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Firm Size, Networks, and Product Innovation:
Evidence from Korean Manufacturing Firms

F o« Choi Ye Seul”, ¥4 Lim Up™

Abstract

Technological innovation is crucial to the long-term survival of firm, regions and country. Among various factors
that affect a product innovation, a substantial body of literature have highlighted the contribution of networks to
product innovation in large-sized firms as well as small- and medium-sized firms. However, although the role and
importance of networks driving product innovation by firm size are different, researchers that have investigated the
relationship among innovation, networks and firm size are very few. In this study, we empirically analyze the effects
of networks on product innovative outputs in manufacturing firms using negative-binomial regression model.
Regression analysis is conducted separately for manufacturing firms by firm size and we use the 2010 Korea
Innovation Survey data. Moreover, we explore the spatial structure of product innovation networks across regions
using social network analysis. As a result of analysis, networks have a positive effect on product innovative outputs
in large- and small-sized firms. In large and small firms, product innovation networks are mainly concentrated in

Seoul, Gyeonggi and Gyeongnam, while Jeju and Gangwon are alienated from the network.

Keywords: Networks, Firm Size, Product Innovation, Manufacturing Firms, Negative-Binomial Regression Model,
Social Network Analysis
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Table 1_ Explanation of Variables

Category Variable

Explanation

Dependent Patent Application
Variable |Related to Product Innovation

Average Number of Patent Application Related to Product Innovation between 2007 and 2009

Cooperation

Dummy Variable for Firm’s Innovation Cooperation Activities with Other Firms or Institutes
during 2007-2009 (=1, performed)

Group-affiliated Company

Dummy Variable for Collaboration with Group-affiliated Companies during 2007-2009 (=1,
performed) if a Firm Created Product Innovation with Other Firms or Institutes

Supplier

Dummy Variable for Collaboration with Suppliers(Raw Material, Component, Software) during
2007-2009 (=1, performed) if a Firm Created Product Innovation with Other Firms or Institutes

Client Company
and Customer

Dummy Variable for Collaboration with Client Company and Customers during 2007-2009
(=1, performed) if a Firm Created Product Innovation with Other Firms or Institutes

Explanatory|  Competitors and Other
Variable | Companies in the Same Sector

Dummy Variable for Collaboration with Competitors and Other Companies during 2007-2009
(=1, performed) if a Firm Created Product Innovation with Other Firms or Institutes

Private Service Company

Dummy Variable for Collaboration with Private Service Companies(Consulting, Research
Institutes in the Private Sector) during 2007-2009 (=1, performed) if a Firm Created Product
Innovation with Other Firms or Institutes

University/ Advanced
Research Institute

Dummy Variable for Collaboration with University or Advanced Research Institutes during
2007-2009 (=1, performed) if a Firm Created Product Innovation with Other Firms or Institutes

Government-funded
Research Institute and
National Public Laboratory

Dummy Variable for Collaboration with Government-funded Research Institute and National
Public Laboratory during 2007-2009 (=1, performed) if a Firm Created Product Innovation
with Other Firms or Institutes

Firm Age The Time between the Initial Creation of a Firm and the Present Time
Control Firm Size The Logarithm of Average Number of Employee between 2007 and 2009
Variable Highly Educated Ratio The Ratio of Employees with a Master’s Degree to Total Employment in 2010 (unit: percent)

R&D Employee Ratio

The Ratio of R&D Employees to Total Employment in 2010 (unit: percent)
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Small-sized Firm (n=157) Mediumssized Firm (n=232) Iarge-sized Firm (n=91)
Variable Standard . . Standard 5 . Standard . .
Mean Deviaﬂmmmmmmn Mean lkviaﬁmMImmmm Mean Da’iaﬁoanmnm

Dependent Variable
g:zzrjctA‘;i';:;?;Remd ©117707 | 37204 | 0 38 | 4.2280| 11.38| 0 182 1354249923128 0 | 700
Explanatory Variable
Cooperation 02515 | 04342 | 0© 1 | 03130]04640] o0 1 |o04065 | 04920 o© 1
Group-affiliated Company | 0.0126 | 0.1121 | 0 1 |00818|02747 | o© 1 |03873 04802 | o0 1
Supplier 04556 | 04996 | 0 1 |o0s517| 048 | o© 1 |06486|04795| o© 1
Client Company and Gustorrer| 0.5316 | 0.5005 | 0 1 |05775 04950 | o© 1 |06756|04702] o© 1
Competitors and Other
Coputics i the Same Secor | 03544 04798 |0 1 |04008 | 04911 | o© 1 |05585 | 04988 | 0 1
Private Service Company | 0.2278 | 0.4207 | 0 1 |02801 04500 | o© 1 | 0450404997 | o© 1
ii:::]fyﬁf;z:zed 0.3607 | 0.4817 | 0 1 ]05172] 05007 | 0 1 |06486 | 04795 | 0 1
Government-funded
Research Institute and 03291 | 04713 | 0© 1 104094 | 04928 | © 1 |06126 04893 | 0 1
National Public Laboratory
Control Vatiable
Firm Age 129156] 7.7544 | 4 60 |21.5479] 1298 | 4 68 [324505] 1610 | 6 86
Firm Size 13428 | 0.2272 | 0.8653 | 2.0644 | 2.1333 | 03062 | 1 | 3.6846 | 2.8089 | 0.3786 | 1.3617 | 4.4009
Highly Educated Ratio | 0.0421 | 0.0810 | 0 | 0.7674 | 0.0354 | 0.0601 | 0 | 0.6118 |0.04518] 0.0784 | 0 | 0.8851
R&D Employee Ratio 0.1194 | 0.1346 | 0 | 09090 | 0.0878 | 0.0909 | 0 |0.6118 | 00717 | 0.0715| 0 | 0.5222
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Table 3 _Estimation Results

Small-sized Firm (n=157) Medium-sized Firm (n=232) Large sized Firm (n=91)
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Coefficient | %2927 | Goeffcient | 5742 | Coefficient | 292 | Coefficient | 502 | Coetficient | S22 | Cocfficient | ¥2n02d
Explanatory Variable
Cooperation 04821 *F 0.1568 00372 | 01672 07549 ** 02663
Group-affiliated Company 0.3731 1.0460 00831 | 04300 06617 * | 03391
Supplier 02675 | 02745 0298 | 02736 04660 | 04329
Client Company and Customer 02701 | 0.2660 00703 | 02616 09527 *%| 04361
Competitors and Other
Companis i the Same Sector 05125 * | 0.2953 06927 **| 03307 04105 | 04529
Private Service Company 00078 | 02863 05657 * | 03303 00359 | 04665
LII::K:Y/ Advanced Rescarch 05141 * | 0.2697 01139 | 02627 0.8640 * | 04750
?ﬂﬁx;ﬁm}iﬁixdm 04836 * | 02658 08112 **| 02833 02669 | 03468
Control Variable

Firm Age -0.0187 **| 00091 | 00180 | 00154 | -0.0121 **| 00058 | -0.0080 | 0.0091 | -0.0093 00081 | 00167 | 00110
Firm Size 10448 *4F 02788 | 00710 | 05183 | 15691 **t 02456 | 2.6135 **t 03644 | 3.1318 *F 04510 | 22046 *F 0.5034
Highly Educated Ratio 31331 #5F 08647 | 45750 ¥ 14760 | 14843 14446 | 55425 #*| 25017 | 15113 14802 | -0.5438 | 3.2487
R&D Employee Ratio 14503 *FF 05296 | 1.6300 **| 0.8091 | 7.4930 **t 10445 | 7.2168 **t 15018 | 13.5696 *F 27100 | 14.1624 *F 3.5172
Constant -11572 *F 03899 | -07414 | 06886 | -2.6800 **t 05130 | -57328 **r 08643 | -67782 *F 13241 | -5.6668 *F 1.5426
a alpha) 1.9409 (0.1856) 12614 (02371) 3.1247 (0.2293) 15116 (0.2127) 3.0091 (0.3009) 1.6841 (0.2593)
Log-likelihood Chi-squared 75.78 (0.0000) 4230 (0.0000) 125.75 (0.0000) 106,83 (0.0000) 81.19 (0.0000) 51.27 (0.0000)
Log-likelihood -1040.2024 -296.7668 -1471.2422 ~462.2031 -805.8510 -353.8354

Note: *D<0.10, *#])<0.05, ** ) <0.01
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Figure 2 _Sociogram of Product Innovation Networks for Large-sized Firms by Cooperation Partners
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Figure 3 _ Sociogram of Product Innovation Networks for Small-sized Firms by Cooperation Partners
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Table 4 _Results of Centrality of Large-sized Firms in the Network by Cooperation Partners

Group-affiliated Company Client Company and Customer |University/Advanced Research Institute
Ranking Degree Centrality BZZl::h{lt‘;ss Degree Centrality Be(;:l::h{l;ss Degree Centrality Be(;:l::h{l;ss

Region | Value | Region | Value | Region | Value | Region | Value Region | Value | Region | Value
1 Seoul 13 Seoul 35.5 | Gyeonggi 19 | Gyeonggi| 36.3 Seoul 26 Seoul 46.1
2 Gyeonggi 11 Gyeonggi 29 Seoul 19 Seoul 223 Gyeonggi 14 | Gyeongnam| 12
3 Gyeongnam | 7 Chungnam | 27 Ulsan 9 |Chungnam| 14 Chungnam 9 Jeonnam 12
4 Chungnam 6 Ulsan 12 |Gyeongnam| 7  |Chungbuk| 12 Gyeongnam 8 Daejeon 12
5 Ulsan 4 |Gyeongnam| 6.5 | Chungnam 7 Ulsan 6.3 Gyeongbuk 8 Ulsan 5.3
6 Gyeongbuk | 3 Busan 1 Incheon 4 |Gyeongnam| 5 Ulsan 7 | Gyeongbuk | 3.3
7 Busan 3 Daegu 0 Chungbuk 4 Jeju 0 Incheon 6 Gyeonggi 2.3
8 Gangwon 1 Jeju 0 Daegu 4 Gangwon 0 Daejeon 6 Incheon 0.83
9 Gwangju 1 Jeonnam 0 Gyeongbuk 3 Jeonbuk 0 Chungbuk 4 Chungnam | 0.28
10 Daegu 1 Gwangju 0 Busan 3 Jeonnam 0 Daegu 3 Chungbuk | 0.13
11 Daejeon 1 Incheon 0 Daejeon 2 Busan 0 Jeonnam 3 Daegu 0
12 Incheon 1 Jeonbuk 0 Jeonnam 1 Dagjeon 0 Busan 2 Busan 0
13 Jeonnam 1 Chungbuk 0 Jeonbuk 1 Gwangju 0 Jeonbuk 1 Jeonbuk 0
14 Jeonbuk 1 Gangwon 0 Gwangju 1 Incheon 0 Gwangju 1 Gwangju 0
15 Chungbuk 1 Daejeon 0 Jeju 0  |Gyeongbuk| O Jeju 0 Jeju 0
16 Jeju 0 Gyeongbuk | 0 Gangwon 0 Daegu 0 Gangwon 0 Gangwon 0
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Table 5 _Results of Centrality of Small-sized Firms in the Network by Cooperation Partners

Competitors and Other Companies University/Advanced Government-funded Research Institute
in the Same Sector Research Institute and National Public Laboratory
. Betweenness . Betweenness , Betweenness
Ranking Degree Centrality Centrality Degree Centrality Centrality Degree Centrality Centrality
Region | Value | Region | Value | Region | Value | Region | Value | Region | Value | Region | Value
1 Gyeonggi 9 Gyeonggi 20 Gyeonggi 8 Gyeongbuk 8 Gyeonggi 12 Gyeonggi | 21.8
2 Seoul 8 Seoul 20 Seoul 6 |Gyeongnam| 4 Daejeon 8 Daejeon 14.8
3 Gyeongnam| 4 |Gyeongnam| 15 | Chungnam 5 Daegu 4 |Gyeongnam| 7 Seoul 13.6
4 Busan 3 Incheon 8 | Gyeongbuk 3 Seoul 3 Seoul 6 Gwangju 6.3
5 Gyeongbuk | 2 Gyeongbuk 2 |Gyeongnam| 2 Gyeonggi 1 Busan 4 |Gyeongnam| 6
6 Ulsan 2 Chungnam 2 Jeonbuk 2 Chungnam 1 Gwangju 4 Busan 3
7 Incheon 2 Busan 0 Daegu 2 Busan 0 Daegu 2 Daegu 3
8 Chungnam 2 Ulsan 0 Daejeon 1 Ulsan 0 Ulsan 2 Gyeongbuk | 1.3
9 Daegu 1 Gwangju 0 Busan 1 Jeonbuk 0 Gyeongbuk 2 Ulsan 1
10 Jeonnam 1 Daegu 0 Ulsan 1 Incheon 0 Jeonbuk 1 Jeonbuk 0
11 Gwangju 1 Jeonnam 0 Incheon 1 Jeonnam 0 Incheon 1 Incheon 0
12 Chungbuk 1 Chungbuk 0 Jeonnam 0 Gangwon 0 Gangwon 1 Gangwon 0
13 Gangwon 1 Gangwon 0 Gangwon 0 Daejeon 0 Chungnam 0 Chungnam 0
14 Jeju 1 Jeju 0 Gwangju 0 Gwangju 0 Jeonnam 0 Jeonnam 0
15 Dacjeon 0 Dagjeon 0 Chungbuk 0 Chungbuk 0 Chungbuk 0 Chungbuk 0
16 Jeonbuk 0 Jeonbuk 0 Jeju 0 Jeju 0 Jeju 0 Jeju 0
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