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[Abstract]

It is widely considered that the characteristics of the decision-makers may affect the behaviors
of the firms in Business Economics. However, many aspects of the effects of the Boards' and the
CEO's characteristics on Firms’ R&D activities remain poorly understood. Thus, in this paper, we
tackle this puzzle with econometric approach based on “board size effect hypothesis” and

“Provision of Resource function hypothesis” , utilizing a data of Japanese machinery industry .

From our empirical study, we find the significant negative relationship between board size and

the number of patent application in firm. We also obtain the significant positive effects of the

proxies , “whether the Board and the CEO are R&D-oriented or not” on R&D behaviors of firms with

several instrumental methods. Additionally, we show the significant result on several independent

variables, “CEQ’s tenure” , “CEO’s age” and “the ratio of the outside directors to the board member”
conformed to our hypotheses in our econometric models.

Finally, from above results, we conclude that the Boards' and the CEO's characteristics affect

Firms’ R&D activities such as the number of patent application in Japanese machinery industry.
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X% 4 T, Pooled OLS OHEFFE R AR LT 5D, YHHatitRic L 5 & TR &EEIS
FETOETNVICENT 1%KETHEISYZEEORTFHBFRICADREL 5 2 T\
DT EBPND, Flo, THERASMES RG] & 1%KAETYZEEORFFHBEEICHE
BRADOEELY 52 Tn5, —J, TBHFEHEREE] BLO HEHERLI—) 20K

M 4 HEHER 1. Pooled OLS

xrk-JKETHE  +x- - SWKETHE *- - 10KETEE

YRR (0+1 %18k Pooled OLS with Robust Standrad Error

HE t-value ®E t-value [E31¢ t-value
BEERE 0 0.859 23.77 Hokk 0.863 2398 *kk 0.863 23.89 *okk
RS -18.387 -7.06 Hokok -19.150 -7.00 sokok -19.045 -6.98 sokok
W EEREE 0.890 438 Hokok
HEERTI— 0.260 424 sokok
B RERIE Xt RERSI— 0.388 3.84 Hokk
HRfHR T S (/T 0 0.090 0.30 0.143 0.51 0.140 0.50
R T B E BT E) -0.005 -0.06 -0.037 -0.42 -0.035 -0.39
I RANESEE -0.948 -5.12 Hokk -0.981 -5.23 Hokk -0.988 -5.30 *okx
HRBLTI— 0.360 5.63 Hokok 0.392 6.12 sokok 0.389 6.05 sokok
HREHCTER) 0.600 216 ok 0.679 2.48 *ok 0.641 2.34 ok
HRBFERGIE) -0.171 -3.77 sokok -0.156 -3.43 otk -0.160 -3.51 ook
Rt H e TS~ -0.057 -0.66 -0.071 -0.81 -0.064 -0.73
ER0R#EHKEIE 2.104 7.24 Hokk 2.337 7.79 Hokk 2.295 7.65 *okk
HZEFKIE -1.465 -2.49 $okk -1.971 -3.41 Fkk -1.931 -3.33 Fkk
NEAFKREE 0.197 0.39 0.242 0.48 0.233 0.46
SRR EIE 1.405 474 Hokok 1.403 4.69 sokok 1.425 476 sokok
EHIE -7.517 -4.76 ook -7.861 -5.18 Hokok -7.656 -5.03 sokok
F-Value 216.7 sokok 219.2 otk 218.46 Aok
Adi-R2 0.6672 0.6661 0.6654
Fixed—Effect Model F-Value 1.65 1.66 1.7
Prob> Fixed-Effect Model F 0.0604 0.0578 0.0494
Hausman Specification Test: Chi2 127.97 kK 149.41 *kk 1445 *kk
0BS 1555 1555 1555
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R% 5 HEET4EE 2. Pooled Tobit

orx- N WKETHE  k*-- - SWKETHE *- - 100KETHE

R BEMS(0+1 x4 : Pooled Tobit

HE t-value ®E t-value [E3¢ t-value
BEARE (R0 0.852 2403 Hokk 0.852 24.01 *okk 0.852 23.96 Kok
R EE -22.748 -9.00 Hokk -24.121 -958 *okx -23.895 -9.47 Kok
RHEEREE 0.875 447 Fook
HEBRSZ— 0.271 416 sokk
B REREE < HRERTI— 0.403 3.77 sokok
HRf % S 1 s (P40 0.085 0.37 0.139 0.61 0.135 0.59
R T Eh E RO E) 0.005 0.06 -0.021 -0.23 -0.019 -0.20
I RANESEE -0.995 -5.00 Hokk -1.021 -5.11 *okx -1.030 -5.13 Kok
LS I— 0.379 5.80 Hokk 0.411 6.3 *okx 0.408 6.24 Kok
HREHHER) 0.695 2.39 ok 0.793 273 *ok 0.752 2.58 Hokok
HRBFERGIE) -0.179 -3.49 Hokok -0.165 -3.21 sokok -0.168 -3.28 Hokok
Rt HGFs— -0.069 -0.75 -0.087 -0.94 -0.078 -0.85
L0 R#EHKEE 2.167 7.07 Hokk 2.385 7.82 *okk 2.344 7.68 *okk
HEFKIE -1.345 -2.19 *k -1.819 -3.06 *okx -1.783 -2.98 Kok
NEAFKREE 0.133 0.29 0.182 0.4 0.173 0.38
ERIBERRES 1.439 465 Hokk 1.433 463 *okk 1.457 470 *kk
EHIE -7.807 -5.29 ook -8.211 -5.55 sokok -7.995 -5.41 sokok
Log Likelihood -2461.868 -2461.868 -2464.703
LR Chi2 1662.26 ok 1662.26 Aok 1656.58 sokok
Pseudo R2 0.252 0.252 0.252
0BS 1555 1555 1555
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B3 6 HEET#5E 3. Negative Binomial Model

orx- N WKETHE  k*-- - SWKETHE *- - 100KETHE

4% 55 H FE{4-21(1): Negative binomial Model with Robust Standard Error

HE z-value ®E z-value [E3¢ z-value
BEARE (R0 0.781 26.39 Hokk 0.783 26.51 *okx 0.786 26.57 *okk
R EE -23.371 -10.27 Hokk -25.756 -11.62 *okx -24.947 -11.15 *okk
W REREE 0.868 461 Hokk
HEBRSZ— 0.261 453 ook
B REREE < HRERTI— 0.384 4.02 sokok
HRf % S 1 s (P40 0.497 1.78 * 0.534 1.9 * 0.521 1.85 *
R T Eh E RO E) 0.056 0.65 0.017 0.2 0.022 0.26
I RANESEE -0.477 -2.62 Hokk -0.436 -24 *ok -0.482 -2.62 *okk
LS I— 0.365 6.42 Hokk 0.391 6.87 Hokx 0.391 6.84 *okk
HREHHER) 1.335 491 ok 1.550 5.73 Aok 1.486 5.50 Fokok
HRBFERGIE) -0.221 -4.7 Hokok -0.199 -4.22 ook -0.205 -4.35 *kk
Rt HGFs— -0.062 -0.76 -0.073 -0.89 -0.068 -0.84
L0 R#EHKEE 1.455 5.39 Hokk 1.684 6.19 *okx 1.666 6.10 Hokk
HEFKIE -0.007 -0.01 -0.192 -0.32 -0.207 -0.34
NEAEKRIIES 1.296 2.99 $okk 1.381 3.19 Fkk 1.326 3.06 Fkk
ERIBERRES 1.353 475 Hokk 1.373 483 Hokx 1.388 4.86 *okk
EHIE -10.813 -7.17 ook -11.660 -7.68 sokok -11.337 -7.48 sokok
Log Likelihood -8659.996 -8660.211 -8662.385
LR Chi2 2254.08 ok 2253.65 Aok 22493 sokok
Pseudo R2 0.115 0.115 0.115
0BS 1555 1555 1555
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B3 7 #EEHEER 4. TSLS, IV-Tobit, IV-Negative Binomial : iR IERENES

bk AUWKETHE ok ShKETHE *- - 10WKETHE

F A R 81 (30

IV-OLS with Robust Standard Error

F TR 81 (3D

with Newey's two—step estimator

IV-Tobit

IV-Negative Binomial Model

FraF R

®=E t-value =% t-value ®=E% z-value
BAARE HE0 0.783 12.76 Hohk 0.808 11.94 Hokk 0.640 7.63 ok
iR EE -10.057 -1.94 * -14.973 -2.46 *k -8.054 -1.63 *
DR RBERES 5.293 2.15 *ok 4927 1.76 * 8.951 2,51 *k
H i 1 D (R 3R -0.051 -0.13 -0.087 -0.33 0.234 051
ER iR T B RO ) 0.233 1.36 0.212 1.15 0.467 1.81 *
iR HEE -1.197 -4.65 Hohk -1.231 -4.54 Hohk -0.890 -2.40 *k
HRBLFI— 0.235 234 *ok 0.262 2.43 Fk 0.078 0.56
HREMEARO 0.373 1.09 0.366 1.05 0.839 1.87 *
HRENHTEF RO ) -0.190 -3.44 Hohok -0.177 -2.93 Hohk -0.251 -3.38 Hokk
R H ST I— 0.000 0 -0.008 -0.08 0.050 0.37
ERI0OKRBERHEE 1.234 2.1 *ok 1.366 2.17 *k -0.248 -0.31
REFH®RIE 2.156 0.99 1.974 0.82 6.599 2.09 *ok
NEAFREE 0.743 12 0.521 0.81 2.441 3.20 sokok
ERMERKREE 1.588 438 Hohok 1.301 3.16 Hokk 1.611 3.41 ok
EHIE -17.501 -3.7 Hokk -7.331 -4.39 Hokk -10.328 -4.12 Hokok
First Stage F 28.030 Fokok 28.030 Fokok 28.030 Sokok
F-Value 170.700 okk
Adi-R2 0.548
Wald Chi2 2355.84 Aork
0BS 1555 1555 1555
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B3 8 HESHEER 5. TSLS, IV-Tobit, IV-Negative Binomial :#t EBRA I —

work - 1GKETHE, wk- - SWKETHE, - 100KETHE

FEr RSB (/80 FEETHRE S 1 (/50 HEETHRE B
_ . IV-Tobit IV-Negative Binomial Model with
IV-OLS with Robust Standard Error with Newey's two—step estimator Robust Sandard error
B t-value B t-value ®=E% z-value
BAARE HE0 0.715 10.88 Hohk 0.695 10.61 wokk 0.519 6.47 ok
mimREE -10.104 -259 Hohk -14.595 -3.59 ok -12.581 -2.76 ohk
HRERTI— 2.590 412 Hohk 2.750 43 ok 3.702 4.86 otk
H i 1 D (R 3R 0.482 1.67 * 0.495 1.46 1.029 4.46 ork
ER iR T BT RO ) 0.029 0.23 0.049 0.36 0.192 117
iR BB S -1.799 -483 Hohk -1.899 -4.97 Hohk -1.703 -3.76 ok
HRBLFI— 0.429 43 otk 0.448 4.44 Hokk 0.467 3.82 ok
HRFEHCGIED) 1.540 3.29 *k 1.751 3.45 wokk 2.749 4.42 ok
L RENHTE RO ) -0.070 -0.95 -0.073 -0.93 -0.033 -0.35
RIS I— -0.175 -1.3 -0.192 -1.38 -0.279 -1.61
LRIIORMESKEE 2.738 5.83 Hohk 2.790 5.96 ok 2.374 4.09 ok
REFHEE -0.568 -0.58 -0.256 -0.24 1.044 0.67
SNEAFREE 2.065 2.26 *ok 2124 2.53 *k 4.283 4.05 sork
SRMEFKREE 1.783 3.7 Hohok 1.829 3.9 Hokk 1.861 3.12 ok
EHIEA -13.010 -5.44 Hokk -13.831 -5.37 wokk -18.770 -6.21 ok
First Stage F 14.430 Hokok 14.430 Fokok 14.430 okok
F-Value 106.200 ork
Adi-R2 0.370
Wald Chi2 1371.99 Aork
0BS 1354 1354 1354

) HEERNHDIFERLL EIC2 5 L, TGRS CURE) TR EARRE] o7 —% Lol
FImb, BEEECTH D THITROKE: 4 FAEE] NREMIZRD, AHFHTIEZEI L
T RIBEZBREL TWAH T2, BIESN 1354 127> TV 5,
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ZHTH D THHEERES XARHERY I —) BIO WY X I — ) 1348 T 1%k %E
CTYUFBEDOFFFHBEEEICAEREREOREL 52 TNDHZ LRI TN,

272U, BRI D RMEEBON, THFRECE R 0 | B L0 THURR 45 e
B G0 L IR B B GR & — B L TV AR ETH D, — ., RO BHEERIT T+
Tl G50 ] 25 10%KETIEICHE, HEREFFE 50 1 & YL EORTFHEM
BICADRENRDD Z LN 1%KETIRINTND, ZHUMKEICAI > 72#R TH 2, &
7o, TFERMAHE 2 I — ) 13RI E B Y THLIVNIEFARETH D,

LLEDO#ERIL, Pooled Tobit, TSLS 35 £ UV IV-Tobit, IV-Negative Binomial Model \ 9
NOHEEFFTHIZERETH D, 72720, RS G0 ] 2% Pooled Tobit (T X 2 HEFHE
RTIE 5%KHERNLIT 10%KHETHEIC > TWDH—J7, THFIEILREIS) BT 5
TSLS 35 X OV IV-Tobit TIIIHEAEIZ/R > TWA Z LIZHET HARERNH H, MxA T, HHE
PR X I —] 2R3 5 TSLS 5 KX WV IV-Tobit, IV-Negative Binomial Model Tl [fLE#)
fEEE R0 | IR EIZR > TV D,

B REZ T L DD L, 3 BT TR LTGRO, MG 1 @ Btk = OB Y454
EEOHIFRRRIEINADOKEL G 2 5 |, MG 2 : B/ R O BIE SRS OS5 6
UHAEFEOWFERRBTEINC IEOR L 5 2 5 ) 1 TEEIC SR SNz, —F, M 3
FEAE R DI AR 8D &, BEEEOMARBIEINAOLEL L5251, K
4 : B ARE OFmIAE WA Ui EOMERRITENC I ED R A 5.2 5 | 13RI
DHPEMNIFF SN, AN TR 5 @ B/t RO NI ERENE 2 5L, 4
ARE DM ZEFRIEENC A O EL 52 5] 1%, HEFHERIZ XD & B S ICOAF Y
WA BICFr s,

H%&9 RERDFER
DS HHHEROFE
&1 BRSO - -
w572 m#HE/ A ROBESHEER + +
1R IR/ i RO ERER - #HE: -
R4 SR/ RO ER + #HE:+
55 WS/ tROMNHEEEIE - miFss: —
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8. HRDMBIREFLYD

AL TlE. ENBREEE O T — X 2 VT, REOBBIREFERTH 2 BxRES
DR - B & MR EOMZERBITRIOMGRZ T ¥V N7y ORI G EHEIZIERE L
oo TOBS, BEFFREZE 272 EC, EOBHER L ET VICHAIAAL TS, T L
T, HERHRE SR & Bt = OB E O EBRBITENC A DA EREEEZ 52 TnDH 2
EERHTZENTEL, RS, BEESOEME L EEOMICHBITEICA B a%
Bz TnbZ EEFEELE,

KL OFERP DI T OFRBRRBEINDTEA S, TRbL, KM IR ES X =
—T 4 F—heaAIa=r—vaOMEEELCEED, THTHL, EFOFTERO
—HEEHSCT WV [V 27 MES BRI X —2 2505 EWVol- TN EmR
NHDEITRD, ZOME, UeEOERREITERIRN LS DIZ2) | AETEIE L
THFZEBR R 70 E R BB NERE SN D TH D, £, xR OBRME L EEORMET
X, REOHEFRBITINCEEL 52X 2R N R L 2 L bR Eni, HROFERH)
BRI E OB RIEENCA B B E 5.2 5 — 5T, T O FHF <02 it
FEAIEE O LIeBRIE R 20570, i T #AMEE & o 7o STGIT IR 2 E
WT, BEOBBREICL Y REREELEX TNDLZ bR ENT, ZhidthReEZ
NS OB O CAEDO BB EITER ZBEN ED LS ITHEFE I THDHDn, &
WO TZWIZH L TCHOAERRMATHDL EEX 57259,

BT L > TR EZRINT 5 2 LW ICHREMF CTH Y . BAEOBEMEZ RS
WD EIZORND, VI DI TiEARY, 2L, KmXThnzL o, £ 0FF
MR TITBGRER 2= DL & MR% O EMIEIC A ERADCHBERZHRE L T\ D, £
DI, BRIEES OBBIZ L > Tk, Yk ¥EOMERRBITEI N KlfE L v iz -
TWDAREMEN RBINDDTH D, 29 LIMAITFN L7210 ¢l BFER LB X
OEERE L AERBRMATLELEEADLTEA D, iz, Bkiks &R OBMENEFEOH
FERHIIEINC 5 2 D3 RIFKOVNDOR TR Z L bbhoTe, UEZ - T, Ao
it EOFEBRE L7zvy,

[5%&#]

Baysinger,D.(1991). “Effects of Board and Ownership Structure on Corporate R&D
strategy” ,Academy of Management Journal, Vol.34,No.1

Berger, P. G., Ofek,E. and Yermack,D. L.(1997). “ Managerial Entrenchment and
Capital Structure Decisions” , Journal of Finance, Vol.52, No.4

Chan,D.(2007). “The Determinants of Corporate Investments: Does Managerial
Entrenchment Matter?” ,AFAANZ Open Conference Paper

Chen,S.(2008). “Board Size and the Variability of Corporate Performance ~ ,

Journal of Finance Economics, Vol.87

18



Cohen, W. and Levin, R. (1989). “Empirical Studies of Innovation and Market
Structure” ,Schmalensee, R. and Willig, D. (eds.), Handbook of Industrial
Organization, Vol. 11, North Holland

Cohen, W. M. (1995). “ Empirical Studies of Innovative Activity” , Stoneman.P

(ed.),Handbook of the Economics of Innovation and Technological Change, Oxford

(Blackwell),

David,G. et al(2008). “Exploring How Directors’ Prior Extra-AnD Intra Industry
Board Experiences Affect The Formulation of Functional Strategies” , Academy of
Management Proceedings

Eisenberg,T.(1998). “Larger board size and decreasing firm value in small

firms” ,Journal of Financial Economics, Vol.48

Gibbons, R. and Murphy, K. J.(1992). “Does Executive Compensation Affect
Investment? ” , The Journal of Applied Corporate Finance, Vol.5, No.2

Hillman,J.et al(2003). “ Boards of Directors and Firm Performance : Integrating
Agency and Resource Dependence Perspective ” ,Academy of Management Review,
Vol.28,No.3

Jensen,M.(1986). “Agency Costs of Free Cash Flow, Corporate Finance, and
Takeovers” , American Economic Review, No.76

Jensen,M.(1993). “The modern industrial revolution,exit,and the failure of

internal control system” ,Journal of Finance, July

Judge.W, and Zeithaml,P(1992). “Institutional and Strategic Choice Perspectives
on Board Involvement in the Strategic Decision Process Institutional and

Strategic Choice Perspectives on Board Involvement in the Strategic Decision
Process” ,The Academy of Management Journal Nol.35

Holmstrom,B.(1999). “Managerial Incentive Problems: A Dynamic Perspective” ,
Review of Economic Studies, 66

Kor, Y.(2006). “ Direct and interaction effects of top management team attributes
and corporate governance on R&D investment strategy” , Strategic Management
Journal Vol.27 JNo.11

Mak,T. and Kusdani, Y(2005). “Size Really Matters : Further Evidence on the Negative
Relationship between Board Size and Firm Value” , Pacific-Basian Finance Journal,
Vol.13 ,No.3

Nakamura,K. and Odagiri,H.(2005). “R&D Boundaries of Firm : As Estimation of the
Double-Hurdle Model on Commissioned R&D, Joint R&D, and Licensing in

Japan ”, Economics of Innovation and New Technology, Vol.14, No.7

19



Okamuro,H.(2009). “Small Business: Innovation, Problems & Strategy” ,John E.
Michaels,E.J. and Piraro,L.F.(eds.), Small Business: Innovation, Problems & Strategy,
Nova Science Publishers Inc

Scherer,F,M and Huh,K.(1992). “Top Manager’ s Education and R&D Investment” ,
Research Policy, Vol.21

Scharfstein,D.S.and Stein,J.C.(1990). “ Herd Behavior and Investment” , American
FEeconomic Review, Vol.80,No.3

Wernerfelt,M(1988). “A resource-based view of the firm” ,Strategic Management
Journal, Vol.5

Yamamoto,S.(2005). “Dose the firm become more myopic or less myopic under
institutional investors?” ,Master thesis, The Department of Economics, The

University of Warwick

Yermack,D.(1996). “Higher market valuation of companies with a small board of

directors” ,Journal of Financial Economics, Vol.40 ,No.2

RPEZE—BR « PAATEG—RB « BAREAT (2005]) THFRFOE L ERORYT | —BRFMEFEIIER
COE U —% 7 _—s3—_ 2005-16.

] F A - ARITIT (2004]) 11 o NRUEPESEIZ 61T D WTTERASE & RFar iRy [0 o7 ksl

XLV-11 - 12

RIS - MEEA - SRS (2002) THARDRGESEIZIS T D AFFERR FEATEY O PR E ZEIA |
It sE] (—HERZERFMIIENT) . 63 &

HAK— [2006) THUffi S O @M & BZEMEOBRIC OV T TRt RFACE] |, Vol. 48

B (2008) [R2ERIRATTO 7 v T 4 7] AA it

20



