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SUMMARY

The main objectives of this study are to measure the returns to R&D and to
provide the direction of policymaking for efficient usage of governmental R&D
expenditure. In order to estimate the returns to R&D, we use and modified
conventional models by employing several econometrics methods. For the empirical
investigation, we use Korean industry-level data during the period between 2006
and 2017. The main reason for using such industry-level data is that the social
rate of returns to R&D can be measured. For the elaboration of the measurement
process, we also provide the framework for measuring the intra-industry social
rate of returns to R&D. The main results are as follows. The average rate of
returns to R&D ranges between 11.5% and 31.9%. Several low-tech industries
showed a high average rate of returns to R&D with a decreasing trend over time,

while certain of high-tech industries showed a quite different pattern.
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(E 2-D 4 &919 R&D &
a7 24 oy B4 SR »olg
Bernstein and Nadiri (1991) 6 0= AxY 1957~1986 0.21~0.86
Griliches (1994) 142 ]2 A=Y 1958~1989 0.12~0.46
Jones and Williams (1998) 12 o2 A&Y 1961~1989 0.35
Qe 54%~60% (1X} AHQ)
Cororaton (1999) (L2.33 Ak1) 1980~1996 10%~12% (2X} AF)
e R 60%~62% (3} AHgl)
Kwon (2003) st A2y 1987~1996 0.26~0.33 (At R&D)
Ej (2004) 264 299 7|9 1996~1997 0.12 (412 R&D)
ermo A9El ~
g = 0.23 (7% R&D)
Max: 0.25
L 2009 =9 AzxY 1960-2005
ang (2009) 4 A=3 Min: 0.07
Corderi and Lin (2011 OECD 1378 =7} 1987-2002 8.66%
orderi and Lin ( ) M 49, 8 A - .
Inglesi (2017) G7 27} o] At 1985-2012 1.29%
OECD =7
Van (2019) N Nd 1963-2011(Max) -0.159~0.039
st 71

» &X]: Congressional Budget Office based on Mairesse and Sassenou(1991), Mohnen(1992), Australian Industry
Commission(1995)2 A+,

Lang (2009) =Y9] AxY Hots FA O E B L5
E< ASstalen, ol & R&D W&} R

ot 4 Az} R&D7F Asbgol T

Rl

7o)

?g-

2FA3(Total factor productivity; TFP)2] 4
F-t=gt AAgTE g RE FaLnA4

o, SRk

A Al



Inglesi-Lotz (2017)2 Corderi and Lin (201D¢} #FAFSHA F-t=2tx &= #}
goz 3 Fasgd AFAES 53 OECD 770 =71 oy x] 2del AlglA 4=

stk A7 A3, oluA &8 3 Hell AR A g Ee] TN =7t

van Elk et al. (2019 F-vHectx det @A =ddi<(Translog) £ ©l

&3t R&D FAbell M o &l dis] 2430 1963358 2011744 OECDeI

&3 227 =71E Yo Bl oen, R&D A7 AAAdFoIY A4k of

a1s D A Zoll et ARSA o]eje] GDPY F

L] e Tl AHE ¢ Ae AAAE @ A HdE Asoer 94
=

HA @eg FAFAT B AN FYES /L AT et Al 5

Cincera and Veugelers (2014 F-tagtx ALHSE o] &3] EUS w9

AR el R&D $ES BANGT B4 A, vTe HAHo|w /& Ed
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3 AT A7} ot AT Griliches (1957), Mansfield et al. (1977) 52 <
TollAl&= R&D Abgolut &Eoko] IS AFH o2 gofste ATE TR
o, ojilFE 7Y ARE o] &3 T HIW = AR ™ £40] +F
Atk 53], 7194 R&D FAS Faéll 719 W d7A4 43 A9 U= 59

o} g 7ol AU FdES FAR F AT7F Bol IFHA

%
QL
2
=
R
-
N
18

Nadiri (1993)2 71} =& HI°lHE ©

<E 2-2> 719 999 A AH FdE

=71 79 201 B(2H):%)
Grilliches-Mairesse(1986) 30
Griliches(1986) 33-39
Griliches-Mairesse(1986) 25-41
Jaffe (1986) 25
Schankerman-Nadiri(1986) 10-15
o= Bernstein-Nadiri(1989a) 9-20
Bernstein-Nadiri(1989b) 7
Griliches-Mairesse(1990) 27-41
Lichtenberg-siegel(1991) 13
Griliches-Mairesse(1993) 19
Longo(1984) 24
et
Bernstein(1988) 12
Odagiri(1983) 26
Odagiri-Iwata(1985) 17-20
qa Griliches-Mairesse(1986) 20-56
Sassenou(1988) 14-16
Griliches-Mairesse(1990) 30-56
Griliches-Mairesse(1990) 31
oA Cuneo-Mairesse(1985) 55
Mairesse-Cueno(1985) 6-26

« EX: Nadiri(1993)2 HIE2Z MF4.

= Nadii (1999 AHH )87 W 7)ge] £ 4E Holy



(Input-output; 10), 53 HolEE 7|¥te = 3t 7]% &) H(technology matrix), 7]zt
A7 YA 2o 71E&7 52 HTH(technology flow approach)S 3 HgA <
QES FAHT APATES APtk AR HHFAELS AHFAE v

sokom, Ha 0.5%A Hh 26%7bA F4 = Aot

>0

<E 2-3> 719 B ANH A5 E

=71 A7 2018 (91:%)
Longo(1984) 10-14
LE
Bernstein-Nadiri(1988b) 9-14
iy Bernstein(1988) 20-26
qa Sassenou(1988) 10
7)o Fecher(1989) 0.5

« ZX: Nadii (1993)2 HIECZ MM,

sk, Hirshey and Weygandt (1985), Bublitz and Ettredge (1989), Aboody and

b (1998)2] ATEL 71¥e R&D FA7F 2oid4E 7199 7HA7} A sste
o ZHHAE vUehdn FAsAaL, oluf ridel WE-A 8]l HEY ZIH9
QRA FEFA dgaHe FeAdol AEIP. =3 Romer (1990), Grossman and
Helpman (1991), Aghion and Howitt (1992)2] &= 71o] R&DE <|FA o)y} It
waEIe Z2 oFaHNIt gl Aol ofua FASNoH, olF EUE o
Fol= 7143 R&D #Ao &3 ATl Ao 71 e WA - 218 2d7A 1
3 R&D g a&He] &S th-Fojof gvkal FAAUT 71de] A7l &
Aste 7L &Y FUAE ez WAst= Aol ofd o8 7HA] 714 W] o
Aol A2 ZAZRAA 7S ot TS TAAIHEA A ¢, 2010). &5 &

i, AVlee aRF oz FAFAA HEsHY AAF Az st AER

o
O

=

ofd, MEL FA8AY 7&, 9 E vl A T I3 AdEo] AR HsES
Ao g Agste & FEste Aot 9, 2010). ZHEE 7|Fe AT
ol o3k =ofo] Frtslr] A= WA e FEFRT ofd JRAYUY aHR=
A= ojof gt

JRETE Aed gEded 2] A7 Bloom et al (2013)< 1980%
20017bA] 204 9] ml= 7149 3d dHiolHE o] &3st] AMF - AF A FolES
Aottt 719e] R&D &5o] & FEAAAA BAsE 71Fe 7HA ol HA &

_I_4

4
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Aol o] FojHof strha FA3HA T

Chen et al. (2013)& & 7 ¥4 H(Stochastic Frontier Analysis; SFA)S &3}
of New York Stock Exchange(NYSE), American Stock Exchange(AMEX) X+
3

ey

r

National Association of Securitiess Dealers Automated Quotation(NASDAQ)ell
714el R&D SHFEIE AZaich $4 A R&D HFEA}F 2 JAEL
g J1el AAE FYstel 1 J1e) AL FrEEE ATl YN A
R&D Sg&37t & 7|9ELS R&DoY A HAQ EA= Fola Ik =3 A7)
2 #H-olA R&D FA7F 714l o FS vA=A el duE A, 9
A4 R&D FAE Beol ¥e 7IdLdsE 7199 2 Skt Z713 ] A3

[e)
= AT

o

il

¢

rq
of
0
v X

=
a-

ol

cERI

g
o

A3E U] RD A& Aol BF A3 a7

A1AT A2del Yex s R&D 2 Eol o3l kst e o &

s 4z A7 APHAoY, FUgAE AZ

ol AN AFeAz Fe] A9, ATAYL BEY BAE Ans 2A

sl gl 497 B B4 w9l b Aws) 2AAE 59 ofelgo] Y]
2o|TH@AH, 2018). R&DS] 508l gt T ATE sl AWud Oe

3 2.

Zfo] (2004)+= 19793 FE] 2002 37FA] FELAALE We Ax2GAEe 71 d
JlEE ngow F-rTHs ANTSFE ALl AxE 4F Sy e 24
A, w=H, FelA A F0Ae] 244 7 5EL UERE AQABEE A E
stal 9% ATAVARL ZAFATE ol B Ba, Fue] AREAL

_‘l‘l_



FEI A
AFS 0051 Tl 4l AR £4E 7Y AT Aze ¥ 5 Aok 4

A 259 719 HAHOlHE FaA AR

¢
z
Lot
o

e (Depreciation rate)<}
R&D A4 &2 A FAsIAT. AFa(2009)04 283 Heolg= 714 A
Tolut Pavitt(1984)2] 713t B 7ledgale sjgo] AdE EAd wet 7EdE
T ARl A8t 2y SEAS d8 1A es
A& 9AZ FRIAAL, o8 T S FROE FRFADN. <E 2-0E AT
31 (2005)2] A5 A2tk Aol

[\D

flo
oy
ol
oh
£
Mo
&
ol
R
o
i

r>

<(E 2-0 FIut A7 GIEEA s E R AHEF A7 EE

APRLEA 298
Az ANAS ABELE
a3t ARy
(1) AE -85 -5/ -0.0362 0.0755 0.2495
(2) gst 0.2341 0.1062 0.4302
(3) Aof 0.0360 0.1876 0.4478
4) 84 - 3% 0.2051 0.2071 0.1160
(5) 714 0.0881 0.1096 0.3135
(6) RHEx} -0.0224 0.3316 0.3115
(7) A7] - AR} 0.2221 0.1464 0.2674
(8) Au]A -0.1093 0.1470 0.4949
_ 0.0772 0.1639 0.3289
7$jx-]]*
(0.1038) (0.1663) (0.3051)
« 3 @0 LA FHADol che "o () o2 AMB|AE M2lE Mxeitts HASE F HR

« &% : AEsH(2005)

Hj-&35 9] (2008)= A=Y EoFollA AT FAe] Rl Wk, 39
o3k R&D FES FAHSIAT &4 A3 Az AA R&D A4 Fd&&
33.1%, 171 EAAPTL 371%, A7l dTe 29.9%A Tk AR AS A FolES F
4% o 44 GDP & §44 RaHe] 7|5 AA A5V} ofd Alvg e
o Mt oA FATE AT

o] +-4 9 (2009)¢F FAH Y 9 2010+ Y T FHAASE o83l 4k

av

2, AxF4, FAAE. (5) 1A - (6) AFEAL (7) A7LAAE R, A

2) 87 B2 o 2o (1) dad: AlE AR 541, (2) &8 (8) Ao, (4) 45274 vasd
d I
WALRQ 7] 7], b A W RMALEZ (8) Au|A: A7 7tA LT AN EA AL A, 7|EAE]A

_‘|2_
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s FAshs A
3 gk o)A 9 (2009F R&D Tk AMS A Fl B Ha 42.1%0A
o 214% FAHW, G499 9] (201002 HEE A FoES AL 17.2%04 A
389.8%7kA w9 w2 FJES EAta AASAT

FhAE (2018)2 2007HH 2016W74A = A=Y 719e] R&D FA 9
3 osbgaEde] A7l ™S FASAT 24 e I Az FERF 4
Z 9B A gidel HE 7S dde® RD FAe AHF - ALSE £9E
AAR AFaHs FHSAT ojul, R&DS A AFaFAR oy 7Y
AAA a4z s TAe FA44 dgEFE HFeen, o R&DY| IF
37t gt Ae WA et ATAs, A E g A
g HFE A7t 14.24%, 11.77%= FHHUL, R&D FA9 Hgades oF
2.47%p= e
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R 3 =R & D SO0 8 2 XiF

A F-TiZeks YRS T3 RED 5AE 324 =

R&D FYEE& AZFst=d 71 o] 2ol WS AAFgFE o] &3 AW
o] tH(Griliches, 1979; Hall et al., 2010; SkAj=, 2018). AT /NEAES HLQ AT
Zeste dAE F-gaegk: ALY TE o]l &stH, ol 4 (DF o] xdF T

Y= ALK’ G e, D
A7 Y& FI77HRALD, L& =5, Ao AL, G Ad7F/MEAERED £25), ¢
+ 749 &xHrandom erronNE 9E|tt. oW AE BT, o, b5 A =E, A

—

2]
2, AR e dEgE et o, ¥ & WEedoez ARSE A5, A D
o FLAFALEE =t AugsE FA Mk Ft

2 (DE el 228 A=A 24 Qo o] ¥ 2d=z vtE & o,

olE Fd 4 #Fo gHAS 4 £2F + Yok

N

Yy =n;, TN T al, + Bk, +g, + &4 2

A7IA e A, te= AIEE YERE HAelth 7]< Xl K(technical progress)E
oulst= 211 Ax AMdelu 71 5/ &3 g9 AltEd A9 dew yehd
< 9tk (Hall et al., 2010).

A QF A 4 W Sk 3 #AKeR wdo] JhsstH, aA2 4 ()
7} 2ot

Ay = A +aAli,t +BAk;, TYAg T Agyy, 6

ojuf, AT NLEAEE AEEHAP(NS ATNLAEL TAYHp)H 4HE thHl A

3) Hall et al. (2010)9] W28 R|7LA.
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TAEAR HFG/ V] Fo2 Yehd 5 Ak

oy _ GoY_ G

= =%, 4
ainG Y oeG 'y @
4 WE ol 83E 4 B A G)9h 2ol HA FsT
(Ri.t_dGi,t—l)
Ayy =N AL+ BNk +p— T A (5)

A7|A R ATF/NEHIE 9ulsta, iv AL AE2Eo RIS 52 Ut
J7}E(depreciation rate)S Qu|gith @ AFolA FHFHo=ZE I AES 0%
2 7Hgsid, B AFdAE 0%, 10%, 15%Z 7Hgste] 43t

A Aol dABsta Elgo] EMolgts 7HY St AR e A4
A pe= R&D FAER X0l 7hsstH, 4 09 pits 2%
FIES AdS F A AHEAZ, 2018). R&D FJE p= AH FAHS = A

2 Q) = QoA FHE AFNEARe AdEa9d(y) FAAS VGe 53 #

£ 4 O SABZANGH Ry 5o Ve T8 FaadNE S

7H(ATFP)I R&D Fek=(ntensity) ko] #AAE Fall 2 (7), ®)F o] R&D

ATFP,, =\ +7Ag,, + Ag (7)

4) =g AEZS Adesz st F-gISts e E o8 Fasd SUReR
ATFP,, = Ay, —all, — Ak, 2 £ 7hs5t0, ot o, fv 22 PGPS 7P ole=

- o
et aje] sel wEASRUNET AEAS RS hAIHCHERE, 2018)
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2 @A =09 A5 R,/Y, = JUEbE F doH, o]3& R&D =R 34
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AARE RIS QB Be AN FuAsA AgHY, 2 sk §)
=
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71 {3l SEWEEAHEFAA H 225 (method of least squares; OLS)S AF-8-3t
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i

o] g3te] R&D &S pE AZsTh =3 o] HFoA FAHH pE 4ol
A2k R&D ol Eolgtal B 4 9lem, Jones and Williams (1998)¢] 5351 %°]

AFASE ol &3] WEol 4 atdelA e Al £ ER ST = UATED

2 dA7e FAAY IV AXEKOSDANA FRT 74T 2A ARE o) E
st 2430 7IdEs2A AR e Y, A=z, Avad 5 U Y
of Z3H JAT o] T Y= AxH 2ok 1770 2kdol s B4t &
A712E2 20063 F-E 20177 A o)L F #EA| e 204700t sl Y= 7

FAY . K= RIAVOE AAHAL
Yapare] A AR2Ee] teldFproy)R Atk AT YRk

_[(_)I_
o ATALARLEQS) A%, AR AT NI WEF BEH] BgH 2

< ABE Tl AFMNEREAES FASAT
AFMNIEAEAE FAE A3l FTFAHPIM ; Perpetual Inventory Method)<

o8 ATH FTATYL ol §HE ATANLEAT} ATAAAEO R SHHE Iy

4 (24 GE 719 ATANIALAT, B (-0)719 ATALER, §

= AR E == AUHZE(depreciation rate)S olv|dit}t B AFANA= UM
ZtEo| sl 0%, 10%, 15%2 &= 37IA 2 AdA st AFNAAES AASAT =
g 27] AAEQD =19 AFMNEAEES T3] A8 A 13)= 83t
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G = R+0—-8§)R ,+(1—6PR_,+.. (13)
= R+[1—6—7r|R,+[1—6—7]"R,+ ...

o o

= R [1—o—1"=[—IA

s=0

AZIA r& Z42be] AHdel oigk AFEne] A8+ A AE(Compounded Annual
Growth Rate; CAGR)O|th6) 2t Z & Asle] AFNAAERAES APE=R

dEaG o, weF yol 24U AS WA AxY AT AWF 4AEL

ON

9 B E/8E PAEA, R34, AT G2 g 71E
Fol B3E A7) s AYATUe] ISTANSI A B:3H= GDP ol Ee ol ¢l
g 53 OEUIMSATY. AT BEA HolE Y JE BAFL CE 3D, 4
W OEQ W 4E AR WIS E 3D FBAT BA o 174 4le] P

Ao, FPTHALE o 252 U, FUL FE o 108 Fol
]
1

4

<& 3-D A=Y 7|z BAZFN = 204

27 BEUA W 543 HoiRk
#77H 1,357.27 1,643.90 742.86 77.63 10,957.50
(9] ) - . ' ' -
EXTIES
@) 104,024.30 96,388.23 48,039.5 12,714 425,398
o
s
(0] 9) 2,545.10 2,634.15 1,559.62 99.13 15,066.19
a7l
180.70 446.32 43.57 2.95 2,529.68
(9] %)

PR e A 91 ] )
A ANy

[ ]UIZW B -1
A
=
7) & AFolA ARESH GDP fEeolg 9] 7]Ed =+ 2015% ol
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<E 32D AdE 7Y 2 42 2459 T (n = 204)

o B 549 2 SR AN ge]
(ol ) (8) (o} ) (o} )
1xH24 1,978.16 95,971.83 5,891.77 66.12
IOAE U Zatag 698.05 78,044.58 1,206.58 49.57
E5AF 529.73 60,395.08 1,020.84 19.30
71A & 1,182.88 130,253.58 1,690.89 102.29
718t 25734 1,150.77 94,172.83 2,810.92 62.25
71t AEY 144.14 18,464.75 169.12 6.12
27, o], A ¢ =A 345.89 35,381.42 1,058.87 4.99
v 34EE 651.76 40,852.75 1,534.50 15.54
Mg g Xy 717.50 14,863.83 2,573.73 17.26
AS 2 s 659.21 87,458.25 1,080.16 28.56
SA8E 2 gy 1,389.42 153,901.75 2,426.92 32.11
oorE 4 9zEd 522.23 53,317.17 747.51 99.00
AR 3,450.23 293,823.42 5,381.30 512.40
A7) 655.60 79,656.58 969.04 60.28
AARE Ang, 94, 3% ¢ AR AxY 6,548.13 386,277.42 9,919.26 1,819.34
U717 254.20 33,763.58 290.74 40.05
sieted @ ajst 2,195.76 111,814.25 4,494.46 136.70
A 1,357.27 104,024.30 2,545.09 180.70
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4-1>¢ 2. B4 w7 9@ AgolEE, ggd BEAS 3 2y Age
S22k Hl2~E(Hausman test) 23& 7|Fo=2 &

Hausman testE &3] ZZeo &35 Ay Ay, PgzEo 0%
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SAACE FOF AFE I F UMeH, SFAE WHAES 2
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e FAE & AT AAgs 4 AAE AR oE EE ZFE MAYES
7d

A7V ES %2 7HAEe ABF OLS, SFA FAHW EFqA 4kdEo]
) Al F(increasing returns to scale)= Holil JANSH(=F, AE, AT/ LA

)
T FAA ol ZZ 1.007, 1.014), AIHEAE 10%, 15%%0 A Fole
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Akl ) 4k B)F T AT FAEAE (FE-DIH (FH-2D3 2t 2370
= o

Ay, , =N oAl +BAk, +yAg, , + Auy, (3)
(Ri,t _5@,1&71)
f =N taAl + K, +p v + Au,, )
it

F-E-D, <FFE-2DolA dehtxo], A7/ Agasel iz Al S840 5
ANoR folshA Eiglon R(e| ghoz etk mI GRE-2DeM nE
AAH OLS +4H= &3] R&D & o5 FAHF A3Vt TAH 22 F2s3A]
RF 2 gkol 293.4%= vl ZA YER, R&D el EC] HuEzbE 7 ok wet
A, B AFAE A D 42 (O 2T Avte AAEA Yok

CHE-1D A4 HrlE a3stx] #2 OLS, SFA 239 A=Y &oF AAle) 3t A

-4 3
L OLS SFA
27t
%}E 0% 10% 15% 0% 10% 15%
() 0.016 0.029 0.026 0.019 0.033 0.030
i (0.031) (0.026) (0.023) (0.036) (0.033) (0.030)
3 0.671x 0.710% 0.713+* 0.674+ 0.714+x 0.718x
orL (0.221) (0.225) (0.226) (0.218) 0.222) (0.224)
; 0.334 0.348- 0.350- 0.331- 0.344- 0.346-
oK (0.183) (0.183) (0.184) (0.182) (0.182) (0.182)
; -0.062 -0.316 -0.265 -0.063 -0.323 -0.272
9rR (0.517) (0.402) (0.336) (0.512) (0.401) (0.334)
* H|I @ — RO 0.10/0, o — O 10/0, x — o= 50/0, © - 7oUFE 10%
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2E-2> 49 Gl

123kA @2 OLS, SFA BF 9 A=xY

HoF A A3 A

-2 ®
B OLS SFA
Wt
e 0% 10% 15% 0% 10% 15%
(2m) 0.011 0.014 -0.005 0.014 0.017
=E (0.019) (0.019) (0.027) (0.027) (0.026)
8 0.500+ 0.663%+ 0.671%+ 0.649++ 0.665++ 0,674+
gL (0.227) (0.220) (0.222) (0.215) (0.222) (0.228)
3 0.330- 0.330- 0.334: 0.311- 0.327: 0.331-
9K (0.187) (0.183) (0.183) (0.180) (0.188) (0.184)
8 intenR| 23 0.055 -0.047 0.262 0.056 -0.047
R (0.745) (0.377) (0.452) (0.184) (0.377) (0.445)

* BT 1w — ROIFE 01%, ** —
@, R&D 9 F

7 RN ARFFE A AL
FoA ole BPL o83
AT (RF-PE F-r I

Nl det mEe TE
gkt

FolE 10/0, x — o= 50/0

2 ARE 3 AYY 5 9
9 xS AARFE 25T
@ Azolm, o]F Fol o= myo|
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(RE-3D A3t e o =4

Aists JH oy
Model 1 | In¥Y = BnK+ BAnL+ BJnG+ Bt
F-d3egs
Model 2 | In¥Y = BAnK+ BnL+ B JnG
Model 3 InY = BnkK+ BnL+ B InKInL+ é{im{(an)? + %ﬁu(lnL)z
Model 4 | InY = B nK+ B,InL+ By InKInL+ éﬁKK(an)an %ﬂLL(lnL)QvL BnG+ %QGG(m Q)?
InY = GnK+ BnL+ (g InKInL+ %ﬂm\,(ln]()g + %HLL(IHL)Z +BnG
Model 5
+ %ﬂcc(lnG)z + Bt + %ﬁ”tz
Model 6 InY = BinK+ B/ InL+ BglnkKInL+ %{1,(,\,»(an)2 + %ﬂ/,/‘(lﬂL)Z + 8nG+ %ﬂ(;@(ln Q)*?
+ BrdnKInG+ B,nLinG
E s R
o 7 | MY BnK AL SlnkinL + %ﬂ,{,\,(ln]{)z + %‘a,‘,_(mL)2 +BnG+ %ﬂ(,g(lnG)z
ode
+ BrdnKInG+ B dnLinG+ Bt + %ﬂ”tz
Model & InY = BunK+ 3nL+ G InKInL+ %ﬂm»(lnk’)z + %‘k’iLL(lnL)2 + BnG+ %ﬁm;(lnG‘)2
ode:
+ BrcdnKInG+ B, nLinG+ B,t + %,ﬁﬂtz + BrInKt+ G Inlt
Y = Bynk+ BnL+ nKInL+ éﬁKK(an)z n éﬁLL(lnL)Z +BnG
Model 9 + %ﬂGG(lnG)Q + BrdnKInG+ B, AnLInG+ Bt + %aﬂz?
+BpInKt+BynLt+ B, InGt

<Y = FIPER, L=5YH

A A 23

=
u

K= RETEAN, G= A7l A5 = AlZie] 55 ©

o

-Hetts Aagael e 2ddia Aot SAE

ok SAT 1 mEel FAMOR felahx wold g Rtk aemE

YAl e 1y

=
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2. 7V%5A 2dg 537 4 ZMinter) R&D SF&EI} 34 W

2 ATE AdE R&D &8 A A FEE B BAsrh =3 2 o
TE 4k ZHinter) BT 4= Q= R&D FJE FAHES stuA AR A3
ARgE A2 X3k B Ao e 44 Hinter) R&D Fe&ES FAH37] 93
Agsty dd Ha © PHE el = Rzt ok

242 9J3] Badinger and Egger (2008)¢] W &2
Zhtste] B Ao 9bAl 4 9 B stgith. Badinger and Egger (2008)= R&D
Ak W(intra)ol &) R&D &3 4H¢ ZHinteno A 8] R&D &2 A5
o} E=3% Badinger and Egger (2008)= AF™ 715X =34, 4HY W(intra)el 4
4 FHintene] Fol&ES FAA FA3IAT

Badinger and Eger(2008)

2
ina
B
5
=
@
-
=
R
o}
]
S
1z

[
PN'

& AagFE(translog S 7|RFe g2 3 BA w3

FUISs ANPFRY B FAHLS 1A

InY, = Ind,, + BInL, + BInK, + 3,(nL,)* + 8, (InK,)* + B,InL, InkK,. (AD

2 (ADel A Y= AA F77HA, L2 9 =%, K= AHE2S(capital stock), A
T FT84A4H3(total factor productivity;TFP)o]t}. Badinger and Eger(2008)+=
OECD =7}e) 4tds o2 E43i5on, dd A57F obd A A8F <&
st AR wEkA A (AD9] ol H A} i= OECD =7k& vt ofz A}

k= 2 =71 2kl s ovlRit.

FAaMAE Ae 2 (A2 2ol BEE 5 YTt

In4, = o, + 0,InRD, + 6,InRD,* + p,,, (A2)

ANNM e AA Aure] AR F7PE WAFES Ao& T} T/HE 14

O.L;

rlr
X
fU ol

stolvl, RD,= 4G 27} iol 4P 44 k A9 R&DF oIvIst:, RD,
CE AR AelolA ATNENE @ kel k A AL Fel=E vl @

2
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2l (A2)& AF4 (ADoll tidstd v o] Bgd & AUtk

InY, = o; + BInL, + 3InK, +0.53,(nL,)* + 0.58,, (nkK, ) (A3)
+ BulnLy, InK;, + §InRD, + §,InRD,* + p,,

2l (A3)®] RD, < 3l AFHAJ R&D FgaHE FAL 5 UAAT A

JAE 1xne] @A ME] = [1,)F A&, ol ne FZA Folu

y=Z,a+ X3+ RDS+p=Z+ p, (A4)

A7IA y= lny,), Z5 nxi FHS] OH W, o= ix19 4 5719 EREARE
23 depvEME], RDE T84 R&DS dAdd RESE FAHY
=[rd rd' ]2 9uSTEID UHz] xX= E9exe FPMatrinE  on| st
1l kPP K Ik])o]t).

Badinger and Eger(2008)2 AJ4HA3 &0l AHAE AbolddlA aETa 7133

3

FEL 4k Abolo] FZtA|(intermediate goods)E F3 ol Fol Xty F
] F<-4F=#(Input-output Table)E o] &3} AH¢ 2 Ak 7

zZ-g-o] Moot A= AL F Atk olF Hd 3 vteA YE, =2 F5YE
A PgEe At on, ow ke BN =Wy De TIE AR A

(AD)3} o] g ojstaitt.

10y, jl

PROD (A5)

Wiy, =

11) rd = [In RD,], rd" = [InRD,]
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AZIM 10, = 1 =7Fe] A kel j =7k AR 1 Abele) FHAE ot =
3t Badinger and Eger(2008)= F-4At=2 555 o]&(use), A (delivery), o]& -
Z D (use-plus-delivery) 37}4] #HH o2 wE FAHSINAT. PROD, = i =7FoA 4t
A4 kY FAMES Hridtt mebA, A AP S 4 Ao R SHA F3
Aol o]l g e MDY AR WE F Y Ao]Y Z43AE Ar7|E Rdddin

= 7144 oot BAT 5 Ut Selde WA 98, EA YA 74

L28 iFE ATFAHT Ao st okeA whe # axg wle A
Q== Ay g o Yrol 24X G = ()¢ Fach
= ) = | s (46
min [maXikZl| Wi?f’ﬂ |,maxﬂzk| Wl%ﬂ ‘
J [
MEZC 9-AFEE JtEA EH: e Y 2 84S g do go
2 Upre] FEhIY
we .
W": [Wn ] — ik, jl (A?)
k, gl l El] VVZ%]»Z
J

AR AWt ow Ao A s RIS ARSE AS, 3 HPH 2 F(spatial
regressive error)7} HAIELA H=d), ol= Hu AfslE s1Ex PHES ALEstH
385 s BT HeE vlod FAHXAIE wAStE A oltkKelejian and Prucha,
2007). @ebA B A 4 Aqsd vheA dES Ao EM, A A3k
LFRE B3

Badinger and Eger(2008)2 7}%x 33 n's oA w?, ¢ Wl 2 UFdch

= I/V’i(;f,jl(k¢l)i 7tEx PHEL 7zt ZHIP o, o] E9o ITLe A

Ay (Gntra)  TAE W

ik, jl, intra =

ik, jl, inter

(k=D=Z, 4ty ZiGinter) A=

3l

12) A1) o] ol o) 1yeret SAshy] th2ol, AzZeHScalar)o] 93t gstolct.
13) Wej 3] o] qojr chzog, Wef(Vector)o] oj3t Atatolct.
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weo+np

ntra inter

=p'2 FHAL

A TtEAE olg3ste], R&D FFEH(rd*)E rde] F3HE A <A(spatial lag)o=
By, AL ARg ZHkg Bl stE bR Ed R ARRRT S,
rd*= WV%d=2 Bt}

A=a+drd+ 6, WP d+ p (A8)

Ae RE A%e] ATALo] 1HAEN B Z/lde] WE wFavs
Aol sujet B &4 shsa.
ATAL AFEFE JERE rd'E 21 - 9 2% YoM §EF 4 e

FES B WITL 0 WU S WL 08 e S Qom o, WY
gt

=
©
&
A
e
O}A}Jl

ntra intra ntra

el #AR, wilE 24 7o #AAE WGt gy, odE

intra “—

of

f

rd* + rd*

ey = 7d 9k O] AFA U, Ak 7he] Fom JEPd S 9low, ol

ntra

Td intra = VKZ?{er Td*mfer = Wgtgr Td—‘ '/]U] i:_—]-q— g’]% /1\_{\_}_10? q-%:ﬂ]— %q—

A=a+ 5 rd + 62 mtra Wr[{t?ard + 62 nter W%Sr rd + H (A9)
2 AFNAM = 4y FHinter) &S FA37] 91314 Badinger and Eger(2008)

7 AANG ThsA YEE o] &t on, ojuf FY-AEEE o] &Ittt EF
Badinger and Eger(2008)= OECD =7}t 2t& FAICZ2 F3AAT B A=
Syt Alxde E4sA T wEkA Y Aol @ e 1A-HEY, k1 & S,
kAT 2l H 835t 4k ko] R&D FES FASY . 3 Badinger and
Eger(2008)= A Am= o] &3] EAsAAT, & A9 Ase #E AxolV]

ol AZE WeE F7HE 2 S o] gste] 4k 7 R&D FlES E45ATH

14) gHesgolq ABshe 20159 AYe
T AEY Loret bty 9l FE

BEASA) - YAAPLE 71E RS olgstEon, ¥ o
5 A9 1% AF2E AMgstect.
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InY= B nK+ B, InL+ [ nR+ ﬁ,(,% (InK)*+ ﬁué (InL)* + B InLinK (A10)

+08,InLt + BInKt + BeInRt + 5, . InWw,,. R+ By, i InW,,. R
+ ﬁtttQ + Bt + By In W, R-t+p3 Wit In W, Rt

B Ao A 2] (Al0)E F3| 3 44 W(ntra) A4} 423 ZHinter) AFE
FA3t R&D FIES FASIIA Joy B AFZAFdd s 534 &t o]

e =AX7) EAASZ FoustA &ora, R&D AF=ErE A A S(coefficient) 7}

=

<1?LE_4> 7]-%_;‘(] 83 %( VVL’ntcr’ Vthru,)

2
2
—
5]
w
S
o
(2]
~
(=<}
©

10 11 12 13 14 15 16 17

1 0.190 | 0.007 | 0.001 | 0.001 | 0.008 | 0.002 | 0.001 | 0.000 | 0.001 | 0.001 | 0.000 | 0.000 | 0.000 | 0.001 | 0.001 | 0.000 | 0.000

2 0.002 | 0.290 | 0.006 | 0.001 | 0.001 | 0.000 | 0.020 | 0.002 | 0.003 | 0.006 | 0.004 | 0.001 | 0.003 | 0.003 | 0.014 | 0.001 | 0.015

3 0.056 | 0.021 | 0.322 | 0.003 | 0.019 | 0.008 | 0.013 | 0.011 | 0.007 | 0.020 | 0.013 | 0.003 | 0.018 | 0.010 | 0.006 | 0.001 | 0.041

4 0.003 | 0.003 | 0.002 | 0.039 | 0.234 | 0.001 | 0.005 | 0.014 | 0.014 | 0.006 | 0.002 | 0.000 | 0.003 | 0.004 | 0.005 | 0.003 | 0.001

5 0.005 | 0.038 | 0.016 | 0.013 | 0.324 | 0.022 | 0.142 | 0.009 | 0.008 | 0.023 | 0.069 | 0.005 | 0.019 | 0.009 | 0.016 | 0.008 | 0.006

6 0.006 | 0.000 | 0.000 | 0.000 | 0.001 | 0.082 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

7 0.030 | 0.019 | 0.007 | 0.002 | 0.017 | 0.003 | 0.105 | 0.005 | 0.004 | 0.023 | 0.123 | 0.015 | 0.060 | 0.043 | 0.170 | 0.013 | 0.018

8 0.015 | 0.001 | 0.001 | 0.002 | 0.013 | 0.007 | 0.005 | 0.171 | 0.055 | 0.020 | 0.129 | 0.006 | 0.031 | 0.011 | 0.034 | 0.008 | 0.005

9 0.000 | 0.000 | 0.000 | 0.002 | 0.009 | 0.001 | 0.006 | 0.005 | 0.368 | 0.163 | 0.042 | 0.004 | 0.079 | 0.067 | 0.094 | 0.065 | 0.011

10 0.016 | 0.003 | 0.003 | 0.011 | 0.009 | 0.001 | 0.007 | 0.005 | 0.010 | 0.151 | 0.023 | 0.011 | 0.040 | 0.148 | 0.114 | 0.094 | 0.010

11 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.000 | 0.133 | 0.000 | 0.001 | 0.001 [ 0.349 | 0.015 | 0.022 | 0.009 | 0.015 | 0.001 | 0.005

12 0.001 | 0.000 | 0.001 | 0.006 | 0.005 | 0.000 | 0.003 | 0.001 | 0.004 | 0.011 | 0.055 | 0.165 | 0.032 | 0.068 | 0.054 | 0.061 | 0.001

13 0.000 | 0.001 | 0.001 | 0.002 | 0.001 | 0.000 | 0.001 | 0.001 | 0.003 | 0.007 | 0.065 | 0.013 | 0.189 | 0.051 | 0.105 | 0.027 | 0.002

14 0.001 | 0.001 | 0.001 | 0.007 | 0.003 | 0.000 | 0.021 | 0.003 | 0.007 | 0.025 | 0.014 | 0.002 | 0.015 | 0.209 | 0.034 | 0.049 | 0.001

15 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.001 | 0.001 | 0.210 | 0.000 | 0.000 | 0.000 | 0.004 | 0.330 | 0.001 | 0.000

16 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.084 | 0.000

17 0.011 | 0.018 | 0.001 | 0.000 | 0.001 | 0.000 | 0.001 | 0.000 | 2.547 | 0.002 | 0.001 | 0.001 | 0.001 | 0.002 | 0.001 | 0.003 | 0.054

_54_



«1- SABRE 9 i 2- MF 2 IR 3- 2, 0|, A U 2H| 4- MEHY MK 5- spst2X I 518} 6-
olotE A o|2=H, 7- 1FAHE ! 22 P*'il, 8 HIE&EE, > 1A=25, 10- 25HE, 11 HAEE, AFFE, g4,
28 3 SAUZH| M=, 12- HUT(T|, 13- HAEH], 14- 7|A & &H|) 15- XkSAL 16— 7|El -i—-’c'?-’é*t'l, 17- 7|E}
M=

Bg-4>0] Moz Hy® 2o A9 ulntra) 72 @do|n, Uwx
3t} <FEE-4>0] JlEx FEy Fo gt
L4

Al (coefficient) & F7g 3+ th.

¥ -z
M
rlo
2
e
=
=]
(@]
<
N
o
ofy
ﬁ:‘
095
iny)
filo
Lo
=

BE-5> 4] 7 R&D 98 24 9% A4S 2d

e g 23
Model 1 InY= G, InK+3,InL+5,nR
F-42etx Model 2 Y= B InK+3,InL+ B nR+ 5t
Model 3 Y= ByInK+3,InL+ 8 nR+8,, W, R: facor(ID) + 8, W, R: factor(ID)

1 ; 1 ,
Y= 80K+ B, InL+ 3 0 R+ B (InK)* +8,, 5 (InL)? + B, InLInk

Model 4
+8,,InLt + B nKt + BpInRt + 8,62 + Byt
Y= BnK+ B InL+ 80 R+ By (]nA) +3LL7(]nL) + 8, gInLInK
24 Model 5 B ILt+ 0Kt + BplnRt +8,, W, R+ 8, W, R
+ Bt + Bt
InY= g,InK+3, lnL+jf.1nR+d” (lnk) +1LL (lnL) +3, g InLInK
Model 6 +8,,InLt + B, InKt + 8 1an+3 0w, ,.R+8, WnW,,. R
Lt Kt Rt Wit Wi, inter

+“‘3rrl2 + Bt + By, Hrln Wa2ot+8 ”W,h’l ”":um R-t

PY = BIPER, L= B & K = SETEARM, R = A7, t = AIZK006S = 1)

6718 =¥ F oud RFPo] ARE Z AWY F de WS FHE E2A
sk7] S8l Aol tisl AAdS ok olwf, OLS, SFA Fsf A& F43At. A
AAax, 7 F48 25 24 60] /M fAsiglen, B 65 ol &t AFE F

AstAth <FE-60, <FFE-8& 727 OLS, SFAFAH R & =4

WA, {FE-D, {FE-De= 7 23E
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<E-E-6> 715X

PEd H & nd¥ FHX - OLS
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k] OLS Z7H42te (6=0%)

AS Model 1 Model 2 Model 4 Model 5 Model 6 Model 3
S odel ode! odel ode odel A =7
(2u) 1,995%++ 7.705 3.798 3 0.259
= (0.366) (4.709) (7.752) L (0.252)
3 0.380+ 0.238x%*x 0.380 0.816 -1.324 g 0.272
ML (0.182) (0.049) (1.091) (1.411) (2.289) K (0.183)
5 0.242+ 0.555x%*x -0.263 -0.110 0.175 3 0.328xx*
K (0.108) (0.030) (0.921) (1.006) (2.032) & (0.109)
) 0.259**x 0.165%** 0.150%=* 0.147*% 0.303*# 8. 3.235
"R (0.076) (0.027) (0.046) (0.050) (0.095) " Wi RID1 (3.535)
8. 0.097 0.086 -0.040 Bu nime 1.016
KK (0.101) (0.110) (0.176) e (1.137)
5 0.073 0.029 0.022 3 0.116
B (0.087) (0.109) (0.266) P, ns (7.739)
‘ -0.061 -0.061 0.083 3 2.300
Orx (0.083) (0.094) (0.179) Pwsinms (2.233)
3 0.018 . 0.018 - 0.007 3. -0.121
FLt (0.009) (0.010) (0.014) " Wiuer RIDS (0.849)
g -0.016%* -0.0158+ -0.017 3. ‘ 0.691
Fat (0.006) 0.006 (0.010) " Wiier RID6 (1.118)
3 -0.001 -0.001 -0.015+% 3. ~ 0.035
rat (0.005) 0.005 (0.006) " Wauer RIDT (1.097)
3 -0.0157 -0.144 3 -0.315
B, (0.0397) (0.206) Pt s (0.772)
3 0.0641 -0.505% 3 -0.460
v (6.096) (0.247) Biwsinms (0.557)
‘/jn, Rt (zoo(l)gg;‘ By wer RID 10 éﬁgg)
E 0.049% % ‘ 0.258
Biw,mt (0.010) Bw,..nm11 (0:391)
) 0.003 0.002 -0.005. By pipia 0.056
it (0.003) (0.003) (0.003) z (0.968)
3 -0.009* 0.066 0.052 -0.413% 8. . -0.033
"t (0.004) (0.075) (0.079) (0.200) " Winer RID13 (0.619)
"‘/jll',,w,J?IDU (%%
B.. ) -0.258
Wi RID15 (0.480)
8. 0.803
W RID 16 (1883)
8. 0.420
P W RID17 (0.936)
3. -3.316
P W, RID1 (3.511)
3 -1.041
P W RID2 (1.354)
3 -0.284
PO W, RID3 (7.727)
3. -2.726
PW, RID4 (2.211)
3. 0.205
W, RIDS (0.758)
3. ‘ -0.986
PW, RIDG (1.068)
3. ~ 0.003
PW, RIDT (1.153)
3 0.172
P W, RIDS (0.816)
3 0.073
P W, RIDY (0.642)
8. -1.337
P W, RID 10 (2.375)
8. 0.159
WiwaRID 11 (0:320)
-0.012
(0.981)
8. . -0.088
PW,.RID13 (0.585)
8. -0.092
W RID 14 (1204)
3 . 0.319
MW RID 15 (0468)
8. -1.488
PW,.RID 16 (2.055)
8. - -0.010
PW,RID17T (0.853)
Logik 44.973 47.440 53.034 53.387 68.719 Logik 72.765

o = ROIRE 01%, = - RAFE 1%, » - RAFE 5%, + - RAFE 10%



*Hl_T'_:

FE-T> $AH A4 23 - OLS

Model 1

Model 2

Model 4

Model 5

Model 2 493 (6.63, 1)+

Model 3 50.65 (6.63, 1)

Model 5 0.71 (9.21, 2=

Model 6 42.56 (24.72, 11)wxx 30.67 (9.21, 2)xxx

oo — ROIFFE 01%, » — FREATE 1%, » - RATE 5%,
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- RAE 10%



(FE- 715A JEL& A8 F5E A+ 5F4A - SFA

ZRY SFA (6=0% )
Model 3
A
AL Model 1 Model 2 Model 4 Model 5 Model 6 EES e
1.994x 1.879x%xx 2.322 -2.237 11.371 . 4.116%*
(2) 0.:699) 0.238 3711) (6.039) (6:597) (29 (1.551)
3 0.254 0.239%*x 0.765 0.432 -0.980 3 0.236
"L (0.877) (0.035) (0.837) (1.021) (1.164) FL (0.201)
8. 0.563 0.572%*x 0.131 1.109 0.707 3. 0.380%*
VK (0.708) 0.021 (0.761) (0.838) (0.856) i (0.134)
3 0.142 0.153%*x 0.165%*x 0.207x*x 0.271x*x 3 0.319x*x
R (0.796) (0.020) (0.036) (0.042) (0.043) ra (0.080)
3. . 0.047 -0.010 -0.063 8. 1.632
PKE (0.084) (0.098) (0.104) W RID1 (2.678)
3 -0.022 -0.200% -0.041 8. . 1.268
FLr (0.065) (0.097) (0.094) Weier RID2 (1.006)
3 -0.023 0.108 0.093 3 . 0.397
CLK (0.066) (0.082) (0.086) Woer RIDS (0.947)
3 0.018+ 0.007 0.0128 8. 2.097*
Lt (0.009) (0.011) (0.011) 7 W RID4 (0.877)
8. -0.056% -0.012 . -0.014x 8. ) -0.327
= (0.006) (0.006) (0.006) " Woer RIDS (0.505)
3 -0.001 0.003 -0.016* 3 1.087 .
et (0.006) (0.006) (0.006) ¥ Winer RIDS (0.590)
B -0.103x*=* -0.105x=* 8. ~ -0.288
" Wiier R (0.034) (0.038) " Wter RIDT (0.731)
3. 0.018 -0.311%=* 8. ) -0.108
" W R (0.076) (0.116) Waier EID8 (0.588)
3 ) 0.001 . 8. -0.381
P Wi RE (0.005) Wi, RIDY (0.498)
8. 0.004x*x 3. -0.019
P W Rt (0.010) " Wiue RID10 (0.804)
3 0.007x 0.007xx* 0.000 B rmn -0.188
cit (0.003) (0.003) (0.002) (0.307)
3 0.006 0.044 0.057 -0.355%* 3. -0.195
it (0.006) (0.074) (0.075) (0.147) " Wiue, RID12 (0.701)
B, rm13 0.080
: (0.427)
B,y rim1a 0.0204
(0.919)
By, ri015 ~0.204
e o (0.414)
B, rD16 -0.061
e (1.645)
B, miD17 0,678
er ! (0.517)
Bw,mm1 -L631
" W (2.563)
Bw,,.pm> 1263
W D2 (1.178)
3 . -0.572
P W, RID3 (1.131)
Biw,arina ~2.570+
nra (1.015)
By r1D 0.287
“““ LIDD (0.566)
Bwyrin -1.40Lx
ra1DE (0.705)
Bw,,.nmmr 0.251
o LIDT (0.888)
Biwyrms 0.053
7 Wotea RID (0.706)
3 . 0.341
P W, RIDY (0.557)
3 -0.073
P W RID 10 (0.972)
3. 0.0786
P, RID 11 (0.286)
3. 0.106
P, D12 (0:814)
-0.202
21D 13 (0.489)
3 -0.124
P W, RID 14 (1.038)
3 0.188
W RID 15 (0.414)
3 -0.044
MW RID 16 (1736)
3. ~ 0.736
W, RID 1T (0:613)
Logik 49.315 55.279 61.679 66.736 73.679 Logik 72.76974
H|I D ow = ROURE 01%, = - ROARE 1%, « - RAPE 5%, - - FATE 10%
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*Hl_T'_:

(FE- $AAH AR 23 - SFA

Model 1

Model 2

Model 4

Model 2 11.93 (6.63, 1)**=*

Model 3 34.98 (6.63, 1)xxx

Model 5 10.11 (6.63, 1)**x
Model 6 36.8 (6.63, 1)**x* 24 (6.63, 1)**x

wr = ROIRE 01%, = — ROARE 1% » - ROATE 5%
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- ROASE 10%
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