efficiency are synonymous. [Charnes et al.(1981)]

Within the context of DEA, Cooper, Seiford and Tone (2007)3 explains the
concepts of Farrell vs. Pareto—Koopmans'efficiencies as following: We have been
dealing with pairs of positive input and output vectors (z;y;) (=1, -, n) of n
DMUs. All data are assumed to be non-negative but at least one component of
every input and output vector is positive. (and for all j=1, -, 0) (With m+s
dimensional linear vector space where m and s refer to the number of dimensions
required to express inputs and outputs respectively.) (z€ R",y€ R*) With a

production possibility set P,

P={xvyvyIlx=>X\v < Y\ A > 0} (D

where, X = (a:j), Y = (yj), and A is a semi-positive vector in R", the CCR
(Charnes, Cooper, and Rhodes (1978)) model was formulated as an LP (linear
Programing) problem with row vector, for input multipliers and row vector as
output multipliers. These multipliers are treated as variables in the following LP

problem (Multiplier form):

(LP)) max uy,
v, U
Subject to vry =1
—vX+uY <0
v=>0, u<0

(2)

The dual problem of (LP,) is expressed with a real variable and a non-negative

vector A = (A1, A2, A3, = An) of variables as follows (Envelopment Form)

(DLP;) min uy,
6,

Subject to Bry— XN =>=0

YN =y,

A=0

(3)
Here, (DLPy) has a feasible solution©=1, A¢=1, A=0 ( ;# o), hence the optimal®,

denoted by 6" is not greater than 1, and the second condition above forces A to be
nonzero so that 0O < 6" < 1. Then, we define the input excesses s & R™and

output shortfalls s* € R*, and identify them as‘slack’vector by% :

3) Cooper, Seiford and Tone (2007), pp.43-46.
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s” Bz,= - XA, s" = YA -y, (4)

with s7>0, s" >0 for any feasible solution (6, A) of (DLPy). Solving for 6" gives
the optimal objective value of LPy and is the CCR-efficiency value, also

called‘Farrell Efficiency. That is, DMUp is called CCR-efficient if
(@) & =1
(b) All slacks are zero

The two conditions must be satisfied if full efficiency is to be attained. Thus, since
the Farrell efficiency only satisfies the first condition, it is called ‘weak efficiency.'
On the other hand, a DMU is full efficient if and only if it is not possible to
improve any input or output without worsening some other input or output, it is

called ‘Pareto-Koopmans efficiency.’

Koopmans adopted the concept from Pareto in production. He altered the test of
vector optimum with reference to whether it was possible to increase any output
without worsening some other output under conditions allowed by available
resources such as labor, capital, and raw materials in his ‘Activity analysis of

production and allocation.’

III. Survey of literature

In this paper, we are interested in surveying the literature on public spending
efficiency on R&D, healthcare, education sectors, and in a more aggregated sense,

the impact of general government spending for the promotion of economic growth.
1. SFA (Stochastic Frontier Approach)

Researchers such as Kumbhakar and Lovell (2004) initiated discussions on the
concept of'stochastic'rather than‘deterministic’analysis in the area of efficiency and

effectiveness of many issues including public spending.

SFA has become a popular methodology for estimating ‘efficiency’ matters after the
introduction of two pioneering papers by Aigner, Lovell and Schmidt (1977) and
Meeusen and van den Broek (1977). Both papers suggested adding a two-sided

error term to the one-sided error term normally used in the production function

4) Slacks - The additional imrovement (increase in outputs and/or decrease in inputs)
needed for a unit to become efficient.

— 216 —



approach. Their model is based on the fact that a firm's real output (g;) may be
lower than that the production function enables. The reasons may be a random
supply shock, and is expressed in composite error terms in a production function

with a random noise and asymmetric inefficiency such that,

Ing; = By + Bylnz, + v, +u; (5)

where, ¢ are inputs or dependent environmental variables, v; ~ N(0,¢2) is a
random (white) noise and w; is a technical inefficiency. Inefficiency shows the

deviation, by which the actual production differs from the ideal. In the case of

2
U

aﬁ =0, the result is a deterministic frontier, while in the case of o7 =0, the result

1s a stochastic frontier.

There are many possible probability distributions for the asymmetric error term: (1)
Exponential, (2) half-normal, (3) truncated—normal, and (4) gamma distributions as
proposed by Coelli et al. (2005) and various papers by Greene (2010, 2005a,
2005b, 2004a, 2004b, 2003, 1994, 1990, and 1980). Also, Greene’s various works
probability distributions for solving econometrics problems such as hetero-
scedasticity, autocorrelation, and multicollinearity, it enhanced the econometric
estimations in a stochastic sense. Greene (2005) further analyzed the types of

distributions® :

(@) Stochastic frontier: normal-half normal [Aigner et al. (1977)]

(b) Normal - truncated normal [Stevenson (1980)]

(c) Heteroscedastic normal [Singly or Dubly, Hadri (1999)]

(d) Scaling (truncation and heteroscedasticity models can be combined and
permuted) [Albarez et al. (2005)]

(e) Latent class [Greene (2004b)]

The pioneering work done by Battese and Coelli (1995) has affected many
researchers in this area of study of analyzing models for technical inefficiency: The
concept of‘inefficiency’in public spending model, for instance, emerged in the
literature, and replaced the concept of estimation from ‘deterministic’ to ‘stochastic.'

In the 1990s, this method became more popular.

First, on the issue of public (and private) R&D’s efficiency literature, Liik, Masso,
and Ukrainski (2014) analyzed the efficiency and effectiveness of R&D using 25
OECD countries with two-digit (ISIC) industry level panel data in 1987-2009. In

5) See Greene (2005), p. 85 for econometric information in detail.
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their works, the following Cobb-Douglas production function, which is similar to the

equation (5), was used:

InY, = By+BInK,+B,RND,+ oinZ,+ v; +uy; (6)

where, Y, is value-added per employee, K is physical capital per employee,
RND,, is R&D capital stock per employee, t is time trend for Hicks—neutral
technical change, Z;, is efficiency covariates (external factors), v;, is random noise,
and w,;, is time-varying inefficiency. Their findings suggest that the R&D capital

productivity enhanced as the level of technology increases, while physical capital

shows the opposite effect.

Hu, Yang, & Chen (2014) used a translog distant function approach, and a
modified—-SFA to avoid some econometric problems, for 24 countries in 1998-2005.
On the issue of public (government) R&D, Hu, Yang, & Chen (2014) used a variable
SGRD, a ratio of government R&D to total national R&D expenditures, it determined
a positive sign on efficiency scores, even if it does not have statistical significance.
This finding supports Guellec and van Pottelsberghe de la Potterie (2004)’s view
that the government R&D could be efficient, since it generally focuses on basic
research and public missions to enhance the stock of knowledge for the society.
However, this finding is quite different from the results of Wang (2007) in that
government budget outlays are usually used less efficiently than the funds
appropriated by the private sector due to the interference of bureaucratic red

tapes. (See Table 2 for the details of the equation.)

Wang and Wong (2012) utilized the data from 77 countries in 1986-2007 and
showed an impact of foreign R&D (both public and private) on domestic economy’s
technical efficiency. First, they estimated the efficiency with a translog—production
function for 77 countries. In the inefficiency function, the inefficiency scores are
regressed with many environmental variables such as country’'s openness,
urbanization, political stability, and international R&D transferred by inward FDI or
imports into the country. Their findings demonstrate some striking facts, that
foreign (both public and private) country’s R&D is a critical factor for the increase

of the technical efficiency of the domestic economy.

Fritsch and Slavtchev (2007) studied the German economy for the purpose of
establishing what determines the technical efficiency of the regional innovation
system in 1995-2000. They employed both quasi—deterministic and the stochastic

frontier approach. With many variables on regression, the study concluded that both
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knowledge spillovers within the private sector and public sector have a positive

impact on the efficiency on the regional innovative system.

Wang (2007) also employed SFA incorporating a translog production function in his

study of DEA. He introduced the following SFA incorporating translog specification:
Iny= by+ Db (Inz)+ D by(lnz,)>+ Y. )b, (Inz)(In ;) (7

where y is output volume, z; and T; are inputs 1 and j. This provides a basis for
testing the maintained hypothesis of the cross—country function approach, that there
1s a single aggregate R&D production function for all the countries. His findings
showed that, after the controlling of the operating environment factor is included,
the means of efficiency scores increased to about 0.85. Furthermore, R&D

performance indices show a positive correlation with income level.

Zhang, Zhang, and Zhao (2003) used 8,341 Chinese firms to measure the R&D
(both total and public) efficiencies. They used a basic R&D production function
similar to Bae (2009) used with a different inefficiency function to see if the

ownership and infrastructure have affected the (in)efficiency level:

;= 0y + 25‘74 ownership,;; + Y16, corastructure, (8)

That is, inefficiency is specially analyzed by different ownership types, state and
non-state, and three different levels of infrastructure types. The state sector faces
significantly lower efficiency levels in both R&D and productive activities than the

non-state sector.

There is a massive amount of literature on measuring the effects of public
expenditures on the healthcare and education sectors. First, Ogloblin (2011) did
extensive work on 78 countries for pooled data of 2000, 2003, and 2007. He used
a health production function with various inputs and outputs, and a production
inefficiency function with a truncated normal distribution was also included. The
findings are: First, the inefficiency of national healthcare systems is inversely
related to per capita income and directly related to income inequality. Second,
healthcare systems are more efficient when greater shares of total healthcare
expenditure come from public sources and out of pocket, rather than from private

insurance coverage.

Pereira and Moreira (2007) also measured the efficiency of public spending on

secondary education in Portugal municipalities. The Cobb-Douglas educational
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production  function, identical to Battese and Coelli (1988)’s, with the
normal-truncated normal model, has been utilized. The determinants of ‘inefficiency’
are the following: teacher seniority, school size, private management, and the
location of the schools. The closer to the main cities, the higher the efficiency

Scores.

Perhaps, one of the most extensive works done in terms of developing countries’
health and education was performed by Hereira and Pang (2005). With the
Cobb-Douglas health and education production functions and an assumption of the
half-normal distribution on the inefficiency functions, their findings include: First, a
positive relationship between expenditure and the level of economic development
has been found. It supports the Balassa-Samuelson effect, the price levels in
wealthier countries tend to be higher than those in poorer countries. It depends on
inter—-country differences in the relative productivity of the tradable and
non-tradable sectors. Second, urbanization and income inequality are positively and

negatively correlated with efficiency, respectively.

Greene (2005b) measured the efficiency of public spending in developing countries
with the SFA method. He used the same data as Herrera and Pang (2005), and
regressed the education spending with various school enrollment rates (primary and
secondary), youth literacy rates, primary and secondary completion rates, and
average years of schooling yields the followings : Adult literacy rates and aid
revenue are used as control variables. The author took 1975-1995 and 1996-2002
averages and estimated a two-period panel with an assumption of a
normal-truncated normal distribution, and found the regression coefficients are

better behaved.

Jayasuriya and Wondon (2003) also used an educational production function which
is identical to the function used by Battese and Coelli (1988). Controlling for
changes over time, neither education expenditure nor regional differences have a

statistically significant impact on net primary enrollment.

In the economic growth literature, not many works have employed SFA to analyze
the public spending efficiency. Yabbar (2013) used a similar type of Cobb-Douglas
production function as used in Battese and Coelli (1988) to measure the impact of
efficiencies on economic growth and the level of poverty. To solve the simultaneity
in growth and poverty equations (9) and (10) following the Three— stage least

squares (3SLS) model has been employed.
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Grt = f(effy) 9
Kms = f(eff;, Grt) (10)

where Grt is economic growth, eff; is efficiency score of budget management, Kms

1s poverty percentage of total population, and 1 is education, health, and

infrastructure sector, respectively.

Recently, Baldacci (2017) estimated the relationship between government spending
on health care and education and selected social indicators, with samples of data
for developing countries and transition economies. Baldacci (2017) found that the
latent variable approach yields better estimates of a social production function than
the traditional approach, with higher elasticities of social indicators with respect to
income and spending, therefore providing stronger evidence that increases in public

spending do have a positive impact on social outcomes.

2. DEA (Data Envelopment Analysis)

Voluminous literature on utilizing the DEA to measure the efficiency of government
spending, either total spending or spending in specific policy areas, in attaining a
range of socio—economic objectives such as health and education outcomes can be

found.

On the DEA literature, most of the papers used the two-stage method: First, the
efficiency scores are estimated by using relative inputs and outputs. Second, a
regression analysis such as Tobit or truncated Tobit analysis is employed to

identify the factors affecting the (in)efficiency.

First, on the R&D literature, Bae (2012) employed a network DEA model which
makes multi—stage analysis possible: Figure 4 illustrates that the total procedure of
R&D, from the initial R&D expenditures to outcome, has been divided into two
stages: The first stage, invention stage, explains the procedure inputs such as R&D
expenditures, the number of researchers, and facilities and equipment become the
outputs such as technical papers and patents. The efficiency is estimated by how
well the inputs change to outputs. However, this is not the main reason that a
government or a firm invests. Indeed, the final goal of a firm is to create new
products, new procedures, and hence new markets eventually, while governments
are eager to have a high economic growth. This has been designed as a second

stage, innovation stage. The outcome is a by-product of effectiveness. In between
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the efficiency and effectiveness stages, or invention and innovation stages, there is
a ‘link variable’: patents. The number of patents could be output from input 1, and

they could be another input producing outcome such as a high economic growth.

Bae (2012) found that the three types of efficiencies, efficiency in the first stage,
effectiveness of the second stage, and overall efficiency, are scored quite
differently. According to the results, the cities and provinces with high efficiency in
the first-stage do not necessary, or automatically have higher effectiveness in the
second stage: It explains the city—-specific or province-specific efficiency and
effectiveness in R&D investment. Thus, unlike the previous works which do not
allow the multi-stage analysis, Bae (2012) suggests more specific benchmarking for

each stage.

Bae (2010) also employed a dynamic DEA model of the R&D efficiency for 16
Korean major cities and provinces with variable returns to scale (VRS) assumption
in 2005-09. In this study, Bae (2010) supported the fact that the cities including
Seoul and Daejon are the most efficient cities and provinces. Compared to the
previous static models used, the dynamic DEA model can show that the actual
average efficiency level of R&D investment is relatively lower than the static
models. It implies that the efficiency scores in R&D investment are lower than we
have thought with previous static models, thus they are over—estimated: Improving
the level of efficiency in both public and private R&D is a big task that the Korean

Government and firms face in the future.

I Efficiency :> Effectiveness>

COutput 1
R&D

Researchers — Technical
Facilities Papers
Equipments Patents
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<Figure 2> Two-stages in R&D efficiency analysis
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Bogetoft et al. (2009) employed a dynamic Network DEA model to estimate the
optimal public and private R&D investment paths in US manufacturing sector at
state—level. According to Bogetoft et al. (2009), the following perpetual inventory
method which estimates the net capital stocks in each state for period t was

employed:

- 222 —



! oy .
Ny= 2 (1_;)(1_51)t_2 (1D

where, t > 1, N, is the net capital stock of asset type j, L is real investment in

3

vear i, and ¢, is the annual geometric rate of depreciation for asset of type j.

Their findings are: First of all, there is too little investment in the public sector
relative to private manufacturing capital in the the US. Second, their findings
suggest that public spending on infrastructure crowded out private sector capital,
and furthermore, it discouraged private sector job growth during the late 1980s and

most of the 1990s.

Sharma and Thomas (2008) used gross domestic expenditure on R&D and the
number of researchers as inputs, while the patents granted were used as the output
measure. Utilizing both CRS and VRS models, their findings show that under CRS
(Constant Returns to Scale), Japan, the Republic of Korea and China are found to
be efficient, whereas under the VRS (Variable Returns to Scale) framework, some
more countries such as India, Slovenia and Hungary are also included in the most
efficient group of countries. The inefficiency in the countries’ R&D resource usage
indicates the underlying potential for development and is urged to be developed to

increase the growth of nations.

S. Rousseau and R. Rousseau (1997 and 1998) are perhaps one of the pioneers in
this field for estimating R&D efficiencies. Using DEA with CRS assumption for 18
countries (14 FEuropean), their findings suggested that Switzerland was the most
efficient and effective country in Europe in 1993, and DEA can be used as a tool

to construct performance indicators for governments.

On the healthcare and education literature, Brini and Jemmali (2015) analyzed the
efficiency of general administration, health, education and infrastructure. The study
covers the areas of the Middle East and North Africa (MENA) using panel data of
1996-2011. For the modelling of efficiency, political stability, voice and
accountability, democracy, trade, money growth, growth domestic product are
regressed with the Tobit analysis: The results indicate that (1) Jordan is the most
efficient in public spending on administration, education, and health, while Libya,
Algeria, and Yemen are relatively less efficient in public spending on administration
and the health sector. (2) According to the Tobit regression analysis, the variables
such as political stability, trade freedom, and economic growth have a positive

effect on public spending efficiency. (3) However, voice and accountability
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negatively affect the efficiency of public spending.

Hsu (2013) used the DEA with a Censored-Tobit approach to avoid the
environmental variable effects: First, technical efficiency (TE) scores are calculated
in the DEA scheme. Second, using the Censored-Tobit model, efficiency scores are
regressed (Tobit) on environmental variables such as population density, GDP,
hospital beds, average years of primary schooling, and regional dummies. The
findings suggest that the increased hospital beds and primary schooling affected the
efficiency score positively, while the countries in Europe performed a higher

efficiency.

Hauner and Kyobe (2009) also had a DEA analysis on education efficiency with
various inputs and outputs. In the first stage, three types of scores are estimated:
(1) public sector performance (PSP), (2) public sector efficiency (PSE), and (3) DEA
scores. As a result of the second stage by the fixed and random effects and
system GMM estimators, Hauner and Kyobe (2008) supported the fact that higher
government expenditure relative to GDP tends to be associated with lower

efficiency in the respective sector.

Using 63 developing countries with a similar income level, Rayp and Van De Sijpe
(2007) supports the fact that there is a negative relationship between the optimal
size of government expenditure and economic growth. The first stage of DEA with
the second stage estimation by the non-linear least squares instrumental variables
(NLSIV) method resulted that government expenditure efficiency lowers the optimal

size of government expenditure required to maximize the economic growth.

Afonso and Hernandes (2005) utilized 51 Portuguese municipals from the RLVT
region to measure the efficiencies in many areas including education and healthcare
sector. After the first stage of DEA estimation, the output efficiency scores are
regressed by many environmental variables in each area, such as the purchasing
power level, educational level, geographical distance, and population by means of
the Tobit analysis in the second-stage. Their results showed a low level of
efficiency for most of the municipalities in Portugal, and they could achieve, on
average, the same level of output using fewer resources, and improve performance
without necessarily increasing municipal spending. Inefficiency scores are afterwards
explained using a Tobit analysis with a set of relevant explanatory variables playing

the role of non-discretionary inputs.

Loikkanen and Susiluoto (2005) measured the efficiency level in the healthcare
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sector and education sectors in Finland. In the second stage of the OLS regression,
regressing the cost efficiency scores with the variables of size-related factors,
location and physical structure, producer of services and age of employees resulted
in (1) there were considerable cost efficiency differences between the
municipalities: The most efficient municipalities were rather small and mostly
located in southern Finland, while the least efficient ones were in the peripheral
northern parts. (2) The biggest cities showed a rather varying performance. (3) The
variables such as the peripheral location, high-income level (high wages), large
population, high unemployment, diverse service structure and a big share of
services bought from other municipalities tend to reduce the efficiency of municipal

service provision.

On the literature of general government spending on economic growth, Moreno and
Rozano (2016) used the most recent model in DEA, a super SBI dynamic network
DEA model, to estimate the efficiency of general government spending for both
allocations of the public budget and transformation of government expenditures into
services to the people. The link variables, or the carryovers such as financial
assets, debt, and employment are used for networking and dynamic activity in the

model.

It is interesting to find that not only high—-deficit European countries but also
financially sound countries such as Germany and France have also performed
poorly. By the Slack-based measure of inefficiency (SBI) metrics, they suggested
feasible reductions in taxes and debt issuances, along with feasible targets for

government expenditure.

Kyriacou et. al (2015) analyzed the redistributive efficiency of public spending and
taxation in a panel of both advanced and developing economies during the last
three decades (1984-2012). To explore how redistribution is achieved through
fiscal policies, a two-stage approach is applied. As a result, first, Kyriacou et. al
(2015) identified higher efficiency levels in the Nordic and Central European
countries, while the southern Europe and other countries display much lower levels
and consequently a greater scope for improvement. Second, the differences in
economic development, the quality of institutions, and the country’s population
structure by the redistributive education spending, health expenditures, and old age

pensions affected the redistributive efficiency.

Bae (2015) employed a combination of the DEA and the Granger-causality test for
16 Korean major cities and provinces in 2006-12. In the first DEA stage, Jeju—do
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showed the highest efficiency score in both technical and pure technical
efficiencies, while Incheon City scored the lowest. In the second stage, the
Granger—causality tests illustrate that there exist no Granger—-causes between
economic growth and public expenditures in various sectors, but a strong and
positive relationship exists between economic growth and efficiencies measured in

the DEA stage.

Ziolo (2013) also studied the impact of general government spending on
macroeconomic conditions of the economy for 12 OECD countries in 2000-2011. He
reached a conclusion that the countries with the poorest DEA efficiency have
excessive deficit and debt problems very often. Some of the countries were bailed
out recently, while the most efficient OECD states were characterized by the

adjustments made to the Maastricht criteria deficit and debt level.

Wang and Alvi (2011) tried to compare the efficiency results of Asian countries
with those of OECD countries. Two main tasks were undertaken in this study: The
Extreme Bounds Analysis (EBA) approach in association with the truncated Tobit
regression was adopted to carry out in the second-stage. The results of Wang and
Alvi (2011) showed that (1) the United States, New Zealand and Germany are the
countries having the highest efficiency scores in the OECD sample; and Japan is the
one with the highest score in the Asian group. (2) The EBA method in association
with Tobit regression indicates that private sector activities exhibit a robust
negative relationship with government inefficiency, which means that increasing the
share of private activities in the economy helps reduce the inefficiency of public

spending.

Recently, researchers started employing several new methods such as ‘bootstrap’
and ‘three-stage’ techniques since the previous DEA models incorporated only
discretionary inputs, those of which quantities of DMUs can be changed. They also
do not take into account the presence of environmental variables or factors, known

as non-—discretionary inputs.

‘Bootstrapping’ is a method for estimating the sampling distribution of an estimator
by resampling it with a replacement from the original sample. The Bootstrap
technique was invented by Efron (1979) and further developed by Efron and
Tibshirani (1994).

Dufrechou (2016) used the Bootstrap method insisting that DEA analysis should

consider a truncated model, to respect the bounded domain of efficiency scores
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since many efficiency scores of DMUs are 1. A score of 1 is just an estimated
bound for the true (unobserved) efficiency, as even the best producers have room
for improvement. He analyzed the educational efficiency in 35 Latin American
countries with educational spending as an input and various outputs such as
average schooling years and population with secondary level as highest attainment.
He employed an inefficiency regression as following:

8.

K3

=a+ z;B+ gy (12)

where, 6,

(3

is an estimated inefficiency scores, variables are real GDP per capita,

regional dummy, democracy index, globalization, and their lagged variables.

Dutu (2016) also studied the areas of education, healthcare, transportation, and
agriculture in Switzerland in 2009-2012. His findings support the fact that fiscal
equalization and public procurement enhance the allocative efficiency of public
spending in Switzerland. Furthermore, he used the Bootstrapping method to prevent

his outcomes from biasedness.

Cullmann et. al (2009) tested the hypothesis that regulation (on R&D spending)
reduces competition by raising barriers to entry, thereby lowering competitive
pressure and the incentives to innovate efficiently. He used a two-stage including
the Bootstrap method for OECD countries. Sweden, Germany, and the US belong to
the best performing countries in the first stage of DEA. Then, some regulatory
variables are regressed. The results suggest that the low-level indicators on
communication and implication of rules and procedures, antitrust exemptions and

sector specific burdens have a significant impact.

Afonso and Aubyn (2006) also argued that the DEA output scores are likely to be
biased due to environmental influences which affect the efficiencies, and the
environmental variables are correlated to output and input variables.®) Thus, they
used a usual DEA with Tobit analysis corrected by a single and double bootstrap
procedure originally suggested by Simar and Wilson (2004) for analyzing 25

countries’secondary education efficiency.

Unlike others, Hsu and Hsueh (2009) used a three-stage DEA analysis on the
efficiency of Taiwan’s government—-sponsored R&D projects (GSP). In the first

stage, DEA analysis with inputs such as project R&D staffing, government subsidy

6) Afonso and Aubyn (2006), p. 477.
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to GSP projects, and GSP budget from recipient firm, post—-project period and two
outputs: (1) Intermediate outputs : publication articles, patent stocks, and final
outputs : innovative commercialization, profited commercialization for each stage. In
the second stage, from the following equation (15), the input slacks of GSP are
regressed on some of the uncontrollable environmental variables including firm size,
industry, R&D intensity, technology novelty, and ratio of GSP subsidy to total firm
R&D budget.

1S;, = f; (ZJ i B]‘a Ej) (13)

where, 1S;, is input slack j for GSP, Z;, is a vector of external variables, 3; is

parameter vector, and e; is disturbance term.

Among these variables, it is found that firm size, industry, and ratio of public
subsidy on R&D budget of recipient firm significantly influenced the technical
efficiency of GSP in Taiwan. In the third stage, the estimated coefficients in the
Tobit regressions were employed to forecast the total input slack for each input
and each R&D project based on associated environmental variables. The predicted

values of in the equation (10) were employed to adjust the primary input data.

Wang and Huang (2007) had a similar method as Hsu and Hsueh (2009) to analyze
the R&D efficiency for 20 countries in 1997-2002. In the first stage, a standard
DEA was performed with inputs of R&D net capital stock, researchers, and
technicians, and outputs of patents granted and publication counts. Then, in the
second stage, the efficiency scores are regressed with some of the environmental
variables which might influence the R&D efficiency: PC density, economic freedom
index, % of R&D performed by the government. In the last stage, with the adjusted
data, DEA was reemployed. At this stage, the estimated coefficients from the Tobit
regressions are used to predict the total input slack for each input and each

country based on its environmental variables.
3. Comparison of SFA with DEA
1) Strengths and weaknesses of SFA and DEA

As we have discussed earlier (in Figure 3), there are two major methodologies in
measuring the efficiency: Frontier and non-frontier approaches. The production
frontier characterizes the minimum input bundles required to produce various
outputs, or the maximum output producible with various input bundles, and a given

technology. On the other hand, cost frontier characterizes the minimum expenditure
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required to produce a given bundle of outputs, given the prices of the inputs used
in its production and given the technology in place (Kumbhakar and Lovell [2004]).
Then, both the Frontier and non-frontier approaches have two estimation
techniques: parametric and non—parametric estimations. There are several estimation
methods in Frontier—parametric estimation, SFA and Bayesian estimation, while

there are DEA and FHD in Frontier non—-parametric estimation.

Recently, many researchers have argued whether SFA and DEA are complementary
or substitutionary to each other, that is, whether they are good enough to be an
independent methodology (substitutes) or not. It depends on the similarity of the
results and strengths/weaknesses of both methodologies. <Table 1> reports the

strengths and weaknesses of DEA and SFA.

<Table 1> Strengths and Weaknesses of DEA and SFA

Method | Strengths | Weaknesses

Data  Envelopment Analysis (DEA)

« Allow one to compare the efficiency | « Heavy reliance on  the accuracy of the

of countries directly (ranking) data

« No need to define the relative | « Difficult to  distinguish between output
importance of the various inputs | and outcomes

employed and output produced  (due |  Efficiency scores attributed to inputs
to the absence of weights or prices | while other factors may also contribute
attached to each outcome) « Frontier depends on the set of
* No need to specify a functional | countries considered (Inefficiencies can be
relationshig between inputs and outputs | under- estimated)

« Not subject to simultaneous bias

and/or specification errors

« Allow to deal with the simultaneous
occurrence  of multiple inputs and
outputs

Stochastic  Frontier Analysis (SFA)

+ Error term with two components: | « Assume irrational functional form for
conventional error term + term | the ) )
representing deviation from Frontier | production function

(relative inefficiency) e Assume distributional form of the

e Allow for hypothesis testing, | technical efficiency term

confidence interval « Single output  dimension

« Allow to explain inefficiency « Frontier depends on the set of
« Allow to handle appropriately | countries considered (Inefficiencies can be

measurement  problems and = other | under- estimated)
stochastic influences
e With respect to  cross-country data,

SFA provides a means of
accommodating _unmeasured but
surely substantial cross-country

heterogeneity

(Sources: Cincera et. al (2009) and Greene(2005))

Cincera et al. (2009) summarised the strengths and weaknesses of both SFA and
DEA. SFA defines and divides the efficiency (or inefficiency) easily: It allows for
the error term to be divided into two components: conventional error term (white
noise) and the term representing a deviation from Frontier (relative inefficiency).
Since SFA is an econometrical estimation process, it allows for hypothesis testing

and confidence interval, while DEA does not. However, it needs to establish the
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functional forms for the production functions, which are subject to be estimated: It
can have significant effects on the efficiency rankings and absolute efficiency

measures generated

DEA allows one to compare the relative efficiency of DMUs in ranking directly.
DEA is not subject to simultaneous bias and/or specification errors by the
occurrence of the simultaneity by the multiple inputs and outputs. Perhaps, one of
the biggest strengths of DEA is that it does not have to assume irrational functional
forms as well as unknown distributions for the production functions, where SFA
often does. DEA also has many inputs and outputs utilized comparing to the SFA
with a single output dimension. However, DEA has a very critical weakness. That
1s, 1t 1s a very sensitive method when outliers exist in the data. It also heavily
relied on the accuracy of the data and is difficult to distinguish between output and
outcomes. The efficiency scores produced by DEA attributed to inputs, while other
environmental factors may also contribute. The last weakness of DEA 1is that
frontier depends on the set of countries considered. That is, inefficiencies can be

under-estimated.

Some papers include both SAF and DEA methods on our issue of public spending.
Perhaps, a critical difference which results in the different estimation is shown in
Figure 5. It shows that SFA allows for the two types of error terms as discussed
before. For instance, DMU D shows a fall in output than other DMUs such as B
and E. SFA recognizes this error term with two deviations, one is statistical white
noise, and the other is inefficiency, while DEA defines it as a total white noise or
inefficiency. DEA is also very sensitive to mismeasurement. For example, in Figure
5, if the output of DMU E were inaccurately recorded and overstated, the inclusion
of E in the frontier would mean that the Frontier itself was measured incorrectly

and that the inefficiency of DMU such as F would be overestimated.
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<Figure 3> Estimations by SFA and DEA
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2. Comparability of the Results in SFA and DEA

This section analyzes efficiency in public spending by reviewing the papers that
employed both SFA and DEA with short-term period data (such as two or three
years of time span) or a cross—sectional country or local government data. Most of
the works deal with the static concepts of efficiency including Cincera, Czarnitzki,
and Thorwarth (2009). They had extensive work on R&D activities of EU member
states and some OECD countries between (1981-2004). With output-oriented DEA
and variable returns to scale, the two-stage Tobit regression analysis was
performed for explaining the determinants of the (in)efficiency. The study found
that the countries with the best performance in terms of innovative activities are
also the ones that exhibit the highest efficiencies of their public R&D support, while
higher government expenditures in a percentage of total consumption are associated

with the lower performance of efficiency.

They further analyzed and concluded that the different results from both the SFA
and DEA are partly due to the different assumptions underlying the estimations.
According to their work, it seems there is a positive relationship between SFA and
DEA results at first glance: The top performance group includes the Australia,

Finland, and the US, while less efficient countries are Romania, Russia, and China.

However, the authors grouped the data into the world regions such as internal
market and Euroland, and GDP per capita, and measured the efficiency scores. It
seems that the SFA estimation showed more statistically significant variables than

DEA, and there appears to be no comparability.

Second, the outputs, the dependent variables are R&D expenditures and R&D
personnel, and they have been regressed with some of the environmental variables
such as the size of government, legal structure, access to sound money, freedom to
trade, and regulation. With the exception of the legal structure variable, both SFA

and DEA estimations do not result in comparability, again.

Bae (2009) also compared the results of the SFA with the DEA in estimating the
efficiency of public R&D investment for Korean major cities and provinces. Some
provinces such as Gwangju and Ulsan are found to be the most efficient areas, and
similar results were found by both methods. The cities and provinces such as Seoul
and Gyeonggi—do need to increase the level of efficiency so that it would enhance
the national level of efficiency in public R&D. According to Bae (2009), it seems
that there is a high correlation in between SFA and output-oriented DEA
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estimation, which is greater than 0.500, when the number of patents is used as

output for both SFA and both-oriented DEA estimation.

On the educational issues, Aubyn et al. (2009) studied the efficiency and
effectiveness of public spending on tertiary education in Europe, Japan, and the US.
They employed SFA and two different DEA models, one with some of the
physically measured inputs (the DEA model 1), and the other with financially
measured inputs (the DEA model 2). Some of the environmental variables are used

in the second-stage DEA. (See Table 6 for detailed specification)

Their findings include: (1) Tertiary education systems in a core group of countries
in Europe are clearly more efficient. (2) Tertiary education efficiency is related to
institutional factors and also to the quality of secondary education. (3) Efficient
spending matters for labor and total factor productivity (TFP). In their study, both
SFA and DEA methods are used and conclude that UK and Japan were the
best—-practiced countries. It appears there is a positive relationship between both
results of efficiency. However, Aubyn et. al. (2009) mentioned that the results are
quite different due to some factors: (1) A production function approach is applied
by DEA, while a cost minimization framework was used for SFA. (2) In the
second-stage of DEA, the efficiency was measured by two different terms, physical
or monetary units. However, in SFA estimation, the paper considered the cost with
tertiary education institutions as the dependent variable in a regression and outputs
as explanatory variables. This different formulation, by itself, may induce dissimilar
results. (3) In DEA efficiency analysis, it represents “relative” efficiency, and there
are many DMUs that could be the most efficient ones. However, this is a very rare
case in SFA. (4) The SFA’s maximum likelihood estimation method allows for an
unbalanced panel, while it is necessary to have a complete panel for DEA

calculations.

Chakraborty et. al (2001) used the data of Utah’s 40 school districts for the
academic year of 1992-1993. They employed both SFA and the two-stage DEA
model. Although they did not compare the results from SAF and DEA directly, their
findings suggested that there was a substantial variation in technical efficiency
among the school districts observed. While it is invariant as to the distributional
assumption (a half-normal or exponential) of the one-sided component of the error
term in SFA, with a mean efficiency of 86.07 percent. On the other hand, the DEA
analysis shows that the socioeconomic and environmental factors have a strong

influence on student success.
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De Borger & Kerstens (1996) utilized four different methodologies to examine
social, economic and political characteristics of Belgian local municipalities. They
found large differences in the mean efficiency scores, and rank correlations
between the parametric and non-parametric measures were relatively low
(0.59-0.83). It was reassuring to observe that with minor exceptions all parameters
of the explanatory variables consistently had the same sign across the methods.
Local tax rates and education were estimated to influence municipal efficiency
positively, and the per capita block grant and average income affected efficiency in

a negative way.

Let’s turn our attention to the dynamic analysis. Zhongji (2014) used both DEA and
SFA with Chinese panel data of R&D expenditures from 2002-2011. Since the
period covered longer than ten years, using a dynamic DEA (with VRS) and SFA
models (stochastic frontier model of transcendental logarithmic production function)
fits better. The findings of Zhongji (2014) include: First, with the generally low
level of R&D, Eastern region’s efficiency is significantly higher than the Midwest
areas. Second, both DEA and SFA showed significant differences, but the
correlation is up to 68.1 percent. Finally, there seems no direct link between R&D
efficiency intensity and the economic level: This is quite a different result from Bae
(2015) that a positive relationship exists between economic growth and various

efficiencies measured in DEA stage.

Of course, one cannot compare the results of DEA and SFA directly since
efficiency scores in DEA measures the ‘relative’ efficiency, while the estimated
efficiency scores in SFA refer to the ‘absolute’ measures. However, we may
compare those results in this way: Figure 4 shows DEA and SFA averages and
standard deviations from Zhongji's results. It seems that the DEA averages and
standard deviations for the total period are higher than those of SFA.” One striking
result from Figure 4 is that, on DEA estimation, the average efficiency score had
been lowered, even though the standard deviation of the efficiency scores were
changing overtime: They were decreasing until 2008, and was increasing since
then. However, on the SFA estimation, Figure 9 illustrates the vice versa: While the
standard deviation of efficiency scores has been rather steady at a certain point in

time, the overall average score was improving.

Thus, this study shows a very critical difference in both methods, and it gives us a

very important message: The comparison between the results of SFA and DEA

7) In DEA estimation, the mean of the efficiency for the whole period was 0.441, comparing
to the 0.300 for SFA. The standard deviation was 0.231 for DEA and 0.169 for SFA.
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should include the over-time effect, that is, the dynamic behavior of the efficiency.
Finding a path of the efficiency fluctuation rather than a certain point in time
provides more significant information for the study. In this respect, two
methodologies are not comparable at all as long as the dynamic behavior of the
efficiency in over time 1s concerned, however, they can be complementary each
other such that: (1) The 'absolute' average efficiency of public spending was
improving (SFA results), while 'relative' average efficiency of public spending was
not enhancing. (2) The gap (standard deviation) between ‘'absolute' average
efficiency did not change, while the 'relative' average efficiency was decreasing

until 2008, and increased from 2008 to 2011.

Unfortunately, we cannot find many works dealing with dynamic SFA and DEA in
the area of fiscal spending efficiency. However, as we have seen from Bae (2010)’s
work, which compared the dynamic DEA model to the previous static one, he was
able to demonstrate that the actual average efficiency level of R&D investment is
relatively lower in the dynamic models. It implies that the efficiency scores in R&D
investment are lower than we have thought. Thus, they were over—-estimated in the

previous static models.

—o— DEA average —— SFFA average

0.5 = = DEA standard deviation —2¢— STA standard deviation
=
-= 0.4
o=
S 0.3 A
)
E ﬂ_z 1 L]
- ks Ea Ead ) e o s S e
=]
= 0.1

0.0 T T T T T T T T T 1

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Time (vears)

Figure 9. Averages and standard deviations of the efficiency scores for DEA and
SFA (Source: Zhongji (2014))

IV. Concluding Remarks

An extensive literature survey of SFA (Stochastic Frontier Aapproach) and DEA
(Data Envelopment Analysis), which contains more than one hundred research

papers that introduced the methodologies, models, and empirical findings on the
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efficiency of public spending in the areas of R&D, health care, education, and
economic growth, has been reviewed in this paper. We shed light on the
methodologies used - the two most recognized frontier methodologies, SFA and
DEA. Both have methodological strengths and weaknesses, and the differences in

empirical findings are critically analyzed in this paper.

Furthermore, this paper introduced the new techniques in DEA and SFA such as a
dynamic network DEA model which combines dynamic aspects with the multi-stage
analysis on the subject and three-stage method (DEA), and new techniques of
econometrics such as the DBootstrap method (SFA). They are useful when a
correlation exists between the dependent (or environmental) variables and the error
term in the regression. Both methods resulted in unbiased estimates and produce a

more robust estimation.

Our findings clearly demonstrates that SFA and DEA are not comparable, but they
can be complementary each other. In comparisons of static and dynamic models,
there are various theoretical, technical, and econometrical factors preventing
consistency of the static results between the SFA and DEA: The estimation is
biased as Bae (2010) insisted. The results from both methodologies are significantly
different, especially when the dynamic behavior of the efficiency in over time is
considered as it was shown in Jhongji (2014). That is, finding a path of the
efficiency fluctuation rather than an efficiency score at a certain point in time

provides more significant information for the study of efficiency.
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<Z D EY ATE HAE 7e BAF (FF5 9, 2010
(2] %, %p)
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Shax . i
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2004 59.0 68.8 63.8 68.8 66.5
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2007 70.8 70.6 70.7 68.7 69.9
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A5 /AT £(2010), p. 116.
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T Utk ol FIAYT EFYAT) A Aol PHHE A e AR
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AL 2 34 Ao - =584 A MA
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A ARl Ae, FEAE e 1Y 7]1_ St ol Aol o] &4 gkt
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100.0 100.0 100.0 100.0 100.0 100.0
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s APe foAs SANAY 2 e A

W, OE RE §39 4% BAH02 fo8 AR Tex E3E FAY 5 AT
ole FPAYS Ba AEL AFWE A ASAGT SudE, ol e
o] sn] pAe] FE Wl Hi A4t ATAYY] PR GERd A BT wat
SED

ojstds 7t AFel AEHAY FZolA,
FEALY A DA} S B=NA oA AP HlEol
S7HHA = Fdee EAET. FEARel A StASNA AAA]D SHAA g o
o %< FEF AYHJAAR, ME St AZeA & of A =27 28 & AL ofY

%
_%_

20053 2B 20109714 AA|H o2 )]
%

9ee A ETID

W FelAgle) A9e we SSe weUERE o] Zilels AT mn.
GE 6> Al WAl A& BY A AYS we Aol 18x ke Aol Hla) AT
METl BdE Ao} FAY AW oF 7.0%p feleA o AR Ao vt o

gtoll ek nAFEAE TAL B I B 79%AT AY FEEEES OF AdA
7F Aol 10.2%p2 7HF =ka, I o 2E T3 Aol 7.0%p

==
o
G EE2e] e Holl AN, FAF LR {3 FE2 ofYIUTh

29 @ge Bt digel e 2AHERE FAYE A5 FEAde] Ade s A

15) 2009 ‘FElAbdoll oA sy
A 1909 FFF R A 140999k o] ALY

o=

1::1L =] . 3
ofstdr 7F AW T S BAA ns FES Foled AHEE HIEL IR EFRPS A
omE, N SYSY YeIA B w oefF Y FrE ATH|UW Aoz FAF # ek
16) 3HARE ALl frEEE rel BAT o) BAYOR fold Felx kg Hol: AtE AT
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A9 FR} 255

7 &%) HY ARdE A F5E0.

<E 6> Ug A 9 AF ST v Xe= £ (13 Z2AF A8)
3] otd o~ =33 daol Ay g
Ga&as>  Fdogwel  CEET  fa ws ddwow
ATl Lg%h L e Uy 5YF dT
g =1 G S SR L
20109 ojm) ~0.011%** 0.047%%% ~0.110%** 0.030%**
(0.004) (0.004) (0.007) (0.007)
XY 0.014%* 0.018%** 0.016 0.019
78 =l
Er (0.007) (0.007) 0.012) (0.012)
2915% X 0.005 0.013 0.070%** 0.029
T (0.010) (0.009) (0.018) (0.018)
¥R 5 95.129 25,344 25,314 25,344
EPEE! 2@%% X 0.003 0.015 0.079%** 0.034*
A TEATE (0.010) (0.010) (0.018) (0.019)
2010 X o] & 0.018 0.004 0.102%** 0.025
3 (0.015) 0.012) (0.025) (0.026)
T2 A s s
o 201049 x %3 -0.009 0.004 0.070 0.050
25 0.015) 0.016) 0.030) 0.031)
° 2010 X 23 -0.009 0.073%++ 0.036 0.023
(0.019) (0.028) (0.038) (0.039)
ZF : PROBIT 419 dA &7 Y. T35 2+ robust standard error. *** 1%, ** 5%, * 10% oA EAAo = &
9ge oiml. Alw ma o A% wol AN W Slo) FHAA ¥, A, Al AF. B
AR, FHY AR, Ukl A7, gEF dFAE %?ﬂ-%ﬂﬂ%g. ‘DAREAHR BA o AL o
Qo= 20108 du¥M<4, FYAY guHSg, 2Adig) iz 1383 E EAFHAS. ‘FEAY FIEEGE
Aad FA) o A o] fox= 2010d@ grdSs, FYAY AR g5, TEAA g5, A2FAR oHq

oz e

2 AHE

TEAR el Rk A<l
T3l EdA Y HAAEl A FEHR

G, BbS] O 3 ENE FAHAE,

H

SER 92010 5 71E AFENAE, el

o

AL E‘r»t— §& o] Age] Tad HHE Bt
Aok AT FA ALHAY AYE AnE WM AAHoR zAB Ruse AR
A7) wiEol FAAgd rhsAde] Eal, wEbA o] 7|23 4 AFAE AHEH] oHyE &
golth, EF FEAY ALe e AT I¥A B A ol AT I, A
59 540 g2y wEel, o]y 8de FAS FeHA FEAdel HY Aol wH
£ ZoE B4 AsiAE A @99l mAE Agd g B Fasi

GOMS ARE o83 oyl B4 Aze 71Ee 4 A8 R A7E ve A7 nd

A
A 24 A%, 5 2T A 19 67420 A AN 24 ANE B
#dE BE AN FeAdel Ko s ERE FAY F Y9
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oo 24 AN A YA R, BY F 69 oy F& 1209 oW AP @
Ho| QA ARE FHUFE T AABMNA, olFALEA] ATHE YEFE 2010
9 EU4 % gEnse Feldy AY oF gease] mage ofn Feds A4
o2 folax itk skl U@ nHEHE BAtE ALl vRAAAT ASE
of Felx R5E umolt Aol YA, Arighel 12% FEel 1N Y3, FAHOE

ol Jehia 9A 2t

L}

SAT A FAEZE 08 5Ee uelEth 28 A4S 28 AYY A9 FelAd
of AY FB VAL AFE SANOE FoFA @S B ojIY ASge FIE F
gos} ozt EAH Qi B&S Holt W, td Aol At dunsA
AROE fol@ Tl E3E FAY & Yok Y A AU e P FeAde
e B e 730011 ulel, Aol BASE) Al 20058 QAT vin o
GAY Aol BAE 20109 FAYol, A AH A A& FBL 37%p WE F

fpy
2
o
N
=
e
o
=
A

G % 619 ol ABE T Aol AL FEE 31up WF, 20
A& & FHol e FEE 47%p VF FYsA B T 2
ol FA= &% A 3d 67 ol Fol AAHE 23 EAIME B #ddn. &
Aot 23 Aol Afole 23 ZANAE R A ALY AR A B Fo)R
oro 5

B9 HAA e Aow Yud v, od Aol AUe we A9 A FEo] 56%p
folatA o mobxth oy AlAe ol pe Tas aR A A AAES )
oz B AR, etel I wA &3 BA A AY BBl 25%p FolshA o ol
At Aew e

e FPITE TIUANYS Bal QAL AYBO ZrlEE FAHE HolW ;AW
©ATE 1 Ame BAHCE Fo4E Husr] i szel 1AL B -
o AT AL §30) wE AQe T ARHoAG. Bd oy Ao Agde =
AM o) AYEL 4-6%p FoABHA ZAATE Bt dlom, olgd AYe B¢ HF=
28 29 ol% 3-4do] AnE AHANE folaA B2LHA

T @ b SEsEe Ade B3 A AY 24 A FE FbL dEe

A 5 sy e AL AT Past REePA APHD Yok Holth E D v
Aut Ge A FA oSSl AL QA oiRE FHUFE St ALY 2
g sk gtk ol F HEl 20109 YA iR HElwss By A AL R gy
84 US| DAVE L} 2AANE delds g& Boln glow (0159, 24 2AA
L ROF vholU e Holn itk Y F 3d 674uel AW AMNA qYe A%
L 3Bl Y AY AR we BN A edE 12p Fadte AFE Bavs
AL gt 13 2AAE FUe A&t ARe AYITE, BF A S44e
A B8 27 BAE A AR 2o shfett Ao Uehta T Y #Ee
277k WA AgAU A A 2 A YR Fo gas ddHE 54
g Rl g4 A&S B QAN FHL TRsE A i AFE PA 239
FoQths AelA Fo A 4 Bast e ANz

17) 24 B4 O - ekl Astshe AYS AE el AR A, 2010d F4
A elR deass) B ALY AY % Hulws makge] ASge 000026 o2 FALOR f
et ge zoz ey
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<2 7 HAY #49 A%

PRI L 2 =9 ¥ 240 97
gaas LI eid ol 12719 o dsimsa
o AU AT A AWA AR -
2010t 0.005 0.002 0.007 0.002
(0.006) 0.007) (0.006) (0.003)
ERE 0.014 ~0.001 0.006 0.015%**
7] 8 =R
5 (0.009) 0.011) (0.009) (0.005)
2915@1 X -0.004 0.012 0.008 -0.003
1 TR 0.015) 0.016) (0.014) (0.007)
2 R 5 25.344 25.315 25,318 95,344
B 291‘%@] x 0.003 0.021 0.017 20.005
= %A TEAE 0.015) 0.017) 0.014) 0.007)
A 2010 x O} & 0.037%* 0.037* 0.047%%* 20.012
3 0.018) 0.023) 0.017) (0.008)
T A .
oy 201049 X 5 -0.015 ~0.003 ~0.005 0.007
(IAE
s (0.025) (0.028) (0.024) (0.013)
2010\ X & &) ~0.054 0.021 -0.027 -0.004
(0.035) (0.034) (0.032) (0.016)
20109 7] —0.021%% 0.006*
(0.006) (0.003)
%]r_j E} 9 0.001 0.012%*+
b (0.009) (0.004)
201 % % x 0.017 ~0.006*
2 T (0.013) (0.004)
2 R - 91.123 91,123
S 9 X * _ *%
wAgay 20104 0.025 0.008
Q)
= BA TEA 0.013) (0.004)
A 20109 x & 0.056%* 20,0127
5 0.015) (0.003)
21 44)
oy 2010 X 0.010 0.003
(A= 22
3 24 0.022) (0.009)
2010 x -0.032 -0.001
(0.035) 0.012)

Z : PROBIT £4¢

oS ofm.
o R, FIHF o F

Qo= 20103 Tiv¥<E, FAd Huds
AaH} A o AF ol o= 20104 HUIE‘E-’F FEAY HFAA o7,
SAltstel] e A aR=E FAHUS

e el

AL kY. ZZ ke robust standard error. *** 1%, ** 5%,
1R 2l o Ae Zoll AAE A Qo) FAQIA AR, AF, A% AF
IRt e AR, diEF JFAE W57 BAEHAS
, 2% i@ 3HEARE
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20104 9| —0.021%% ~0.017% ~0.012% 0.107+

(0.006) (0.005) (0.005) (0.008)

2] 2 Y 0.058%** 0.050%** ~0.018** 0.027%*

15 = 0.011) 0.010) (0.009) 0.013)

- 20104 x 0.010 0.005 0.029* ~0.019

1 TEAE 0.015) 0.013) 0.015) 0.019)
4 g8 % 20,167 20,167 20,245 20,045
aqEs  2010d X 0.006 0.001 0.024 20.029

=1 B4 TEAL 0.015) 0.013) (0.015) (0.020)
A} 20104 x 0 & 0.008 0.004 0.025 20,043
5 0.021) ©0.017) (0.022) (0.028)
TP o0axzw 00400 ~0.040%* 0.041 ~0.035
ﬁfgfb _ (0.022) (0.018) (0.026) (0.032)
20104 x 2:) 0.068* 0.055* -0.007 0.016

(0.037) (0.033) 0.028) (0.039)

20104 9| 0.020% 0.016%* ~0.010% 0.0417*

(0.007) (0.006) (0.005) (0.009)

2] 2] Y 0.056%* 0.040%* ~0.005 0.029%

5 = 0.011) 0.010) (0.008) 0.013)
2010 x 0,011 £0.003 0.021 ~0.008

2 Rk 0.014) 0.013) 0.014) 0.018)
4 g8 18,045 18,045 18,049 17,892
aqEe  2010d X 20,003 0.001 0.023 0.001

=1 %A TEAL (0.015) 0.013) (0.015) (0.019)
A} 20104 x th & 0.024 0.000 0.011 0.028
5 0.023) ©0.017) (0.020) (0.026)
T s0axzw 00600+ ~0.035%* 0.050* -0.042
j(f—g%) _ (0.020) (0.018) (0.027) (0.032)
20104 x 23 0.022 0.061* 0.012 0.017

(0.034) (0.036) 0.027) (0.037)

= : PROBIT 49| sAI a3 #3 AFAdF9 4¢ OLS E4439. &35 ¢k robust standard error. *** 1%,
" I0% o SAASL AT ). e 2d 2 73% zol AT WA oo AR o,
}:I 0]

A%, A" AF, AFHY]) Y o, FAHE AN, ksl
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ABH wF2D FE FAF Wt YAUAE, FeAde A AAHY 2%
e FYPES A 5t AT Bok AR He] AYFOEA 4F VHEI} 3

obAl= TAA EIF vEbse & ok A T3 AFe] AUEAE FAAsH] 4
A% wEEst #do] e odd WEEe THUFE T AL dAEAE,
A= AR Zlo] Ha <E Dolth
FolA 7 FEHAA dEugs AR 13 A A tE Al B9 FElAbgel A
ks Aol wAE A7 AR Fold FAHAHYA G
A

e wHAY Ade Fil @ Aol AuHon wEshe
FasQl, AAel AAelst Ade] L& pEel e e fEelgn dashe ulgol

JJ_.
7.2%p, ZW«I & ol s v FFEolgta Q1Ehe

H &% 6.8%p 3
o dAY7E ALl MEI A dva A= FeE, TAHCE FoFAE FAT
toly 2 fS BT ¥ S AAgolu 423 A Y A BE AxEC] fFYskA &g
TS Hola Qa1 o2 Q& FE AY HAFHCEZE REEY A SR WTEY Fhol
rofshA] &2 Ao v o (uS FFo Bls B2 FFY dAgze ARt
frofsh ghs ®ola )

12 ZAb A S g 220 ZAMIA S, 8 AAE S 47 AYS EE UE A AT
o= FAY AHe aHTE FostA & AeE YEu Ytk AY BE AS wxdt
o AlF#te SAACE FYstA @4ska, F5 A JIddd A o8 WFoE g
e A7 gtk (AA "]"?3«] 73%)

ko] EA oA tE AIYY A Sl dd UEEE Foli AYES FTVMIIE TH
Al AR7E AT = AL S FAARAT olet HEo AV iy AHFEe] A =94
o] 7] @AY A MEZEE FTMASS AT F AATH ol dig =Y ol Al
of e dAYE FHed FEAdel dF FA8F ARE B AAEIET. AN

a1 2ol oy ARt YEhV A, =S O 3l 2aF 2AF AZFA] AAEA et

= A2 o] Ade FAE HolEn
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Al o Al o
iy B AR mhedd  Adred o 2HE
= T T — 1
AxE =1 gAY =1
2010 ©w]  -0.038%** ~0.006 ~0.012 0.030%**
(0.008) (0.007) (0.006) (0.007)
A 0.022 ~0.019* ~0.019* ~0.018
g = 0.013) 0.011) 0.011) 0.012)
2010 x 0.020 ~0.030* ~0.019 0.011
1 TEHAE (0.020) 0.017) (0.016) (0.019)
2 R 20,233 20,243 20,241 20,244
S Ea 20109 X 0.019 ~0.032* ~0.023 0.005
=1 %A TEAL 0.021) 0.017) (0.016) (0.019)
A 2010 X o & 0.051* ~0.072%%* ~0.068%+* ~0.025
5 (0.029) (0.021) (0.020) (0.026)
Zﬂf QQ 2010 X %3 ~0.030 0.031 0.049 0.049
ﬁfg XS%) (0.035) (0.032) (0.032) (0.034)
2010 X 43 0.028 ~0.026 ~0.020 0.016
(0.042) (0.034) (0.034) (0.039)
20103 Hvl ~0.021% 0.004 0.009 0.080%**
(0.009) (0.007) (0.007) (0.008)
A 0.034** ~0.021%* ~0.020%+* ~0.000
15 = (0.014) 0.011) (0.010) 0.013)
- 20104 x ~0.022 0.003 0.006 ~0.004
2 TEAL (0.022) (0.017) (0.017) (0.019)
2 R 18,045 18,045 18,045 18,045
wAEa 20109 X ~0.016 0.005 0.008 ~0.009
=1 %A TEAE (0.022) (0.018) (0.018) (0.020)
A 2010 X o & 0.022 ~0.007 ~0.014 ~0.014
N (0.031) (0.025) (0.024) (0.028)
Zﬂf Ef 2010 X %3 ~0.047 0.041 0.060* 0.005
y(f—g ;‘ii]) (0.037) (0.032) (0.033) (0.034)
2010 X 4 ~0.061 ~0.018 ~0.020 -0.017
(0.045) (0.033) (0.032) (0.038)

= : PROBIT £49] A&} #d. && & robust standard error. *** 1%, ** 5%, * 10% AN FAHSZ H#
O3S oml. 7R mE’ o A9 xol AAE W Lo FAEJUA AR, AF, AF AlF, A5} 4
A, FHA AR, dutgsilA] AR, dEF HAFAE 457t SAHJS ‘2AHEHR FAT o AS o]
o= 2010 dr¥, FEAY Hrys, 2AgE g aFEAE SAFHJS. CFEAY AEEGE
AR FA) o A o] elx 2010d HrdF, FEAY WBJA AR, FEUA AR, LFJAA o Fo
g duig, SAdiske] g 1453 AE TA=HAS.
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FelAglel Fad BEE Auvste] $4% AHe FAse], oL Fa A 4k
WAL SRS UATD TR0 FAge B NEE Agus FAYEC] 2
Wepe] Ao AFaE WSS oA WYL b <E 1L o9t BAH XSS
FHAFE e FARN ARE FUP Zlolth BE BE A W9 24 Uy 4%
o] Aofo] XA ] FE FHUFE S, T AY BIE AX JHE F& WS
SE, 20108 EH4 % CulEss el AY AY R HudE Fe wRFEe BE
Aol frolshA g e ReAFa Atk 13 2AAL 23 2AAL mb G
M, A REEEE A BREel B9 fostA ¥e ge usn Utk @ =4 F
P AYT B2 §oF g Boln YD)

AR Ao Aejo] FEAUA GRE FEASE st B4 AVIAE, FelAgle &
Fe OAZ FolskA 2 ghe UEim gk tistl Ud nHENE BANL AP @
AFo] oG e BolA @gkor], AY FIVZE WAFPe] T #e Hol: AS
toQslth ol @ RHEANE FANA RS Aol AL Asgel 13 =4
AL Felsol gre Holt W, 23 ZAAE nloluz e Mol Ggd AwE
JeRia gtk ole@ AAEL TGS Fo Pl AT A wEAR] R
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2Rl BA FEA e FEAR] B Ao FA, &3, &4 T A

JAALE AY W digolA &g 5 J=F ALt dF<

& JAAFEE Tl Aol BAsta ofo] met -5 AT gA AJom ol A

FeteS Fee AT oAtk (NSS4 23], 2009
f

Az A4 A AR U FEUSe] A9 rlelus ¥5E Rl =
de APl Bt AL AFHL BolEt (I AGo] £EUU A e FEUFY A
+ Eex PEE e
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oA 943 QIAV) W& Y StHE R, AALHA 150 T XY HFE= o)
AoEE AL ofd £ AS5S AAEIE
<E 10> U1 XYy A% A9 A= #d A=
S o] 9l Al &R} S o] 9l Al RF
Geue  ULAGE AT AR A A Al
A= o) (Hed wepy TEEL BF =1
20109 ©jm) -0.005 -0.040%** 0.029%**
(0.008) (0.008) (0.007)
T2 Y o 0.017 0.004 -0.024%*
25 (0.014) 0.013) (0.012)
2010 % -0.024 -0.013 0.031*
TR
1 (0.021) (0.019) (0.019)
4 FE 5 20,237 20,237 20,237
A &) 291%% o -0.005 -0.004 0.030
= %A TEAE 0.022) (0.020) (0.020)
A 20108 x & -0.010 -0.028 0.033
(0.030) (0.029) (0.027)
2] A1 .
oenm 20109 x ZY 0.006 0.031 0.018
(A= 0.0 0.0 0.032
R _ (0.037) (0.033) (0.032)
20108 X 238 -0.005 -0.016 0.051
(0.045) (0.043) (0.043)
2010 o7 -0.035%** —0.032%%* 0.088%**
(0.009) (0.009) (0.009)
T A g 0.025% 0.003 -0.018
5 0.014) (0.013) (0.013)
20101 % -0.001 -0.022 -0.038%*
T A
2 (0.022) (0.021) (0.019)
4 FTE - 18,044 18,044 18,044
T4 & 7 29{%% i 0.007 0.007 -0.011
= BA e 0.023) 0.022) 0.021)
A 20104 x o3& -0.001 -0.036 -0.002
(0.033) (0.032) (0.029)
A . N
oenm 20100 x ZY 0.042 0.065 -0.036
(4= 0.040 0.034 0.033
G _ (0.040) (0.034) (0.033)
2010 x 48 -0.025 0.007 0.011
(0.046) (0.044) (0.043)

Z : PROBIT 49 A a7 3+, &35 ¢Fe robust standard error. *** 1%, ** 5%, * 10% oA EAACZ &
e ol B mE’ o A% Eol AN WE o] FAHUAA ol AY, Aol AF, ]2y =9
SR FURA R, QUATUR 1% AR AL ) BAHYL DAL FA” 2 A4
slol= 20109 el FelAY duws At gd nHEAE SAHNS. FeAy SEEG
HED BA) o A o] go= 20104 Hrlw, FelAd dFAA IR FHAR R AR of o

ek crdee, A i3 1T E FAEHUS
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<GE 1D WiE A9y AR A9 A= #d AxX (A5 HE F7F AD
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