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Spatial Changes in Inter-City Research Collaboration Networks
: Evidence from National R&D Data, 2015 and 2023
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Baek, Hyo-Jin - Lee, Ji-Seok

Abstract

This study examined the spatial and structural characteristics of intercity research networks by analyzing the centrality
of national R&D collaboration in 2015 and 2023. Node-level hierarchical scores of research expenditure, degree centrality,
and betweenness centrality were measured, and a backbone network consisting of the top 30% of intercity connections
was extracted to identify major structural linkages. The results indicated that regional concentration intensified in 2023
compared with 2015, showing an apparent centralization trend toward the Seoul Capital Area and Daejeon. Dagjeon
experienced a notable increase in centrality and emerged as a national hub city, whereas peripheralization became more
evident in the Gangwon and Honam regions. In the Gyeongnam region, the overall interregional connectivity weakened,
but an internal polycentric structure appeared as Busan's dominance diminished. However, intercity linkages within the
region remained weak. These findings suggest that the spatial structure of the national research network has become
more centralized and imbalanced, indicating potential structural vulnerability. Strengthening hub connections in peripheral
regions, such as Gangwon and Honam, and enhancing internal interconnectivity in polycentric regions, such as the Seoul

Capital Area and Gyeongnam, are recommended.

ZFHjof R8D UIERT, HEYI F44d, UEXHI 7% X
Keywords  R&D Network, Network Centrality, Network Structure, Spatial Structure
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AdFA ol ¥ A Q9] YEYATZE S Wt 59 =9
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Figure 1. GCC share and threshold
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Table 1. Hierarchy score

2015 (H=1) 2023 (H=1)
Rank City H(n=130) Z(n=161) Rank City H(n=126) Z(n=161)
1 Seoul 36.68 10.31 1 Seoul 36567 948
2 Daejeon 1864 514 2 Daejeon 2891 7.66
3 Wanju 1278 345 3 Seongnam 7.34 1.79
4 Busan 9.07 238 4 Busan 5.04 1.16
5 Seongnam 522 127 5 Suwon 448 1.01
6 Daegu 3.63 0.81 6 Daegu 3.29 0.69
7 Uiwang 354 079 7 Yongin 301 061
8 Yongin 275 0.56 8 Incheon 242 045
9 Gwangju 246 048 9 Gwangju 235 043
10 Cheonan 245 047 10 Pohang 211 037
11 Goyang 237 0.45 11 Cheonan 206 035
12 Incheon 218 040 12 Changwon 199 033
13 Sejong 203 0.35 13 Ulsan 1.68 025
14 Changwon 190 031 14 Gimcheon 1.66 024
15 Suwon 1.68 022 15 Jinju 1.58 022
16 Ansan 1.561 0.20 16 Anyang 1.39 017
17 Pohang 1.44 018 17 Cheongju 1.31 0.15
18 Jingju 143 018 18 Jeonju 121 012
19 Ulsan 141 017 19 Ansan 1.10 0.09
20 Anyang 127 013
21 Cheongju 1.16 0.10
Table 2. Network summary statistics o} g & o] &gto] AlAF £ 98-S 1ol ¢t
e o (37 D% (Y DL Pzdte] A3 201590 He-
———— 120 196 dha-35e] SA40] B4 2023dol Aol F440l
ST—— = — ol o2 gelEnt, RAlY FA4L Wolot FY
————— — — (0.45)°] 2 =912 AlgA 5481 th0.39)2F 2150.28)
e o o 7k &9l W AYskect, E 2015\ WEYI0) ZghEA st
Top 5% nodes' share of total 97 76% 3133% | A AT ERE e T AEE W S 2 Al |

link weight

& AlASIL BA] 71e] A PAIE o2 B4 2015
dofl= 20239 R ofekst TAIEC] 9] Wel Zg=E o,
20159 YIEAo A= A18(1.00), 350.94), HH(0.87)0] 4
9 EAE AL, $4H0.64)S 3 47 SFAA7E 2 e
1 oA Aol ZEFHEIQICE 20234 YIEA M E gi7(1.00),
A2(0.85)0] 1-2912 9ol Hst7} 9lgleH, 350.38), i+
(0.34), F-4H0.28)& 3§38l 57] EFHAI7F Z 5 1 oV BA]
of ZFE L, o] F A& iR Z AeH ¥t AR U
B} o] £ EAZ AT YEQA9 dFAe] o FAFE 2R
AT, 53] e A5 Fo| §OHZ=3.85—6.28) A& &

ERsict,

EZL FATHE AR A Feek g 201599 23
(0.46)% FHAE =YW 202 VEpit), opA] WHH, 234
W ciefst Feride] 2Aslr] o] ddiz oz 7] 39&
o] Wil el |eke] AFAdo] A vrehd Aotk 3%
2023400= E¢lelA AlLl=Elel (169 0.22) SF-AFAE Wolzl
Ao E AT = Ut

P9 AS AR Z A BF 37 =sigit, 4
H HEIZA AE BAI7E F715E Y-S 233, 2387
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Table 3. Weighted degree centrality

2015 (Z=1) 2023
Rank City Rank City
Cp & Cp Z
1 Seoul 1.00 451 1 Daejeon 1.00 6.28
2 Gwangju 0.94 4.21 2 Seoul 0.85 5.25
3 Daejeon 0.87 3.85 3 Goyang 0.55 3.20
4 Goyang 0.79 3.43 4 Changwon 0.45 248
5 Bucheon 0.74 3.15 5 Gwangju 038 197
6 Busan 0.64 2.63 6 Seongnam 0.35 1.80
7 Wanju 0.49 248 7 Daegu 0.34 1.70
8 Chuncheon 0.46 184 8 Yongin 032 1.66
9 Cheonan 043 170 9 Jinju 028 132
10 Jeonju 0.40 152 10 Busan 028 128
11 Yongin 037 138 11 Cheonan 026 116
12 Asan 035 1.21 12 Cheongju 024 1.02
13 Cheongju 034 1.09 13 Uiwang 023 099
14 Gongju 034 1.07 14 Pohang 0.23 097
15 Pohang 031 1.04 15 Chuncheon 022 089

Spearman’s p (total-volume weighting): 0.64(p<0.00T)
Top-20 Jaccard Similarity (total-volume weighting): 0 38

Spearman'’s p (total-volume weighting): 0. 73(p<0.00T1)
Top-20 Jaccard Similarity (total-volume weighting): 0.60

w®

2015 Weight Degree Centrality
0.00 - 0.07
0.07 -0.19
R I 0.19-0.37
N 0.37 -0.64
064 -1.00
A8 None

Figure 2. 2015 weighted degree centrality
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Uebto, 201549 A1&(0.21), B(0.18)014 20234 oA
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2023 Weighted Degree Centrality
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Figure 3. 2023 weighted degree centrality

o] 2015\ 00k= 2023\ 0f| B)3f o] TRkt S =7} EE3I
o1t 202300k Al AR FAleE Aol FEHAI of
A(Z=9.391& A7 LE EA9] Z H47} HobA| L ] of
N SA2g0] &s] wobl Ae & 4= AT 2015 of= ARt
A wiAf F48 e E27F AR 202340 27 =EE



EA ZH g7 83 YIESTS| B2 X BY

Table 4. Weighted betweenness centrality

2015 2023
Rank City Rank City
Cg Z Cg Z
1 Seoul 0.21 6.21 1 Daejeon 047 939
2 Gwangju 018 521 2 Seoul 027 522
3 Chuncheon 013 366 3 Goyang 0.10 192
4 Goyang 0.11 310 4 Sungnam 0.05 082
5 Wanju 011 261 5 Changwon 0.05 074
6 Daejeon 0.10 250 6 Gwangju 004 0.65
7 Bucheon 0.09 246 7 Uiwang 0.03 051
8 Busan 0.08 214 8 Jeonju 0.03 0.46

Spearman'’s p (total-volume weighting): 0.68(p<0.001)
Top-20 Jaccard Similarity (total-volume weighting): 0.48

Spearman’s p (total-volume weighting): 0.76(p<0.00T)
Top-20 Jaccard Similarity (total-volume weighting): 0.67

2015 Betweenness Centrality
— 1 0.000 - 0.006
= =4 0.006 ~0.023
® B 0.023 - 0.050
I 0.050 - 0.130
W 0130 - 0.210
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Figure 4. 2015 weighted betweenness centrality

A|)5kaL ARkl vz F414 gho] Wobslth, o] 22 201549
£ ekt AR A7t #A4kEo] g19iont 202340l ti A
I ALS AR3He AFS 122 HIths AL oujdit &
T EAR9] ddo] $7IekaL thE AR BAE9] FH%e] oF
FATHE A& AARRI o= A= SA00A 2FAIZE Lebgd
270.13—0.02)2 F50.18—0.04), 24} AgFo] Yepgd
ZA9d F F4H0.08—0.02)2] w7l F4/do] Robrl AejA &
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Figure 5. 2023 weighted betweenness centrality
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Table 5. Backbone network summary statistics

2015 2023
Number of nodes 11 88
Number of links 151 128
Network density 0.025 0.033
Gini coefficient 0.49 0.51
Top 5% nodes'’ share of total 04 57% 97 70%

link weight

e YEQT 9] A= FA4 Ak (& 6)3 2T} A Y E
$]=9} vlaste] =9)of M2 glout thREe] A9 mAlE §
Afslet, 2 2ol F2 20154 HE EYAA AL2] £97}
wobal 7, 202349 W E YIE A df el Fabo] 7 =1 9
32 obzl Holo}, &, AA YES A0 vl3] F4l4o] Wobzl
EAIEL oo ofst AFAo] AIAEHA =907 WobAl Ao
o, M2 &97t Eobd EAlE A 93 ok AN g2 3
3t A4 Pzt FxAoF Fasich= Aol

201541 W& Y EQIoME 57t 7HE & A T4

= Aoz eyt ool fi7(0.92), 3190.89), A&
(0.88), &0.76), F4H0.73) 02 Yepitt Z 5 1 ol F
S A= A1&(0.88), 1290.89), F3(0.55), S dlAE
12(0.92), H2H0.49), ©H:H0.47), 350.39), TE WA= B
Z(1.00), €50.76), H30.39)7F =3, ZEds Fddo
A 22(0,48)7F B4H0,73)2t0] 33 20239001 Z
1 o4 BA| 7} tiE A, A91el diF(1.00), A&
(0.77), 1%0.51) °I3te] EA| T4 243 Aol= Exdt
th, 201549 B Y A A W ST 2k 90 oS

Table 6. Backbone network weighted degree centrality
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o] YAzt tfF At ZoE ey, ZgdolA] a4k o4l
FH A9 $440] ®orl A, £EAL S HAA = A&
A 9 FH A2 F4/90] 2ot o] EAolt,

Wi YESAY o7l A4S G DI 2t 20159 AA
HELIZA 1-2917F AL, FFchd W2 YESAA=
B50.24), A&0.2002 Yepton, HA YEQ A w2
£9E F4H0.19)0] 3912 Uepict, oA gE YIEQIIE A
=3t uie} Zo] A-&2] 7% tith: TAlef AFE7] wfiEo] oh=
o] ofst o] AR thF A= R|ut, Fef Rate] 7
S= A eE Fa A0k ddo] W] wiZe] ol oF
7He] Aol Ut A o2 EAE,

W YEQAY] i) S48 BHo2RE, 20154 539N
T FF AL 4L dido] 8 dAAH 97 sheH,
20239] vl8f A 7+ FAA 3] Ajol7t =A] ghof theFRt A
27 EQPZE & 5 UHE D, (2E 8)). 20234 w7 F4
dollME 201590 Bl3f 44 B &el7t o AR, oA

2015 (Z=1) 2023
Rank City Rank City
Cp Z ey Z
1 Gwangju 1.00 4.24 1 Daejeon 1.00 6.15
2 Daejeon 0.92 3.83 2 Seoul 0.77 4.56
3 Goyang 0.89 3.68 3 Goyang 0.51 2.79
4 Seoul 0.88 3.66 4 Jinju 0.29 126
5 Wanju 0.76 3.01 5 Gwangju 027 111
6 Busan 0.73 2.86 6 Uiwang 026 1.04
7 Bucheon 055 195 7 Changwon 025 1.00
8 Cheonan 049 167 8 Yongin 025 096
9 Chuncheon 048 158 9 Seongnam 023 088
10 Asan 0.47 1.63 10 Cheonan 0.22 0.78
11 Gongju 0.39 116 11 Daegu 0.22 0.78
12 Jeonju 039 113 12 Chuncheon 021 070
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Figure 6. 2015 backbone network weighted degree centrality

Table 7. Backbone network weighted betweenness centrality
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Figure 7. 2023 backbone network weighted degree centrality

) 2015 ; 2023
Rank City c . Rank City . 7

1 Gwangju 0.24 425 1 Daejeon 0.54 6.81
2 Seoul 0.20 3.46 2 Seoul 0.34 4.14
2 Busan 0.19 3.25 5] Goyang 0.24 292
4 Goyang 0.19 3.23 4 Yongin 014 1.50
5 Daejeon 0.18 3.06 5 Changwon 012 123
6 Wanju 015 257 6 Gwangju 01 1.15
7 Asan 0.15 244 7 Uiwang 011 1.06
8 Chuncheon 0.09 135 8 Seongnam 0.09 091

(0.54), A&0.34), 3190.24)°] T2 EART} A Vel
A A1) 73k Adadte] FA YEQ ARG oht
HE Y EQ AT A, A&29 FFs}E 27t 1= i)
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