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Abstract

Innovation is widely acknowledged as a key factor in the competitiveness of firms and nations. Its importance is
intensified by increased global competitions, rapid technological changes, and rapidly changing consumer demands. The
success of small- and medium-sized enterprises (SMES) in the manufacturing sector tends to depend on the degree to
which they embrace innovation. However, SMEs in the manufacturing sector struggle to cope with the rapid transition
owing to their limited internal resources and low accessibility to external resources and knowledge. This study focuses
on the role of networks in SMEs as an effective way to facilitate open innovation. The objective of this study is to examine
the impact of an SME's experience with cooperation on product and process innovation by cooperation partners and to
identify the types of cooperation partners that are positively and statistically significantly related to product and process
innovation. For these cooperation partners, this study examines the spatial and structural characteristics of SMEs'
innovation networks using social network analysis. The findings of this study indicated that five cooperation partners,
including group-affiliated companies, suppliers, client companies and customers in the private sector, competitors and
other companies in the same sector, and university and advanced research institutes, were actors that positively impacted
SMEs' innovations. In addition, innovation networks are mainly concentrated in the Seoul metropolitan area, and regions
far from the Seoul metropolitan area are isolated from these innovation networks.
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(Madrid-Guijarro et al., 2009).

fEuete] FAtEe AdAoR A2 vlFo] il AH]
2919 HlF-& & 540 Qi 20184 71 f-2uhete] Ui
AAHGDP) Tj¥] A9 BIF-2 °F 29.2%, OECD 57+ Fof4
© oFIH=(30.8%)01 o] 291ct, o] 43|= P-Euietet AR
ARIFEE 7H SUQ0.8%)ETHE 1, F=8.9%), YL
0.9%)k= A7 A}, Bat opde} s Al=PA2] 107] 5 9
(e 94%)= T471HeE FAH0] qlof, T4 AxUA= 5
2uzte] A 9 ARl 23 ol SR A A Al
H|E-& AskaL Qloal & 4= ok

T Ta ARYAE oS0l AT A2 SFoR WE
Aghof| of2f S AL Ytk o= F4& AlRYA7E 7H o
B4l 7103t A S AlRGAIE ti71del vlsl &% &}
o 9 AR digh HAdo] @il 7] Aol Ath(Narula,
2004). & F471800] 7M1 gt Sl gAS 7hast
3h= dl ool & &= UAIRE IE F &ute] Al FAn 4
BIE A28 BT 4 e SR 9 7 A9
(Edwards et al., 2005). %3t S04 WS AEFHAT ¥
AYAeR Mgl u WAl Az, -5, "R 2 a4
Wo] FjlE= AeREs Yol di7]d vls) 5% 7540l
#OHLee et al., 2010), HA19] 27| TAARE AEY A
(open innovation)©] YR 3tel| e E-F8lal, F47| S 2
AF EA A e ARl dst DAl 2l AYE A
o] &3kl Qlr}, ol9h HEo] T4 th7Ifdel wis) & 71¢d
2 e 713} RaL Qe HIEYAS] o vIEYR ¥ FR}
A2 5o, 7lso] ateshE| il vl Bl & ARellA ol
B89l Fa AlxA 9] 4l ket YA oFslE op7|stal
uolzt 71919 &S 18T 4= AcHMadrid-Guijarro et al.,
2009).

thro] o] AFAEL oj2fdt FAIE S5 St
719 W- oMo o 719 W 71te] g &, vEYA
(network)ell FE3HHRothwell, 1991; Oerlemans et al.,
1998 Freel, 20005 2003; Roper and Love, 2002; Becker and
Dietz, 2004; Rogers, 2004; Edwards et al., 2005; Lee et al.,
2010 Hossain, 2015). 412 AF2| 02 3 A} ol A] WA}
£ A& 7HEE0] $thLee et al., 2010). 3HAIRE 2000 ©]
¥ Aol A4E 7H &AL 7ML ol F/dol S8k,
el WA A g, 7194S0] ol 7he Rt o S5
Ao] 89] S ol AFAA HA AlAg ] 21HE ESU
tHChesbrough, 2003), °]ofl A= thZ 7]¢] Y 7] 2o Ealks)o]
e B AT} 78S B 0R B8] Heixe 71 2t
Y 59 Wl(tes)E 7HI= Aol T47199] 4l s =1
skt ol Fashchs 7o) I AL ArkLee et al., 2010).
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7]l Blsf AAAERE W 7jsge] HEFL FATUS
g 719 9 g 7|8 YEQAS Sl M2 ARE wEal
A wokso] HAlof 485 = A7k v 8-S AtA R HY
& 4 9)7] gEol(Narula, 2004), F471¢9 YEY] 2§ F
7he 71999 84l AatE weihe 4 e Q%S 71
o] Y &S 3}, olAl= 71%e] Aol ot YE=Z
& dvhd a&Aor Bgslal QAo uet A4 4 ok
(Mytelka, 1991). ©|2{3t uj7 oA Y| EAE= W 2po] 3HY
H Fa7100A 25 FAA HA TS Fslstal g4l A4
& W8k ) Qo vi- Fasirhal & 4= ik
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Al Aol mlA g W o] UIEYAS 37 54& AR
9 TS 7INHRE 2] Y di71 el 23 e
I B4 ) ke, vlaa] HIToajok FAa7| Sl thigt
=07} o]F0jR]7] AJATHWest et al., 2006; Lee et al.,
2010). o]ofl w2} F4 A=A o] 4l Adate] glo old {39
FYutEY7E fodt S v, 71¢o] od 39 eju}
Eviet g4l YEIE FA481L AeAl, 28 et &
S o529 @Y YEQI FH 9 24 A4S A
£ 8a7 ik
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Ao AT F BAR E A WA AL M=
W T4 AXYAE dHFeR 719 BEuEnE g9 3d
o] 719¢] AIEEA A sl v FFS EAkL, Al
Y4 R YAl FAH LR Fofvt FH(H)9 FFE A=
FYEY F3& welRtch, 28jal = WA AT A= o
£ uEY ] disto], AL YIEEYD LTS o183t F
& A2PAIe} o529 FutEY 7t ¥4 Y EYIY] 3 &
A Y 22 BAE A, A3E4E S8 Auraa
A7 A2 v Aok A, = T4 AlRAA L] AEFHA
2 FAEA] Aot B 719 W ' 7| te] g BHo] 584
Ql aQlog A8sR=7}? S4, ofH 3] FeuEyst 7|9
o] AEE A R FHYH A SAA A L vIA=T? A, o]
S UIEYAY 3714 9l 22 542 ouir}?
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7100l A3 A4 7]5S B85t R A4S SHst
of 71584 s FEshe AL 71909 A& A% ol i
S F8sith, olof 4l AE 7I&53lEh| S8l 719ES AT
o v & Y-S Wl E¥, W R&D Foll FARHO U,
F1o] 350 B|FoE uf Ujof gt EAEC == FHshs
R At oR ig3t7] v of2 AL Q&4
HMRE, 2012), 71952 24 Yo S S5kl 6% a3
Ao 71919 HA ATE zol7] $igh choket S Ateligt
<, 27 R - A B8 Adxshe NE A
(open innovation)®] #&o] | Zr25|31 ITH(# 814, 2018).

NS G4 719 Wi R&D BES FAI3H: HAE §
4l(closed innovation) ¥} tH| == /i o2, 9] A28 A
A3t 7l WokEolal o5 YA} dAJsle] 9 At
Bljsh= 59 A4 B5S Tl SHshe N wsle] 1
o GrpAow oIgd 4= Qs FARES EHsk: Vel
(Chesbrough, 2003). 2000 tHell o] AZ=olA= 5 #]4]
I 71es A B8k Y A4S A5 w=9lekal e,
ol F 7leHsprt mie- WE S8 o|Fo|X|1L, F4lol ¢
o) tjefsiA| HstsaAl 7EE FAlo] 714 A&l ol A
Qag FHI Q7] gZock(e] 3] - olAl¢, 2012). of7t
SEoNA P Al thet A E3F ISHA| =3 E o] gho
u, 25 B A4S FE Y Be U= VA F
HOR o]FofA & Ghof| i HEo g 7y 8419 =g
o] ARt F4718E o R 3 At AiAe® nujsked
CHvan de Vrande et al., 2009; Bianchi et al., 2010; &-%15.- 8}
A, 2012), YuHA o 47|99 AL AR 71sHshl A
o 4 Qe AR YA W o] FEskaL wietA]l 71¢d
FAZ3] YR MEYT BF Fog /Y A &g &5
A Aoz oJAZY] fiZolth(e] 2] - o]A|¢Y, 2012; Hossain,
2015; A3}4, 2018).

shAIRt 23]8 F471%19] A2 o] 259 K& 4y
FE B fiaf ekt WAEAIEY] @Y YEYA 5&
e Y HARES eshe Alo] ARG Fasiths 9
o] & 2L Aot YEH (networking)> 34271942 7%
g HAE FAsR= G WY F SRR A (Lee et al., 2010;
Hossain, 2015), AAI2 4] 47t 2 F4719945 °E
719 9 7185 ARt Y EAS 8L s AR Yet
WohHemert et al., 2013). W gAlgeo] B3t Fa7]%lo]
A4 Yl 715 B8l o] Wt Arelnt oj&stA] ohar, ejite

Gt 719 R 71 8ETe] YIEYAE AFA 0w S8y,
R&D HE-S HZA71L 71R19] A4 9 7Y A& SAAA
o U2 84l A =RE 4 9% Buk obyzt A4le] Adt

719 7HE Aad 4= Y& Ao 7|oErke] |- oA Y,
2012). o]2jgt B804 3fje] F3Eol W=, di7|9] 2ol T4
710% A, o gt 9 3y A7) 8 5o Rt 9
B Aot A4 BEE Tkl AR 7ed AEEeRN
o FAEHE] Y WAE FAsk: T AFHE UEYH
& A&=3kal Qtk(Narula, 2004), ool B3] diche=2] ] F4
7198 Wi gt Akt A BE T2l o JEYA 2
To& Qe o3| H2g FAlofA HlojuA] et AR et
LKA 84, 2018), T3 W- 54| #isto] j-g-alof k= =W
471909 FA YEA T RAEE 83 Y &
AlLE EREjof F WAL v F A0 A

o|HE NEE Al JEF S FoAS A3t v A
TE2 F5A o MY Al E YEYH Q] #3)0] 9
2ol AT, F47199] A ARHE ol o dlo A3E
SAA P AL YSE AT sHARE F471%9 §
A EZ7E AL A2 2H5she H glof 841 415 7
A2}% 174 (geographical proximity)o] HR3H 84Q17]o|
A= o]doe] AR, Boschma2005)= HHEFA] 7]&2]
WE QY HAe] 5A4S vlFolE o, oAl = YENZ §
3 R Aol 3ol Al(distance) &, 22|14 Q1540 B4 24
o] ope& 4%}, ¥HH Malmberg and Maskell(2006) 52 <
T AR AR AYES FARE E3H Al - QA uf
74& 7HAAL Q7] Wiz, s A% W FA7IAES A4S A
golal WolEol= dl Qlof Ao AT A 9E ABsl=
Zgo] F33) YA FAE 7 YIEYZY] P4 ¢ 25l 9l
43| Ael7t Fa8H A-gRtrtal £, o) AE9 =
HE& a7 o® Fa7]9] g4 UEY=] FAT} A5l ¢
o] oJA3] Aj2)F QFdol FadHA A&Ih=AE AT A
o et SHAFE 25ete] S the] A FE= uiet 3
U EL A 24& Fal =iet de] F old YIEHAH 7Y
o] Al Aato] o FAFAE Blashz Ao 58 WS FUS
B, FE F0 oA S F470E R 79l-gEuE
u 7+ 4 YESIZ7} of §A| $3E3faL glar, ofE X2 H W -
ZA EAE 7 AL QA A e gl 2 ¥4aE FA 4%
o Y A F AXAA HA U EQR BEE AW F2
A2 AHEH, F2A 22006)= Y- AT B A A
A Y AXAAE dido® P4 852 37H A 54 24
3HaL, FHell& - 020200 20109 FHE7IEEARAL AR
£ ol&sto] 7190 ti7]de] s AlxAe] AEE4 UE
Y20 ¥ 25 g oR B oF At =Y
AzAA 2 H4l HELZS] F7H S S48t Aol
A 71&9] FAATFETY] APAGS BE 4 AT B2 9
(2006)= 7199HLE HESHA] L, AR A o] wetsle] B4
& AL, A4 2(2006) 9 Hell4 - 4220202 201019
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S FA Aol 2F3haL = 71U-84 FAE 7 HIES
A9] F7HA a2 BAE wefshs AL T4 AlRUA
o gejutEy 7t g4l vIEQAS] 24 MAIE westaL,
T A MEZE A8k Z3she A olA BubAel 21
3hS vhishs Hl 7108 4= & AR waE,

I, 24Xz ¥ EMCHY
1. 2Rt

B A= BARR 2 20164 7| QA RAHA 2 ), AR
& ARgRH o] Apue FE7 S ATASTEPDOIA 20139
B 20159 Ale] Sl A2AAE diFo R 7)Y &S] g418E
& AR $i8 e AR, FA| vt 7HsdHeE
OECDY] 2£&& w5+ (0slo Manual)& 7|28 FZEgic},
20164 BT A ARAHAR ), AR FARY A=A
Az W 7198 2 ARIAEES REFEER 3t 24}
71 AR Qo16)el 719 BE-S e AATAAL 4= 102 ©]
Aol A2 AAE Aoz A2 o) 4l Aol §41eE
of det +A1Q FRE G Qlek, 20164 7| A A=A
Az), A 719 244 AEE =W 1770 Al 48004,
gutE o] 2194 9jx)= Y 57 AA(EEd, FHAEY
Z3h), AeHAIFE 23, /A5, YA 204
A gL Qlet,

2, 2N

20169 71 AR R KA 2 Y), AR HA H&E = F
4,0007Ho]ct, AZEAo] oA AH| FEoAM AEHA U T
A 47, B 719 B 71t @Y o, 719 HARE, 7
A A7, FYuEY 227] GO £ Ayrisd digt A%
2 E= OJFAE 7ML Qe RS A|StHch E3 HAH
8 F 37197 271900l sigshchar SHet i} #8 F %)
i 317H2013~20154) ke HAIREAIEEA W 3884
S 3 &%) 3T Bt g 71Y) B e 7t @t A
o] AAFUZ? "2 S5t 719 F EEuEY fYER
A oo}, BAo| e A4S AT HEVL] A4 A E A
Aste] FAAL "M 2 FutEY $2E o)zt obd =y
2 S %3 81470 S HFH 07 B of AMgET,

110 "=SEAE, xl562 M23 (2027)
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F) F4 A=A e 719 % e 7|0te] G2 Aol A
FHA W FYHA 0] G LA 913 & Ao &
Mg g 2,

]n{lf;r,. ]=Iogit(7t,.) (1)

FTEHE y = 719 9] 2013~20159 717 R AEG4] B
A4 FFAEYA B 38 AS=1, g&=0)
3 #ERolc}, & A AFEA P FEUR o|F
| (binomial) 578& WHgst7] 918 A (1)9] 234(logit
function)§ ¥AF2 ANGSHIT

logit(m,)= By + 3B, X, +¢ B
p=1

A QA B8 Y F4 AZAA io] B A ATAE.

X, 719) 450] pHiA W4, B, = 719 45 Wi X o] chet

BAIE Uehlie, e 23RS R
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e AFYA B YA 7ol “AEFA LS &
397H2013~2015%1) AR tha ] AlF AL A
FABAEUZ? 1) 71& AlFT} SH3] o2 AAE E4], 2) 7]
Z Al vlsf 2A AE AF EA 1) Bz ) "R o
73S, SR 92" B3 A 3:d7H2013~20159) ohe
o] FAYALE AL AA| P =UstASU7? 1) S
MEAY ZA AAE B4R, 2) &3] fEAY 2A 7AE
57, W, Sl P QAR/FHF ), 3) 448 gAY 2
A WAE A PRF I, SA A AT F2]/2-8 F) 0l 1), 2) =
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Table 1. Variables

Category Variable Explanation
Dependent  Product and process Dummy variable that takes on the value one if a firm had product or process
variable innovation innovation between 2013 and 2015, zero otherwise
Cooperation Dummy variable that takes on the value one if a firm did innovation cooperation
P activities with other firms or institutes during 2013-2015, zero otherwise
Types of cooperation partner If a firm had product or process innovation with other firms or institutes
g Dummy variable that takes on the value one if a firm collaborated with group-
Group-affiliated company affiliated companies during 2013-2015, zero otherwise
Supolier Dummy variable that takes on the value one if a firm collaborated with
PP suppliers(raw material, component, software) during 2013-2015, zero otherwise
Client company and customer ~ Dummy variable that takes on the value one if a firm collaborated with client
in the private sector company and customers in the private sector during 2013-2015, zero otherwise
Explanatory — - — ——
variable Client company and customer ~ Dummy variable that takes on the value one if a firm collaborated with client
in the public sector company and customers in the public sector during 2013-2015, zero otherwise
Competitors and other Dummy variable that takes on the value one if a firm collaborated with competitors
companies in the same sector  and other companies in the same sector during 2013-2015, zero otherwise
Dummy variable that takes on the value one if a firm collaborated with private
Private service company service companies(consulting, research institutes in the private sector) during
2013-2015, zero otherwise
University and advanced Dummy variable that takes on the value one if a firm collaborated with university or
research institute advanced research institutes during 20013-2015, zero otherwise
Government, public and Dummy variable that takes on the value one if a firm collaborated with government,
private research institute public and private research Institute during 2013-2015, zero otherwise
Firm age Time between the initial creation of a firm and the present time
Firm size Logarithm of average number of employee between 2013 and 2015
Firm sales Logarithm of average sales between 2013 and 2015
, Ratio of employees with a master’s degree to total employment in 2016
Master's degree (=employees with a master's degree/total employment)
Ratio of R&D employees to total employment in 20716
s:r?;[jé R&D employee (=R&D employees/total employment)
Union Dummy variable for a firm has a labor union (=1, union)
Region Dummy variables for firm's location i (i=1, 2, ... 16) (base region=Seoul)

Materials industry

Dummy variable that takes on the value one if a firm is in the materials industry,
zero otherwise

Parts industry

Dummy variable that takes on the value one if a firm is in the parts industry, zero
otherwise

& e Ay Al B 7190 W e 7tk €Y A
i 2013958 20159714) 33 8 7]9do] AlEEAl R
SRS S EARE 3 Wkl B 71 9 e 7t
YA =AE B £82 T3 S YA vEYAE
Hashe FYutEY Y] §32 20169 7] AFARAHAIR
A)solA ERshe 71l wet ApAF AGAY, SRR, F
&, AZEYe]), TE 87 W 1A, FEE 1Y
a7, FAAR] W ARA H e 7], Tz AR AQA (A
g, AMAd), tigt % 7|6 LS|, AN/ EE/N0AT
&0 7 FHOE L8 olE FYutEvete] o=

2013~2015% 717+ F< 71]1o] 7 139 EEutEr e} A&
Al W FAEA FA3R] Gt Aol UEAE B B3
53l S48kt

EZE AF AT Q] =oje} A 58S AL, SAE
FEE 7149 g4l Al fo3t Y vAE AR U4
71999, 7145t RE Yebdls AR 9 oo, 714 d+
& et AARER AR} HlE W AP AgelE HE,
A 5 28 AR g2 Jepds 53E A8t
71 $13 719 AR "urlg, 7140] &35 AE] avkE EAlE
7] $13l A2 W 2 AFT REYDF HrlE st
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Kumar and Saqib(1996). Triguero and Coéreoles(2013) 52
At 719 EolEhe Aol g 71919] ¥ (experience) 7t B
gt7] tigel 71919 dFol 35 =2 YA AIE 7|dE
4 Q)& Aoz Hejr}t ¥hH Balasubramanian and Lee(2008)
9 A A1l o #4l9) 7les BERshal g, Al
& AP A7) 8l 542 Ak "A7] gizel 714
o] AR} 7% HAl ks FAA] BAE RIS 8
w71 A AR HA A T BAE =03 A5 dAE o
& 7HAAL QA 2 Ao® yehydt), E3F 7))ot EAl
3t 7] BAE =03t AFE F v Ut 2 710U S
A BE-S Hoh $UsHA 3ste] 7919 AFFE A
SHAIZO) w2t o B A Qe AET 4 0SS AT
(Love and Roper 1999; Hagedoorn and Duysters, 2002,
Becker and Dietz, 2004; Bhattacharya and Bloch, 2004; Sim-
onen and McCann, 2008; Vega=Jurado et al., 2008), =L At
Arle 719t Mg S48 S8l A Aol =29t
A7 FE7Fs/dE Bsto] FARE, mEd 52 WS
2 B8l 20134 5E 20159712 9] 717F F2ke] A 719
o] FAARe} &S Fat et S T3l T 719 FAR
oF &S A 3 HA AYES dE A4S
719+ FS vetdle AAREIAaAA} vl 9 A A
YUY vl GA] G4l Qafo] 3 FES Al Tt 8
O 2 Q14|3F3ItHHitt et al., 1997; Love and Roper 1999; Becker
and Dietz, 2004; McGuirk et al., 2015). 1 9]} =g} 4
233} 7ke] PR A A3HE AF8HE Hirsch and Link(1987) 52
=5 7|2E 3t =F2Y 4575 FAESE A4

719 2412 ol 167] B AR AEE &4 Aoz A
atoict, &4 W HEYF vl TAANE AR V1Y T &
ol Bt SHRA, oA R 9ol 7] Z80] HAEHC
T Yol = AR FEL FEFY AR AR EE QAR B
FHRNE F AFALES] 17} 7HR| 8] 71997F AAY,
A 7l B Hale 7)as pHiehdA Zleud At B
R & A3 2 A, A 7IRte] HAU AR 7 A
H7E 2 EFE Auidth F W ARPIA s A REAYE
Foll wet 249UFS HRAIE A217), BE, Fol E Fol
AE AEAJQY), 2HE W SBHAIE AEAQ4), L5 R ETA
AlE AE£AQS), Bl FEAE A£AQe), At T4 A
@722, BEUTE 2HSEAF A=), 71ek 714 1 %
H] Al290(29), HFE L ARE 7171 Al=4G0), 71EF A7)714]
X A7PAEEA] A2AG), AARE- G 2F L 54|
A=AG2), o&-AU-F8717] D AA A=EAEG3), AsA D
E|de] A20(G4), 716k &5780] A2G5), 79 71E A
F AEAC6)oz AR, & A= ol F 712 gF ¥
a5 skt

112 "2EAE, xl562 M28 (2027)

3. HEEN 2t

B 0] 7|&F AT (Table 22 Wg3} 2}, S8 Ay
o)) i3t 7| B AR Al EE 2013~20159 7]7F B3 A
4l B A4 7L Y AW T4 ARGAE A
] oF 38.54%%] 1,47070& Vrepgton], HA18Ea} Ao
3G 717 St e 71 W g 7 @Y Adol de 19 A
A FH0] ok 9.67%2) 369702 VrErgth FHuEWE ¥ 73
#ol = T4 ARYA vl AA| FEAA AL AGAL
1.96%, 33 QA (P&, £E, 2ZEY)7} 3,69%, V- 5
27194 9 3170] 5,13%, F552 271 W 1170] 1.28%, &
AAH] Uf AL D e 71%00] 1.80%, TZE A AA| (AAE,
Aras8)7} 0.83%, T3 W 7|ek F S 7|He] 2.35%, AR/ F
/UAEATY 2.64% % R, BEIEY 438 F U
Aol 8719 R 1A, YR - HE- ALE o] FEAA|, BR/E
/Ut EAaeke] FY v|Fo] A oR & AoR Yy
o}, E3F 20164 715 Bt 719 AW 16.590]H, 2013~2015¢
717t 53t et FAREE 37,7, Wt &S 8,582u ¢
o8 Yepgth 20154 715 A FARRE F Bt AR o)At
Hl&-E 3.23%, AA AR F Bt AT A9 H[&S
6.67%= LFertom, A FEEL] oF 6,5%21 24871 710]
2& 7ML Qe A& Yehytt, 719 &A% YnlE A
HA, 719 #E pE 737102.2%), 739(10.3%), Q134(8.0%), 73
E(7.9%) 22 gkon, EA4 A9 A& AA| F8e] o
6.05%5 ARz AL Vet e LA F4 AR AA
T AA FEO oF 46,25%F AATh: AR e, Sl
o709 T4 ARAA Q] AF dfo] WA=, ¥hA AlFt
AF2] 7S AA| L =9 1% n|gke R Ve, 1771 Al 2H
Th A 2YA Y FHA Et Y BErE BEE QI A il
e AR BEATS AA) w8 42t 31,.4%, 37.7%S
A ER=, ol w Ate] 3 719 1070 F 7707 AAEE
ATl 32 HojEet,

22, (Table 3)-2 AFEA A5 HojEr, [Model 1]
2 A BA A it il FU F4 A2 AA Y AEFFA
A FAEA Qto] ef 719 W eF 7] ate] @ o] vX=
GeFS A3 Avlolni, [Model 2= F ¥4 A7 AR} 33
3o, [Model 1]9] A7t SAHOR felgh F(H9 2 2R
o, oE 39 YuEYsL AFEHA D FAEHA gt
et L VA EAE 2R ANE HojEd & A
10% ool FAH R o3t v 24 AvE 4
o7 ARt

[Model 1]¢] £4 A3}, t}2 H4ES FAIRE AeolA g 7]
A 9 e 718t Y A 45 AFEA 9 A gt
o AR froljt FAAQ B7HE Kol Ao Yepdt},

e

re o
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Table 2. Descriptive statistics

Number of observations=3,814

Category Variable
Mean  Standard deviation Minimum Maximum
\l?:r;i)aeglcejent Product and process innovation 0.3854 0.4867 0 1
Cooperation 0.0967 0.2956 0 1
Types of cooperation partner
Group-affiliated company 0.0196 0.1388 0 1
Supplier 0.0369 0.1887 0 1
Explanatory ~ Client company and customer in the private sector 0.0513 0.2208 0 1
variable Client company and customer in the public sector 0.0128 0.1126 0 1
Competitors and other companies in the same sector  0.0180 0.1332 0 1
Private service company 0.0083 0.0912 0 1
University and advanced research institute 0.0235 0.1518 0 1
Government, public and private research institute 0.0264 0.1605 0 1
Firm age 16.5209 10.1534 4 71
Firm size 1.5763 0.4363 0.8653 3.5613
Firm sales 3.9336 0.5349 3.0004 5.1760
Master's degree 0.0323 0.0741 0 0.86
R&D employee 0.0667 0.1027 0 1
Union 0.0650 0.2465 0 1
Gangwon 0.0144 0.1192 0 1
Gyeonggi 0.3219 0.4672 0 1
Gyeongnam 0.1027 0.3037 0 1
Gyeongbuk 0.0791 0.2700 0 1
Gwangju 0.0233 0.1509 0 1
Daegu 0.0500 0.2181 0 1
conttol Dagjeon 0.0201 0.1406 0 1
Busan 0.0629 0.2428 0 1
Region Seoul 0.0605 0.2385 0 1
Sejong 0.0049 0.0704 0 1
Ulsan 0.0325 0.1773 0 1
Incheon 0.0802 0.2716 0 1
Jeonnam 0.0230 0.1501 0 1
Jeonbuk 0.0233 0.1509 0 1
Jeju 0.0010 0.0323 0 1
Chungnam 0.0553 0.2286 0 1
Chungbuk 0.0440 0.2052 0 1
Industry mater.ials industry 0.3135 0.4640 0 1
parts industry 0.3767 0.4846 0 1

ol Bk AXUA) BA HTHE ol o glof W UEAT 2 ()2 g Mol 208 Lrebdol wkeh, [Model 2JolA1:
o FaKE AFSHe 08, A WA AT AES AN A B4 ARAA 4 Akl glo] oW £92) FelnkErio)
sholck, [Model o141 §2 U= W47k 84 Aate] §9) 2 Aol folt (9] Fake BoleAE Mg U

Joumal of Korea Planning Association Vol.56, No.2 (2021) 113



Eoll=

Table 3. Estimation results

Model 1 Model 2

Variable

Coefficient Standard error Coefficient Standard error
Explanatory variable
Cooperation 1.9644%** 0174
Group-affiliated company 1.7374%* 0.5127
Supplier 1.1684%* 0.4238
Client company and customer in the private sector 1.2568** 0.2851
Client company and customer in the public sector 0.9817 0.6019
Competitors and other companies in the same sector 2.2347%* 0.7822
Private service company -0.2337 0.8561
University and advanced research institute 1.9321%* 0.4816
Government, public and private research institute 0.4667 0.4234
Control variable
Firm age 0.0000 0.0044 -0.0004 0.0044
Firm size 1.2959%* 0.1704 1.3321% 0.1711
Firm sales 0.6297*+* 0.1368 0.6208*** 0.1374
Master's degree 1.9836™* 0.5978 1.8934*** 0.6014
R&D employee 7.6516%* 0.5248 7.6497%* 0.5278
Union -0.7632%** 0.1790 -0.7512%* 0.1794
Gangwon -0.8094** 0.3972 -0.8979** 0.4075
Gyeonggi -1.0723** 0.1852 -1.0902** 0.1858
Gyeongnam -0.7304** 02177 -0.7327%%* 02176
Gyeongbuk -0.5913*** 0.2246 -0.6349%* 0.2254
Gwangju -0.8307*+* 0.3241 -0.8785%** 0.3274
Daegu 0.2663 0.2483 0.2174 0.2499
Daejeon -0.1530 0.3504 -0.1748 0.3520
Busan -0.0229 0.2349 -0.0793 0.2368
Sejong 0.3936 0.5928 0.3547 0.5959
Ulsan -1.3323*** 0.2947 -1.3633*** 0.2970
Incheon 0.1928 0.2195 0.1623 0.2198
Jeonnam -0.6632** 0.3122 -0.6748** 03112
Jeonbuk -0.8323*** 0.3249 -0.8949** 0.3312
Jeju -0.1038 1.1326 0.1001 1.1444
Chungnam -0.3793 02414 -0.4229*% 0.2424
Chungbuk -0.0973 0.2504 -0.1246 0.2507
Materials industry -0.1422 0.1103 -0.1235 0.1105
Parts industry 0.2696™** 0.1045 0.2558%** 0.1055
Constant -5.2308*** 0.4040 -5.2202%** 0.4052
Log-likelihood Chi-squared 1228.43%+* 1258.09%**
Pseudo R* 0.2643 0.2707

Note: *p-value <0.10, **p-value <0.05, **p-value <0.01
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AEE FABIRS o, ¥ 87 Eutey F 570 gutErel
AL AGAL, FEAA(ER, B8, 2ZEY]), YR a7
A9 17, FAAA W AR g 719, st R 7ef Fa
S7)8eke] Y Aol I F4 AxYAH Y AEHA 9 34
&Alof 9lo] A2l aQlo R 2Hgsh= A0 Yelyth F A
A& B3l ol W Alrt ol 57 EYutEY 1ol &
AZ o o3t Aol & Hol=AlE AR A, 1% FoeE
A frejulgt zlolE Kol Ao eyttt 9 B4 Aikes
U F4 ARG AEHA @ FAEA I EHh= o)
ol RE 3] FYuEYsL fofdt FAAQA FES vHA]
&S U BAFT TAlo FYRELER FAl At 0|
A& 9 B3 EA e $ U BojE

SAEpe] digh 24 A3}, [Model 1]3} [Model 2]914 3%
Aoz 7|1A7+RE Ve SARee &, ZddAT+dE
O] AW HARI A A} HIE, A/ Al vl&o]
71942 Al Agate] glof FAARA WS njAe AR Ve
on =F2F 45 W8t A ATl 9o RAFAH g
njAs 20 Vi, AgAT-EelA 9 =olE FHsk: A
o2 et} 719 2407 gule] B4 Ao A= [Model 1]
7} [Model 2]oll4 35208 A&S AlQlgt Y] 167] Al
FolA AR A It 22 A9 e, 2, 4
7], A, A5, B, 4L A, A5 AL H3f g4l gzt
7h e 202 Vet 4% ] 24 Al Model 1]
7} [Model 2]oll4] 35202 AYUF-L TAZOE F-23t gt
& Ho|A| ghtd ¥H, REAFTE T4 A2 A S A1 Qo]
ol BAH LR frofet A2 ATkE Hols A0R eh,
BEAZTUSE A Qv o A vehds 20 E el

V. 4584 11 34 M=l
SEIiELE S HEH3 24

AZEA 1A AZEA 14 S F4 AZAA) AFS
AW BN ATtel BAZ R oI )9 g B 57)
of BeahEY Sy dhstol, A8 YEQT 1A P ol
sto] S-eutet st FelA o) 4 uESae] 3744 W 7=
2 54& wAshA st

1. Al2] HEH3 24

AR3] YIEQ1Z E4(social network analysis)—\?: 193441 A}3)
A1 Moreno®] 2419 T861A] ARHEL AAISIolA 2
7194 28 % 9l 0] Barnes(1954)7} 2H419] oA 413
YEYIT:= §ol5 A5 AMGsHEA AS] YED 24 W
o] £ o R Ao FgHo| gitt A UEEYZE Hnode)

0 7 #3EE 3318 Y A=Aa finite set of actors)TF Al(line)
o8 #35E 25 7 WAlrelations)2 07017l Y& ojv]
HH(Wasserman and Faust, 1994; 259, 2015). o] &4 d
& AR HIEQE BN d¥tAoR JEQI] AZ U F
A A, JEAD U Y9jate] 93, YEAIL 2 5& &
AR}, & dtollxe) vIEYIE FARE 7] Y ¥4 5,
FaAxGA} 15 FYutEY 2t @Y $AE vz,

AR HEYZE WEdol e vIEYZ el e v
EaR 2 4 odedl, Wl e vIEYA(directed
networks)= 9712 Q’%""&‘(activity). iﬁ]’%‘(reciprocity) 5
< vhdak= ¥ R o] gl YIE YA (undirected networks)
€ BAE A VEYT EA 75 Ao 28E Eo wEhA
WaFgol U UESNIE A 7L F9AE joll =& & 7
T, A 7F AR ol =g = A WAL i BA
=g WA Qe S B A AR me S &
A5 F 7 HEA f30] AT, WaHgo] gl HES
9] 739 A Y EAL K382 FHA U EQI A
7359} gl A4S 7R 2 e

AR YIEQE 49 71229 WS g9iAkE 1 WA M
A& olg3te AlZElsto] HojF= AAl2 IR (sociogram)©]
ot &A1) 7P 2 ol AR HIEYAS] HA 425
AZztste] gho] wtefel 4= Qlg dithe ZiolH, ojet H&
o] &AL FAA R ofF YAt YEHZL] FHl
UeA], SAAE] HEE sk YA A, 4oE FY
Az 7R Foll didt ARE AlsAct, AT SAl e TS
o]-g3t AlZt3} WS- FA A i o= SRS T B uA
o WAjso] A= YEHAS] 724 54& FHsA]= 23,

ol2igt FAE FESILA YIEHTS 22 B4 FolM &
A4 (centrality)ol] F535to] YEAQ] 22 E4E Z43]2
€ wAo] A E ST FHEL WA IEYIA 7 39
ZA7F b Sl 1AL YRS TR AR, YES
A % A& gepske 7P 71249 S ol $44
BAE Tl YIEHIA 2 ejaEo] AR A&t ]9
& mee & lom, YED W S fixIdths 2 8
F YA YEAD jollA] el vl ARt 2]4] 850
IR AI9IE 7H 7Fsg0] ordE QnlReH A - A1,
2016), A T4 34 AERE AEH%E T4 (degree
centrality), 1HE4H 8 (closeness centrality), "A7AF4H/3
(betweenness centrality) 5©] ACHZ-§8H A4, 2016).

B Ae T4 AR FolA AAAE S, JHTHA,
Sl FEste] Al UEHAY 24 E4S wAt
et AAYE U oE FAET 2dE HeE n|st
o, AFFTHEL AAY AA 25 whdste] 3 Ho U4
& S8 AR2A YEYZS] 3 PARERE GE P9t
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7HA] =gt o o agt 4 FRAE FHE vkl
AAYOIA thE BE e ER0 HR AT o] 7P A2 =0t
QAT BAS FTHE 2RISR HoloH(H-8-8- 494, 2016).
a2 iZiEAe 7 R ohE FeRETe] vIEYA
& el 3ot SR B2 wiALe} AEE sk A £
sh= 7lidoltt, daR e A48 A (), dHTHES A (),
7SS A ()3 2t

Coi)+32,() ®
CC(i)=1/[Z:dij] @
c,(i)=_Zkg,.k(i)/ 8 ®)

AR T Col)olA Z, )2 917 ol A oh2 917 5
2 ol BAY 5 sk, RE WA 9 & 33l 94
A TS ST = Ak dHFAA C ) AAElA
B iz E A8 RE PSR R A S 1R Ue
#os 2=t wFAA Gyl BAL jok F9NAF k2t 7
= A7 g2k BAL joF B k7t B RolA AR S B
Sk Bl g, ()& B3l UErd 4= Qlok, & At} o] Bl
o] 3} Ao YAF PASHA] = 2= YEYAY] L
T4 AR 452 Ak der #@EG(Borgatti and
Everett, 1997).

2. HESZ 838 74

A US4 AxYAY 4 JEYIE 4517 9
3 = 1770 Al ellA] AlSEE 7199 A7) ARt =W
S A FEEEd, FRECY 23, AT =23, o
TH7BE, FAY SR AlFEE FEutEL o 4] 4
REulgo 2 2n & AR (2-mode relational matrix)< -
dsto] YIESA ARS8t

& Ao HIEYAE W] gle UEYARE F493815itt
o= 20164 =7 AFARANAIZY), A= W 32 400
710%}, 4 AxAAY A HEYIE &9 "Ad 347t
(2013~2015) Firh= FARFAEHA L FHHAE 9 &
) 37 BeAste] g 7| = e 71383 @3 Ao] s
Y7k el izt TS Sl SAsH o] £ 2 93] 71Tt
FYuEY 7+ @Y 4 4578 232 lof, AxdA 7t 259
FYUEY j7F 28-S AU Algdt B &, el e

116 "=2EA4, xl562 23 (2027)

YEQ)=20f iz Ar= Algatat 9A it

B A o] & 383t P YEYAR FH 17 Al o2
of|A2] 7191 &2k 57 A e] FeutE 4] 7k 165 B
& A8k, A, o] A A& LA T4 AxYA}
ZRV(AY Z3D) A4 FEuEy 7+ @Y WA= JAT A4S
7} s70EbE M-S A0 23 7 A VIEY A 59
Hoai YEIZ} ARG Aoz 09 gk Foisiglct. =
W 34 AxGAY JA HEYJIE AZBRE &AL THS
Netminer 4 2ZE9o]5 3] 1851951, U EQ L] 127
EA F shuel 448 UCINET 6,627 219 ) 23
aoct.

3. &E5EN 2t

1) 54 MEYHC| HHLEY S HEY=0| T2

4 2N Zi

S F4 AZYR) FHEDE AEHA U FHHA Y
E9)210) 2429 (Figure 1T 2t} (Figure 1)-& A58
H 1014 4 A2GA) B4 o] ozt Qe mAE R
o 3ol A} A, FHAA@AR, HE, AZEGo), 1
R $07)9 @ 22, BRI o AR D e 7|9, ot
9 7lg 2R8I 5 7o) AenEyel 4 XA 7t
Al Y=9ae) 240 THE HojZr}, of AX2THRE: A
ol AR, 44T (@) ) 177) A%
$0) F4 AEUA) AAAE oJrjalr, Azt (m)e )
) A 40] WeluhEye] A4S olnjehch, 2k A2ty
Role] A& o] Qi B YlEYE 2o 4204
AzA} ey 7 BAE ojrlal, Ae) S y=
219} 8 ojulai},

WA () AL AR 2410 TS A, A, A7), A
£, o] ARt 71905 4l A7) geuEy 2=,
A a4 71917 7 a4 Bejukey 2 yEYa, &
A 27 71907 B8 24 geuEy 2 yEYDt o
2 7o) Y=g vls) Argoz e Ao Yehih
3 Feuhey 247 7ked $EAE 177 A% F 1748 A%
of gl 71Qi5T YEYZE Yyt gl v, A%
e 770) A%, AR T 6 AlE, d/ARa
& 670 AL, Al AR 77) Aol 24 7)95 7 YES
28 Y4t Qi Ao Uitk IokAE 23, Mok,
QAR YA A7 BREdse g RS
o] &3t Aofo] ARIR 75T YEYIE 2 YHeks Ao
2 Uepih, m3 A8, Ad, 3] a4 715 dek
(A% ZEHol 24 elmEye) AFe] A4 7195 %
BACGY Tl A% Fejmreriolet YEYLE YHs
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Figure 1. Sociogram of innovation networks for manufacturing SMEs in Korea by cooperation partners

U= AR FHHoH, At A A A LT A e
FHEL 9} of 3t Y E A FAISIAL YUA| 92, A0fE 22
A7 A2 vyt

b) SFUAN(RERE, FF, £ZE )] LA TN = 4
7], Qe ARt 7103} e a4 FYuEY 2 Y EYS,
gi-ek 5ol ARt 7143t diot/AdSd A4 geuEy 1t

HENZ, A, A &4 7193 Al A9 &4 geutEy
ZHYEAIE B2 A YE A vjs) &g 73t AL
2 et A5 &A% 71952t/ A5 A E@ut
Exel, AlFo] 2t 71952 S8 AT Z3oll 24 g
HuiEvieltt @ WAE FAsiaL glo} oS HEYAE= 1
B AMIE0] 43 FH o wEL S sl AHHoR §
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o] 22 AT 4 ek FFUAS] AAJL TN of
3o FYuEvels YEJIE FASA] 4L 40 A
& A3} AlFE ERh

(0 IHE 27190 R 149 9, 7], A, A&, F
o, WA, ikl AR 713 e A4 FEYutEY ZHYE
=, AL i AR A4 7193 At/ S A4 gt
EY ZHYEQA 273 BAE A, il AR 71
A7 A4 geutEy 2 HEYAI} OE A9 HEHZ
Hlaf Aoz vt Aos WEEh 22)a dHEHF
Z3el| Azt @Y wtEVept YEYIE FA48HL Y= AlF
323 AA Y EYIA Aold Al S Alejshals u
2] 147] Alm=e] A=A 24 K| H50] 270 o]} 2| e 4
ARt FHGEUST @9 BAS FAsHL o, WHE 8
719 R 17 {39 79 ke gYutEY K3 vl 7191-d
HupEy ZF 53T @Y WAE A%k e AL ;T -
Ak

(d) U4 W FBA A B 7119 AAJe TS AuRE,
2 FYuEY 739 LAl Bls) T4 A2 UA-EY
BEY 7 HEQIZ 7P FF3 B85 1L, oS HE
Y29 e TR 28 g AT & ok AR RE A7),
A, i+, Fat, dide] ARt 7103t e a4 PeutEy
ZHHIEYILE A, FAL, ditell &4 71dat eI £
) 24 FeutEy ZFYEYD, A, dit, A S oA
of 24t 71903 S A £3) 24 FYuEY 7t YES
3, AL A, g, -] Rt 7]t Fal/ e a4 |
HupEy ZFYEYS J2ja I, 4, gt S £A19) 7
A3t /75 a4 FHuEY 2 EQAIH o= 7
g AoR WHEUC B3 AIF, AR A9kt 14719 ATt
VN olde] gEutEy 44 AT gY WAE 21 e AL
BIE = gl on, YIEYA e 1471 719 £A1A] FollA e
AL 7371, A, ditellAl wlaA] AskA vebgtt, o] dejut
Ev F300A] ax2)8 A2 gt Aol

()t R 7]e} LTS 710e) 5, thE FYuEY {9
S Blast e ) YEQATE 408 AH2 gl AR vt
Rk, g2 QYuEY R399 Ao vjs) L&t F
& A|zAA o} FHuEY 2 Y WA S B8kl A= Ae o
Qe 4= ek, 1283 B, A, AFE diss Ak F
o, AIESR i3Es= S 173l 3 shue] feutEy
A AR HIEAIE AL 9L, olE2 e A9ETH
o] agjgt ohet ohE A1 Uf FeutErote] Jeage 7
3 7Rs7gol =t vt o] PYukEL 9] A il A= 4
710l AR 7143 = A4 FYukEY 2 EQAT 7
Al UreRaL, oo Flate]l A4t 7]t AN ZFEA A
Y ZHYEQD, gt A5 A9 7103 gt/ 75

118 "ZEAE, xls62 M2S (2027)

A gEYutEy 2 e, $9 A4 7109 S5ACE =
) &4 gejutEy 2H Y EQ IV o2 HIEHI B8 A
O 3%t A0 R LEpdtt

570 e 84 v EA S T8, BE &
ol YutEye] YEIJAE= 2dE FHo vEHI:
WA okt YIEAZY] F53 F=g Ui (o) W2
8719 R 17, (d) T2 W AR 71, b) 39
A(AR, F5F, 2ZEH0)), (a) ZAFAGAL, (o) et R 71Er 2L
ST EOR BA UeRdth 53] e 199 @guEY
of wlaf (o) IZHRE =871 W A3} (d) FAAT Ui AL
% e 7]91e) Y EA ] Wiest vl$- ok, o]F FYUEY &
oA T4 A2 AA-FATEY 7H iAoz o Rt §E
A7 550 ASS AT 4= Aok 3 o] FYuiE
Y {F81M 719 24172 F et A7t 35208 F4 A=
AA-FHutEY 7H @Y WAl o] A9l A o= yeptt,

2) A Y EQTL 12X EM BN Zat

i AFoAME FAA AR F QA= FAA, JHTHA,
WAFHEE THeE T4 AXUAY] g4 EYAY L2
2 54& ARz 314l (Table 9+ = T4 A|2AA)
ot geutEy 7ie] g2 MAE UCINET 6.627°04] Ag3dh=
AZARE T4, AHFAHA, IAFTHA ARE o83 £4
gt Ao}, 2= YEYAA 719 24429 F4H48L Y
SEY AAA]Q1 57 Ao AAEE, FEuEY &AAA]9)
FAAL 1770 A =eke] AAAE oulgict,

(@) AL AGALS] FAA B4 AR, A= T4, EF
A4, mIAFHEAY Bl 7 =2 a4k 2 719 2R =
A7), A &0 vepdal, 7P 3 4k 2Rl 71 AR

F, AR, A &8 Yeigt, EYuEY 247 Felils
Fieo] T 43k0] Aol H|3l| T4 A3 BFolA 7MY &
& & Belon, tiit/A45 Ao 7P Fe ¢S Hol= AL
= Uyt &, AL AN 471E 8RS eiedo] )
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Table 4. Results of centrality of manufacturing SMEs in the network by cooperation partners

(a) Group-affiliated company (b) Supplier
Manufacturing SMEs Manufacturing SMEs
Degree Closeness Betweenness Degree Closeness Betweenness
Ranking centrality centrality centrality centrality centrality centrality

Region Value Region Value Region Value Region Value Region Value Region Value

pa—"

Gyeonggi 1 Gyeonggi 0925 Gyeonggi 0.23  Gyeonggi 1 Gyeonggi 0.86 Gyeonggi 0.04

2  Gyeongnam 0.6 Daejeon  0.841 Daejeon  0.08 Incheon 1 Incheon 0.86 Incheon 0.04
3 Gyeongbuk 0.6  Chungnam 0.841 Chungnam 0.08 Daegu 1 Daegu  0.86 Daegu  0.04
4 Daejeon 0.6 Chungbuk 0.740 Chungbuk 0.03 Busan 1 Busan  0.86 Busan  0.04
5 Busan 06 Gyeongnam 0.712 Gyeongnam 0.01 Chungnam 1 Chungnam 0.86 Chungnam 0.04
6 Ulsan 0.6 Gyeongbuk 0.712 Gyeongbuk 0.01 Daejeon 08 Daejeon 0822 Daejeon 0.03
7 Chungnam 0.6 Busan 0.712 Busan 0.01 Seoul 06  Jeonbuk 0.787 Jeonbuk 0.02
8 Chungbuk 0.6 Ulsan 0712 Ulsan 0.01 Gyeongnam 0.6 Gyeongnam 0.755 Gyeongnam 0.01
9 Gangwon 04  Gangwon 0.712 Gangwon 0.01 Jeonbuk 0.6 Seoul  0.725 Seoul 0.01
10 Daegu 0.4 Incheon 0.712  Incheon 0.01 Gangwon 04  Gangwon 0.698 Gangwon 0.00
11 Seoul 04 Daegu  0.685 Daegu 001 Gwangu 04 Chungbuk 0698 Chungbuk 0.00
12 Incheon 0.4 Seoul  0.685 Seoul 0.00 Ulsan 04  Gwangju 0.673 Gwangju 0.00
13 Gwangju 02 Sejong  0.561 Sejong 0.00 Chungbuk 0.4 Ulsan  0.649 Ulsan 0.00
14 Sejong 02 Gwangju 0544 Gwangju 0.00 Gyeongbuk 0.2 Gyeongbuk 0.607 Gyeongbuk 0.00
15 Jeonnam 0.2  Jeonnam 0.544 Jeonnam 0.00 Sejong 02 Sejong 0607 Sejong  0.00
16 Jeonbuk 0.2 Jeonbuk 0544  Jeonbuk 0.00 Jeonnam O Jeonnam 0352 Jeonnam 0.00
17 Jeju 0 Jeju 0352 Jeju 0.00 Jeju 0 Jeju 0352  Jeju  0.00
Cooperation partner Cooperation partner

1 SMA  0.706 SMA  0.676 SMA 0.395 SMA  0.647 SMA 0610 C/G 0.182
2 C/G 0.412 C/G 0.532 NN 0.269 C/G 0.588 C/G 0.581 SMA  0.179
3 B/G 0.412 B/G 0.532 C/G 0.160 D/G 0.588 D/G 0.581 D/G 0177
4 JiJ 0.353 N/N 0.510 B/G 0.081 B/G 0.529 B/G 0.556 B/G 0.089
5 D/G 0.353 D/G 0.570 D/G 0.056 JiJ 0.471 J/J 0.532 J/J 0.072

(c) Client company and customer in the private sector (d) Competitors and other companies in the same sector

Manufacturing SMEs Manufacturing SMEs
Degree Closeness Betweenness Degree Closeness Betweenness
Ranking centrality centrality centrality centrality centrality centrality

Region Value Region Value Region Value Region Value Region Value Region Value
1 Seoul 1 Seoul 0925 Seoul 0.022 Seoul 1 Seoul 0.86 Seoul  0.025
2 Gyeonggi 1 Gyeonggi 0925 Gyeonggi 0.022 Gyeonggi 1 Gyeonggi 0.86 Gyeonggi 0.025
3 Incheon 1 Incheon 0.925  Incheon 0.022  Incheon 1 Incheon  0.86  Incheon 0.025
4 Gyeongnam 1  Gyeongnam 0.925 Gyeongnam 0.022 Gyeongnam 1  Gyeongnam 0.86 Gyeongnam 0.025
5 Daegu 1 Daegu 0925 Daegu  0.022 Gwangju 1 Gwangju 0.86 Gwangju 0.025
6 Daejeon 1 Daejeon 0825 Daejeon 0.022 Daegu 1 Daegu  0.86 Daegu 0.025
7 Busan 1 Busan  0.925 Busan  0.022 Busan 1 Busan  0.86 Busan  0.025
8 Chungnam 1 Chungnam 0.925 Chungnam 0.022 Chungnam 1 Chungnam 0.86 Chungnam 0.025

CHS 10| X|oi| 74|25(Continue on next page)
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9 Gwangju 0.8 Gwangju 0.881 Gwangju 0.012 Gangwon 04 Gyeongbuk 0.755 Gyeongbuk 0.005
10 Jeonbuk 0.8 Jeonbuk 0.881  Jeonbuk 0.012 Gyeongbuk 0.4 Jeonbuk 0.725 Jeonbuk 0.003
1 Gangwon 04  Gangwon 0.771 Gangwon 0.001  Daejeon 04  Gangwon 0.725 Gangwon 0.002
12 Gyeongbuk 0.4 Gyeongbuk 0.771 Gyeongbuk 0.001 Jeonbuk 0.4 Daejeon 0.725 Daejeon 0.002
13 Sejong 04 Sejong  0.771 Sejong  0.001 Chungbuk 0.4  Chungbuk 0.725 Chungbuk 0.002
14 Ulsan 0.4 Ulsan  0.771 Ulsan  0.001 Sejong 0.2 Sejong 0.698  Sejong 0
15 Chungbuk 0.4  Chungbuk 0771 Chungbuk 0.001 Ulsan 02 Ulsan  0.607 Ulsan 0
16 Jeju 02 Jeju 0.638 Jeju 0 Jeonnam 0 Jeonnam 0.352 Jeonnam O
17 Jeonnam 0O Jeonnam 0.352  Jeonnam 0 Jeju 0 Jeju 0.352 Jeju 0

Cooperation partner Cooperation partner

1 SMA 0.882 SMA 0.806 SMA 0.279 SMA 0.824 SMA 0714 SMA 0.302
2 D/G 0.706 D/G 0.676 N/N; 0.142 C/G 0.647 C/G 0.61 D/G 0.141
3 C/G 0.647 J/J 0.641 D/G 012 D/G 0.588 D/G 0.581 C/G 0121
4 N/ 0.647 C/G 0.641 C/G 0.118 NN, 0.529 JIJ 0.556 JIJ 0.056
5 B/G 0.588 B/G 0.61 B/G 0.05 B/G 0.471 B/G 0.5632 B/G 0.027

(e) University and advanced research institute
Manufacturing SMEs
) Degree centrality Closeness centrality Betweenness centrality
Ranldng Region Value Region Value Region Value

1 Gyeonggi 08 Gyeonggi 0.949 Gyeonggi 0.256

2 Busan 08 Busan 0.822 Busan 0.157

3 Seoul 04 Seoul 0.755 Seoul 0.07

4 Gangwon 0.4 Jeonbuk 0.725 Jeonbuk 0.066

5 Gyeongnam 04 Gangwon 0.698 Gyeongnam 0.047

6 Gyeongbuk 04 Daejeon 0.698 Gangwon 0.017

7 Daegu 04 Chungbuk 0.698 Daejeon 0.017

8 Daejeon 04 Gyeongbuk 0.649 Chungbuk 0.017

9 Ulsan 04 Daegu 0.649 Gyeongbuk 0.012

10 Jeonbuk 04 Gyeongnam 0.627 Daegu 0.012

1 Chungbuk 0.4 Incheon 0.607 Ulsan 0.012

12 Incheon 02 Sejong 0.587 Incheon 0

13 Gwangju 02 Chungnam 0.587 Gwangju 0

14 Sejong 02 Gwangju 0.569 Sejong 0

15 Jeonnam 0.2 Ulsan 0.569 Jeonnam 0

16 Jeju 0.2 Jeonnam 0.569 Jeju 0

17 Chungnam 02 Jeju 0.569 Chungnam 0

Cooperation partner

1 SMA 0.529 SMA 0.61 JiJ 0.355

2 C/G 0.471 C/G 0.581 SMA 0.345

3 J/J 0412 JHJ 0.556 C/G 0.318

4 D/G 0.294 D/G 0.51 D/G 0.116

5 B/G 0.176 B/G 0.472 B/G 0.06

Note: Seoul metropolitan areas=SMA, Chungcheong/Gangwon=C/G, Jeolla/Jeju=J/J, Dague/Gyeongbuk=D/G, Busan/Gyeongnam=B/G
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