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In the era of the Fourth Industrial Revolution(4IR), identifying the economic
effects of new technologies is a crucial task for regional growth strategies. However,
quantifying these effects at the firm level has remained challenging. To address
this limitation, this study adopts an alternative approach using 4IR-related industrial
specialization. Recognizing that the COVID-19 pandemic served as an exogenous
shock that simultaneously affected industries nationwide, the study employs a
natural experiment framework and incorporates the concept of regional economic
resilience to capture the trajectories of decline and recovery. Based on the Korean
Standard Industrial Classification, 4IR-related industries were defined, and measures
of 4IR-related industrial specialization and regional economic resilience were
constructed using Census on Establishment. The analysis revealed that specialization in
4IR-related manufacturing and information/communications industries enhanced
resilience, whereas specialization in 4IR-related finance/insurance and professional/
scientific industries had no significant effects. These differences stem from
heterogeneous levels of technological adaptation and the capacity to respond to
contactless demand across industries. Additionally, industrial diversity was found
to weaken resilience, supporting existing arguments that the effects of diversity
are nonlinear and vary across regional contexts. By empirically showing that regional
economic resilience depends on the maturity of technologies and 4IR-related
industrial base, this study highlights the need for local governments to reorient
their industrial policies toward a sustainable direction that strengthens structural

capacities that enable rapid recovery from external shocks.

[J Keywords: 4IR-Related Industrial Specialization, Regional Economic Resilience,
COVID-19 Pandemic, Fourth Industrial Revolution Technologies,
Digital Transformation
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I. A&

20164 MAEAIZH(World Economic Forum; WEF)OIA #& AAJH 44} AHAEgo
k= 71d(Schwab, 2016) 2A24% AJ535 7IRICE 7|& A AIAERE AjHshs 7
& gilog OIOHH‘:K—‘Jﬁ] , 2016). AFEQIEY(Internet of Things), E2+-E AF
(Cloud Computing), glto ]Ei(B1g Data), S-5As{(Artificial Intelligence) 5 Al7|&
AAZE ol - A9 2A4E Boto] 7]Ee] ik 2 T S JEAF o R M
(75H1, 2024a; Javaid et al., 2022). £3], AES5A17]&(Information and Communication
Technology; ICT) 2AFER £&5 ¥ A HiE &3} 7| AAYEE FH71
(Jorgenson & Vu, 2016; Niebel, 2018; Qu et al., 2017), JFA 2 & 9 A=
Soto] AFd AAQ] a84dS A|arsttHAghion et al., 2019; Purdy & Daugherty, 2016).
A71&9] AAA aTE gofshe A2 A9 A Ak 1ol Qo] 2Rl Aol A9t
& =% oFolv 4l &5 71 ©RlolA Agslsks A2 AL Ak oo Al7]&0]
oo g FHE = 43} 4HR19] B3} 2 E8sto] FAAA autE EAoks Aol
A QIEHEFTIR, 2023). 47F Abdell E3HE A2 A AT 7]&9] 4, HlolE 7|Ht]
oMY, & weg X, 7|Y 1+ Y HESRA 52 Bl A7lee a9t AAA
o= ZEshe 7Nk tAE 4 AT (HAS 9], 2018). o= A o]9(agglomeration
economies)= AlEotH ©7|4 PiHg LR ozt - 7—‘4 ?l AR A3tz olofxitt
(Duranton & Puga, 2004). H]E ARFA7]|&9] Wdo] & Aok elslslo] E35} &
e IS 5= ok Y EAoEA|THPascal, 1987), T;_Li EQ}—J H(globalization
paradox)°f T2 FAAHL 935]8 Z|A|(knowledge), A (relationship), 57](motivation)
5 A998 219 6& 9&stA HrhPorter, 1998). &, 42} AFQ E3h= A7]&9] the =
Y= "ol A Al BEiA L st A4 ¢g 25 ASohe 24 HAYEZA
AAA 3aE FRER

42+ AH4e] BAIA aiks ) SR R 4 ARl HE HestA skt 2
EU19 W92 A &5, s A, A A ARl 23 A2 S oI5kl o
(:rl‘?l‘?l 9], 2024a; YAP]-EFA, 2022; FAS 9], 2021), ¥ 7]29] Ak AET

AATL-HAAY 5 gAE 7]&9 82 F43] St thBrynjolfsson et al.,
2020 De’ et al., 2020). o] ZFollA HAE Qlxel= ikt AR|AL] A4S HA o=
HA] AR 7150FH(H L7, 2020; de la Garza Montemayor et al., 2023), 4%} A
71&0] oF 4L Wolol= A TS TS THUIRIE WHY] o] AT 431
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A 7le9 AAE adE ARPHez Hrist ¥HABrynjolfsson & McAfee, 2014,
Gordon, 2015; Ishida, 2015), WY o]F A= HAE 7|5t Aol 3152 Alsk= &
S F=x5IHHBocean & Virzaru, 2023; Magoutas et al., 2024; Saba & Ngepah,
2024)= A2 ol RSt wEbA IE2U9 Wl 43} 4H B3} A o] o &
Ao ofgA th-Z5tal JESH=AIE AEY = = A A¥(natural experiment)2] 73]
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I #AFAE

1. 47t MY Ealet X9 ZHe] 2

424 AFEEE 20169 AABAZAWEROIA A3 3418k 7de=, gxd, &9
Qe 7]&o0] g3tEo] Aol XS AAS ARLAsHs 1A wolE oujsith
(Schwab, 2016). AFERIEY, QIFAE, SH9E AFY, HHlolE 5 34 712 ‘3101‘3
o X7 Azlol 4B Bojol AT WAlo] B IO AUk
9], 2023; Javaid et al., 2022). olgfgt 714 XA Wwa AR X419 A} ®4lS AH
gomn Ao e T2 AAE WAL 42 Addshe Hl gelow XEH

AtHCooke, 2021; De Propris & Bailey, 2020; Kireeva & Tsoi, 2018; Ramirez,
2021).

42 AHAEE o] AAA FFE Al 7H] F8 HAUZOE Yepdth AR, Bide]
A 7jAolty. AntE WEE(smart factory), HAE E(digital twin) 5 Hlo]¥ 715t A
71E8 A H[ L ZHAAZ|T 29 G822 SKsto g A9 A9l B AL A
2HCooke, 2021). 4, A4 A9l Z=oltt. Amg3e), WE|A(fintech)?t 22
For 411 TR AR BES St oljd Aljlo] Aol FxE A%
2 EXok= A 287 FAHHNiranga et al., 2022; Ramirez, 2021). AlA,
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A} A ESlE e 118 % o ] 0}‘43} IR %ﬁ o%*’ﬂ/ﬂ 8-S FA ALY
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o] B4 Aejo] WEEW A2lo] B4t =5 B, Y|& ¥ YEYIY} ZeEn 24
2] ﬂ»r—_&-l—]{extemal effect)—‘:é—' HETH(Marshall, 1920; Porter, 1998). £3] 44} AFY-2
2 AP e} 7l EE4AES HESH] dlwol T 7199 g4l AT XY
RlolA 9] Ay shgat 2lAd Bato] A g F2THGotz & Jankowska, 2017).
&, 43 4 S8k 71 =Y o FE 9ol A9 g4l BEHA st 1A - AR &[4 =
FFEE A5k HAUSC R olsiE ot itk —01 7l UER Q19 F7HA] Aok
tof| = A o] X2 2pilof| HE: o 6}7%] Hok= 2243ke] JM4(Porter, 1998)l
=2 7|eo] HEJESE X9 7t & 2+o] E:rpo:Lo_ Alsl= ),

42} 4kRio] x| Ao m|A= Joﬂ Tt AT AT GA] o]t ApolE AARITE 4l
8- LA020)E Az 7 4% o B EAEe] A7 9 A §9E 5
= Selstglom, 43 4k A » Az F01202) Ax L 2§

B3 7HE 47} AkQjo] X9 AY oJgkS wjz Wb uk: ol yslr)s
718k 43} Ab2 Fouek RS gelstlom, 4] Aol TE A3

A3/} EATE A, o ssto] b} 49 &, 94 A,

AY 2 YEolghs H= AARIT mEhA 2
A= 43F A ESHETE 4 H 5318 1= s RxE A
HEI XY 7+ ave] ZolE sk

H5H1(2017)2 431 AH9E B 7]l
QAVBA%s, wjlole], AHBIEY, mujd, 14
35S R R0l ¥ 1V 7168 44 -
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2. S|REIHAMO| JH U Zx{up

3EH2 WHdisturbance)oll ZHste] A|ARIS] 7|52 FAISHAY SAS HAdohe
, THNA Al&5] FEsks Y, Bl F3clke 58, AAHY FE2E AERA sk
2 EEIHEEY 2], 2014 Holling, 1973; Meerow et al., 2016; Walker et al.,
). o] et Fo= £7 oA AEjR 9] A&3%E B S8l(engineering resilience)iyt
oflg}, wahof] ZWste] AARIS] X5 FLEAOZ XAkl o U2 Fo = Hgkst

U
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= g Se(ecological resilience)s RF EISH= thHZ] £A4L AYEE(Martin,

2
2012), AlAglo] W3l dgoflA HR{3 WAHA g 58S Z3doh= 4 /i oE o)
& % 9k
(B 1) SIEEZEMARZ0| 7|5t 4R} A 2R
== e AtoiE=mH == e AtoiE=m
=25 Haos EHT T o =25 Haos THT T o
S ol =, E] B2XA]
2002 | FEFA R ;E;a}i“ =% 29280 AYg 2R AR
7 9] Fle 25 o § ujgs % BeHe 2
23999 JEAE A2 29292 sore 497] A2
26111 | WRele A4uesz Az 30332 | AEAS A WA AR
dlEelg 9 7ler 4 mx
26112 e Az | 30309 | 19 JlEk AEA RE A2
O o] Gkl SlaL O Zx] ul
26212 | 71 8 BAA AR 31311 | TV glﬁ;;lg T
o] k7] 9l Ho 3
26219 A6} EAGH) A2 sizrz | T EETLE T9 AR
26293 AAIE Ax 31322 FE71E BE A2
Ol AILE Y + ol
26200 | 1 9 Fe A% BE A sgp19 | 1 AARAZERC R R
od
26310 AFE AxY 58221 | AAHAZEY0] A 2 TFY
Aze | 26421 W5 Az 58222 | SRAMEZ0] A U TFY
26422 ols Az Az ] 61210 A4
26420 | 7k w4 B Azl | E [ 6100 24 9 94 54
26519 | ¥IHe 9 715t G717 A2 | s =g | 62010 AFE ZeadY Al
dqold, YFe B/ L | w AR AREALY BT AR L 75
27211 2} 7|7 AZY Auiag | 62021 Aol
27301 | For= 9 Fokak AR 63111 A2
o we gl 7lek Qe 4
28119 | 7I5H A7) AR Az o120 | FEH 7L DA W
ol QglolA]
28114 AR A A2 63991 ‘“”E*H“”fﬂ;{‘j’“@
At 9 A =T .
g1z | WEEEVURS AN EE R 66100 | 29 7l 29 A9 Aeag
28202 247 A2 A | 70111 | 22l st 9 AEet AT A
29224 24 A7A AxY T*:T‘fl 70121 R7)-2Ag st AT A
=
29222 | A" HE ARAA AZY | aquagl | 70129 HNet B3k AT A
ZF SR REEARIES A11XF Ao wet 25491(2017)0] AAISE 3770 A1 427] Atdog AEFS)
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A 9 2E A HopollA 3158 /fdS wett A dSS dol X&rksAge HA
gQloz Y otk BRI Q] TAlE R AEES Ysletal 4] 7ot 7|53 o
FS FATCZHA A&7FsT BA AL EXT 4 e AEE Y 7] diioltt
(Sharifi & Yamagata, 2014). ol g&go| At Hejof] =9he g HEo] ofzt, 7]
&AM - QA RREo] A3k ZA] AR AA dRRS S0k AR 76T 5 UeS
AALSHE mrEkA] | 99] S1EHS Hrkohs A2 AR 7 Risiel AL AAIF SF0 dh-S
g & e T4 9 AY AZS $shs o Yaoln, A&7set T Mk uldsh)

et Y 71NHE ABUKES 2, 2014)
B4 SEee s BEAQ Pomt SANES WSARE A F, 7 A
15

(]

H9] v 2 1HSSH= HHo| 9ItiHan & Goetz, 2015). SAAH= FZ 0] HHAYSIA|
S A == 183 FZ0] “‘“0}01 74agh 1-89] HlES 9u|ohy, RFsA| =
49 ojupr} 7ok & hASE 18 o2 HE JEH —’9“—4 FE2 —4‘:‘] Sttt 019} z2
tﬂ-\ﬂ 94

219 W2 Tt 324 A710] AR QAL ARJE AR 7|9 Y

T
w

Ut BARES A5 4H] A2 SHUE 2ASHATHCIKT 2, 2021; A4 9]-EF,
2022). 9 2%k olF At AR FEUF7F HASHEA gt | viEo] ISt

719 92 otskE]Qlom 1.8 A9 EQFO = olojHrehl, 2024b; AeE
2020; o3& <, 2023; FAS <, 2021). AAE 20209 2871 F-=HHEe] FAA
A E7] oy 9F 3.3% FASHRAL, vl==2 F 8.2%, S 20204 1+7] 7]+ A9d
u] ok 6.8% Adk= S A AR AA| 220] TSI ATH= /ALY, 2020). ©
23t AolA vt E5= 7HsA ke tAIE Angks Ak} Au|Al] &S B
k= A FAR 7]5stRer, 43 4] TE 7]&o] 9F SAZ Aol AEE 92
TS EHYJTHHELT, 2020; de la Garza Montemayor et al., 2023).

F2H9 WHHS AR 43 A T Ve &8 AT 4] EE ARt =R
L= ﬁ”ﬂc’qq‘ HAAdo] =2 vio|g| A9l E4 wjFEof Bt AfB|A= A Hblo]

0] JF5I3(Zeng et al., 2020), =¥ ZEA|AL] HAESK= AH|A 4H19] HI-G £

ol & RES HIATIH MEL A 7135 ZESI9THLee & Trimi, 2021). AFGEE

?f”
o

)
il
lo

ot
O, N

r

o

HY

E



47t MY S8 XIof | si=El DRl ¥E 163F

AuEH, A2 Zoplde Hiw = glo] 15 EdE 35| fiste] S4a4E 7d
4 35 AAEe HS EYs3ItHRubega, 2021). FEEA ZoflAe AT, 221
vt -, AR 5 AR 7IRE 850l ARl E-’EQE X}ﬂ%‘%ﬂﬁﬁhﬂ

)

o
= T 5
)
2
x Tl
o
Tn
ﬂ
é

O

7:1@*3, 2021; T=RARFEAIATY, 2021). S8 HT
AB[RLY] =90 tfg5to], HthH EY 719, I5AlE 4 & A ]/\71' W}Eﬂ] %L
HEAE o8, 2021), AEHeE oA E JIEAs, HHolH, 239 &
Boto] A+ B4 HAE HEho] 7R3 QITHelEXl 9], 2022). olA" WH9] 7
421 A 7le A 29 A, ARlA A 9], g4 S5 ANE sk R
oM A 52 Aok A4l JmetE 7|55k

ol#gt ¥sk= 43} AT AAA Aol et B7F e AAFH WY ol
Aoli= Al71ee £9 F<Eo] 27| dA0] HEY U] BAF a3t Aol 3
9)& H77F QAI5FH S HBrynjolfsson & McAfee, 2014; Gordon, 2015; Ishida, 2015),
Weg] o]F Aoz tAE Iz} ST Ve 8 S5 HIFLE 43 4}l A
3lES Aolsle Zgoz zeshl= o] AzEy| AZEINtHBocean & Virzaru,
2023; Magoutas et al., 2024; Saba & Ngepah, 2024). &, FZ119 WYL 43} AHY
53} A o] oF 34 AZolA ofEA t-35tal BESI=AE ERIT ¢ AUs A AR
XS AlFstelen, Wy Ae A4 7|e &8 o] AY AA| 3EH nX]= o
FE BT 284Z A7Iskith

20
o lo

H1 Jﬂ H>
o off &
N e

1. GK= o el

2 A7e 43 A B3t A9 A FEEH v|A= FRS 1A skl A=At
GARAL] AlHE SARE 5 E8519lH: AY AA| dAtolA F2 E8E= A9US
AKgross regional domestic product) =712} X2 714 WEof Tzt 97 *kd{’ﬂ
A= AlREE Qlste] E2H4Q1 AA| & #iskE 2267 ofgth= HAIE Adot Hhd
820 7|% Holel 429 7o) A HAHoF wkSshY(Sensier et al., 2016), 42 /‘J‘ﬁg“% J_’Jr
22 71& Aol Abssh HAda=E It St dAE Al isd AR 8 &
N7t AP 25 HEA HHSTHFET 9], 2024b). wEbA SAKRE = X199 V&
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s = AdA 35 AER 750 AAE
W =BA2 18 2] v Hog WYoh= 5 F2F

?19}7} 1+EM‘4<°J *o* A743], 2020). o=t WEollA 2 Ae Al E AR 5 WSt
S R 9 A FEEE G0, 7|E &8 58S WHoE Edloh= 43 A
SR $E VMO R 43} AR ESlEE APYEiith

B 7o) AI7Hd #Q= 2017d%E 2022@7kA0]ch 20208 1Y€ FUlollA F2119
A SRR EAPSE o], M-S FHOE [ o] SHIEHA FE =2 ARSH AZE
7] A7t ABEQL, s 2A= 202240 A= SEH2 FF FHe] HA A
£ 710 ol e} 318 ES H|uoto] AMEShe X|#olt). o]F HIFoE 2 A=
A=t AlE] AR’ FARE = MBS FAESIe] 20179 HE 20199 Md9] o]He] Qg
Q1 118 FAIE wtdoh= B4 2 At 202092 AA| 22970 Al 5 19174
oA FARE 71 XS 7150te] Wud] F4o] 7Y oA AE5t AR ERIEG)
ong JAZ|Z Aot 202190 5 A oA ¥iso] yepgod, 9d 35 &
go] Edtdste] 31E 7|EoR &8olr] olefHd RHH, 202292 tH9] AlollAl 9
Q1 Z7HI7F T = o] WY o]F 3|& FES tHshs AHCE WHotgtt ofkgd A
T 3 AlFeA R 7Rse AARIAIRARS] Al A=t 2022995 TEst,
202140] ofd 20229L 3E7]9] 71&H o R AAsIYTh F7HE] Mo A= 2297 AlF
Foloh. A= 9] EAIL 43F Ab] B3kt Ao A 3150 BAE ALHOE wof
T 5 JEF o, Alde FFo] £EE JPEE 71 P GRA 4] Fxe 1
& 549 AJol7t F3oHA Uehdtt
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A9 A FREL FAAE(drop)? WEAE(rebound)] M1&-S ZIWTS] AL
T D). FEAXEE S0l WA Udke A9 WHE ngoRyE FH0z 7
A3 189 R APEHA 3). o2 o] Aste] 271 AH017WH 97 2
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ts3] AR A, A9 A 3EEo] 31 A ]/S*%]r/\g}(spatial autocorrelationy& A4
A AASIA. ol fIste] ol £1(2022)°42} mEZFAE A Q153/d(queen contiguity)
719He] 3758 (spatial weight matrix)< 3okl % Qﬁ. Moran’s 7 £ AEESH H,
9993] 4+ HA(permutation test}= ~H5I4}y. 1 A%}, A9 A =39 Moran's / &%
2 BAF R [FOJ5t o] Tt A IS ¥t Moran's 7 = .125; pseudo p < .01). 1
2y 3]AEF Q] ZEx}of| thst LM A% (Lagrange Multiplier test) Ai= (2F )3 (BF 2)
Lol EAFCE /9 0} | 2 0= Uit o= S5H A 31 27 EA)
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42} A B3l A iR B3kt A9 AA 2lEEo] v dTFE AR 2
= (F HOF A} 1 AT 47} 4 E3te= A A JEEHS T AR YE
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ShE, A g2 A9 AA IEEE 258 57 AR YERITHp < .001).
o= AMJ9] tfslrt QR FAS F5ohs 5 AR E 83T 7|E =00k ANEE
= Z27=Z(He et al.,, 2022), A A4S SAPEH O R A okol= FHASH S40]g+= W)
Hlo] 41} o] itk 35HEA f7IAE 49 "7 HHiet ARelAs A 1 A=
9JEgo] =275 F20] dMFe=E SHtEL &0 AAE 7MsA0] a2 AlARIT

H 4) OE3HEM At
Sau: Xlof ZH si=
i (=8 1) (2% 2)
B SE B SE
421 2] Esle 0.919*** 0.256 - -
sy | A AERY Sete 0.456* 0.178
A | 43} AREXY EJlT 0.719* 0.311
U | 42 28R B ) ) -0.123 0.252
42} AEast Esjr 0.078 0.190
AT A5 -19.84 1% 5.636 -20.598*** 5.791
=7 APAEE 0.011 0.010 0.013 0.010
B AAGEAT vl 2.106 1.321 2.063 1.358
= 9=l B4} HlE 3.207 7.317 2.665 7.437
fﬁ¢ st EU# vl -0.882 1.618 -1.260 1.810
FAWEA H& 0.292 0.531 0.307 0.548
AAHA Hl& -0.165 1.346 0.132 1.482
A v -0.451 0.745 -0.543 0.762
S L HolR 0.095 0.179 0.091 0.184
AJ4 17.828"" 5.779 18.653"* 5.902
FISO[RAMGHE
R 0.174 0.176
LM-Lag 1.822 1.798
Robust LM-Lag 0.034 0.088
LM-Error 2.231 2.302
Robust LM-Error 0.443 0.593

F1: *p (.05, *p <01, **p < .001

F2: HAEEHS9] VIR(variance inflation factor) 2 3.65(4AF FESAY E3}E) o|y&Z YERY,
dutHo R B8EE FEoA A e d2 AR ERIEHNUS. oY &EF DI (EF
2)9] BAMSES VIF 32 1.11(FYE4 vl&)olA 5. 71w E4* H8) HAZ Vi
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