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Heckman N o
Innovation_dum; , = a, + a;Tobin"Q, ,_, + z v, Firm_control, ., | +a,Year; ,_,
+ a,Province; ,_, +a,Industry;,_, +e,, (1)



“

(1) Heckman Probit
Innovation_dum, ,
N Tobin Q. ,_,
Firm_control, ,_, Year,,_,
Industry, ,_, o i t o

In( 1 + Innovation; ,) =a, + a,Independent; , , + Z v, Firm_conirol, ; ,_,

+a,Year,,_, + asProvince; ,_, + a,Industry, ,_; +asA;,

In( 1 + Innovation; ) 1

PatentAll_Grant, ,
PatentAde_Grant,

PatentInv_Grant, ,

; Independent; ,_, In_rid; , _,

Dum_r;,_, 1/3 o (2)
A )
A A CA
0 o (1 o
2.
PatentInv_Grant, , .
PatentAll_Grant, =a, + a,Inlndependent; , | + Z v, Firm_control, ; , _,
+a,Year,,_, + ayProvince; ,_, + a,Industry, ,_; +e,,
PatentAll_Grant, , PatentInv_Grant, ,
PatentInv_Grant, ,/PatentAll_Grant, , o
(1) (2) .

N

PatentAll_Grant,
PatentInv_Grant,

PatentAll_Apply, ,

PatentInv_Apply, PatentAde_Apply, ,

o
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PatentInv_Grant, ,/PatentAll_Grant,
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30 2003 6

Province, , _,
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Heckman
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PatentAde_Grant, ,

)
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. 2003



INDUSTRIAL ECONOMICS RESEARCH

1/3,
33.33% In_rid, ,_, s Dum_r, ,_,
1/3 0 1.
3.
Chang et al. * Firm_conirol, , , _,
Rd,, R&D :
In( Assets, ,_,) ; In( Firmage; ,_,)
; In( PPE/employees, , )
; Leverage, , _,
; Stockreturn, , _,
; Herfindahl, , |
“U » 30 . .
()
N CSMAR
2000 2000
2001 2016 N
CNRDS; CSMAR +Wind o
() -
1.
1 N PatentAll_Grant 35 600 22.239 140. 448 2.000 0.000 9 420.000
PatentInv_Grant 35 600 5.608 68.873 0.000 0.000 7 391.000
PatentAde_Grant 35 600 16.455 95.062 1.000 0.000 8 103.000
’ 25% PatentAll_Apply 35 600 29.627 198. 996 3.000 0.000 14 258.000
PatentInv_Apply 35 600 13.172 128.271 1.000 0.000 8 433.000
° PatentAde_Apply 35 600 16.631 99.507 1.000 0.000 8 986.000
13.17
42. 5% In_rid 30 184 34.608 10.179 33.333 0. 000 100. 000
. Dum_r 49 744 0.875 0.331 1.000 0. 000 1.000
R&D /Assets( %) 18 896 0.023 0.028 0.019 0. 000 0.163
° Assets( ¥ millions) 30 634 34 049.17 526 890.9 2 008.357 0.000 22 800 000
34.6% Firmage( years) 46730 11926 6.359 11000 1.000  66.000
100% PPE/employees(in ¥1000) 30 419 583.228 5362.014 164.166 —118.759 338 109.7
0 33.339% Leverage 30 631 0.598 14. 136 0.425 -0.195 2292.513
Stockreturn 30 147 0.262 0. 840 0. 000 -0.909  21.526
Herfindahl 30 179 0.181 0.129 0.149 0.000 0.810
Herfindah!® 30 179 0.049 0.067 0.022 0.000 0.656
o R&D 2.3%
16.3% 0 R&D o



“

0.482

0.419

o

In( Assets, , ;)

113 ”

0. 472

— 94

Stockreturn, , _,

2
Dum_r=1 Dum_r =0
T
PatentAll_Grant 32 982 23.820 2 618 2.320 —7.545 %%
PatentInv_Grant 32 982 6.035 2 618 0.230 —4.1527%%
PatentAde_Grant 32982 17.538 2 618 2.804 ~7.635™
PatentAll_Apply 32082 31.643 2618  4.228  —6.789%*
PatentInv_Apply 32 982 14.104 2618 1.424 —4.870 ™%
PatentAde_Apply 32 982 17.785 2618 2.090 -7.775%*
In_rid 27 872 36.208 2312 15.327 —110™*
Dum_r 8 573 1.000 6 139 0.000 1.000
R&D/Assets( %) 16 534 0.023 2 362 0.023 0.396
Assets( ¥ millions) 28281 36626.42 2353 3072.817 -2.969**
Firmage( years) 40 875 11.932 5855 11.891 —-0.449
PPE/employees(in ¥1000) 28 107  574.816 2312 685.508  0.954"
Leverage 28 278 0.606 2353 0.501 -0.347
Stockreturn 27 826 0.300 2 321 -0.195 -27.611*
Herfindahl 27 865 0.176 2314 0.240 23. 106
Herfindahl? 27 865 0.047 2314 0.080 22,1727
BRGNS 10% 5% 1% o
3 ( Heckman )
In( 1 + PatentAll_Grant; ) In(1 + Patentlnv_Grant; ) In(1 + PatentAde_Grant; )
) 0.482 %> 0.472 7% 0.419 >
In_rid; ,_,
(0.139) (0.100) (0.131)
0. 006 0.005 -0.001
TobinQ);
obinQ; 11 (0.015) (0.015) (0.015)
Rd -0.620  1.051* 0.974 0.264 -1.024 11117
-l (1.269) (0.465) (0.730) (0.421) (1.454) (0.456)
o 0.022" 0.198™*  0.215" 0.21277%  0.064" 0.191
In( Assets; , _,)
(0.150)  (0.010)  (0.138)  (0.010)  (0.194)  (0.010)
) 0.022 -0.064 %  -0.029 -0.056™*  0.024 -0.063
In( PPE/employees; , _;)
(0.046) (0.008) (0.035) (0.008) (0.061) (0.008)
1.034 -0.802%*  0.475 -0.990**  1.016 -0.636 ™
Leverage; , _,
(0.677)  (0.057)  (0.690)  (0.061)  (0.714)  (0.057)
-0.034  0.045* 0.020 0.040 ** -0.023  0.034*
Stockreturn; , _,
(0.065) (0.015) (0.047) (0.016) (0.064) (0.015)
. 0.644 -0.264 1.608 -1.307°  1.308 0.636
Herfindahl; , _,
(0.855) (0.317) (0.987) (0.322) (1.050) (0.315)
Hoinda? 1703 -0.83  -0.409  0.292  -4.411° -1.796**
erfindahl;
: ie-l (1.725) (0.597) (1.050) (0.609) (2.414) (0.594)
ok B
Lambda, , | -2.993 -1.332 -2.827
(1.273) (0.958) (1.640)
9 400 9 400 9502 9502 9 421 9421
* Kk Kk 10% 5% 1%
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Herfindahl, ,
2.
(3)
4
OLS  Fraction outcome Regression
o 4
1/3
()
1.
1/3
2003
1/3
DID o

4
PatentInv_Grant; ,/PatentAll_Grant, ,
OLS Fraction outcome Regression
@) (2) (3) (4)
. -0.031** -0.198**
In_rid; ,_,
(0.011) (0.062)
D 0.1917 1,581
Wm_r;
(0.016) (0.199)
) -0.003 0.000 0.003 0.021"
In( Assets; ,_,)
(0.002) (0.002) (0.012) (0.011)
In( Fi 0.006 ** 0.005" 0.038™ 0.035"
n( Firmage; ,_,)
(0.003) (0.003) (0.018) (0.018)
Jokk Fokok Fokok Fokk
In( PPE /employees. , _,) 0.008 0.008 0.055 0.054
(0.001) (0.001) (0.008) (0.008)
Le -0.016™*  -0.016"*  -0.381™*  -0.384™
verage; ,_,
(0.004) (0.004) (0.068) (0.068)
Fokk Fokk Fokk Fokk
Herfindahl, , _, -0.256 -0.262 -1.602 -1.617
(0.049) (0.048) (0.287) (0.277)
Yook Jokok ook ook
Herfindahl?,_, 0.341 0.347 2.027 2.016
(0.093) (0.088) (0.541) (0.513)
13 430 13 871 13 430 13 871
R? 0.036 0.037 0.039 0.032
DR ok | ok 10% 5% 1%
1/3.
DID
Time_dum, , 2003
: Rid_dum., 2003
1/3
Time_dum, , x Rid_dum, , o 5
2003
; 2003
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3

Heckman
;(2)
1 (3)
;(4)
;(5)
®

DID

Baron and

5 DID
In( 1 + PatentAll_Grant; ) In( 1 + Patentlnv_Grant; ) In( 1+ PateniAde_Grant; )
FE_DID FE_DID FE_DID
Time_dum; ,x (221 = 0.318 0.200
Rid_dum; ,  (0.048) (0.042) (0.046)
Time. dum S0.2417°9 Z0.341 7% 20,3597 _0,518%%  _0,2037%  -(,309
T (0.045) (0.090) (0.040) (0.080) (0.043) (0.087)
Rid dum. 0,125 0,210 0.056"  0.137°%  0.084™  0.134™
TUUTT O (0.037)  (0.037)  (0.033)  (0.029)  (0.036)  (0.034)
0.149" 0.239 % 0.157"
Beforel
fore (0.090) (0.076) (0.087)
Currens 0.226™ 0.347 0.204™*
(0.101) (0.088) (0.097)
0.251% 0.386 0.239
Affer]
fer (0.108) (0.091) (0.104)
, 0.334 7% 0.493 0.318 7
A2 (0.092) (0.082) (0.089)
35 580 35 600 35 580 35 600 35 580 35 600
R2 0.255 0.254 0.261 0.261 0.197 0.197
DE Lk Kbk 10% 5% 1% o
6
(1) (2) (3) (4) (9) (6)
(N =10 266)
In( 1 + PateiAll_Apply; ,) In( 1 + Patentinv_Apply; ,) In( 1 + PatentAde_Apply; ,)
In rid. 0.28 0.24 0.22%*
R ! (0.06) (0.07)
Dum r. 0.727 0.60 0.60 ™
-l (0.05) (0.04) (0.05)
(N=9302)
In( 1 + PateniAll_Grant; ;) In( 1 + Patentlnv_Grant; ,) In( 1 + PatentAde_Grant; ,)
In rid. 0.29 0.23% 0.29
—el(0.08) (0.05) (0.08)
Dum. 1. 0.76 0.49 0.53%
peel (0.05) (0.03) (0.05)
(N =8309)
In( 1 + PateniAll_Grant, ,) In( 1 + Patentlnv_Grant; ,) In( 1 + PatentAde_Grant; ,)
In rid. 0.317 0.24 0.227
U (0.09) (0.06) (0.08)
Dum 0.77 0.47 % 0.54 %
-t (0.05) (0.03) (0.05)
(N=9302)
PatentAll_Grant; PatentInv_Grant; , PatentAde_Grant; ,
In rid. 0.85™* 0.71%* 0.89
U (0.01) (0.02) (0.01)
Dum 1 2.09 %% 3067 0.77 %
-l (0.03) (0.08) (0.03)
(N =10 366)
PatentAll_Grant; PatentInv_Grant; , PatentAde_Grant;
In rid. 0.49 0.38 0.47 %
—N(0.10) (0.11) (0.12)
Dum. r- 1.67 %% 3,207 0.35™*
-l (0.12) (0.16) (0.13)
NN 10% 5% 1% B
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1

Kenny *

ShortInv/Assets,

[43

. 3
Pierce

SA_Index, , = —=0.737 x In( Assets,,) +0.043 x In( Assets, ) > —=0. 04 x Firmage, ,

32

SA_Index; ,:

7
employees; , In( 1+PatentAll_Grant; ) In(1+Patentln_Grant; ) In(1+PatentAde_Grant; )
(1) (2) (3) (4)
Dum 1. -0.202 %% 0.784 % 0.647 7 0.587 =
T (0.014) (0.054) (0.044) (0.049)
employees, -0.228** -0.1717* 02137
St (0.037) (0.030) (0.033)
" -0.156 1..046 0.387 1.019*
Pt (0.129) (0.494) (0.399) (0.447)
W(dses, )" 007 ** 0.3127%% 0.267 0,257
P 0.003) (0.010) (0.008) (0.009)
In(PPE/ ~0.007 *** -0.109 7 -0.084 -0.096
employees; , 1) (0.002) (0.008) (0.007) (0.007)
Loerage, -0.009" ~0. 111 ~0.075%* -0.068
T (0.005) (0.020) (0.016) (0.018)
Stockreturn. -0.051 7 -0.002 -0.006 -0.006
ST (0..005) (0.018) (0.014) (0.016)
0.028 0.153 -0.446 0.422
Herfindahl,
erfindahli 11 6. 001) (0.350) (0.283) (0.317)
-0.159 0.064 0.996" 0.218
Herfindahi2
erfindahly -1 169) (0.647) (0.522) (0.585)
11000 11 000 11 000 11000
R 0.039 0.133 0. 141 0.116
N - SN et 10% 5% 1%
0 o 7 employees,
2007 ({3 ”»
” “ » o 8

Hadlock and

(4)



“« ”» D)

SA 8
o 9 ShortInw/Assets; , In( 1+PatentAll_Grant; ) In( 1+Patentlnv_Grant; ) In(1+PatentAde_Grant; )
9 (1) (2) (3) (4)
W rid 0.190 0.261* 0.241 % 0.143
SA_Index, , R (0.218) (0.115) (0.093) (0.105)
5% Shortho/Assets; , _ -0.009 -0.012° ~0.003
(0.008) (0.006) (0.007)
” -1.564 0.297 -0.378 0.474
-l (1.317) (0.699) (0.561) (0.636)
W Asess, ) ~0.936* 0.292 0.240 % 0.250 %
o (0.034) (0.019) (0.016) (0.018)
In( PPE/ -0.016 0,052 % ~0.042 % -0.058
employees; , ;) (0.026) (0.014) (0.011) (0.012)
Lorage, 0008 -0.038" -0.020 -0.017
(0.042) (0.022) (0.018) (0.020)
Stockroturn. 0.015 0.048 0.035 0.039
T (0.069) (0.037) (0.029) (0.033)
. Hedfndaht, |, % 480** 3,181 2,086 2,983 7
(1.103) (0.587) (0.471) (0.534)
() Hondali?,_ 3.057 -5.6747* ~3.979 7% 4. 6337
1. i (2.166) (1.149) (0.923) (1.045)
4482 4482 4482 448
R 0.198 0.191 0.202 0.163
TE L Sok | Yok 10% 5% 1%
° 9
SA_Index; ,  In(1+PateniAll_Grant; ) In(1+Patentlnv_Grant; ) In(1+PatentAde_Grant; )
. 10 (1) (2) (3) (4)
I rid. ~0.0427%* 0.729 0.692 0.406
—T0.017) (0.085) (0.069) (0.078)
A Index -0.305 7 -0. 148 -0.341 7%
et (0.049) (0.040) (0.045)
° " -0.384 7 1,274 0.589 1175
Pl (0.093) (0.478) (0.387) (0.434)
I Asets, ) 0. 046 0.258 0.219 % 0.221 %
(0.002) (0.011) (0.009) (0.010)
In(PPE/ ~0.007 -0.054 -0.036 ™ -0.057 7
employees; , 1) (0.002) (0.009) (0.007) (0.008)
’ Jorage, 00T ~0.064 -0.042 -0.027
(0.004) (0.020) (0.016) (0.018)
o -0.017 % 0.039 0.031 0.024
ST (0.005) (0.025) (0.020) (0.023)
° Hogfndahi, | 047! ok 0.922 % 0.216 0.975 %
2. (0.066) (0.342) (0.276) (0.310)
> 0.833 -0.484 0.485 -0.140
Hefindahts 1 (0 1) (0.628) (0.508) (0.570)
; 10 988 10 988 10 988 10 988
R? 0.131 0.192 0.196 0.167
.1 DE ek | ook 10% 5% 1%
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o 10
In( 1 + PatentAll_Grant, ) In( 1 + PatentInv_Grant; ) In(1 + PatentAde_Grant; )
(1) (2) (3) (4) (5) (6)
High-tech firm 0.01 ~0.02 0.01 ~0.02 0.02 0.01
T (0.04) (0.04) (0.03) (0.03) (0.04) (0.04)
In rid. 0.287 0.247 0.227
° il (0.08) (0.06) (0.07)
3. Dum 1. 0.72 7 0.60 0.50
st (0.05) (0.04) (0.05)
Rd 1,34 1.00™ 0.57 0.36 1.257% .98
it (0.48) (0.49) (0.39) (0.40) (0.44) (0.45)
° In( Asess, ) 0.24%%  0.32%%  0.207%  0.277%  0.217%  0.277
o ! (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
In( Firmage,, ) 003 -0.06 -0.01 -0.02 -0.03 -0.04
U 0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
. Leworage, |, S0.08%%  —0. 117 —0.057F  —0.07F%  -0.05%* -0.07 "
i (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
In( PPE/ S0.047% S0 117 20,027 20,097 ~0.057  —0.10**
employees; ;) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
° Stockreturn 0.05” 0.04” 0.03
Fh(0.03) (0.02) (0.02)
Hofindahl, 1,367 0.60 % 1.40
(0.36) (0.29) (0.32)
. ) —1.92%%* -0.75 —1.487*
- 12 Herfindahly 1o 67) (0.54) (0.60)
4. 10 366 11137 10 366 11137 10 366 11137
R? 0.167 0.128 0.169 0.136 0. 144 0.109
TE ek ek 10% 5% 1% B
11
In( 1 + PatentAll_Grant; ) In( 1 + Patentlnv_Grani; ,) In(1 + PateniAde_Grant; )
° (1) (2) (3) (4) (5) (6)
SOks ~0.01 0.02 ~0.04 ~0.03 0.02 0.04
i (0.05) (0.05) (0.03) (0.04) (0.05) (0.05)
In rid. 0.25™ 0.157 0.227
it (0.07) (0.05) (0.07)
Dum 1. 0.78 0.51 % 0.49
. 13 —iet (0.05) (0.03) (0.05)
R 0.77" 0.48  -0.03™*  -0.21  L.21%  0.96%*
il (0.46) (0.47) (0.31) (0.32) (0.44) (0.45)
. In( Assets 1) 0.207% 0,30 0147 0.217% 0217 0.277
bt (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
N In( Firmage; ,_,) -0.07" -0.10™ -0.03 -0.05** -0.04 -0.04
P (0.04) 0 (0.04)  (0.03)  (0.03)  (0.04)  (0.04)
Leverage, | Z0.077%  —0.11%%  —0.03%*  -0.067* -0.05* -0.07**
i (0.02) (0.02) (0.01) (0.01) (0.02) (0.02)
In( PPE/ S0.037  Z0.127F  —0.01%  —0.08  —0.047* -0.09**
employees; ;) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Stockreturn 0.03 -0.00 0.03
° el 0.02) (0.02) (0.02)
CSMAR 2001—2016 Herfindahi, 1.06 ™ 0.02 1,317
el (0.34) (0.23) (0.33)
. ) -1.24" 0.23 -1.35%
Herfindahly 1 63) (0.43) (0.61)
10 077 10 824 10 077 10 824 10 077 10 824
R? 0.199 0.138 0.191 0.133 0.145 0.111
TE ok ek 10% 5% 1% B



“

. 12
In( 1 + PateniAll_Grant; ) In(1 + PatentInv_Grant; ) In( 1 + PatentAde_Grant; ,)
(1) (2) (3) (4) (5) (6)
Mature. ~0.03° ~0.04  -0.04" ~0.05 -0.05  -0.04"
i (0.05) (0.05)  (0.03) (0.04)  (0.05)  (0.05)
I rid. 0.28 0.24 % 0.22 %%
it (0.08) (0.06) (0.07)
Dum r. 0.72 % 0.60 % 0.50
—et (0.05) (0.04) (0.05)
R, 1377 1.03% 0.58 0.37 1.26™%  1.00*
Pt (0.49) (0.49) (0.39) (0.40) (0.44) (0.45)
In( Assets, ) 0.24%% 0,329 0217 0277 0217 0277
i (0.01) (0.01)  (0.01) (0.01)  (0.01)  (0.01)
In( Firmage, ) -0 ~0.04 0.01 0.01 0.00 -0.01
L= (0.06) (0.06)  (0.05) (0.05)  (0.05)  (0.05)
Lewerage, ,_, S0.087%  —0. 11 —0.05™% -0.07F* -0.05* -0.07*
s i (0.02) (0.02)  (0.02) (0.02)  (0.02)  (0.02)
In( PPE/ S0.047F S0 11 0,027 0,097 —0.05  -0.10
employees; ,_;)  (0.01) (0.01)  (0.01) (0.01)  (0.01)  (0.01)
Stockreturn ; 0.05° 0.04° 0.03
T (0.03) (0.02) (0.02)
Hefindah, 1,367 0.61% 1.39 %
el (0.36) (0.29) (0.32)
2 —-1.927%%* -0.77 -1.48*
Herfindahl 1 o 67) (0.54) (0.60)
10 366 11 137 10 366 11 137 10 366 11137
R? 0.168 0.131 0.171 0.139 0.145 0.111
LR ok | ek 10% 5% 1% o
13
In( 1 + PatentAll_Grant; ) In( 1 + Patentlnv_Grani; ) In( 1 + PatentAde_Grant; )
(1) (2) (3) (4) (5) (6)
Large 0.01  -0.15" 0.0l  -0.12%  0.02  -0.08**
i (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
I rid. 0.28 0.24 % 0.22 %%
-t (0.08) (0.06) (0.07)
Dum r. 0.70 0.59 0.49
—et (0.05) (0.04) (0.05)
R, 1377 1.10% 0.58 0.37 1267 1.04%
bt (0.49) (0.49) (0.39) (0.40) (0.44) (0.45)
In( Assets, ) 0.24%% 0.3 0217 0277 0217 0277
e (0.01) (0.01)  (0.01) (0.01)  (0.01)  (0.01)
n( Firmage,, ) 007 -0.07" -0.02 -0.03 -0.03 -0.04
P 0.04) (0.04)  (0.03) (0.03)  (0.04)  (0.04)
Lowerage, ,_, Z0.087%  —0. 11 —0.05™% -0.07F* -0.05* -0.07*
i (0.02) (0.02)  (0.02) (0.02)  (0.02)  (0.02)
In( PPE/ S0.047F S0 11 0,027 0,087 -0.05F  -0.00
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Is independent director a “signature tool” in the process
of enterprise innovation? The effect

and mechanism based on Chinese enterprise data

WU Di' ZHANG Yuchang’
(1. School of Economics Renmin University of China Beijing 100872 China;
2. School of Economics Nanjing University Nanjing 210093 China)

Abstract: In view of the development level of the board of directors of Chinese enterprises and the particularity of R&D
innovation of enterprises it is particularly important to analyze the effects and mechanisms of the independent director system
of enterprises in China on enterprise innovation. Based on the data of listed companies in CSMAR database this paper
empirically analyzes the specific effects and mechanisms of independent director system affecting enterprise technology
innovation. The study found that the independent director system is not entirely a “signature tool”. The establishment of a
director’s independent system has a significant positive impact on the innovation output and innovation quality of the
enterprise; the improvement of the independence of the board has a significant positive impact on the innovation output of the
enterprise  but the impact on the quality of innovation is negative. In order to analyze the reasons for this difference the
article further explores the specific impact mechanism from three aspects: employee stability corporate short-sightedness and
financing constraints. The influence of the independent director system on enterprise innovation is heterogeneous. In state—
owned enterprises and non-state-owned enterprises high-tech enterprises and non-high-tech enterprises the role of
independent director system is basically the same. And the independent director system has a greater impact on growth
companies and small and medium-sized enterprises than mature and large-scale enterprises. The article provides an important
reference for how to optimize the corporate governance structure in the process of Chinese enterprise innovation.

Key words: independent director system; innovation output; innovation quality; mechanism analysis; heterogeneity analysis
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