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ABSTRACT

China’s rapid development and commercialization of high-tech technologies in the fourth
industrial revolution has led to effective technology exchanges between Korean and Chinese
firms becoming more important to Korea’s mid-term and long-term industrial development.
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However, there is still a lack of empirical research on how technology exchanges between
Korean and Chinese firms proceed and their effectiveness. In response, this study conducted
a social network analysis based on text mining data of Korea-China business technology
exchange and cooperation articles introduced in the news from 2018 to March 2020 on the
current status and effects of Korea-China technology exchanges related to the fourth industrial
revolution, and conducted a regression analysis how network centrality effect on the firm
performance. According to the results, most of the Korean major electronic firms are actively
networking with Chinese firms and institutions, showing high centrality in the centrality
index. Korean telecommunication firms showed high betweenness centrality and subgraph
centrality, and Korean Internet service providers and broadcasting contents firms showed
high eigenvector centrality. In addition, Chinese firms showed higher betweenness centrality
than Korean firms, and Chinese service firms showed higher closeness centrality than
manufacturing firms. As a result of regression analysis, this network centrality had a positive
effect on firm performance. To the best of our knowledge, this is the first to analyze the
impact of the technical cooperation between Korean and Chinese firms under the fourth
industrial revolution context. This study has theoretical implications that suggested the
direction of social network analysis—-based empirical research in global firm cooperation.
Also, this study has practical implications that the guidelines for network analysis in setting
the direction of technical cooperation between Korea and China by firms or governments.
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(Table 1) Contents of Technical Exchange between Korea and China by Period

Content of technical exchange

Korea—China Science and Technology Cooperation Agreement(November)

Established diplomatic relations between Korea and China(August)

Memorandum of Understanding on Strengthening Cooperation between Korea and China in Research

and Development of Applied Technology and Industrialization

Period

1992

1993 | First Korea-China Joint Committee on Science and Technology(Every year)

1995 | Established Korea-China Joint Research Center

2006 | First Korea-China Science and Technology Innovation Forum

2011

2014 | Established Korea-China Technology Exchange Center

2018 | Created a Korea-China Investment Fund for the Fourth Industrial Revolution technology
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(Table 2) Analysis Target

Firm

LG Electronics, Hyundai Motors,
SK Telecom, Samsung Electronics,
Huawei, Alibaba, Tesla, LG
Chemistry, SK Innovation, LG U+,
Naver, Tencent, Samsung SDI,
Nvidia, Xiaomi, AT&T, Kia Motors,
YouTube, Alexa, etc.

Environmen
t

IFA2019, Expo, Seoul Motor Show,
CES, BL4H, CES Forum, ICT

Olympics, CES2018, FTA, REMIIT
Project, CES Asia, CHTF, CES2019,
Korea 5G Day, KOTRA, Bexco, etc.
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(Table 3) Descriptive Statistics Results

L Mean
Division - -
Firm | Environment | Total

Visibility - - -
Degree
Centrality 5.677 3.179 6.483
Closeness
Centrality 0.0002 0.0003 0.00006
Betweenness
Centrality 69.5 34.2 142.8
Subgraph
Centrality 432.750 12.826 3138.017
Eigenvector

. 0.037 0.062 0.032
Centrality
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(Figure 1) Business Cooperation
Social Network between
Korea and China
(2018~2019)

L 719718 3 2 S
W= <Table 4>9} xa=y
e 0l 171419 #lo sl ot
NEV7E b2 e drhg 8ol #uly
A4 By o A=
GrEel, SKE“EH LGH =
Jol =ekoH 7;5% 7199l A =
HAES) dejubal, Aper| o] o T4
A wol UEhdH HER A 2 95 e &
H q

2 slek 53] HAAE 452 2o
A
[e}

o

fl

My

ftl
re
il
O{N “
o>
o>

rl

0



2~ 5 [e)
1% 2F 2 WA 45 4

= Z &3}
S} §Au| 1A vhol 9} ¢13

xQ

TN

2y

2
hital)
N
~ mg
)
1,
B
2
N
2
ins
2
2
o X2 o

P 7 {E[39], RIAIE S} AlQlof 9
=]

g
o
2
O(J){:A“
ol
o,
H
ofy
1
Y
Ho ook & ol = T

(Table 4) Degree Centrality Top 20

Actors
Degree
Rank Actor Centrality
1 (2) | Samsung Electronics 0.033875
2 @) | LG U+ 0.0271
3 (1) | SK Telecom 0.02168
4 (3) | Tencent 0.02168
5 (5) | Apple 0.02168
6 (8 | Tesla 0.020325
7 (7) | Alibaba 0.01897
8 (10) | Amazon 0.01897
9 (11) | Intel 0.017615
10 (12)| LG Electronics 0.01626
11 (15)| Xiaomi 0.01626
12 (6) | Huawei 0.01626
13 (16)| AT&T 0.01626
14 (13)| Naver 0.01355
15 (9) | Hyundai Motors 0.01355
16 (22) | Micsrosoft 0.01355
17 (33)| SK Hynix 0.012195
18 (36) | Huawei Korea 0.01219%
19 (34)| Nokia 0.012195
20 (35)| Ericsson 0.01219

Note: Parentheses rank is firm rank in firm-
environmental networks.
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(Table 5) Closeness Centrality Top 20

Actors
Eigenvector
L ey Centrality
1) Samsung Electronics 0.114362
2 (3) LG U+ 0.089806
3 SK Telecom 0.07308
4 (5) AT&T 0.058851
5 (6) Huawei 0.045406
6 (4) Intel 0.040911
7 (11) SK Hynix 0.040579
8 (14) Huawei Korea 0.040579
9 (12) Nokia 0.040579
10 (13) |Ericsson 0.040579
11 (15) |Fuji Film 0.040579
12 (7) Amazon 0.024887
13 (17)  |Xiaomu 0.024206
14 (8) LG Electronics 0.024187
15 (18) |New York Times 0.019297
16 (16) |Nvidia 0.018377
17 9) Apple 0.015741
18 (29) |Alibaba 0.010666
19 (19) |Naver 0.010451
20 (200 |CJ E&M 0.010389

Note: Parentheses rank is firm rank in firm-

environmental networks.
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E—?’Ji% z']_i ]_1__ 7401 o].l/] X{Zﬂ H]ZL]/\ 20 Actors
AEjA S 8 AHEY W2 d49 YE Rank Actor Betweenness
- Centrality
a AR grg FFsa & ¢ Utk g
o e o ;j T N 3. 2 ] 1(3) |Tencent 0152256
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=713 2F AA HES AN 21 A8 1995 3(6) |Alibaba 0.110615
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QlsapolZEn 5G Al 4] Abe] olare 7 (7) Xiaomi 0.055783
vl Ee o erl vHE cen= 8 (13) |Intel 0.041555
W= Fusty] fls) A 713k Fale) e 9 (1) |Huawei 0.035263
A MESAS 13l 55 HoFrH25l 10 (9 |Kakao 0031552
AR aEo) 2 w3k FAlo] A 9l 11 (8) |Hyundai Motors 0.030145
_1‘} UH7H %/}j]‘é-ql 73% 7]@ Z_]' F{ﬂ/ﬂ_E_, %J_au]_ 12 (2) SK Telecom 0.024392
13 (14) |Naver 0.021081
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E 1%, dsst £om =2 ) S 14 (15) |Microsoft 0021018
'gT K]'(<Table 6>) ]?ﬂjj”}' 7]7_ Z_} HH 7H 15 (17) Amazon 0.02054
SN A = skl oo} SKelH Fo] 2H2t A 16 (18) |Hyundai Motor Group | 0.016343
19], 2912 2A =1 kg o)y SKE 9] 17 (10) |Google 0.015609
Ao 719 7+ g tju] AR Z3}e] 1 18 (16) |LG Electronics 0.014921
19 (23) |IBM 0.009876
oA AR 80 29 w3l FAAS
. I A sge 544 20 (25) |Nvidia 0004897
B ol 7 A0 W, o]t A2 34
_ Note: Parentheses rank is firm rank in firm-
]9} SKE“ Eﬂ—‘"] G /\]_oq XO}Q] O—EJQ}Q_E_ 7 ] environmental networks

Q2 AEurs AR 4o o

Qa7 Wil Aew B 4 glrh EF SKi PR R T8 kbl AdEFE T4
o AR LGirEe 2~9] 45 71d-71+ of AAE IAH Tt HAQl A
FUEYA Bk 7)Y 1 AHY 7E 5 E Tas 7R ARl B S44E A
S EAE)7] o) ul/l 244 SR AE R <Table 7>3} <Table 8>A] YEh}X
ahaL gle v SHOR v AN = LG #5125, SKeel e, AT&TSE 22 S4lA
Wl st QTETHl Mu s 14191 747Ee, dlolH =o] AfrHE S} P Tl
7} 2070 B 2 SHYE T g vz B A vERd T e A e A



Qe B4 Ak S VEDD U] FA40] 2 FEAEAY 94 FA40] 2o AH 5
=2 ghello], A 2L Ve REst AR HEH S Mdstr] oz HlvH22]
&2 4] QA M EYH & estr] v
o7 BeltH42] w3t A4 AxL LGEaxAE o} (Table 8) Subgraph Centrality Top 20
oFah 41 Hofoe] YEFT S AaAa]n) fotors
BAAe wad HRA MENLE 75 Pt e Subgraph
Centrality
= o BB 3 ZAA 6] = 1}
Aoz HRATH20] HH FAA 4920 4 2 (3) Nokia 0.082506
Eloll 4] CJ ENM, SBS E.H|E, JTBCS} o] 3 (4) Samsung Electronics 0.063239
Ul W ARzASo] vebdEd, Sl 4 46 LG U 0061254
/K}— Zﬂ EL == g Zﬂ 16‘]—7] HEH Ho]' /\}‘4' 7_] 1—3 51 SK Telecom 0.056094
6 (6) AT&T 0.053323
. . 79 SK Hynix 0.049235
(Table 7) Eigenvector Centrality Top 20 8 (10) Huawei Korea 0019235
Actors -
9 (7) Ericsson 0.049235
Rank Actor Elgenve<;tor 10 (8) Fuji Film 0.049235
Lt 11 (12) | Intel 0.024239
1 (2) Samsung Electronics 0.114362 12 (13) LG Electronics 0.020328
2@ |LGU+ 0.089806 13 (25 | Xiaomi 0019985
3@  |SK Telecom 0.07308 14 (1) | CJ E&M 0.019908
46  |AT&T 0.058851 15 (28 | New York Times 0.019172
5@  |Huawei 0.045106 16 (15) | Naver 0017213
64  |Intel 0.040911 17 (14) | Amazon 0.015671
7aD  |SK Hynix 0.040579 18 (3D | Nvidia 0.014325
8 (14) Huawei Korea 0.040579 19 (200 | JTBC 0.01188
9 (12) | Nokia 0.040579 20 (21) | SBS Mobidic 0.01183
10 (13) Ericsson 0.040579 Note: Parentheses rank is firm rank in firm-
11 (15) Fuji Film 0.040579 environmental networks
12 (7) Amazon 0.024887
13 (17) | Xiaomu 0.024206 4.2 Hm 2M
14 (8) LG Electronics 0.024187
15 (18)  |New York Times 0.019297 . D o et o
[e) Z A A Z s 2oL
16 16) | Nvidia 0.018377 HreE A Al dis) e 1%
17 9) | Apple 0.015741 Al e R I A ESr LIRS B e Bds
18 (29) | Alibaba 0.010666 HaLEAS =gt WA 43 2 V)%
19 (19) | Naver 0.010451 ek e 2 BES g TR Aud
20 (200 |C] E&M 0.010389 . 5_%311 e

Note: Parentheses rank is firm rank in firm-
environmental networks
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= BE S8 ARelA F57Ie] EAA L
2 fFosHA g% & A5 B o] & Sl
A 43+ G 70 A Aol AsE L
Ue AR Fo719e] A540 s
U w7199 A A B ARA GEE
gk dwol v sttt As & Ank

7199 SH719 1 FAA HlaL 419
B AAA R Fx7IYHo] FHTIFRY T
AA FA7) =gko} <Table 10>0] JER S
o2 EAA

o= FolaiAE ekt fLst

AL BEAACR folstA &
=71940] = YRt ol kel Hls) Al
TR} Sl AR B 2 wsto)

(Table 9) Comparison Centrality
between Demand and
Supply Side

arrol wls) 1%l ek 2L vehye,
F7719e) AR 9917} glrke < & e,
(Table 10) Comparison Centrality

between Korea and China
Firms

Country Mean

Centrality | )" | (sD)

Korea 6.1538
(39) (5.1480)
Degree China 3650 0.8243

) (5.8049)

Korea 0.0001
(39) (0.0001)

Closeness China 0.0002 0.0000
®) (0.0000)
Korea 4.3909
(39) (5.4000) -
Betweenness Chima 5003 3.5916
® (6.2753)

Demand/ | Mean

Korea 6.3685
(39) (7.2729)
Subgraph China 65432 0.0137

) (6.7778)

Centiliiy Supply(n) | (S.D) ¢
Demand 5.3000
(30) (0.6254) o
Degree Supply 37813 2.848
(32) (1.0276)
Demand 0.0001
(30) (0.0000)
1 -1.771
Closeness Supply 0.0002 i
(32) (0.0000)

Korea 0.0387
. (39) (0.0824)
Eigenvector China 00797 5.4448

8) (0.1272)

Demand 46.4305
(30) (27.5002) «
Betweenness Supply A4 2.362

(32) (68.1756)

Demand 123.9579
(30) (47.0984) o
Subgraph Supply | 114190383 3.941
(32) (287.3829)
Demand 0.0068
. (30) (0.0030)
E -3.
igenvector Supply 0.0901 3.388
(32) (0.0203)

p<0.05, “p<0.01, "p<0.001.

"p<0.05, “p<0.01, 7p<0.001.

i A x27|93 A7 T SAA A
E v 3d A3} <Table 11> eSS A A
o g Mulzride] Ax7|FRTE FAA
27F ot gt FAH SR frolatA=
ottt 2 S48 Ag SAACE {9
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(Table 11> Comparison Centrality 4.3 3|HEM
between Manufacturing
and Service Side

Centrality Ma?éi?ﬁfl’? - %egr; ¢ A rad 540l 7idel Aol viAE 9%
(n) ' S B487 94 FAEAE s 719
Manufacturing| ~ 6.4390 AR {20184, 20199 wiE 2 2019 viE
Degree GD QT38| | 4o Z7lM o2 HYT) AL 1317 719 FolA
Service 8.3810 -

1) (11349) 2018 201 AFAE BRI 7 6370 714
Manufacturing|  0.0001 o g A ST WA A 2AE

Closeness 3 (09000 —2.344 A Ak <Table 12> 2t
S o teow 7o) dd 44, o1 44,
Manufacturing| 1126574 P E A, R eE T4, Feods w
Betweenness (31) (41.8674) 0914 AAdel 7194 el mA= FEe] 7teAE A
Service 1831260 WA o HFelr] el Ft3 A S A
en | BLI6Y slch & @e) BHe e pae 3
N g A23e) B230] 1A AL dGEe A4S
Subgraph Service R77.0955 0381 she Ao 7t FA4 1 AT ddE S biA
(21) (313.7620) sta EgA oz 7| ate] n x| ekl &
Manufacturing 0.0424 oS BAs 1A EAHLE E3al 5709

. (31) (0.0145) _ _ i

Eigenvector Service 00643 -1.003 ARAE dAs ] BEAS AA Y. 7t
(21) (0.0203) ShAdel 7194 MAE dEgs A A
"p<0.05, “p<0.01, “~“p<0.001. 3} <Table 13>3} 22 A7} vgith &, 714

(Table 12) Correlations between Constructs

(1] [2] [3] (4] [5] (6]
Degree [1] 1
Closeness [2] AT6™ 1
Betweenness [3] 783" 251" 1
Subgraph [4] 778" 205 478" 1
Eigenvector [5] 658" 293" 340 905" 1
Sales 2019 [6] 4757 214 370™ 397 356" 1

p<0.05, “p<0.01, "p<0.001.
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(Table 13) Multiple Linear Regression Results
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