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Abstract

Extant research on firm innovation productivity is limited in measuring the innovation productivity,
in which they measured firm innovation productivity by using either inputs or outputs of innovation.
The present study complemented the extant research by employing Data Envelopment Analysis (DEA)
approach to measure firm innovation productivity. Furthermore, this paper examined the effects of
firms’ external knowledge search, as one of open innovation practices, on firm innovation productivity,
for open innovation activities are regarded as an influencing factor on firm innovation productivity in the
previous literatures. Using the data of the Korean Innovation Survey (KIS) of manufacturing industries
conducted in 2008, this study developed hypotheses in which we considered not only two dimensions
of external knowledge search (breadth and depth) but also two subtypes of external knowledge search
(market-driven and science-driven). The results found that searching deeply and market-driven search
are positively related to firm innovation productivity, but science-driven search is somewhat negatively
related to firm innovation productivity. Furthermore, market-driven search can mitigate the negative
effect of science-driven search on innovation productivity.
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3 ZAF 21412] H(pool)= SHAE 4= e o]
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productivity)& 71¢0] Q4% o] AAS FYsH

™ (Cruz-Céazares et al., 2013), = A1= 719 A
Ag BAo de] 2ol= 584 =74
Envelopment Analysis(DEA)E &-83}o] &4 A
AdE E743tlth. DEAE ¥ 715 BYea
(input)e} AHEQ A (output) & L&t AFHY

& &X(best-practice frontier) & 2 & 7Hd
19& 7 2849 H=7]%(frontier) T} H]als}o]
g8/d& &3t} (Banker, Charnes, and Cooper,
1984; Charnes, Cooper, and Rhodes, 1978). <71&
>0 A= A UiellA 7 &&491 719olH, B,
C, D, E= 4tz Hlaa2el 7|dolt:. 7 7]

A 842 7S EEARl 7IHe) AEE Foto]
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278t} o] Sol, DEAE B3te] 2748 71 C2)
E84e 2 AoE,
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Aottt (Cruz-Cazares et al., 2013; Fu, 2012).
A FAEE FdLaE R&D AEH(R&D
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S 2 A& A& (out-oriented)’, ‘variable returns to
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=43l 918 AR 2N AFeirta o),

ol
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g% AN BUBEY F YolE 2%
!

ls R
t}. &9] E(search breadth)& 7]go] FAloj &
322 S2He 88 7 9 QA9 AL AT Aol 1, AL
2 At YA AREst Hieh Zo] 7Y HAEE &t & Aol 002 7|8kl o]F FAtsto] &
O] ULl ‘O F 2|4 dMEF S SYHMPE 51, o] Aottt wpEtA g £2 5o &85 o
+ 719o] GHst FAIE sidsty] Hate] LFE A4 A|219] 9] Zigrofl whEhA] 0ol 99] Ft= 7HA]
< gMsl= S50 = AoJE} (Huber, 1991). 714 H, o] Fo] =45 o WA SNgES & AR
ol A} AASE uRel o] & Al= 7149] L A Ao Yk T3 o] ¥49] AZ%® A 4=(Cronbach’s
et gME %S Z(breadth)/Zo](depth), A 4 alpha coefficient)= 0.900]{t}. B4 9] Z]o](search
A (market-driven)/3}8t 414 (science-driven) B depth)= Aloll Qloix Z} Q7 2]419] HS A=
MOoR LRI olE SRS LSS A14E ol B8E BES onjsi, Jlde] B8 7 A4
NEA S0 LG AR AN Aol tste] Aol thste] FAEA & o9l B9 1, 1Y
(1) FFHA, 2 #2719, 3) 48714, @) F3), 65) Al G A9E 00 = 7|3 ¥ o] & Fibsto] 574
WA AYGA, (6) i), (7) A4, (8) AR, SHITE FA] Zlo] oA 0olA 99 = 7HAH, o]
©) AEAd 59 =S Zghstal Stk Ztol 091 7|4E of' o7 A9 dH = FQasHH
A £ A& Laursen and Salter (2006)0] 7] 28517 922 7190l 991 7| RE Q) Z|A]¢]
A
DEA efficient frontiers
O Ty OLS Regression
;" : E,
3 :
: 5.
T T A— ‘ ‘D
2 C
é A
*B
e Production input
T2l 1> Data Envelopment Analysis Ol|A|
1B AL &AL F AR S O R E ARE FEato] A5 BAS AN 7]&8 R A A2t AH 2

O & o] A glom ojof upet AE FEE YE o2 A A5 °‘f)r 71& 3ol W29 APy} AHIAYS T AREH
o] AJolate] GAEzo] YoM E )L T2 EAS UEhdith (Ettlie and Rosenthal, 2011; Sirilli and Evangelista, 1998). o]of] &
T olgt AdA EAdo] EA mlx|= G HAdtelalal IAH 7)€ dFolA Fo WO 2 8H AxYS BEY MR o
A3t (). Cruz-Cazares et al,, 2013; Fu, 2012; Laursen and Salter, 2014).
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O[5 %X & th5 el
HHAES FQ6A &8st B9t "k o] W49 Al BHE FEH A9 859 FAHPCE SHIA
% #A4>(Cronbach’s alpha coefficient)= 0.710]{tt .
AA AAIE BEel o] 71de) ojR XA gg
o A AHY FRO A A FAE © 3.2.3 EXH
M(market-driven search)™ 3t S44 gAY 7199] Q7 A4 FMgEo] Al ALl vl
(science-driven search)o.2 FZ&E 4 It} Al = A7) flsto] B Aol ZE SAMS=
& 44 o= o7 9 BA7|Yol 23 Tk 2t WA 719 27](firm size)ol| 3t FF=
H, 73t S44 gAo)= g 9 ATt FFHE EAIBY] sto] o]E FAY 49 ZAHS Fstol &
(Clausen et al., 2012; Kohler et al., 2012). w24 A3t R&D FYSE(R&D intensity)+= &< Ty
A SAA G 719 Falof Qlof #2871 2 R&D Tt ez ZAson, & HS 5 (export
BRAZIFCRRE FEH A9 859 Hgo intensity)= W& tiH] fEH 0= SAsto] Es}
= Z4stelon, et 44 g oigh 9l e A}, HE3H 3 <43 F A} (foreign direct investment)
<E 1> B0 =Y
w4 5%
Data Envelopment Analysis(DEA)
B TR SA MARM E12 Minput)2t A& A (output)E 11245109 At LHOfIAM 7HE 2879l
ME7|(frontien)2t B mstod ATHEQ! MAKS &7
o) = 71200] S0f £83t 24 91 X|Alo| 2R AR 2201 1 MBI 2 220
02 = H7(st1 O|Z EHttsto] £
o o] 20] 7I00] S0l 83 2 2l A 2i0] Chotol ER571 £ Ollel 22,
sgie QR 92 49E 002 BI[3 $ 012 SME0) 25
AE Z4H B QI |4 2IF & 240t A7 |0| X|AlS 25t H ol Cifst Hatgt
DS EAR BN | 92 XA oI B CHalm (Pl K|AS B HT| tfst Bk
719 37 S 20/ 23k
R&D EET D&% CHH| R&D FAI HIE
T B OHEH CHH| 54 Hig
QAR T QX HEXL SoHo| 2z}
S{RtM 71Q40] BRI S2Ust 5 S5 0| 23
EX[H
s AN, ZIUH, £2719, FHIY, Cfs, 9474, S 224| TIEUS} B2 398
- 1,0l Z2E 00 H7|5t 5 0|2 &t
o | BR EEE SRR 321, 2upltie AR %2, Hepieel AR
IPO 042 0|82 IPOZ 5t 7|0[H 1, OFLIE 022 H7|
e HEEAMARZKSIC) 2K12] AATFE
58 X AZGAL H17H H1E
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Asl7) 9leto] RAZS Hato] x&
. 7]90] H43t EF|A}AH(patent stock)Q] 7
ol dAtA] Edg Bl 9 ZIAPCE =

g &5l gt 7legd ARt
+2719, 3487149,

o -|0
LN
32 E
i
N,
in's
1o
el

2,
e
>
ot
il
A
2

&, A
WEUo] thet RS F3kelal Qo 74zt
1 0Md BSE0CE B
|3t = o] & gitate] 7192l FH(collaboration) &
Fo =2 =43t (Laursen and Salter, 2006). 1t
Ul 2 S L] A| A} o} F(affiliated), IPO o
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o

1o
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N

3

2 AFE SEHPQ A AAo] 0014 1 At
o] Bx 5 7z17] w9 fractional logit RS &
sto] 7HdS 753Ut (Papke and Wooldridge,
1996). Fractional logit RE& Z2&HAE 01} 19]
Q) QoA 243 wZel dukAel OLS Edlo]
Hlsl o JEdt 242 7HestA g ok £A Ay}
o] AW S 9siA Tobit RS B3t AT AAs}

o Hlals}3iT.

V. 21} 24

2 A= 7] AN HAES A8 st
200849% 7lEdAxAtE EUE U A2 714
2 ATUEC R sto] AF BAS AFgsich o
A 71adt 2244 Qoo YAt 7 RisEs 574
s}l o™ fractional logit & Tobit 2ES Eato] &
At om sl7)et -2 ATHE TEIT

<E 2> 2 AT AHEE SEHS SN F

AHEE9] 7|eEAFS Uepdnh AHEE B4 11
o] t& 24 (mulicollinearity) A7} Q=A] 2¢1
3F7] 9J8}o] VIF(variance inflation factor) A&

2AE o VIF Hthghe 4.17=2 (- VIF = 1.98

S 2 AT} (Kennedy, 2003).

<E e AERYY 7 A EE S4E gl
Ao Hatgt E s 9E-849 A4 (Herfindah
Hirschman index)E UERATE 341 B4iHde] H+
ol 7HE w2 AL 71E EAHI(KSIC 3532
H, EA4 9 U AIE(KSIC 20), BA1215 B B4
F(KSIC 18) =22 UEsTE SAl AAA] Hatgt
o] 7MW A2 atE Y SEAIE(KSIC 24) &
B YT sag-siqtt Al 1 ghol
Al A A Sl S E0l EES v
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AP JA 9 UHEAIE(KSIC 20)0191eH, 3
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<3 4>2 A YAdol thgt fractional logit 22
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It} (p < 0.001). wheb A%

<E 4>9 1d 20]A 4&
breadth)a} €449] Zlo|(search depth)
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4>9] Bd 504 7
(market-driven search)d} ¥3& ZA1Z A

(science-driven search)
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1
0.15*

il

10
1
0.14*

1
0.11*
0.06 | 0.05
0.15*

1

0.24*

1
0.01
0.01

1

0.53*|-0.14* 0.36*| 0.23*| 0.16* |-0.03|0.09*

1

0.14*10.30%|-0.06| 0.21
0.09%|0.42*|-0.12*| 0.21*

0.17*

1

0.18* | 0.26% | 0.54*

0.11*
0.15*

1

0.05| 0.06 |0.07%| 0.12* |-0.02| 0.12*

017+
0.12*
0.06 | 0.11*
017+

1

0.26*

0.06 |-0.05|-0.00 [-0.05| 0.06 |-0.26*

0.05 |0.52*
0.05|0.73*| 0.64*

0.19*
-0.02/0.33*|0.29%| 0.25* | 0.37*| 0.25"

-0.03/0.70* | 0.53*| 0.40*
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-0.05/0.24*

-0.04
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9.00
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1.00
700
3.00
1.00
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0.00
0.00
0.00
0.00
212
0.00
0.00
0.00
0.00
1.00
0.00

0.33
1.96
1.53
1.39
1.55
0.07
1.64
0.27
1.84
0.55
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A0l CHt fractional logit regression Z}

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
71 37| -0.293" | -0296" | -0.298" | -0.294" | -0308" | -0.289" | -0.303" | -0.297"
(0.04) (0.05) (0.04) (0.05) (0.04) (0.04) (0.05) (0.04)
R&D TEE -0.480 -0.477 -0.501 -0.507 -0.425 -0.435 -0.305 -0.184
(073) (0.73) (0.73) 0.72) (0.75) (0.73) (0.74) (0.74)
E5{ XHit 03817 | 03807 | 0378 | 03787 | 03777 | 0383" | 03827 | 0376
(0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)
EUSE -0.013 -0.019 -0.041 -0.038 -0033 | -0.004 -0.013 -0.024
0.17) 0.17) 0.17) 0.17) 0.17) 0.17) 0.17) 0.17)
=B -0.015 -0.019 -0.028 -0026 | -0.030 | -0.009 -0.018 -0.021
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.03) (0.03)
CSESESEON, -0.000" | -0.000" | -0.000" | -0.000" | -0.000" | -0.000" | -0.000" | -0.000'
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
ZUYIEAH LA -0282° | -0283 | -0271" | -0270° | -0260 | -0285 | -0261" | -0252°
0.13) 0.13) 0.13) 0.13) 0.13) 0.13) 0.13) 0.13)
SHRAIEAGAL -0.038 | -0.038 -0.028 -0.027 -0054 | -0.049 | -0.083 -0.083
(0.23) (0.23) (0.23) 0.23) 0.23) (0.22) 0.23) 0.23)
IPO 0{& -0.001 -0.003 -0.017 -0.017 -0.006 -0.001 -0.007 -0.013
0.12) 0.12) 0.12) 0.12) 012 012 012 012
EiMo| = 0.008 -0.008
(0.02) (0.02)
Etalio] Z10| 0.051 0.056
(0.02) (0.03)
AEE LA B 0.093" 0.110™ 0.057
(0.03) (0.03) (0.04)
HeHES A% ErA -0.027 | -0066" | -0214
(0.04) (0.04) (0.07)
AMNEE LA M 0.052
(0.02)
Constant 0.984" 0.961" 09277 | 0944™ 0.854" 0.998" 0.862" 0965~
62 X AZGAT ®173 JiE




7|919| JHeEkE S4AI0| SAl MARMO| O|X|= P&k Q2 X|Al EMMSIES =AloZ

[
o3 JHLV| /Y ol - asE

(0.27) (0.27) (0.27) (0.27) (0.27) (0.27) (0.27) (0.27)

Atd 0| Included | Included | Included | Included | Included | Included | Included | Included

Log pseudo-likelihood | -462.25 | -462.20 -461.38 -46134 | -460.46 -462.14 -459.86 | -458.84

BIC -5514.6 -5507.9 -5509.5 | -5502.8 -5511.4 -5508.0 | -5505.8 -5501.0
AIC 1.09 1.09 1.09 110 1.09 1.09 1.09 1.09
N 901 901 901 901 901 901 901 901

*p<0.10, p<0.05, "p<0.01, “p<0.001

<

EH
0|

5> S Al MALMO|| TSt Tobit regression Zat

Model 1 | Model 2 | Model3 | Model4 | Model5 | Model6 | Model 7 | Model 8

71 37| -0.068" | -0.069" | -0.069" | -0.068" | -0.071" | -0.067" | -0.070" | -0.068"

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

R&D EET -0.103 -0.102 -0.107 -0.109 -0.089 -0.093 -0.062 -0.036

(0.16) (0.16) (0.16) (0.16) (0.16) (017) (0.16) (0.16)

E5] RpAt 0.087" | 0087 | 0086 | 008 | 008 | 0088 | 0087 | 0.085"

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

+EUBT 0.001 -0.000 -0.005 -0.005 -0.003 0.003 0.001 -0.001

(0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.04)

EE -0.003 -0.004 -0.006 -0.006 -0.007 -0.002 -0.004 -0.005

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

SHQIEIHEX} -0.000 -0.000 | -0.000" | -0.000" | -0.000" | -0.000 | -0.000" | -0.000"

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)

ZYIEHGA -0.063 | -0.063 | -0.060" | -0.060" | -0.058" | -0.064 | -0.058" | -0.056"

(0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)

SR IEABAL -0.006 -0.006 -0.004 -0.003 -0.009 -0.008 -0.016 -0.016

(0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05)

IPO 018 0.001 0.000 -0.003 -0.003 -0.000 0.001 -0.000 -0.002

(0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)

EfMio| = 0.002 -0.002
(0.00) (0.00)
EfAO| ZJ0| 0.012' 0.013
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0| Z M H X &l 5 e
(0.01) (.01
AHE LA EM 0.021 0.025™ 0.013
(.01 (0.01) .01
WSt B -0006 | -0.015" | -0.048"
(.01 .01 (0.02)
AZE M B 0.012'
(0.01)
Constant 07277 | 0722" | 074" 0719" | 0696 | 07307 | 0698" | 0721
(0.06) (0.07) (0.06) (0.07) (0.06) (0.06) (0.06) (0.07)
A4 O] Included | Included | Included | Included | Included | Included | Included | Included
Log likelihood -18598 | -18586 | -18366 | -18353 | -18126 | -18570 | -179.68 | -176.99
Pseudo R 0.34 0.34 0.34 0.35 0.35 0.34 0.36 0.37
N 901 901 901 901 901 901 901 901
*p<0.10, 'p<0.05, “p<0.01, “p<0.001

Tp]
8
LD__
X0 v
Q-
<d
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<
<
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0 Bt FUH gy 5
AZ BAH M
mean-1sd. ————- mean

mean + 1 s.d.
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