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Abstract

Purpose - The purpose of this study is to examine firm-level attributes related to Korean
manufacturing small and medium-sized enterprises’ (SMEs’) decisions to implement smart factories.
Design/methodology/approach - This study uses the <Survey on Actual State of SMEs> provided by
the Ministry of SMEs and Startups of Korea and the Korea Federation of SMEs. Manufacturing
SMEs’ decisions to implement smart factories in 2018-2019 were analyzed using multinomial logit
and ordered logit models.

Findings - The findings of this study suggest that firms’ decisions to implement smart factories were
positively related to firm size, R&D intensity, international market scope, and transactional
relationships with customers. However, smart factory implementation decisions were not related to
firm age and CEO gender.

Research implications or Originality - This study illuminates firm-level attributes that may drive
organizational innovation in the era of Industry 4.0 and thus contributes to the innovation adoption
literature. This study also contributes to growing research on smart factories by analyzing the actual,
progressive decisions to implement smart factories, as opposed to perceived intentions to implement
them.
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Slt|=E g 4,0(Industrie 4,0)2 431218 S ofnjatn], o1 FAlo= 48z} 77219 thekst 75
E SEANT] AT AL 729 248l AFFEF7] Aetel 23 7RxAE g f2e FFe
Ex)go] 9tk (Neugebauer et al., 2016; Vaidya, Ambad, and Bhosle, 2018). Neugebauer et
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al.(2016)2 7]&Z el 2Wd|A T AEd 4.00] 7}xAE Auke] txEsiel Bate Fxstia Bt
HIZolle= QIH2ER 4.0& Tdske AxWAor ZvEdAED] =99 vﬁ*éol S7kskaL ok
(Neugebauer et al,, 2016; Won and Park 2020). ~rlEAE#= *34—7—75 oA 714, A2H], wEFet,
A, A7 At AARE FRAFS 753 3 FESAES FHste] E-83k(Kumar and
Lee, 2022). °l°ﬂ wz} a7 ¢l E]-% ZEA ko] 7}—0—51151:}(0]%@” 2016; Rub and Bahemia,
2019).

AT ~E 4,00 AFE 3 A2 Computer Integrated Manufacturing, CIM)#} th2 A& 7Fx]A}
< Hgte] txdste}l T8l tsl AarEgelA 13t 9 Fxgri= Aotk (Kumar and Lee,
2022; Vaidya, Ambad, and Bhosle, 2018). Z~rlEHEZ] =912 T g AFolA] ZloA| thF

23 & ZFFAl(organizational innovation)2] Al]HHsE F Q3 dAjolt}, AAHH LY
T 2&R wiFdelre 2HYAS Vo] £ #Y, 2HTZ, fFdAl dig Az 222
=9"(OECD, 2005: p. 51)o2 Aojgttt, z2FAlo] nluH L*71] Aol vhg o] FEel 24
A = AR, 3Tl 29 Bl gk A2 2L BY2 GFFAAdl oigk W =ylo R

olgfste] I AAZ FTEAtETE, A= Alant, A#E], Y], FAAEA & EHEIH 4,
2018), ZntEAE ] 9] g ITj=ER] 4.0 Athol] thulgh, JF-Fa2d tigh Wt =9os &
T Ut

SElUEtAE EE A% 4P EAAsE 28t SFaARTIHe] AntEdER] =95 HA
Ao AP o3 ITHNEH 2& 42893, 2018). AAAl 7IdEe] 2rtEHEDE FA4
o =gt wet ArtEAEL #d A7e uie HEA STkt Jlvh. 556l wER AlojAl=H,
HHlol8, Ab=elEdl(Internet of Things) 5 #¥ 7]z g f-elyet 53] S| AvtEHER
gel el &7hE 201080 F9 o] F F5aAtH@ARA &F, e & 4Rt e el ds],
2017). atARE 2ntEAE 2] =97 FAG ot (large scale) 8t A7+ of&] RE3 HolofA
78 BAEC] *U}EQJEEIEFE TS 2AYAE =Ygl o] e Bk Aol of' 7/4\201 A=A
AA87] o He), &gk, AAAAAE o] TAaAZZIHY ArtEAEY =S Aeetaat gl Bt
I 7145l wt 7¢ZﬂZq o= ATHY F e EYE tg At RSy, w3, HA| AnfEdE
2] =Y 2L EAT dtR d7e =% ZA o] AAAJN@AARD AAS LelEhA ¥ =l
i"d% Fa Ol%j—t,'.jﬂ o7 Apgigri(e.g., Won and Park, 2020),

F 2SS 7] S8 B AT felve SaAR719e] A1) AnfEdE e wq] Ao
]oé«] S4E JJr ojugt ABAdE e 7<]°ﬂ a3l °:HL3“:]' 2 A7 ol2Hore 2ntEdED &9
I A o] B IS J?ﬂrx*«] A7t HAE 22 YA @4 AgATel 7vele] Mg At
£ A7e SaA7|9Re S479s °]’§] A Zﬂ'&"?‘} < 271948u 2 P & A2y FE ARE ol &
s, 018@»} 2019 BF AR7} *Zﬂo}h 19247 S4AZ2719ES HEoR o5 2rtEHdER
=9 2ol g3 ASEAT 3 2A2Y 28-S ARt 43 AR, 719 TR, R&DAFE,
B elalgel e, A7 A 7190 ’\EPEJ%JEE] =de LEO}‘?«?\% 7Vs 4 75(+)9] A=
THE Aor Uttt ol €43 BA2Y B3-S AMEste] FUHHoR 7)Y AntEdED] £
2785 BH% 2dote Beidnt. w3k, 2rtEAdEE myddwdt 71ge] =dAge] gl 719d=
gk 7195 fFovwgh atelE Bols v, Al FolAY =Y 9l 719 IGEE
AlLfgk 71GEA A 2tolE HolA| ¢ o yEuth

2 A7 719 ALY dstow ofFE 4 e AvtEAED =Y dPalls 2HFtorH
HT B TS T e 2HYN A A7 7193E 7Y 2ntEdERE QT2ER] 4.0
Althe] F=o] He YL 2A T2 FE oA 2HYL(Z2AT2 B SFEA ] tg A2
Z2A o] =)ol vlE] 2 Fado] FIEtAL vk £ ATe HIARE o83ty vt FaAE
71949 AA 2utEAE] 29 AFS R ASENE A 2vtEAEE =93 A A Y3
B AT dFEe] ATt AEZRANE vl R V|Yo] AAske, AntEAERE =Ystat o=
s FAAATE HoX (A, o33, 20205 oltkE ¢, 2020) & A7+ AEAFES 7HIC 3

= 2rtEdEE] =Y AAo] WAEE 7HE 1MEH olE Wile] MF( =AY S-=dAE

J,d



svlEde) vy JEacll #8 AFAE fUde FaNEde FHew 81

FEY FEYBD)Z FRote] BHTE Fol QYA zfolst k. B o] Avke 82

A A ofelm Ao TR AE 7Y, & 7S Fxste] FaAlzrIde] BeAES
2rtEdE D] £918 Qs Z2 §ola wee 7IdSAl FEste] Ade 244 A AN
Ttk ARERAEL AR E Aldldl Bad AvtEdEe] w9] AegAs dfshs bl 3lof
Hs Aed AAs 22 5 U Hol A aede And F Ao

o

I 0|23 w7
1 zefesEele] ds 54

2ntEdE P g2ER] 4.0 AhE = Az o 2 (Neugebauer et al., 2016; Won
and Park, 2020), 771, An], g, A, ik A3kl AR ARu-S 7 dhe ARE
A7ed] B8s A2 vk (Kumar and Lee, 2022), ArfEHAE g|= 7x)2 0 2= AMEQIEYl, S2+9
= #AFE(Cloud Computing), 7H3E&2]A| 28 (Cyber Physical System) 59| AREA7|%&S ulgto g
ANZIO 2 ABE FH, T, ol8sty] I Az AT AT, a9, 2020; S
2015). WA 7|de 2rfERER] =908 B3l v A ALt 743}, A gH(ead time) T3,
A AES T8 A Qo rE AN S AlFY] FE e FAl 8k o] Thssitt
(Sousa et al,, 2019),

2rtEEE Ak dge gt oldl=g wkPstal AEAE W Azt Sousa et
al.(2019)2 ~nfEdEZ]o] £33 B4 o7 A5 284 (interoperability), 71¢3}H(virtualization), &
%98 (decentralization), 2AIZt HZF(real-time capability)o] itk AHelstdct, A, F3e88L
2ntEdEZTE ArkgA o Ve B AY] 1 AF-S 7HssHl stk Btk 4, 7Pdse AntEdE
27t FAAAE 7143 Z2 AlEdoldste] AN #eRES & F ke Stk AR, gEdse
BA7I5ol & AFE Dol AFE AA Z KA, HHe WA oR o]RolHrh= Ag ofngh
oh, UlA, AR dge 2rtEREYYE A5 5 AR #Este] HEdS A, d5E F v
AL oulgitt, olgfst EAE 7ukele] AntEHE e TEE LTS AFF dAL e vy
= 52845 28 Adske & 7FeshAl steh(o]d, 2016; Rub and Bahemia, 2019).

2nlEAdEE 7|4 gAY 7F AFERT ol o]5H XA Y] AFE FEeTh AFEQIEY
7€ JPEEEALE T AT AS HeEsta AulE BABHE 3t 23 o8 (operator) 2k
Aogzt @ AAY o7 wEA] Ak QA GuEts dALR JFE FAE F J=F Adsitt
(Duman and Akdemir, 2021; Kumar and Lee, 2022; Vaidya, Ambad, and Bhosle, 2018). Kumar
and Lee(2022)= FHZ gfiwitolr] 2ntEdED] 297 #ste Q7 Av] 7 A%-8 THHe=
g2Aed, A, HaE, 53, 8 5 Azt eHdolErt AME e HY AFAES AAEA
t}, Longo, Nicoletti, and Padovano(2017)& ArtESE 2]7} thidsh= A do)A Q171 @ o]El
o HgEE F3r717] {8l F43d 4 (Augmented Reality)ol] 7|9Het 2AgEdS 7153 2 T84
o2 thFEAL,

olF% ~mlEAE Y i

SR vRolnol 2ulERE o] £ge ]glo] g

=

=70 =1
slo] WakE =Qishs Aoe ¥ & glovl, We oulol 2sjale] ek Ao & 4 itk 2vlEs
Eole) £ AEHel kst A Acholn Holt A, A, T2 ol o] WS

FH3= Aoz ol &= 17| wlEolth(Longo, Nicoletti, and Padovano, 2017; Sousa et al., 2019).
o7 €](2010)2 2ntEHE 7} AAHETE olyg} o] % {5, vl oM BI1-F AR b AARE
RS 75| st ALHE-S HEE 5 §HS SolstA & 4 Qlvkal Hokrh mdk, Ak o]
719, A FAMAM= AFP5S AEHAT F o] AATES GE3 o AFAeRE Aol
7setttal 1okt
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2. 2rEsEe E9)e 4999l

2 AdFe 2nlERER 2 galo] = #As AP ATl 7nkete] ~ntEdER] 9]
Z19a-de] Mg aclel digh 7S AAg

A, 7149 dEe 7199 BEES oAnstER Yald dFS £ 4 Utk(Balasubramanian and
Lee, 2008; Cucculelli, 2018), 7]ge] AHHL 4] ol AES FHEFE 719 =484
(organizational inertia)] QS ol Ao A3tr] ojge 4 Uth(Balasubramanian and Lee,
2008; Hannan and Freeman, 1984; Leonard-Barton, 1992), Hannan and Freeman(1984)-2 %23
4L 71¢de] st HHste] dEk ATl w1 Mste =] ofEe R st
AL 249 53 PFHES oJnsh=s FHl(routines)S HHRE Zlo] 7199 golA] olHim
Hlgo] Wo| AQ¥E HoA WAS}H(Nelson and Winter, 1982: p. 96). Hannan and
Freeman(1984)2 F&lo] AAFEE dlol= Algto] 2QFH ) o] uje} 22]#Ago] 22| A uje}
7Rt =33tk 71gel 29 ARk AEE 719 sl FHI g5aHE Fil olr
2 AMS EAYE Vel song AnkERl JEFYIA ] HElE =t A2 FAE
37)oll= 2 713]8]&o] w$ F 4 tk(Balasubramanian and Lee, 2008), 2vlEIE 9] =9]o]
Aak 2 Aol o] A2 e =Y 9|l wHE(Longo, Nicoletti, and Padovano, 2017;
Sousa et al., 2019), 2= Fxbe] Z7] 53k 33t ol G3lth webr, 71| dA#e AnfEdE
g =9 7P ) #AE 7t Aol

7Hd 1. 7199 dRol ¥eFE V1Yol avfEdEYE YT Vsl =

At

o
rir

o -y

I~

o

Aol

oz, AT 7o TRE 7190l HAdEsS FAshE vl A 7hsd Akl TRE
BHolth, 71EI7F 2 7S TS AYS vEe® Yske aldEs Fdshke Hl 2 oEeS
ZAA & 4 UH(Ganter and Hecker, 2013; Mol and Birkinshaw, 2009), 727} & 71g& 2
71l vla] A2 A #at olyzk(Bronzini and Piselli, 2016; Lee, Sameen, and Cowling, 2015),
AREAN 7] 2o 442 4SO 2ol 1A o= (Alvarez-Garrido and Dushnitsky,
2016) ARFA 7)&d] 7N & 2rtEdE Y EYo] TS &o|F 4 Utk THE AL Vo]
N2 FRARE AL oo Falsle] AdH HHE& 98] #HEse 59'(Cohen and
Levinthal(1990: p. 128)& 2|u]3l= FFYF(absorptive capacity)S ZAH o2 FZA A (Schmidt,
2010; Schneckenberg, 2015) g4le] AFE&S =1tk &3, TR 2 7|H2 240 43S AT
A EslHgs FHe Aoz s A F ¢3S ¥ grerti(Hannan and Freeman, 1984).
o|F% AP AFdXE Filo L8 EE A =4S T 7|9 7RI AL 3G dHEA
= 7}4& HoFdoh(Alsharkas, 2014; Dooley, Kenny, and Cronin, 2016), 28|22 7|ge] FE=
2ntEANED] £ 7hsAT H(+)e #AE 7HE Aot

M 2. /19 FRAk 255 J)gel 2ntEEeg 29T Fsgel S Aol

R&DFFAR] 7]9e AR 71edildl st Fofsta vkl & 4 v} R&DFFEE R&DH|
G R&D expenditures)] 7|47t thr] At RS UeERlET], Biek A AT ellA] R&DFF=7}
7199 AT FAZ ABBAE 7FEE BAFAuH(Hall, 2011), R&D Fd(input)d 2=
(output)2 A3 Latw B Nde|AvHR&DY]E¢] FAAHRE onjste 22 o ER) o|E
Aboldl= Adet B Aol 9lgo] AEHo g HuEHtH(Bauman and Kritikos, 2016; Pakes and
Griliches, 1984). &4, < 7+ 719 22 Y2lo] 71&Yals BYste] ol s & BT
ScH(Ballot et al,, 2015; Hervas-Oliver et al., 2018; Lee, Lee, and Garrett, 2019), Hervas-Oliver
et al. (2018) 710l 7IEgAF 2AH2E Sl FT8h= A¥e] AL, ole 7IHe] 4T 344

A
=Y 22 2AEE Bl 7legale Adsta AL Hale) ke Alarstaar & 7hsAdel =k



srlEdEy] B9 Aol $ AFAT Sl FaAEEe FHoR 83

webA, 719de] R&DFFEE AvtEdEL =9 7hsAdd A(v)e] #A1E 7Hd Aot
7Hd 3. 719e] R&DFAFA LTS 2rnfedies =Y 7HsAdo] =& Aot

7199 s el Hos 24T FHZ e AABAES T
2009). 1] A¥gH oz o FHYH S5TrE AAGAL TFA, H
3}

S2nE e A4S F5E 5 9, ol FA

At (Mol and Birkinshaw,
A, oSt 5 choret 4ugd
£ =903 5707} #n

(o3
e
ko
L
tlo
[
>,
o
.o

(Criscuolo, Haskel, and Slaughter, 2010). %3}, AREAN7|&S vlgo g 3 2Zgrle F2HsE
eR

71954 #HeldES A A UF2Au8| S (internal coordination costs)S 7F2A7) AL, A Aol
glo] AAA R 3 HZE golsHA st Al A du]-&(market transaction costs) FE3F 7FAA]7ITh
(Chen and Kamal, 2010). 2822 7|9 WY 52 A 5 ofd W og ZA7 s 3t
TAE B3t AnfERER] Tyl tigk 294 AT 4 ok 28R ofy g} HAln]g-o] STHNA
=, A HYrt Yo 7S vl Al H]8-S A & qlo] A G Al ] uS:
folslth(Kafouros et al,, 2008), ZHBZ 7|4<] seAde] Hele= 2rfERER] =Y 7Fed7 A (+)
o AAE 7HA Ao},

7Hd 4. 71949] s RSZE Wers V1Yol AvtEdELE 2US 7hsdol wS Zolth

719e] Ae7last AdAel slvks e 71 =E v F27199 A9 EE T2 vt

o

DEF e dAES A 2)9g7]d0] Fuid SAlES 29 5 AX, 3)9ARE st FF8R
A’ oJn|alH(A] 5431 4719 el ZAL ZALE, 2019), 7190l FFARA] E7193 FEaA o AUt
© A& w3tk /E g4l(open innovation) B el w2 7ol <Rz T u 23Y
Ae =8k Aol ok (Pippel, 2014), £3] Moyano-Fuentes et al, (2012)2 7]1go] 3% U
a2z} geEske At 245 d A4hE2l(lean production) EYo] 71 BAFAT A%
olE9] At wa 7ol FFAt FHIE At H bl ol JFgE FA i} ol
7199 A8 o] ¥ &2 3 AuAte] o B33t AL 7sd AU 7 Ak =" T
Ze|7ke] AAFA| 2B o] BFLS o222 3 4= 9)o](Cagliano, Caniato, and Spina, 2006), &H|AE o]

54 248402 SYHeE 7190l 9L F 5 7] el Ao velthKamaruddin and Udin,
2000). ol&lgt etol] 2 ul, eIde] AdBAE 2elEAEL) B9 Hs AR Aol WA
744 Aol

7Hd 5. 71de] Ag719E AdEAldl 3lE BF e S =YY ThsAdol =5 Aot

Ao 2 M AFolE 71l deko] Haggzle] 560 uet g FHE F S FEsH
(A=A, 749, 2019; Hambrick and Mason, 1984), Hambrick and Mason(1984)o] AA]& 231
17

97 o]Z(upper echelons theory)oll k=2 17 Jxlo] 7|ge] S FRgHE FolA, 3
2 TANEe) AREAGA 5450 J19e) Aol JFE FE Aol A olFF ARFA
HEL %, T4, OY, AEFE 5 TIAY, Aol Aol BE FEE W gt AEHew
g2 ool Hla) oA A ol Slof 717 0] ARt (risk-taking)dh= Aol U= AR LA it
(Croson & Gneezy, 2009; Eckel & Grossman, 2008; Ertac & Gurdal, 2012; Filippin & Crosetto,
2016). &g AFAE 719e] CEOZH ¥4 ASol= weisle], ¢4 CEO7 ¢33k /1ge ol
CEO7} g3k 71del MsiE o #440|n% 8% e T4 242 WY R /yen
(Faccio, Marchica, & Mura, 2016; Martin, Nishikawa, & Williams, 2009), 2~vtEfE2] =] F3k
Z1gie] Autael rragael Mae wyshs, AAHoR JUETt e FAolnE ¥4 CEO7}
AeEE 5ol o & 4 Tk wWekAl, A CEOE AnlEdze) £q P54 A(ne #E
74 Relet.

7Hd 6. 71| CEO7F BAd A 7Ide] 2rtEdER]S =08 7Fs/do] w2 Zlolth

b 1 o2 o L
O
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2 d7e Tz avtEdEe] vy AR ddE e V1] SASd del A7

AL of Az FEE ol &3ttt Ta7IGAu AR Al T4714e 2R 9 A9
g 5% gefatr] A% AERARA 19679 HE AdE o) R wid Al HaL Slvh, FAawA AR
(2019)0 wh2H, F27|gdd 2 ks SAF Y (A=A b o (T19ARAS) A=E o83 3t
b5k 7|95l wiEd Ve FA7IH0R AT £ Y VI9ES e R dFHER viEd, A,
AT Hleg alete] myte s FART D Az FEe] BE2 dF B e e 52
F 2z F2l 278k R 75007 719E FEskA. 201839 53xke} 20199 543F AL
B d9E VEes BEFES ] 4 75007 FAAZTIHE BEOR

B AT 532k} 543k 2ARS 719 AEAE o]83te] wiF (matching)she] sidd|e]El (panel data)
£ TAsIrE? 2ea 719e] Aol Mol obd A A FHERNAM ALl ol F
2018 20199 BT AGRH7} EAshE 1,927 S2AZ7|HES UdoR o5 AnfEdER =Y
ARl tisl ASEHsAT. & 719 T 27 dee] JuV EAstes W] 253k (missing value)o]
A= AE Aslsta 3,785/ 719-d= mR tiE dSEA sk

£ Ad7e SRARTIHEY 2484 =Y RS o5 2ntEdED B9 Ao A3
zutEdER] ©9 AAL WAHoR o|Fold 4 glon, o]F FH3H= dl glol MEEF “FAY
2rtEFY =9 oREY g VdEe] 1) BY 98, 2) Y F, 3) =Y A8 F, 4 =Y AF
e T e AdEste e As o)gad. B d7e 2ntERER 2YAge] e TIHEY]
Sl tiHlete] 2rtEAERE =Y 4R Y T, Z9AIE F2 719EY A4S 44 vlwst
7] 98te], E&5WS ArfEdED] EYekAs W33 W (categorical variable)2 43819tk 712 o
2, 20 EgED] Tte 7190 2YgAE glee® SHIS W 03s, =YAE ToE RIS

o 13, =Y Fo2 SHIAE w2

=y
i
ki
i)
o
Al
utl
oo
zfl
e
o
R=)
Y
zy
o
)
RJ
i
Ju
QL
e
fiu)

2) 2y

2 A7 AEESR 71GA8RIRD), BEERIRD), RRDAKE, selAd Eel, 9871 A
tln], ¥4 CEO tin], 20209 % Tn]& AFgslth (Table 1)2 o5 W49 227 Hol& HojEr),

1 AAD FAE 213 wiEdo] 59 ofakl 719 ERTIA A LSFArHEAaMA7]19%, 2019).
2) A=e] 719 AEAlE vh2Z(masking) ¥lo19)e], 7F ZARAE | FUgh 7ol #F R 9] ks ERIE 4 IS ¥ 719
A (identity)= ¥t Erlslct,
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Table 1. AQipiao| 22 ol
EEEES EEE R
I HBRAHZT) NTAEONH 7S HPEES A 2ol AAAZ1E Ht &
) SPHE) Lt 7| Qo] OSSR M 2| HAZIE 3 ¥
R&DYIE AT AT ALY ZAS HEZAOZ Lhe 7
3H2lA% e AT LA BB AS DEEACR L Y
gerle 92 oo SR o] H2fet 97|l 47t 0 O40IR 17 0] 03 IRl
= g 1T T |:_1|:||
2 CEO o) s <3501| 7| QOB SAOIR 13 Of40|B 07tg TRIE Cioja
20194 o) YAt 20190 13, 2018 0| 028 7HAlE Coji4
AYRFE F 209 A oz S olg $AR Yl Teste] Alante SAISH
(Fig. 1) 19247)e] RHEE FaAZIFE] FAE 24 vIFE BT 9ot
Fig. 1. B4 EE 7|99 M H|F
AZE 4.47
S8 2.03
SRS 4.21
o5 & 2OIME 4.89
Obs, Opeh o Alg 4.42
S & URHE 4.94
2D g SO0IME 5.09
oI, DI SOHA =X 4.42
352 K BENE 5.15
S ESE Y AAnE 4.00
N2HE L EctAE 3.95
H3&ZSHE 4.57
15 6.34
SHIBHS 3.01
X ZRE, S48, SAS| 4.99
oz, 3L, Z800| 4.99
psPlk=t:1 5.41
JIERIH & &bl 3.12
St Edlee] 5.35
JIEt2 S 5.15
P ES 4.89
JIEHHE 4.63
=]
3. B

B A7e snledEy] 2o $ag 7)ol BAH Aol vis) aely] 9 o 242 59

= (multmormal logistic regression)-&

F&uel tatel 54 WAV AdE 28

2t} (Greene, 2012),

Sasele. the 2428 gAnge
wgste] FRe

[e]
=

olE

e
Aoz

=]
o

Hre Aojd
veh ot
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Prob(Y; =j

L 7lsSAS daaAiE

(Table 2)&= 8 WHEE| )

‘wl‘):P =

)
it

@ esAE

fr
S

3

exp (w;afj)
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Zexp(w;a//)

j=0

welFm g, 2ok

7=0,1,2,3.

dds HE S Hehdt,

_u]]Ea] CO] 7_-]9/]

= S SUAY gt KYAD § Al e, LisIgel Frdde g delsle

H, FamE2 829 doldit, TRV F 37.7%7F A=l HAErIGF A FEe] Ak
=3, 22719 T dusE AASe 90.9%7F 3 719U ETE B dstke 7ol
Table 2. 7| =54
s w2 mzma A Ay
1 ANfEBES| £ 0.754 1.180 0.000 3,000
2 2 2572 0.680 0493 4331
3 RS ER) 15921 1350 13131 18821
4 RADTLE 0018 0,044 0,000 0.941
5 SHAAI H 0,091 0211 0.000 1,000
6 Y| 92 o) 0377 0.485 0.000 1,000
7 W CEO &n| 0.909 0287 0.000 1,000
8 20194 o) 0,503 0.500 0.000 1,000
(Table 3)& F8 WHFEC g FAAAE BAFaL ok
Table 3. A& AHE
i 2 3 4 5 6 7 8
1 1000
0170+ 1000
036dwex  0418sex 1000
4 ooase 0020 0104 ong
5 0131w 015Tesx 0250w« 0052#ex 1000
6 0079 0002  0097= 0024 OO qong
0043w+« 0101w+ 0156wsx 0007 0049+ 0031« 1000
0193w+ 0072+ 0004 0004 0019 0049+ 0006  1.000

*xx p<0.01, ** p<0.05, * p<0.1
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=22 (Table 4= WFE FEHURR] 2vtEAED] Edrle] 2XHFE A, d=ER
HolZa Qo FAFczE, 24 @AIE BrdsE Aoste o]&9 Axd 7ESAE A ]3} At

2018304 2019d%9] 7|7k B9t ~nfEAER] £9] AlFe] giE 71d<] Hl;-_r~ 77.5%914 59. 7%=
a9, = Al FolAY =Y F9l V1Y, 2 =Y 4535 71dY vgL Ik ArtERE
g2 ¢ g453F 7199 HE&L 10.5%4 22.2%2 F # o] Zrksglet.
Table 4. AOEMER| TQICHAY HEH 255
HES HA 2018U E(HE £=12881) 2019H S (EE & =1904)
2OERES] = orsy BEEA Bz BEMA
= AR =) 0.775 0.418 0.597 0.491
= A F(H0) 0.030 0171 0.047 0211
= 3(H0) 0.089 0.285 0.134 0.341
9 2ta(Hn)) 0.105 0.307 0.222 0415

(Fig. 2)& 2t 2vpEdEe] =u] g BolFa gloh, 714 Haite] && A4S 35718

[e} BA fud
AFOIRoR, ot A, BHE, B, FAP; LEAE @ Belaw); A1AE; shotRd o
SHeAE; A5A @ SdAe} HE oldleh. 1 Baraol e ARl J1E, % Alolgion,

gEogs oF gl BuAE S 9 Al A, Z1S5HAl SRV HE ol

Fig. 2. Al ANETER| TQITEAH I

ARz 0.60
sz 0.60
HRRE 0.89
o= 9 QURS 0.28
ObS, Db 2 Al 0.21
2T L URRES 0.38
=D Q S0IRE 0.83
oI, JIZ A = H 0.43
382 A o BiEHE 1.02
RESE U %R 0.69
DSHE L EatAE 1.25
HISSZSHE 0.71
1322 074
SLIIBHE 1.30
Xt EEH, Y4, SAFH| 127
o2, ¥y, #s()| 0.83
1= 112
JIERIH % B 0.91
NS L L 1.02
JIEt2 S| 0.60
DIV ES 0.48
JIEHRI S 0.44
I T T T

H
11
o
=
0
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ololX (Fig. 3) & el ~rhedlEe] mqsha v e RolFn k. FE/HEAF Mol &9
79 % 307k 2vtEdEe £9E ghastel b Be HFS BT, ozt A4, AFE,
A, BAAIGIA 317}, DEAE 9 Behaeol 2807} srhEdEe] B9 SEaT. ols)
drdoz of @ waAFIAE 47k, 45, /b 2 Al SU7h, 14, 1Al BAlolAte
7Tk 2nlEREe] £9e gRste] e wEe wolFerh (Fig. 29t (Fig. 3)e Zrhegey
=I5} FIste] vla AR Agd e BelFu], ArhEREes} AU Ao REstn
e Mol
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(Table 5)+= 7149 ~rlEAER] =Aldl digh tha} X2y 3|9EA 9] 435 HoFal 9o},
ZAAFe B2 (standard errors)E 7)o tha] - & (cluster)st ). 7|EHF(baseline cat-
egory)= ~ulEHED “YAYo] §lE(Y; = 0) 71gdEe]H, d(1)-3)2 710l o] 7|[&HFd &8
g gnlste] ©dAIE (Y, = 1), = (Y, = 2), E49E(Y] = 3) HFol £ 52 Ve
© 42+ A 21 2 Z(relative log odds)dll ek Arm 4] &S HoFu Qo)
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Table 5. ADIEWER| EUTA0| Ci3t L 2R|AS s|32Y 21t

E(1) E(2) E(3)
SEHp=A0EMES] EIHA A =Y 3 Y =
7| EHB(RAA =) 0.160 0.139 -0.124
(0.168) (0.122) (0.100)
ISRt 2) 0.397xxx 0.601 %%+ 0.77 1%
(0.089) (0.069) (0.070)
R&DYFT 2.567 1.791 4 5285
(1.575) (1.843) (1.180)
SHIAZ 0.255 0.156 0.511%x
(0.404) (0.274) (0.244)
E7|Y FF ool 0.070 -0.110 0.255%x*
(0.199) (0.128) (0.109)
=g CEO C{Ooj -0.269 -0.189 -0.248
(0.335) (0.250) (0.225)
20194 & 40| 0.829xx*x 0.863%x*x 1.249%xx
(0.132) (0.077) (0.079)
d4 -9.515%*x =12.914%xx -14.895%*x
(1.423) (1.189) (1.157)
MAESR MO Yes Yes Yes
B2 £ 3,785 3,785 3,785
Clustered standard errors in parentheses
**xx p<0.01, ** p<0.05, * p<0.1
S 2ALY A A 19 el £E4% J\gel 2hEARS E9 3 28,
g 29 98, EYSss HEel Byl g S5 HHlRe] B Feli Aoz ek

(d(1)-(3) p<0.01). &3} 71¢jo] AnlEAEZ] E?;% dzslede B8 719 R&D%JO—FEﬂ oo
=(p<0.01), A1) H7F HE5=(p<0.05), AE71d9=h A7 A= A9 (p<0.05) =UAIE o]
[e3]

& ol tijste] wobxlt. 20199 Bv] o] g 2018350 wls) 20190l 7|0l AvtEH
EfE E9AY 59 FE, =Y Y &, =U9EE0E g5l =Ygl g FEl tinlsty
B FobiES BAFtH(E(1)-(3) p0.01).

AR 71d AR 719 el artEdED] w9l =ATAE BEdtal 9% FA ¥ o= 7
13h= FahA] o2 Atoltt, 7Rl 2rtEdEe] molo] d3dFe T4 dgkd AL 7] Bde
ol @ TRl 2AFA ] mls AsetAs ke Ao AT 5 Slrt. ofnke 22 EAle
=Y 7199% O A EE s 719 dR8H AAF o s dRaAt 9l CEOS] Aol 71]de] Aatst

€ AFY 77 53 2o AxH e ddsEo] IS 7Fe % JdtH(Cucculelli, 2018). B, H7g
CEO 3t 7|99 2rledEe] 2elo] =QehlE B¥aln 93 74 ggtone, 7 6ok 133
A i}, ol AntEdER] =90l 7|9 Hitreke A Bdo] glld ALR M 4 Ut
A AnfEdED] £ ¢tixEe 4.0 Alhol tiulgl, AlzdAle] 8 EJ=S FAstal vkar
£ g o] sl 3ol IAe gl £ 4 v B o] Ade fElvet AlzgAle] et
CEO2Q] AHo] o & ddAo] glttes AL AAFE 7FsAE o).

Ao, ~utEAE S ST 7] =dAIge] gle 7]‘?3J4w s 719 5d0lA frejv
gk 2ol & Hols whd, =YAIE Ty =Y F1l 7192 79T RE Al V95 Aol
Holz] g Ao g vestt, ol2fst i 2N EYste Q*WO] 719E0l AR 44 o]l
2ol =S 983 Aog FAHor FAE S ok
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3. F7F B4 A48 A2 3AEA (ordered logistic regression) A3}

112

slekaedl, ol ‘:’Fﬂ AZ1H A (A =
(ordered logistic regression model)-& AF&3Fe] F7} £24-2 =343}
Mo} rlT IR R FAA e TFQ 2} (standard errors):= 7] 9l

62 7119l 2nlEdER] =ojdAlol] dist MY A 2H 3|HEA 9 J/}“ HolFa S’,AD}.

Table 6. ADIETEZ| TUAO| THot =M ZR|AE S| YEM Aut
E(1)
1Y SEHp=A0EMED] ST
7| A(RIHET) -0.044
(0.080)
HE(AIHED) 0.653xx
(0.052)
R&DY AT 3707
(1.001)
af2AY HA 0.339+
(0.194)
A7 /5 HOl 0.146*
(0.084)
g’ CEO | -0.195
(0.164)
20199 = 0| 1.017%xx
(0.054)
MEEF HO| Yes
/cutl 12.176%%*
(0.832)
[cut2 12.41 3%
(0.834)
/cut3 13.224xxx
(0.842)
BE £ 3,785

Clustered standard errors in parentheses
*xx p<(0.01, ** p<0.05, * p<0.1

1 A, wiEe] E&T
(p<0 1) =714t A2t
Y 7, F& =4
CEOT: 710301 ZvtEAES B4
e 2A=g 39 o] dvjet

0.01), R&DFFE7} &5 (p(0.01), s fAZe] "LV Wers
= A(p0.1), 719e] ArtEAERE =)dU4Rs sl FEo] =99
T FEol v woAE Aow vehgthd =3, g dgt b“é
el IS FA BUTh olHT FHREH o] e I

it

=(p

E?L’ i) Jﬂ
& 4
10
_L4

3) €48 222 3ARF ] n# s (proportional odd assumption)ol] W} o]ek 2ol g 5= gt
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2 A7e vt SaAxTde] AntEdER w9 240] 7199 SAET oudt o
Ao #3f AT B ATE SRR S27IHSS I A AlTE (ST EEEAD <
Az F2 ARE ol8ste], 20183 201993 X7 HHIE EAsh= 1,927 T2AR7|HES e
2 o5 2ntEdED £y A &l AFEA A ) 2A2E 23S Aty BAe A
719¢] TF%, R&DF kR, sj iAol W9, 8713 Adls 7ol 2rtEAdER] BYS 4R dS
7Fs83 A+ #AE 7HAE o= UEt) ol £418 EA2Y RS ARt 7199 AntE
A £ 23S A3 daele Fiskdot.

2 Ad7e 2nEAdE 590 A adls 2o 24 #H A Fde Zlod s 7
o AL GEFAEAd dig Wsl =S Xt /id o2 (0ECD, 2005), JAHZ=Ed 4.0
Aol tiulsk 719 2nfEdER] =9 mgk 22l dgtoz ol & vk, M ATFAAM =
22 Aol 719 e F AEA Wee) B2 2HAR1F TAAR] AHHAE S BoFileT
(Mol and Birkinshaw, 2009), ¥ <17-2] A¥l= o]e} B§slort. &gl da ATl 71do] o F-=
FE ARE FSsHAY AF2FY JHstd A4S =Y Tl Eokdls BoFiied
(Moyano-Fuentes et al,, 2012; Pippel, 2014; Simao and Franco, 2018), 719o] $1&7143 7@
o & w ArfEdERE £ Jtedo] molkithe £ AT A oleke Fgetdint, SRRt
APATE g2 3P AAde 2], 7|9d=F CEO] 4 ~nfEdED] 3 AudS
ZEAA] eFkT,

oA £ A=t BEVIGES 2vtEAE =9 AAS A8 243k QITi2=Eg 4.0
Al thulste] Alej2dst ol AAIStAL vt 2ntERED =¥ #AS A Gt #He] AT
UFEo] A7 HEZAE vfgo R 7|go] Qlshs, AnfEdERE A
9 A= (@AY, o4, 2020; oltkE 9], 2020), B dFE= 7ige] e AA =9 AAS B
Ak, mgl, oj2gk A4o] dAEE TS ety Wl (=AY fle-=YA
YAB)Z FE3F B £ A7 A 2w AnfEdERE 29gs
e 7193 vt 7195 A frefrlgk AfolE Kol vhA, =AY FolAY =4 Sl 7
71GTEE AQlg 7|dEA0lA AfolE HolA| fe Zo & vEhtt o] 2ntEAE e Ze 27
2g Eddske HalHRl Z19Ee] AR 94 22 F A Aeste] =Ys
e & ot

ol AAES o R B ATE TeH2l AXE Sz AFARI AARES 7Y, B AT e
2ntEAE o} 22 Sk 22 YAl =)ol o] 7199 BIAER olF AT F e 848
HAzste] =9 24 i & v}, 2tEAE Eds B2 Hgo] AQHAR RyF 21

e 71e A AHVIdERTEH 2rtEdEe =Y #3 AEE gold H5Y =Y
Afds 5 olERTEH 2HF Fofgtes TS L 5 Aok 2riEARY =Yg dAdshe
AAARAES U A5E S A 5 M Hol FAe] 8848 AnT Sl FaAx7Y
FTAME FEI 331, Halo] Fasta, FRistEo] gla, 97]ds ARBA e 71He AvlEd
2z =9 A5Hd # T Stk ol#d g5

B A7 oE@ 7ol ol A =& 7HAAL gk, 94, £ AT fEiuet SaxlzIel
zutEAED] £ ARS AFRAEAL long B Ao Adg v} tirigely sl <i71el
dutstelr)= of et 3, 2 A7 ARl AR <l8 719ge] AntEdEe] =Y A FAHe s
TS = W g8 WFES BT AEEAE Zdd dE 59, 71dY 2HEe JEdal
(technological innovation) F=Fout thFet alAjs) 2l 3 A Azl JFe TS 5 lrke]
B, uE, 2020). £ A7 7€l $E0] RADFOFE Mg FEH o uhdss AoR ols)s)
AL, FaAz7Igel e FaAN ] 2 FAALAETF FAAH HellrE Hlud fAE Aew
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T o33 IAS BHelsly
A 2918 Este] vz
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2018), &2 =AFH A, HHE, 2019)8 9 7= Q)
7199¢] AartedE ] =-ld ds = & e

& 7 ArHE =2 ¢ e Aol

© O
ot

2 g

4 e

References

WA 5, U5 2% GRIIEsIE (2017), SRS $I3 AR F4le] 4349 thg A8 [Korea
4.0".

WL e (2020), 7| Ro] 2ntE A 580w gl A viAle F A95dE s

-", Journal of Digital Convergence, 18(9), 125-133.
A, o=, (2020), “2rlEHAED] 7|Eggol| JLS A= Qoo 3L AT, Journal of Information
Technology Applications & Management, 27(1), 75-95.
AEH, 4314, (2019), A4k A EEE 719 2E X, ol a9l Sl tigk FE A7
ofgn/=1/ 017 10(3), 153-171.

& 4aIels g9l 3] (2018), “AntEFGoR 75N dAte] FE, HeAls.

(2015), “2=wtE AE)o} ARE W 2TE T, Fxg £ 33(1), 24-29.

(2016), “~nlEFH 7|& 5 2 R&DZEW, The Magazine of the IEIE, 43(6), 16-24.

FANME 34, (2020), “2vke HEe] wlo) G vlAle 891 B B9 78 S SR

{HE GAI=H 5%, 43(2), 110-119.

oFd, ¥, (2020), - 7l i AQAldo] Sav]e] galdEd viAs I, o=/ 11(4),
177-188.

Aok, AHE, (2019), “Z2Eslel alds 7he] AN 22, o kAEe] viET Alxds FACE
ofgfHj=1/2 9972 10(1), 39-54.

Z7He, 289, B3, ARA, 2018, “2018'd =7 |YSAlEAR Al T2, AR 2018-06-01, #H5r)E
A AT,

FAMAZIGE (2019), FATIAAE AL FAEHEIA.

Alsharkas, Z. (2014), “Firm size, competition, financing and innovation”, /nternational Journal of Management
and Economics, 44, 51-73.

Balasubramanian, N. and ]. Lee (2008), “Firm age and innovation”, /ndustrial and Corporate Change, 17(5),
1019-1047.

Ballot, G, F. Fakhfakh, F. Galia, and A. Salter (2015), “The fateful triangle: Complementarities in
performance between product, process and organizational innovation in France and the UK,
Research Policy, 44(1), 217-232.

Baumann, J. and A. S. Kritikos (2016), “The link between R&D, innovation and productivity: Are micro
firms different?”, Research Policy, 45(6), 1263-1274.

Bronzini, R. and P. Piselli (2016), “The impact of R&D subsidies on firm innovation”, Research Policy,
45(2), 442-457.

Cagliano, R, F. Caniato and G. Spina (2006), “The linkage between supply chain integration and
manufacturing improvement programmes”, International journal of Operations & Production
Management, 26(3), 282-299.

Chen, W. and F. Kamal (2016), “The impact of information and communication technology adoption
on multinational firm boundary decisions”, journal of International Business Studies, 47(5), 563-576.

Cohen, W. M. and D. A. Levinthal (1990), “Absorptive capacity: A new perspective on learning and
innovation”, Administrative Science Quarterly, 35(1), 128-152.

oy

o
e
°]

I

o

1 otk of
?JQ?HOOE

=



Criscuolo, C, J. E. Haskel, and M. ]. Slaughter (2010), “Global engagement and the innovation activities
of firms”, International Journal of Industrial Organization, 28(2), 191-202.

Croson, R. and U. Gneezy (2009), “Gender differences in preferences”, journal of Economic Literature, 47(2),
448-474.

Cucculelli, M. (2018), “Firm age and the probability of product innovation. Do CEO tenure and product
tenure matter?”, Journal of Evolutionary Economics, 28, 153-179.

Dooley, L., B. Kenny and M. Cronin (2016), “Interorganizational innovation across geographic and
cognitive boundaries: does firm size matter?’, R&D Management, 46, 227-243.

Duman, M. C. and B. Akdemir (2021), “A study to determine the effects of industry 4.0 technology
components on organizational performance”, Technological Forecasting and Social Change, 167,
120615.

Eckel, C. C. and P. ]. Grossmann (2008), “Men, women and risk aversion: Experimental evidence”, In
C. R. Plott and V. L. Smith (Eds.), Handbook of Experimental Economics Results (p.1061-1073),
Amsterdam: North-Holland.

Ertac, S. and M. Y. Gurdal (2012), “Deciding to decide: Gender, leadership and risk-taking in groups”,
Journal of Economic Behavior & Organization, 83, 24-30.

Faccio, M., M.-T. Marchica and R. Mura (2016), “CEO gender, corporate risk-taking, and the efficiency
of capital allocation”, journal of Corporate Finance, 39,193-209.

Filippin, A. and P. Crosetto (2016), “A reconsideration of gender differences in risk attitude”, Management
Science, 62(11), 3138-3160.

Ganter, A. and A. Hecker (2013), “Deciphering antecedents of organizational innovation”, journal of Business
Research, 66(5), 575-584.

Greene, W. H. (2012), “Econometric analysis (7th ed.)”, Pearson Education.

Hall, B. H. (2011), “Innovation and productivity”, NBER working paper #17178.

Hambrick, D. C. and P. A. Mason (1984), “Upper echelons: The organization as a reflection of its top
managers”, Academy of Management Review; 9, 193-206.

Hannan, M. T. and ]. Freeman (1984), “Structural inertia and organizational change”, American Sociological
Review, 49(2), 149-164.

Hervas-Oliver, J.-L., F. Sempere-Ripoll, C. Boronat-Moll and R. Rojas-Alvarado (2018), “On the joint effect
of technological and management innovations on performance: increasing or diminishing
returns?”, Technology Analysis & Strategic Management, 30(5), 569-581.

Kafouros, M. I, P. ]. Buckley, J. A. Sharp and C. Wang (2008), “The role of internationalization in explaining
innovation performance”, Technovation, 28(1-2), 63-74.

Kamaruddin, N. K. and Z. M. Udin (2009), “Supply chain technology adoption in Malaysian automotive
suppliers”, journal of Manufacturing Technology Management, 20(3), 385-403.

Kumar, N. and S.-C. Lee (2022), “Human-machine interface in smart factory: A systematic literature
review”, Technological Forecasting and Social Change, 174, 121284.

Lee, R, ]J.-H. Lee and T. C. Garrett (2019), “Synergy effects of innovation on firm performance”, journal
of Business Research, 99, 507-515.

Lee, N, H. Sameen and M. Cowling (2015), “Access to finance for innovative SMEs since the financial
crisis”, Research Policy, 44(2), 370-380.

Leonard-Barton, D. (1992), “Core capabilities and core rigidities: A paradox in managing new product
development”, Strategic Management Journal, 13, 111-125.

Longo, F., L. Nicoletti and A. Padovano (2017), “Smart operators in industry 4.0: A human-centered
approach to enhance operators’ capabilities and competencies within the new smart factory
context’, Computers & Industrial Engineering, 113, 144-159.

Martin, A. D, T. Nishikawa and M. A. Williams (2009), “CEO gender: Effects on valuation and risk”,
Quarterly Journal of Finance and Accounting, 48(3), 23-40.



94 Asia-Pacific Journal of Business ~Vol. 13, No. 2, June 2022

Mol, M. ]. and ]. Birkinshaw (2009), “The sources of management innovation: When firms introduce
new management practices”, Journal of Business Research, 62(12), 1269-1280.

Moyano?Fuentes, ], M. Sacrist’n?D?az and P. J. Mart?nez?Jurado (2012), “Cooperation in the supply chain
and lean production adoption: Evidence from the Spanish automotive industry”, International
Journal of Operations & Production Management, 32(9), 1075-1096.

Nelson, R. R. and S. G. Winter (1982), “An evolutionary theory of economic change”, Belknap.

Neugebauer, R, S. Hippmann, M. Leis and M. Landherr (2016), “Industrie 4.0 - From the perspective
of applied research”, Procedia CIRP, 57, 2-7.

Organisation for Economic Co-operation and Development (OECD). (2005), “Oslo manual: guidelines
for collecting and interpreting innovation data”, Oslo Manual, 3rd ed.

Pakes, A. and Z. Griliches (1984), “Patents and R&D at the firm level: a first look”, In Z. Griliches (Ed.),
R&D, Patents, and Productivity (pp. 55-71), University of Chicago Press.

Pippel, G. (2014), “R&D cooperation for non-technological innovations”, Economics of Innovation and New
Technology, 23(7), 611-630.

Riib, J. and H. Bahemia (2019), “A review of the literature on smart factory implementation”, 2019
IEEE International Conference on Engineering, Technology and Innovation (ICE/ITMC), 1-9.

Schmidt, T. (2010), “Absorptive capacity—One size fits all? a firm-level analysis of absorptive capacity
for different kinds of knowledge”, Managerial and Decision Economics, 31(1), 1-18.

Schneckenberg, D. (2015), “Open innovation and knowledge networking in a multinational corporation”,
Journal of Business Strategy, 36(1), 14-24.

Simao, L. and M. Franco (2018), “External knowledge sources as antecedents of organizational innovation
in firm workplaces: A knowledge-based perspective”, journal of Knowledge Management, 22(2),
237-256.

Sousa, M. ], R. Cruz, A. Rocha and M. Sousa (2019), “Innovation trends for smart factories: A literature
review”, In A. Rocha, H. Adeli, L. P. Reis, & S. Costanzo (Eds.), New Knowledge in Information
Systems and Technologies (p. 689-698), Springer.

Vaidya, S, P. Ambad, and S. Bhosle (2018), “Industry 4.0 — A glimpse”, Procedia Manufacturing 20, 233-238.

Won, J.-Y. and M.-]. Park (2020), “Smart factory adoption in small and medium-sized enterprises:
Empirical evidence of manufacturing industry in Korea”, Technological Forecasting and Social Change,
157, 120117.



