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ARTIEL, AARO EEEGHEED R&D B& & A by 7 RINEER L, xR BREEEEL I, Z
DIETE) % Tobin D g FRFRICIE DN THMNT L7z, BEAM DA% B & L 72 Multiple g D& B% 4 H#E
AL, R&D Ziic k&M & LTMA 2 2 & T, WERBBOHER DT + —~ » ARUET D D0 ZHEE
L7z, R&D A Ry 7Oy =T7 134550 1L EZ D TEY, HimorofEEY, R&D BE&EZEARM
ELTHEY BTS2 ETHE g LA T ARKES N, F72, Multiple ¢ ODFEREIK DT +—~
VAL, FHEI R NONT A= ZBRIEOHETHBICHG SN OBAM OB L, S HICRERE D K&
KRy, WHELTWDZ LBbnolz. —F, RRDEBEEEFBE L ThH 7P, redundant R (Fv v
a7 a—ERE AR TAEE) DEBICHHN 28> Tz, i a2 hORT A —ZyDOHfiHEEZ BA
MHNC RS &, $IZ R&D RENZDOMOBIVEEDOER L REREDY ZFF>TWD 2 ERbhoTz.
RESFOEBREKI H1E, HARORFMREICE, FEEEEELY b, EEEEOERME BN LZBUR
DEITHEE L. < &b R&D IS L TIE, ME#E ECRIENATREL 7> TR Y, HERBIED
REBR T COHRMNHD. R&D HREZILET ZRFBRIL, R&D EF &2 FETH—F >y hELTWD
B, MG ELMROER A B LIZBUR~ L D7D > TV D ATREMEDS RIZ STz,

X —U— K : &H#E, Tobin @O q Him, EARMOZEME - 2E M, Multiple ¢, R&D ¢
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1. [FLHIC

AR BEE D EFEDHTICBN T, BN 2T 7 n—F L7250 Tobin @ q HigTH 5.
Tobin (1969) IZ X > TIREINT g #imlE, BOMAET-HIZL > T, MBI L
B L 70 2 FHHE R R 2 E 0 Bl RSB BG & ORA DK S, BB OEESHICBWTE
ERERER 2K & LTV SR TE . UL, HEOREE & k- -5 R g
Hig s L COMBIRESIZK L, HEOT—XIZHA LIZBOETEI ONRT 4 —~
IS TLHERAF LIV Z 2 o7, FIZIE, REEBOMHORER L THDLET -
HI (1989) <Tix, ZoMoFEEE
1) TOMHETHDINE g ORANTSIFERODIT TRV (¢ OFRENFET
RO, AETHDELTHREDIEFIT/E D)

2 q PIENCHF Y v vaTu—, EHE BEEREEMIAEKRY A MMz b &2
NHOEBNHEERY, ¢ AEROBHDBKTT 2560155 .

(8) FEEHICKX72RIMBENED Z &, WED q DAL L THEERZ L.

D 3 EITHRIE L.

Erickson and Whited (2000) 1%, q PREmIZSERE0HT EORIBENAE U A ML, KD 3D
OWTHNTHD EFEHRL TN,

(1) BEHOFRFEICKT T 2HFEO LB EEZR DD LN g BEROT AT 4T %

Db DN, BIEOEREITE) & EERI TR,
2) R q ONEESLCIERIERIROLEMW L, F¥) g IZX D ORE % E <
BRI PRI 2R AT DS R > TV 5.

(3) RF q ORFEEEL L LTOVY ¢ OFHRREICHERS .

Erickson and Whited (2000) OFffiiZ @G TIEH 528, WTFIZ Lo I TV
4 OFREMERD LS. T, KRXOSHEMNTLH D, WEEBICEAT 28R DL
Btk - BEMEOTFETHS.

q BEERSETIR & 2 RGBT ) OFS DO T T, BARDLAEN: « BEMEAZE LT Ry)
OFEFHAIFZEIL Wildasin (1984) Tdh 543, EOIFE~D Y THROITHE T - BH - H L -
Kl (1989, 1997) ZWER L L= HARMEDOEI D 2 hIcED bz, #F - HH -
JEb - RN (1989) 1X, EARMOLERNE - BEMEA#55: L7z Single ¢ OFEERICf L, R
< I TUFREE 2 H D LA D TR CE AR D AR « BB VA IARAVICEL Y o T BB B A
Multiple q O &4 L, HABEOME T — 22 X 2 FHEFEDHTITE AR 2 1 H & %
W BYE O THILSNT oy Lok - BIHD - R E - BRI (1989, 1997) B L UEAM A
5 FREAIZM Y L72AAR - HikS - 7 (2010) 0T - K (2010) ~EJEH - BEL T
7z,

LovL, AR U- & - BRI - - AR (1989, 1997) LV IAK BARADS
FRIEAZ B LTAR « A - i (2010) 01 - SR (2010) OHHERNGIE, WT°



AU L > TH Single ¢ £ Y & Multiple g ODFHEADFHFNEE LWIREITZ R Sz b o
D, JEFED Tobin @ q FZHIC L DGR DT +—~ o ZDEFBY 2t EN KL S - 3R
TIE o7z,

Z 2T, (WRREEAIOMATEEE M LEA LG E, &F - SR (2010) T
ORIV IR 2L LT, &7 - SR - RS (2014) IZBWTHTo 72 < OEARM
TRERICL > UIEERRA L AT 2 LT KGR T +—~ v A0m LR R I .
Z 2T, MR R AR Y T E D — A b —EDHE THZE IS OO,
2RE LTINS N EEND T —ARLZEIRTH DL Z L, TOLATHEREERD
LDy T EDBRE DI CTIFMIL L 22 5 00M2I1E, RERNTOERDHDH Z L BHEND B
7.

ZORERIE, BARA Ny 7 OBREMEEZEE L7z ET, Cooper and Haltiwanger (2006)
DEIIpNAT YV > NEA T OFEE R ONHA %2 ANTOHREZRA D Z L OEBEMZ
2L CUW5. Cooper and Haltiwanger (2006) %, q EimlZz, qERGOANZ T T
A 7 & UTORY LIS il 22 3N TR R - — X & LT E T 5 —IRAY 22 i 2 ] B
Brirl, BAMOZHEMEIEZ T —20EARME L TENL TR 72D, FHEEH]
B D NTG A= ZHEET D Z LI L o> THEIEFRAIMNAL A DI B 2 AT Th 5.
FThbb, MWEOFEE A T, BEENEN, TEOIETM, IErEFEOEHE &
kD IANTETRERET VLT — % L D% 4%, SMM (Simulated Method of Moment)
WCEoTHRAEELTE & 2 A, FERMICERA R IA TOET NV EMBAGDEDLZ LT, 15X
SBEOT =X T DMHISOMA N 2R TE 2 L liE Lo, Z0miEICx LT, Cooper
mﬂthwm@r@%@&i;Eﬁé547®§$Kﬁﬁﬁéﬁmuﬁﬂﬁmbfwé&
B, BARMI DT —ZBAFTERWVIRY, NA TV y REALATOETLADBER)
272 B E#FELT-. L7a L7235, Cooper and Haltiwanger (2006) D/ ~NA 7V v K&
TNEERULZRMEBE L CHEHFILES E35L, BEHIZRILOU (Curse of
Dimension) DRENE EL TL %1, Tonogi, Nakamura and Asako (2014) T, &A
Eﬁ@éﬁ%i%%ﬁﬁ L 7o BRI LIAN Ok & 70 i AR 26 L 7o FEREMFZEIC A ) C oo B3
s L LT, BAMOGE AT -, 208X, R0 ORFAf OFF RN
SVWEARMIL, BGRET MBI H2TEEHDONT A =2 OfEHEL 2522 L Z AL T
W5, RN OfE R, @ LY O A, HEEE & Bl ER R & T H38 B E 5 o
MEET, RFAAMEOMREN NS, HERET VOMBEORRZIN G OERM ARG L
TH# 5 Z LT, Curse of Dimension AN ETEHLEILNDHE LTS, LD

L THERI R A — 2 B =E KM DX ERMBFIER A DT A —28) 1%, tliebd.
2#%@®%5#k%w(@5@®%5ﬁméw)kw5:km,§$%%®&§ﬁ%@5gﬁ%kbf
R TWDREREIFETEDHONRENENFI Z L THY, @HMYRET VEZRRTIVTERICLS
LRk @@mw:&%ﬁ%ﬁé EHIC, FTAMOMENNS WL, HiRTT VI iéﬁ%%
HORFZA—=2DELHEVEDEEZXOND. FAEEHD/NT A —5 LRTFFHTD/3T A —5 OBRMEL
DT, Tonogi, Nakamura, and Asako (2014) @ Appendix % ZR.
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£ 912, BRMOZEENZEE L7- Multiple g D& BI#E, Single g LV HEF LW &
DFRERBFEONTZN, TORT p—v U AFIREREEBIRONT, BARMOZHENEZE
B LIoNnA T Yy RET VOGRS, 5% OO H ML 2> TN D,

L2xL7e by, L EoOEEREBORRmIT, AREEEEICRT-bDTHDH. ITHFIT,
ARG IS, BEEEOEEMSBIEM I T D, FERALE~OEEITIE, HF
WO TOANRER, REORTHAE, "OHE - BRE~O 22N, hiGHg, M
EEDE~O VR AXHLE TN TEY, BREEIL, RHNZRKREDTDOEKKE
REETHD., K1, WEEEEZEELLRESHZEBELE LZLOEN, BEEE
BEIIRBFREICE > THEFICEERBERZETHD. 7T AV D04 XU AT, HEAENE
D 3450 VIXEEEHEICL DG Lo TS, KT, 17U v REFLOREER
FHEZA BRI, BEEEDOT O R&D &% 6 59— >DEARM & L7- Multiple g D& B
BoOHG 2L L. Linl, BESFHEEZES (2013) 10k 2 &, TEERMZRSEFHEAET
TR R P O R FHEMENRAFAE L, BIREPE D ER K OGBMEENED LT 5.
LorL, BOETIE, SESHFEAICBO TERETEEEICETIEDNS DT, ©h¥%
FEADFHEMEIC BT D REMAIC L0 2T AN AR OB\, AFFEB T &
BY 7 b =2 TICONWTORERFFHRS AR EIRD M) (LIT THFJER
REESHIEAE L)) HOEDRHDHICE EEY, EEEESIRICET 5 SR
FAEET, BIEEEO—RIRERMOTHEMHITED ATV RN, 2Dk, Y7 |k
V=T EERE, 2 OEBEEOF MITEFETICERALNTHORRIZHD. ] LR
ST, RFEDSWEATO BRI, (ML LODIRED T, MEiEROMEZR E D HHEFHI IS
T=2HZAT O 7, BIRERED 9 5, R&D IZHOWTIE, BRI S 2 I
L7 R&D 7—4 &, 1998 FFICARSNEF 4 A LVl Sh oStk S AR S
NTWEEMBEOHFRFRE 2B+ 5 2 LT, EYICEETE 28R EE, Ay
7 RANEAER AT RETH S, AfeTlE, Z0O R&D HE, A kv 7 R5%Z VT, Multiple
q DEEEBOHF 2R 5. K 11T, BRSBTS EREEREDHRZHINT-bDTH
L0, BEEERED S H R&D HEITMN 3 D12 HDTEY, AIEELEZOIA Ny
7T REEINCHET S L (M 2), REEIZBWTL, 7R OElG% R&D 28 HD
TWAHZ EDRPND.

AROHE 2 @ CHELIHWAT 20, ARBET NEEARM A EH L CREBRAHE
Hl, V¥ q BREFTANATRAERD, LIRS NDHE I A FDO/RXT A —X {34
TAEROZENIREND. ZLET, Tobin @ qlZRESEEBBONRT7 4y —~ ANE

3 Corrad, Goodridge and Haskel201DIZH W T, &0 EWE (EUUS %) ORFREIL, HaAIE~
OBEIZER L TWD Z L FEH SN TW5D. Corrado, Hulten, and Sichel (2005, 2006) (UL T CHS) Ti&
AINTFIENES T, BIREEREARRSITEHHILTWDD, ZZ2TiE, RE<DHITT, HRLERE,
HHREE, BEHF IO 3 DOBEENTHHI SN TS, BARIZERT 5 & EOFHERIE, RIETI Ok
SIATBOEN « BRFFEEMER) OV A P ET, JIPT—Z =2 L LTARER TV 5.
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W TRN-TDIX, BREEEEL T ZoRIC L TR, ARBE T XERM, &
TEPREEDIHRGRE L TR A RENE SN TV D, AT, BEEEDTTY,
DR OEEE EHD, SHICREIChI o TREO®mVEHII AIRE7: R&D B& %, #if-/s
BAME L TMA G AR L, TONRT 43—~ ROV TEmEIT ).
AFEOWBIZLL T O@EY Th 5. 2 HiClE, BARMOREMZZ[E Lo FERBEEICONT,
FL05. 2.1 T, Single g & Multiple ¢ DFEFHDENIHONT, 2.2 152 2 DA
Y g DIEIZ G 2 DRI DN T, 2.8 THEAKRBE T REEARM 2 M40 L CRERI%K
AHER L7 & T OEBICHOWT, BV BT 5. 3HITIE, FT—Z DIER T, &0 b R&D
&« A by 7 RINOVERR T RIS OWTERDY BiF 5. 4 8IdHERHER, 5 HEiTEETHD.

2. Multiple q DR EER

2.1. Single g & Multiple q

EOFTAREHE (owner-manager) L], I OREERE (AEMET 3 v 27 A4) 28l
PL7=9 2T, BIENLIRKRICDIED2 XYy MY v a7 u—0EBBEMiETh 2 hE
i 2 e RAL T 5 & 9 BRI R LRIE 2 O CTRE OB RIREZ1T 5 . A ORFIE
#IX, HAK) =AK'® 355 35 2A—2 q (THEMFHED LIITHXENE2R L, a=1
72 BIXTERFG - WHE—EDIRUER R g BHRROME L —8T 5. & bICEARM OHH M
Wap, BREEAZK =(1-8OK+1 £75. ZZTK IZH0OFREEZERA Ny 7, K
IATIDOEARZ b v 7, SITEARBFER, | 1TSMORKREELET. oF0, YHOKE
A OAFEITITEBHIZF ST 5 EBESNTWDE LT, HICZEbYDRWIRY, &
DEEEATIHEOTRAMmE S p IZFE L, REHEE (BARMOA) ICEoFrvva
TURT7a—bHBHOEEIEO Xy afrTa—%, p(K'—(1-6)K) TRINhDH
DETDH.

LLEORTEED T T, RFEMMEY (2T 2 & RKEMBEZ B A0 EHE % (dynamic
programming) TE< &, V RASH LMD Tl T _XE PR E R T~~~ 7
L, pEFISIR T, Epaf- } o UM OEHRICES RMOEENY 5 v 7 O FAICHESL
WA XL —% L L C,

5OHFNE L1, BARBIEECOREOFTRENAZEZEB L TWRWI L2EW%RT 5. s, AILEREEEHITAL
KIZRHE L TRICREICEBIREN TN D O LIBESNTWAD. ZOBETLL FOEmICAE N By
Bz 780,

6 ZOXIITEBEHRDOERA by 7 PHIE D LAEFET LT B EWHTEEIA - T - &7 (2010) 1272
HoT WIEET IV EFESZ LT D, —JF, WITOEERE GICAEN TSR o4 ) b w53
HEVHIEE THIERET V) LS. b HAABEOREOEAREHBRETZ O LS REMALLOTIX
RN, FEEEHT CEARRER BT LT E ZD 2 OIXB LN THA Y. 2HODOMMEDE WL, Hin

IAREHRENE 725 S0, EIEDHTIZBWTIE, T —Z ORI HT B B9 U Ty 728841 &
ITOMENRDDH. FEL AR - ift - iF (2010) &
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V(A K)=max [AK'* = p(K' = (1= OK) + BEga{V(4,K)}]

- (D
L%, WEOMBHEMIZBE SN THRVD, BEREHET LV THLI-D, KEHITE
AREREANS OMEIZ L > TEREAIZITRO BN D.

g BT, B SO (= D) o Lo F R IS C(K', A K) AVEAS
h, ~b= Al
V(A K)= max [AK'* = C(K",K) —p(K' — (1 = 8)K) + BE; 4 {V(A', K"} ]

- (2)
LEIMZOND.

K'-(1-8)K
(1-6)K'

wE kLB =X ) (1= 8K & ERD 2 KRR,

B « Y K'— (1-6)K)
V(A K)= max [AK 2(—(1 DK

+BEya{V(A,K)} ] ---(2)

2
) (1=K —pK' - (1-6K)

L%,
ZoLlE, UEROEEICIY, K BT IHRMEO ORIV, =0 (FAEEHFIR
Wi e&Y) L0,
w5~ 5 UK —p(1-8)
Ths. bla=1 Thiud, iEEK Vi K ICBELTKAKE 225720, Vie="/ »
Az L, (3)=ix
I
K

(q—Dp

<|r

SE _V
el a=Yha s

- (3)
LBRLADOFEERBZENTHZ LN TES.

P EO#ERTIE, BAMIZ 1 D UFEE Lo 20y, EEEIZIXEW ) S T 288 B
FT, ZERERBEEMBAEEICHN LN TV, g BERROMSHAE S5 O 7 — 2 HEE
L 7= Multiple ¢ ¥ TdH 5. Wildasin (1984) 1%, ZHMET /LTI b ITOHEMICERH
SNTER LY g L ORICHF e 1%t 1 BFRA —MRAVITIZASL L2V AS, INE ) &
A 1IWFEGE L TREIND ZEZ2R LIz, &7 - A - k- A (1989) 1%, Wildasin



(1984) OZEMET V% Multiple ¢ O#FR, it SN2 H—DOERYZEE LI@E
O q Bim% [Single ¢ OGR) &MY, RIE¥ICET 5 HARD EGEEOMBET — % %5
MLT, L& EAFREEEEED 2 >OEARM MG 72225 Multiple g 12 X 2 B& B D3E
AEHT AT o 72, Z OB, #1245 X 912, Wildasin (1984) O q 1%, #1t(1989) 12
Ko THEE AT X TE2x5 L L7z [Total qI & ms 3.

BARA Ny 71 3InfEElHH L HEREG=1, - n)OERUORIHIRDEARR | v
7% - 6)K; , SHEOREROERA N v 7 %K, YHIROERA v 7 21 -6)K'; &
5.6 =1, - n)IFHEAYOWERIBFER TH v, BAFHRE I, =K' — (1-§)K; T
FEhs, REOHMMEBERIT= 777 2EREL, HAK'y, K )=AK'S - K"
LY =1 LETD. WEORBEEMBELIIEAM Z LB TEETHY, E94&
AL LTIE, MIROBARA Ny 7 2L LI ER 2 REIKE LTRESNDEY &
KERA Ny 7 OHBLE OFEL LTRBITED b D LRETD. T72bb,

n
K';—(1-68)K;

C(K’,"';K’ 'K’.”’K):Z< J J’ J_a)(l_(s)K!

1 n 1 n - (1_5]')Kj J

- (4)

ET D IEL, v > 0 REOFHBEMNOKRNEEET DT A=2THY, LLFTHL
INT72 % &9 IZ Tobin @ g BEERIC & 2 HE Bk & R8T 1T 5 L CHERKZEHIZ R, q
i, MEEANRIMELZ &L DB RICHIET DT A—=FTHY, KERP a0 LIS S
(EE T DNER TS

VILEDRHED T T, HMEY ISR 2 &R AMEBE O~~~ AL, pa®I5IKT, E
AL —2 L LT,

AR+ R _ i]ﬁ(}(q - (1-6)kK; _a.) (1-6)K",
1 n 2 (1 _ 5]‘)1(']‘ 7 J J

V(A Ky, -+ K,)= max
K’j =

= (K = (= 89K) + BEwa (v (4K, - )}
=1
- (5)
LREND. L, pilEEMINiKE =2 A L—L L Lo EARM Ofliks 2 £
WHEROTEIIZ LY, G)RUTBNWTK (=1, - mIZ OV T LTI 5 &, M
B D e KAV SRA:

V(A Ky, -

K
K. ) =(1-8)yi(Z—a;) + A - 8)p;
J

T SRR L FRE, ~ A AR A Ta < 1/(1— SO £V 5.
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- (6)
135, REMMEE, FIREARR N>y 71 -6)KG=1 - mIZLT1IKRAKEE XD
0, KL EIFKG=1, ) (L TLRFEKR TS D & LIZEEIS, RREEIZOWTA
A7 —DEHIZLY,

n

1 oJV(4 Ky, - K
2. Al Kol 4 gy = v(aks, k)
j=1

~5) oK,
.o (7)
MISLT D, Lo T, Q)ROEHE 9) KUt -» THEEH L CEH4 2 L,
(q—1)P= Z ¥iZjSj = Z ¥4
= =
-+ (8)
777 L,
_ v
S a5k,
_ K= (1-8)K

7. =
! (1-6)K

n

p— Z?:lpj(l — 5]')Kj _ EP'S'
o (1- 6j)1(j
7R (1= 6)K;

&, Multiple g DT X 2GRN EHIh D, 22T, qlinfiHOE KM 2 4£5
L7EEARA My 728D Y ql, PIREHSNTEEARA Ny 7 DA TV b T 7
L—FTho. £z, s ZEFSNTZERR by Z7ITEDLEERMOMERLTHY, 7
DERA Dy I OREREEFHTHEOMEY = 4( FThH 5.

—f%1Z, Multiple g OFHLAT K D BB B OHEEHIIIEBOEE b 5 72 (8) NDIEHR
EHWS. Tbh, G)RUCHIGET AL, Wile bICT XTI AERT — X R L7
DM, E3(q— DPEWFHMALL, Zis;(G=1, - n)&si(=1, - n)ZaiEH L L THE
FF L, FHEEHBBORENRT A =2 ThdyjLyaOHFHEE S S, Z0%, ThEth
DEARMNy; & aj DFRANEAT 5 DT D5

8 SAAML (2010) I2BWT, v 7 7 ACHRICHEE SN (WRHERER PSSR SN F—2%2HD
L, GIITTADEE LD LRSS ERRESN TN S.
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22. HAEIAXMOFEEFH qD 1L LDOTERE
b Uil o 2 M AMELE LR WA, EEAnfET
V(A Ky, -+ Kp)

= max AK'® - K1 — ZpJ(K’ — 8)K;) + BEgia{v(4. K1, - K" )}

- (8)
Ll A MRV L, ERMEORTHIRKEARZ b v 7 (1 - 8)K (=1, -, n)ic
B9 2 1 AR Rz, A MRS D — A LRKRICA A 7 —0E I L0 4§
TLHILENTED., BHEHROERICEY, G)XZK (=1, - IOV THMET L L
V(A Ky« Ky)

oK)

= (1= 6)p;

- (6)
BRLND. ThaEitd o & aE M

n
1 0V(A,Ky, - K
V(A,K]_, "';Kn) :Z(l ( - n) (1_61)1{1
j=1

— &) OK;
= Z p;j(1-&)K;
=1
- (D

L, BAZX by 70X BMEDCGEEFE L 2D, F Y, @R EEOHAEIT, &
KA Ry 7 ORFEHE TN TR Lo END T L HBWKT 5. Lz -> T, Tobin @ ¢l

(g —1DP=0
- (9)
THY, FH giIFIT1IZHE L D Znbhd. QXEOQOX LT 5L, JHEaX
NBFAET D &, W g 1 KV REET 2 2 L bh5s.

23. ARBRINETERMEER LGN H1HEDFH q

BREIX MAFEELEVS—R

KIS, 2.2 IO = 2 S BFAET — A Z RIS, RRBETNSEAMZZE L h -
TBE, ¥ g E O XS B E 52 5 RN T 5. IR T, BAM i b 57,
FnEHOBAMEEE LEN, BIEAMNLE (n - DEAMOLEE LI T g 2R
THD. (ALY,

ZOWMDEMIL, FEIAARDNRTA—ZYyRER LR DR — AL LTEDLRITHR.
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e
V(A Ky, -+ Ky) — z pi(1—=6;)K; = p(1 - 8,)K,
=1

LR D,
(G — )P — Pn(1—6,)Ky
1=1(1_6j)Kj
- (10)
LB L
Vv
q-n =
1p](1 5)1{1
p lej(l 8)K;
RO -8)K

Thbd. 10RXLY, KRZBESTREEARMEZBRE L2 E, FH g 1 X0 L TG
HEi, I, BELEPSTEERMOA Ny 727 (BHH) BREWVIZE, ZOHf
EEWEED ZEDMNDOND. AREEEREL T TV g 2315 T 5L, AELSD
BREOBEIMENEWMEETHDHITE, REKOVY ¢ LV b REWEE LTI, B
INATANELDLZ LI D.

FEEE, SR - A - K (2010) TIE, EBIEZED K g oFEERLE, YT D
= T ECHEEMBEER T — A Loz IT (FREIN) BEdEEICE T HEEE Fls
(2, 90 KL, 100 22 2B E2E 9127220, FIiZiX 1000 225 X 577
— AL HDHEMEL TS, TOHHBEZ, ROXIITHETF WD,

(1) 2000 FHiEDOVDP L [IT N7V ORI 7 7 2 7 X o 2V X b Telife

LTCERLCWEAREE. LL, R TIE 04 FEICE > THRFITE W F
%) q WHBT 2R AEFIAT 52 EI3EE L.

Q) EEMEOPFROEN. IT EEE R AT, ARECEEZITE A CLE LT,
B2 R AETVREE S v N U — 7 7 8 OB E PE & A A E 0)75?7%9:@“
LEELZN. ZH LEEREE iﬁﬁ%?ﬁ% b O RN ENEL, WwE DKL
T VY g ZEETIUL, SRHIEaIGEL, ST EEEEOMIENE D 2D
HEFICREWEELHFHND.

B - BEIR - BiAF (2013) TiE, Corrado, Hulten and Sichel(2009) D #EFEE FE D4 HEIZ L
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(2) &FF EoESEANGWHE LA - BRABEOEMZ 20 EMEMATLH5E (BT [#E
i) EPES) THY, gk (2001) TRAINTND.
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DEFEREZ R T EICR50, ZRDKIEIZEGEL TV,

# 6|2 R&D &A% &t Multiple g OHEFHRE R 2R Lz, HERHEREZ D Model(1), (3),
GlxEnEN, HEIHX, BrhX, @HFX07—2%2HNTQXNAHE LIFERTH
%. Model(@), (4), (6) bz Zh, WHIHNX, BrhX, #MhFXo7T—4%2MHNT (8)
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MR EITH ZEMNTE D, LLEns, Zibid~r/uElidtI~r/ a0t
D.

AFa TIERK L7z R&D & DT — 4 _R— A%, AR oMBET —42 L b s Tk

v, v/n, EIv/ e THRLNEEEL, HES—ZATHHRARICRD 2L
ZRET D

52.RRD BEAY T4 PR RED RERLREADETEDMEF

EAERF ORBETIIYHEENEROEBTELE P T A r—2%2EE LT,
AR¥E (R 1¥EM), HE (OF 2 %M, ToM¥EM) OFE EATREINTHD. EARERE
DFEET — & LA RS L7 250 R&D EA T =1 b, R&D HERDT — & 2524
R&D EARERE - R&D BALMO AL — RRREOHERI L ED X 5 RBIRICH 50
ERTHILEN, TOEHTORETHD.

K8DHH LB 3 oORITIHIHA, ErhX, #EiirXcL?d R&D EEHEEFHE L
2 T L THERAI T IR OFEZ SR L2 BT, RSB, 1 ¥, F2 %
T, 3 ¥(MOIE LY =4 FNOFEEE LIZbDOTH D, 51 %M, 52 %M §3 %M
DT LT = A MIENEFERFIO 2003 FFE (OLD) & 2013 £ (NEW) @ 2 2O7 —
ZaZEAE L. EOFRXTEHELTYH, R&D FERNEWIE D DARZE~OEF N &\ M
AR GRS, T3 S>ORITIAFTX, ¥uik, HMricks ReDEAY =1 %
R L, BT LICRERIIT RO EEMEEFHR Uiz BT, Rl 2 5Eic /0%l LRBRICARZ,
HEDOTF LT = A POYBEEZHELZLDOTHD. ZHHLTIHEIZIEZ-&Z Y &, R&D £
HEEREVVEEIEEAEDT L7 =4 FBAEVEBEN R 5N TWS. R&D EHEENE

17 3B NARZEM R OEE DT — & R— AT, L DETRTCIT 2 o 72 2003 HFLUED T — ¥
v F T LTNA.
18 <o F /i, BABGREESITO DM KOWH %57
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RWDNENTIERV. 5%, R&D BE LHREL DORRR LI EZED LMERNH A .

52. #FRDFHY g, R&D EXYV A FRURED HEZE

B4 3 121X, REDOFET DMK T v v 7 HNZHEED 75 N—t o Z AN, TRl 25
WN—t U A NDYY) q OB ER L. k7 o v 7%, 1), HaLAOREH©),
IE(3), deiEiE), HALB), HyE6), (Fk - dekE(?), FE - mEE®), Qo 9 7 m v
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BRIV OHEE 2 /R LTV 5.

41X R&D EAT = A FOHIKT v v 7 {75 X—k L Z A1, HRE, 25 X—k ¥
ANDEOHBZ R LTS, JUNTTE S —t v Z A AR —E L TR FEICH D Z &N
@z 5. Fiz, dbifE, NP OHIETIZ 75 S—k X ALl 25 3—k L XA LDFE
PR T DM AN D Z & 3MAl 2 5. R&D BAREKRDORIE L £ 5 ThRUVBEDKENIL
RLTWDAREMERH 5.

X 5 1% R&D HELROHIK 7 v v 75| 75 R—t L 2 A )V, FIE, 25 /X—F L XA LD
EOHBZRLTVD. RUT, BIZOVEL K FEAI 2R LTV 5.

LLED X9z, HidBloEY) g R&D EAD = A b, R&D HEROHIEOH X & /34
52 LT, BRIZEIT 5 R&D OHUH 2 EROREMOE ED T 7 7 b T 7 A 0T
A TBNAREE 7R D,

6. #&E:E

AFRTIEL, BARD ESEBIAEZED R&D & E A by 7 RINEER L, 1 2 GREEE
PEL PRI, ZEOHREITENZ Tobin @ q FREMIZIESWTHONT L7z, BARMOLEEMEEZBE L
7= Multiple ¢ D#&E B A HEFH L, R&D Z#i/- k&M e LTMAx % 2 & T, &K D
HEZt DT o —~ VANRBET DO ERGE LT

HEROIIC L DL, —HOBARUEBELRNTYY q 3R TH L, ZELARVER
MOHLBA Ny 727 NEWEZEIRE, 1 LVFEEET S Z L3RSz, £72, Multiple
q DEEREIC K VHEF SN DA A NIRRT A —ZyiX, —HOBEEMEEZE LewnE,
HBREMMET 2HE TR N E LTS TANELD Z ENRENTZ. L7z23-> T, R&D
BEEEARME LTHTIICEET 52 LT, Y ¢ OffiIL 1 ~E2%, HEHsn o=
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K 1: BYEELZER L RRSEHOERLE

(%)
Labor
productivity
growth
Capltal_ Labor N TEP growth
deepening composition
Tangible Intangible
assets assets
Japan 2.1 0.9 0.7 0.2 0.8 0.5
Austria 2.4 0.8 0.3 0.5 0.2 1.4
Belgium 1.8 0.7 0.2 0.5 0.1 0.9
Chech Republic 4.2 2.4 1.9 0.5 0.3 1.5
Denmark 14 12 0.7 0.5 0.2 -0.1
Finland 3.8 0.9 0.2 0.7 0.2 2.6
France 1.9 1.0 0.4 0.6 0.4 0.4
Germany 1.7 1.0 0.7 0.3 0.0 0.7
Ireland 3.8 14 0.8 0.6 0.1 2.2
Italy 0.6 0.7 0.5 0.2 0.2 -0.4
Netherlands 2.3 0.9 0.4 0.5 0.7 2.8
Slovenia 5.3 1.7 12 0.5 0.7 2.8
Spain 0.8 1.0 0.7 0.3 0.5 -0.6
Sweden 3.7 1.9 1.1 0.8 0.3 1.4
UK 2.9 15 0.8 0.7 0.4 11
uUS 2.7 1.7 0.8 0.9 0.2 0.8
(tHJ#) Chun, Miyagwa, Pyo, and Tonogi(2016)
#2:R&GDBE LA by 7 OERKEHE
Summary of Statistics: R&D Investment and R&D Capital Stock
Variable Mean Std. Dev. Min Max Observations
Nominal R&D Investment overall 6,195.07 19,995.03 3.00 453,046.00 N = 10899
between 17,569.31 26.42 284,874.70 n= 477
within 7,822.05 - 94,265.33 314,912.70 T-bar = 22.8491
R&D Deflator overall 0.9873 0.0283 0.8921 1.0202 N= 12402
between - 0.9873 0.9873 n= 477
within 0.0283 0.8921 1.0202 T= 26
Real R&D Investment overall 6,256.77 20,137.63 3.03 444,056.40 N = 10899
between 17,750.59 27.01 288,552.00 n= 477
within 7,739.90 - 89,341.12 305,539.50 T-bar =22.8491
Real R&D Stock overall 37,421.84 119,847.80 - 19,905.57 2,268,758.00 N = 11017
between 110,614.70 - 6,730.83 1,968,989.00 n= 475
within 31,174.51 -324,055.30 1,000,627.00 T-bar = 23.1937
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£3: WHIFRICX DT —FEy bORRXAY~<Y —
Summary Table for the Panel Data (Market Price Method)

Variable Mean Std. Dev. Min Max Observations
(Tobin's g - 1) * Deflator overall 0.1589 1.4830 -3.2985 14.7801 [N = 9536
between 0.9219 -2.0192 52670 [n= 475
within 1.2336 -5.1540 12.6883 [ T-bar = 20.0758
. overall 0.0143 0.1168 -6.5540 2.3909 [N = 9429
Building and
. between 0.0633 -1.2997 0.0985 [n= 475
Construction o
within 0.1081 -5.2401 2.3395 | T-bar = 19.8505
. overall -0.0019 1.9669 -184.3080 20.8863 [N = 9322
M achinery
. between 0.4057 -8.3776 0.9552 |n= 470
and Device o
within 1.9209 -175.9323 19.9291 [T-bar = 19.834
Ship and overall 0.0011 0.0173 -0.1551 1.4196 [N = 8912
Vehicle between 0.0086 -0.0122 0.1581 |[n= 466
Investment Ratio within 0.0161 -0.1785 1.2625 | T-bar = 19.1245
* Weight Tools, overall 0.0076 0.0384 -0.8660 2.4684 IN= 9423
Equipment between 0.0104 -0.0449 0.1109 |[n= 475
and Fixtures  |within 0.0369 -0.8330 2.3651 | T-bar = 19.8379
overall -0.0002 0.0833 -4.3757 1.1490 [N = 9411
Land between 0.0174 -0.1895 0.1260 [n= 475
within 0.0816 -4.1863 1.0229 | T-bar = 19.8126
overall 0.0602 0.0418 0.0000 0.4473 IN = 9430
R&D Capital |between 0.0376 0.0027 0.1954 |[n= 475
within 0.0194 -0.0397 0.3247 | T-bar = 19.8526
oo overall 0.2597 0.1172 0.0025 0.9079 [N = 9895
Building and
. between 0.1086 0.0624 0.7899 [n= 475
Construction o
within 0.0528 -0.2185 0.5594 | T-bar = 20.8316
. overall 0.2172 0.1513 0.0000 0.7643 [N = 9895
M achinery
. between 0.1448 0.0000 0.7110 [n= 475
and Device o
within 0.0537 -0.2949 0.5015 | T-bar = 20.8316
Ship and overall 0.0047 0.0215 0.0000 0.5728 [N = 9895
Vehicle between 0.0251 0.0000 0.4907 |n= 475
Weight within 0.0055 -0.0661 0.2057 | T-bar = 20.8316
i
Tools, overall 0.0663 0.0714 0.0000 0.6248 [N = 9895
Equipment between 0.0680 0.0055 05874 |n= 475
and Fixtures  |within 0.0235 -0.2497 0.3606 | T-bar = 20.8316
overall 0.1326 0.1179 0.0000 0.8643 [N = 9895
Land between 0.1066 0.0007 0.6046 |n= 475
within 0.0584 -0.2416 0.5428 | T-bar = 20.8316
overall 0.3196 0.1917 0.0000 0.9893 [N = 9895
R&D Capital |between 0.1820 0.0164 0.8682 [n= 475
within 0.0696 -0.0366 0.8720 | T-bar = 20.8316
overall 0.5973 0.8150 0.0000 16.1864 [N = 9536
Interest Debt Ratio between 0.8309 0.0000 9.8633 |n= 475
within 0.4245 -6.1720 12.7750 [T-bar = 20.0758
overall 0.0486 0.0526 -0.2473 0.3718 [N = 9895
Cashflow Ratio between 0.0348 -0.0635 0.2007 [n= 475
within 0.0409 -0.2620 0.3739 | T-bar = 20.8316
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F4:PoFRNcLd7 %y hOoRXVF<Y —
Summary Table for the Panel Data (Zero Disposal Method)

Variable Mean Std. Dev. Min Max Observations
(Tobin's g - 1) * Deflator overall -0.0332 1.2979 -3.0940 12.2504 [N = 9536
between 0.8370 -1.9218 50199 |n= 475
within 1.0665 -4.9769 10.2528 [ T-bar = 20.0758
- overall 0.0194 0.0359 0.0000 0.6732 [N = 9429
Building and
. between 0.0121 0.0020 0.0990 [In= 475
Construction o
within 0.0343 -0.0795 0.6467 | T-bar = 19.8505
. overall 0.0290 0.0340 0.0000 0.5279 [N = 9343
M achinery
. between 0.0198 0.0000 0.1488 |n= 470
and Device o
within 0.0283 -0.0523 0.4885 | T-bar = 19.8787
Ship and overall 0.0010 0.0055 0.0000 0.2884 |N = 9402
Vehicle between 0.0051 0.0000 0.0840 In= 474
Investment Ratio within 0.0035 -0.0825 0.2054 | T-bar = 19.8354
* Weight Tools, overall 0.0098 0.0128 0.0000 0.2207 N = 9429
Equipment between 0.0101 0.0005 0.0745 |n= 475
and Fixtures  |within 0.0079 -0.0457 0.1840 | T-bar = 19.8505
overall 0.0059 0.0260 0.0000 0.7158 [N = 9429
Land between 0.0083 0.0000 0.0903 |n= 475
within 0.0250 -0.0844 0.6314 | T-bar = 19.8505
overall 0.0517 0.0382 0.0000 0.4128 [N = 9430
R&D Capital |between 0.0352 0.0017 0.1734 [n= 475
within 0.0162 -0.0417 0.2911 |T-bar = 19.8526
- overall 0.2661 0.1113 0.0283 0.7938 |IN = 9895
Building and
. between 0.1063 0.0772 0.6674 |n= 475
Construction o
within 0.0441 -0.0323 0.5098 | T-bar = 20.8316
. overall 0.2368 0.1481 0.0000 0.7526 |N = 9895
M achinery
. between 0.1454 0.0000 0.7173 |n= 475
and Device o
within 0.0419 -0.0535 0.4639 | T-bar = 20.8316
Ship and overall 0.0062 0.0242 0.0000 0.5774 |N = 9895
Vehicle between 0.0280 0.0000 0.5055 |n= 475
Weight within 0.0065 -0.0680 0.2188 | T-bar = 20.8316
i
Tools, overall 0.0751 0.0823 0.0010 0.6256 |N = 9895
Equipment between 0.0796 0.0050 0.5884 |[n= 475
and Fixtures  |within 0.0235 -0.1621 0.3781 | T-bar = 20.8316
overall 0.1450 0.1244 0.0009 0.8486 |N = 9895
Land between 0.1127 0.0011 0.6165 |n= 475
within 0.0587 -0.2130 0.5381 | T-bar = 20.8316
overall 0.2708 0.1743 0.0000 0.9454 |IN = 9895
R&D Capital |between 0.1693 0.0092 0.8120 [n= 475
within 0.0533 -0.0497 0.7190 | T-bar = 20.8316
overall 0.4739 0.5932 0.0000 11.9607 [N = 9536
Interest Debt Ratio between 0.6128 0.0000 7.8867 |In= 475
within 0.2988 -4.8004 6.0506 | T-bar = 20.0758
overall 0.0486 0.0526 -0.2473 0.3718 [N = 9895
Cashflow Ratio between 0.0348 -0.0635 0.2007 |n= 475
within 0.0409 -0.2620 0.3739 | T-bar = 20.8316
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x5 @EFRNICEDT—FEy bORRXAY~<Y —
Summary Table for the Panel Data (Book Value Method)

Variable Mean Std. Dev. Min Max Observations
(Tobin's g - 1) * Deflator overall 0.0915 1.4043 -3.2261 12,9478 [N = 9513
between 0.8866 -1.9865 5.2256 |n= 475
within 1.1643 -5.1584 11.7467 [T-bar = 20.0274
- overall 0.0167 0.0459 -1.2986 0.6939 [N = 9408
Building and
. between 0.0146 -0.1359 0.0982 |[n= 475
Construction o
within 0.0443 -1.2823 0.6655 | T-bar = 19.8063
. overall 0.0268 0.0397 -1.0262 0.7449 |IN = 9322
M achinery
. between 0.0198 -0.0370 0.1601 |n= 470
and Device o
within 0.0348 -0.9624 0.6960 | T-bar = 19.834
Ship and overall 0.0009 0.0052 -0.0571 0.2719 [N = 9358
Vehicle between 0.0038 -0.0022 0.0705 |n= 472
Investment Ratio within 0.0042 -0.0923 0.2023 | T-bar = 19.8263
* Weight Tools, overall 0.0094 0.0122 -0.1892 0.2794 |N = 9408
Equipment between 0.0096 -0.0013 0.0766 |n= 475
and Fixtures  |within 0.0076 -0.1785 0.2467 | T-bar = 19.8063
overall 0.0004 0.0700 -3.6032 1.0501 [N = 9390
Land between 0.0149 -0.1554 0.1138 [n= 475
within 0.0685 -3.4474 0.9366 | T-bar = 19.7684
overall 0.0570 0.0396 0.0000 0.4291 [N = 9408
R&D Capital |between 0.0363 0.0025 0.1830 |n= 475
within 0.0175 -0.0411 0.3100 | T-bar = 19.8063
- overall 0.2627 0.1151 0.0279 0.8453 [N = 9872
Building and
) between 0.1093 0.0695 0.7350 [In= 475
Construction L
within 0.0478 -0.1539 0.5434 | T-bar = 20.7832
. overall 0.2321 0.1489 0.0000 0.7800 [N = 9872
Machinery
A between 0.1458 0.0000 0.7320 [n= 475
and Device .
within 0.0430 -0.0635 0.4644 | T-bar = 20.7832
Ship and overall 0.0055 0.0204 0.0000 0.5170 [N = 9872
Vehicle between 0.0232 0.0000 0.4391 |n= 475
Weight within 0.0059 -0.0586 0.2063 | T-bar = 20.7832
Tools, overall 0.0745 0.0796 0.0010 0.6438 |IN = 9872
Equipment between 0.0774 0.0050 0.6023 |n= 475
and Fixtures |within 0.0225 -0.1009 0.3835 | T-bar = 20.7832
overall 0.1245 0.1100 0.0000 0.8606 |N = 9872
Land between 0.0994 0.0007 0.6014 |n= 475
within 0.0541 -0.2450 0.5318 | T-bar = 20.7832
overall 0.3008 0.1806 0.0000 0.9488 |IN = 9872
R&D Capital |between 0.1750 0.0143 0.8394 |n= 475
within 0.0571 -0.0364 0.7163 | T-bar = 20.7832
overall 0.5550 0.7165 0.0000 13.7286 [N = 9513
Interest Debt Ratio between 0.7529 0.0000 85352 |n= 475
within 0.3529 -5.1175 8.1460 | T-bar = 20.0274
overall 0.0487 0.0527 -0.2473 0.3718 [N = 9872
Cashflow Ratio between 0.0349 -0.0635 0.2007 |n= 475
within 0.0409 -0.2620 0.3819 | T-bar = 20.7832
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# 6 : R&D % &te Multiple q DHEEHHE R

Estimation Results of Multiple g with R&D (Market Price Method): Trimmed Data

M odel (1) Model (2)
Variable Fixed Effect M odel Random Effect M odel Fixed Effect M odel Random Effect M odel
Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error)
Building and Construction 0.363  (0.140) *** 0.547  (0.138) *** 0.268  (0.134) ** 0553  (0.131) ***
M achinery and Device 0.020  (0.006) *** 0.020  (0.006) *** 0.022  (0.006) *** 0.021  (0.006) ***
Investment Ratio Ship and Vehicle -0.591  (0.760) -0.306  (0.763) -0.502  (0.715) -0.242  (0.718)
* Weight Tools, Equipment and 2.767 (0.581) **=* 2.928  (0.581) *** 1.825 (0.547) *** 1.876  (0.548) ***
Land -0.385  (0.158) ** -0.404  (0.160) ** -0.580  (0.149) *** -0.649  (0.151) ***
R&D Capital 17.371  (0.721) *** 17.439  (0.686) *** | 13.419  (0.689) *** 12.996  (0.655) ***
Building and Construction 4.792 (0.659) *** 4.330 (0.469) *** 4.946 (0.620) *** 3.903 (0.430) ***
Machinery and Device 7.048 (0.710) *** 4.634  (0.488) *** 7.200 (0.667) *** 4.317 (0.446) ***
Weight Ship and Vehicle 42.585 (2.637) *** 20.271 (1.464) *** 37.479 (2.483) *** 16.992 (1.332) ***
Land 2.858  (0.667) *** 2,036  (0.472) *** 2942 (0.627) *** 1.800  (0.432) ***
R&D Capital 2.140  (0.665) *** 0.745 _ (0.476) 2.862  (0.625) *** 1.080  (0.436) **
Interest Debt Ratio 0.143  (0.033) *** 0.295  (0.028) ***
Cashflow Ratio 10.006  (0.307) *** 9.999  (0.300) ***
Constant -4.969  (0.607) *** -3.616  (0.425) *** -5.573  (0.571) *** -3.872  (0.388) ***
Observation 8,520 8,520
Number of Firms 465 465
R-square within 0.144 0.133 0.244 0.231
between 0.021 0.049 0.068 0.182
overall 0.046 0.078 0.119 0.193
Hausman Test 275.27 333.32
Notice: Robust standard errors are in pearentheses. "***" denotes p<0.01, “**" denotes p<0.05, and "*" denotes p<0.1.
Estimation Results of Multiple g with R&D (Zero Disposal Method): Trimmed Data
Model (3) Model (4)
Variable Fixed Effect M odel Random Effect M odel Fixed Effect M odel Random Effect M odel
Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error)
Building and Construction 2785  (0.350) *** 3103  (0.352) *** 2339  (0.330) *** 2621  (0.333) ***
M achinery and Device 0.931  (0.438) ** 1.489  (0.436) *** -0.025  (0.413) 0.612  (0.413)
Investment Ratio Ship and Vehicle -5.776 (3.192) * -1.183 (3.211) -6.437 (3.004) ** -1.849 (3.033)
* Weight Tools, Equipment and 9.028  (1.659) *** 7.996  (1.653) *** 6.429  (1.564) *** 5.358  (1.563) ***
Land -0.361  (0.435) -0.152  (0.441) 0.050  (0.415) -0.088  (0.420)
R&D Capital 16.326  (0.681) *** 16.188  (0.646) *** | 12.823  (0.650) *** 12.317  (0.620) ***
Building and Construction 7.729  (0.586) *** 5.850  (0.422) *** 7514  (0.553) *** 5216  (0.397) ***
Machinery and Device 8.540  (0.657) *** 4.924  (0.450) *** 8.797  (0.619) *** 4.680  (0.421) ***
Weight Ship and Vehicle 39.622  (2.029) *** 20.193  (1.267) *** | 36.523  (1.914) *** 18.256  (1.190) ***
Land 4812  (0.594) *** 2492 (0.424) *** 4.484  (0.560) *** 2.058  (0.396) ***
R&D Capital 5.022  (0.587) *** 2.370  (0.435) *** 5.444  (0.553) *** 2449  (0.407) ***
Interest Debt Ratio 0.061  (0.035) * 0.229  (0.029) ***
Cashflow Ratio 8.225  (0.249) *** 8.189  (0.246) ***
Constant -7.418  (0.535) *** -4.869  (0.384) *** -7.647  (0.503) *** -4.825  (0.359) ***
Observation 8,987 8,987
Number of Firms 470 470
R-square within 0.201 0.189 0.292 0.278
between 0.076 0.117 0.112 0.207
overall 0.095 0.133 0.156 0.224
Hausman Test 323.17 414.59
Notice: Robust standard errors are in pearentheses. "***" denotes p<0.01, “**" denotes p<0.05, and "*" denotes p<0.1.
Estimation Results of Multiple q with R&D (Book Value Method): Trimmed Data
M odel (5) M odel (6)
Variable Fixed Effect M odel Random Effect M odel Fixed Effect M odel Random Effect M odel
Coef.  (Std. Error) Coef.  (Std. Error) Coef. _ (Std. Error) Coef.  (Std. Error)
Building and Construction 2195  (0.301) *** 2.248  (0.301) *** 1.875  (0.284) *** 1.969  (0.285) ***
Machinery and Device 0.176  (0.388) 0.766  (0.388) ** -0.999  (0.367) *** -0.374  (0.368)
Investment Ratio Ship and Vehicle 29228  (2.946) *** -5.047  (2.951) * 9526  (2.774) *** -5.199  (2.791) *
* Weight Tools, Equipment and 14.165  (1.800) *** 13.416  (1.791) *** 9.779  (1.700) *** 8.832  (1.697) ***
Land -0.487  (0.174) *** -0.548  (0.176) *** -0.420  (0.164) ** -0.538  (0.166) ***
R&D Capital 16.424  (0.696) *** 16.468  (0.662) *** | 13.008  (0.663) *** 12.719  (0.633) ***
Building and Construction 9.177  (0.660) *** 6.684  (0.469) *** 8.839  (0.622) *** 5783  (0.436) ***
Machinery and Device 11.563  (0.731) *** 6.657  (0.495) *** [ 11.630  (0.688) *** 6.083  (0.458) ***
Weight Ship and Vehicle 44579  (2.354) *** 24.653  (1.518) *** | 40.668  (2.220) *** 21.462  (1.409) ***
Land 7.094  (0.675) *** 4185  (0.477) *** 6.745  (0.636) *** 3.443  (0.443) ***
R&D Capital 6.516  (0.678) *** 3.234  (0.485) *** 6.686  (0.638) *** 2.949  (0.450) ***
Interest Debt Ratio 0.087  (0.031) *** 0.226  (0.027) ***
Cashflow Ratio 9.205 (0.279) **=* 9.122 (0.275) ***
Constant -9.194 (0.612) *** -5.921 (0.430) *** -9.319 (0.577) *** -5.622 (0.399) ***
Observation 8,936 8,936
Number of Firms 469 469
R-square within 0.173 0.161 0.267 0.253
between 0.034 0.068 0.069 0.169
overall 0.063 0.100 0.123 0.198
Hausman Test 316.25 417.24

Notice: Robust standard errors are in pearentheses. "***" denotes p<0.01, "**" denotes p<0.05, and "*" denotes p<0.1.
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Estimation Results of Multiple g without R&D (Market Price Method): Trimmed Data

Model (1) Model (2)
Variable Fixed Effect Model Random Effect M odel Fixed Effect Model Random Effect M odel
Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error)
Building and Construction 0.059 (0.123) 0.181 (0.123) -0.071 (0.115) 0.039 (0.115)
Investment Machinery and Device 0.033 (0.037) 0.040  (0.038) -0.006 (0.035) -0.001  (0.035)
Ratio Ship and Vehicle -0.440 (0.889) -0.232  (0.893) -0.486 (0.833) -0.352  (0.837)
* Weight Tools, Equipment & Fixtures 0.972 (0.444) ** 1.166  (0.447) *** 0.849 (0.442) * 1.193  (0.444) ***
Land -0.578 (0.185) *** -0.551 (0.186) *** -0.789 (0.173) *** -0.788 (0.175) ***
Building and Construction 2.337  (0.695) *** 2.072  (0.558) *** 2777  (0.652) *** 2162  (0.513) ***
Weight Machinery and Device 5.350 (0.739) *** 2.874  (0.568) *** 5.397 (0.696) *** 2770 (0.521) ***
Ship and Vehicle 57.534 (3.291) *** 32.754  (2.353) *** 48.830 (3.094) **=* 26.932  (2.149) ***
Land 1.091 (0.719) -0.168  (0.564) 1.344  (0.676) ** 0.072 _ (0.517)
Interest Debt Ratio 0.073 (0.019) *** 0.100 (0.019) ***
Cashflow Ratio 17.856 (0.523) *** 18.330  (0.513) ***
Constant -2.237 (0.605) *** -0.874  (0.477) * -3.339 (0.570) *** -1.855  (0.438) ***
Observation 8,889 8,889
Number of Firms 466 466
R-square within 0.061 0.056 0.176 0.168
between 0.005 0.002 0.011 0.054
overall 0.001 0.003 0.064 0.115
Hausman Test 253.31 313.94
Notice: Robust standard errors are in pearentheses. "***" denotes p<0.01, "**" denotes p<0.05, and "*" denotes p<0.1.
Estimation Results of Multiple q without R&D (Zero Disposal Method): Trimmed Data
Model (3) Model (4)
Variable Fixed Effect Model Random Effect M odel Fixed Effect Model Random Effect Model
Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error)
Building and Construction 3.140 (0.432) *** 3.326  (0.437) *** 2.328 (0.406) *** 2472 (0.411) ***
Investment  Machinery and Device 1526  (0.573) *** 2672  (0.574) *** -0.232  (0.539) 0.886  (0.541)
Ratio Ship and Vehicle 1.463 (4.855) 4.355 (4.926) -1.662 (4.552) 0.963 (4.625)
* Weight Tools, Equipment & Fixtures 17.213  (1.807) *** 16.939  (1.814) *** | 12453  (1.700) *** 11.889  (1.708) ***
Land -0.042 (0.593) 0.295  (0.602) 0.475 (0.563) 0.500  (0.571)
Building and Construction 10.086 (0.649) *** 7.574  (0.516) *** 9.307 (0.610) **=* 6.468  (0.482) ***
Weight Machinery and Device 12.827 (0.742) *** 6.861  (0.549) *** 12.519 (0.695) *** 6.294  (0.510) ***
Ship and Vehicle 49.667 (2.485) *** 29.505 (1.889) *** 44.341 (2.337) *** 26.018 (1.761) ***
Land 6.951 (0.677) *** 3.063  (0.519) *** 6.101 (0.636) *** 2.299  (0.482) ***
Interest Debt Ratio 0.102 (0.043) ** 0.236  (0.039) ***
Cashflow Ratio 13.876  (0.397) *** 14.257  (0.395) ***
Constant -9.448 (0.580) *** -5.707  (0.451) *** -9.433 (0.544) *** -5.610  (0.419) ***
Observation 9,339 9,339
Number of Firms 471 471
R-square within 0.146 0.134 0.250 0.236
between 0.000 0.010 0.014 0.082
overall 0.020 0.049 0.078 0.161
Hausman Test 383.09 535.31
Notice: Robust standard errors are in pearentheses. "***" denotes p<0.01, "**" denotes p<0.05, and "*" denotes p<0.1.
Estimation Results of Multiple g without R&D (Book Value Method): Trimmed Data
Model (5) Model (6)
Variable Fixed Effect Model Random Effect M odel Fixed Effect Model Random Effect Model
Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error) Coef.  (Std. Error)
Building and Construction 2.786 (0.381) *** 2.717 (0.383) *** 2.166 (0.358) *** 2.108 (0.361) ***
Investment Machinery and Device 0.131 (0.514) 1.075 (0.516) ** -1.691 (0.485) *** -0.788  (0.488)
Ratio Ship and Vehicle -1.701 (4.386) 1.044  (4.442) -4.189 (4.117) -1.595  (4.181)
* Weight Tools, Equipment & Fixtures 24.294 (2.036) *** 25289  (2.042) *** 16.758 (1.924) **=* 17.282  (1.934) ***
Land -0.476 (0.224) ** -0.535 (0.227) ** -0.336 (0.210) -0.444  (0.214) **
Building and Construction 9.984 (0.697) *** 8.013  (0.568) *** 9.074  (0.655) *** 6.647  (0.526) ***
Weight Machinery and Device 14.967 (0.777) *** 8.959  (0.595) *** 14.338 (0.730) *** 7.890  (0.548) ***
Ship and Vehicle 54.597 (2.889) *** 36.876  (2.270) *** 48.048 (2.718) *** 31.312  (2.097) ***
Land 8.372 (0.721) *** 5.060  (0.576) *** 7.456 (0.678) **=* 3.925  (0.533) ***
Interest Debt Ratio 0.111  (0.038) *** 0.216  (0.034) ***
Cashflow Ratio 16.016 (0.463) *** 16.409  (0.460) ***
Constant -10.156 (0.616) *** -6.738  (0.497) *** | -10.066 (0.580) *** -6.391  (0.459) ***
Observation 9,312 9,312
Number of Firms 470 470
R-square within 0.117 0.107 0.223 0.209
between 0.006 0.000 0.003 0.056
overall 0.006 0.022 0.055 0.132
Hausman Test 350.97 461.45

Notice: Robust standard errors are in pearentheses. "***" denotes p<0.01, "**" denotes p<0.05, and "*" denotes p<0.1.
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Mean of Sales Share of First, Second and Third Industory

Tobin's Sales Share of First, Second and Third Industory
OoLD NEW
a First Second Third | First Second Third
X : Investment Ratio of R&D with Market Value Method
X <= medium 0.9364| 0.9182 0.0489 0.0329| 009460 0.0345 0.0195
X > medium 1.4299| 0.9360 0.0354  0.0286| 0.9589  0.0255  0.0156
Total 1.1826| 0.9270  0.0422  0.0308| 0.9524 0.0300 0.0176
X : Investment Ratio of R&D with Zero Disposal Method
X <= medium 0.7706| 0.9221  0.0504 0.0276| 009512 0.0343  0.0145
X > medium 1.2228| 0.9322 0.0337 0.0341| 0.9536 0.0256  0.0208
Total 0.9962 0.9270 0.0422 0.0308| 009524 0.0300 0.0176
X : Investment Ratio of R&D with Book Value Method
X <= medium 0.8995( 0.9219  0.0489  0.0292| 09509 0.0345 0.0146
X > medium 1.3381| 0.9322 0.0354 0.0324| 0.9539 0.0255 0.0206
Total 1.1183| 0.9270  0.0422  0.0308| 0.9524 0.0300 0.0176
X : Stock Share of R&D with Market Value Method
X <= medium 1.1668| 0.9107 0.0510  0.0382| 0.9333  0.0403  0.0264
X > medium 1.1985| 0.9421  0.0340 0.0238| 0.9701  0.0205  0.0094
Total 1.1826| 0.9270  0.0422  0.0308| 0.9524 0.0300 0.0176
X : Stock Share of R&D with Zero Disposal Method
X <= medium 0.9908( 0.9090 0.0501  0.0409| 009361 0.0389  0.0251
X > medium 1.0017| 0.9439  0.0348  0.0213| 0.9677 0.0217  0.0106
Total 0.9962 0.9270 0.0422 0.0308| 009524 0.0300 0.0176
X : Stock Share of R&D with Book Value Method
X <= medium 1.1231| 0.9113 0.0503  0.0384| 0.9330 0.0405  0.0265
X > medium 11135 0.9414 0.0348  0.0237| 0.9702 0.0204  0.0094
Total 1.1183| 0.927 0.0422 0.0308| 0.9524 0.03 0.0176
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Other service activities

Culture and entertainment services
Health and social work

Education

Public administration and defense
Business services

Information and communication
Real estate and renting

Financial intermediation
Transport and storage

Restaurants and hotels

Wholesale and retail trade
Construction

Electricity, gas and water supply
Furniture and other manufacturing industries
Transport equipment

Precision instruments

Electrical and electronic equipment
Machinery equipment

Metal, Fabricated metal products

Non-metallic mineral products except petroleum..

Petroleum, coal and chemicals
Wood, paper, and printing
Textiles and leather

Food, beverages and tobacco
Mining and quarrying

Agriculture, forestry and fishing

= Non-ICT tangibles

10%

“R&D

20% 30% 40% 50% 60% 70% 80% 90% 100%

= Non-R&D intangibles

(H ) Chun, Miyagwa, Pyo, and Tonogi(2016)
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Tobin's q by Regional Block
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Stock Share of R&D by Regional Block
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Investment Ratio of R&D by Regional Block
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