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Abstract Owing to the recent revitalization of defense exports, K-Defense is facing new opportunities,
domestic defense companies must first secure competitiveness to continue the current upward trend. As
weapon systems are being advanced, it is necessary to secure international competitiveness through
continuous investment in defense R&D. On the other hand, efforts to increase investment efficiency are
needed because of the limited budget that can be invested in R&D. Cooperation between companies
within the defense industry network can be an effective way of increasing the R&D efficiency by sharing
knowledge, information, and resources related to technology development. Accordingly, the correlation
between network centrality (level of cooperation) and the R&D efficiency of defense companies was
analyzed. The analysis showed that the network centrality positively affects the R&D efficiency of
defense companies. Therefore, In this study, based on the analysis results, it is necessary to strengthen

the cooperation between defense companies.
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Table 1. SME sales ratio

Unit : million won
Year Total Sales SME Sales Ratio
2017 12,761,186 1,460,158 11.4%
2018 13,649,337 1,516,539 11.1%
2019 14,452,144 1,495,298 10.3%
2020 15,351,672 1,186,051 7.7%
2021 15,880,149 946,354 5.9%
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Table 2. Correlation Analysis of Network Centrality
and R&D Efficiency

Sorts Contents
Through transaction details data for defense
Stepl . N .
companies Perform network analysis
Step2 Perform DEA by setting R&D expenses and sales of
P defense companies as input-output variables
Perform correlation and regression analysis by setting
Step3 the network centrality index and efficiency
index(CSR, VSR) as variables, respectively
Based on the summary and analysis of the research
Step4 results
Proposing the defense industry policy
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Table 3. Hypothesis

Sort Contents

Degree centrality has a positive (+) effect on
R&D efficiency (CRS) of defense companies.

Hypothesis
1-1

Degree centrality has a positive (+) effect on
R&D efficiency (VRS) of defense companies.

Hypothesis
1-2

Closeness centrality has a positive (+) effect on
R&D efficiency (CRS) of defense companies.

Hypothesis
2-1

Closeness centrality has a positive (+) effect on
R&D efficiency (VRS) of defense companies.

Hypothesis
2-2

Between centrality has a positive (+) effect on
R&D efficiency (CRS) of defense companies.

Hypothesis
3-1
Hypothesis
3-2

Hypothesis
4-1

Between centrality has a positive (+) effect on
R&D efficiency (VRS) of defense companies.

Eigenvector centrality has a positive (+) effect on
R&D efficiency (CRS) of defense companies.

Eigenvector centrality has a positive (+) effect on
R&D efficiency (VRS) of defense companies.

Hypothesis
4-2
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Table 4. Descriptive statistics of network centrality

Categories N Max Min M SD
Degree
Centrality 396 .003 162 .008 .014
Closeness | 390 | 216 | 499 | 275 | .041
Centrality
Betweenness| - 5o 0 622 007 033
Centrality
Bigenvector | 505 | 677 008 05
Centrality
ESD FH4 AF 20E 2ARE AASEY
A= 12 FEGAet Hlwste] W a2 S4480n-

degree Centrality)®} 9I3F A2 Z44(Out-degree
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o] o JEsl= 3t Bl ojual &L /1&HT} A}
B2 ages A, AN, 2A5F 52 9Eche 39
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Table 5. ANOVA (by type of weapon systems)

Sorts xLSUP2 df p
Degree Centrality 10.27 7 0.174
Closeness Centrality 13.01 7 0.072
Betweenness Centrality 1.96 7 0.964
Eigenvector Centrality 16.40* 7 0.022

Note. * p < .05, ** p < .01, ** p < .001
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Table 8. Efficiency analysis results

Ea
3

ZIAAQ] W& 27 ' F21AA ] Hs] #7] w2l p— o
ofo| A ZAANE 718 =7 vehgth DMU | (ccR (BCC Scale RTS
efficiency
Model) Model)
1 0.077 1.000 0.077 drs
Table 6. ANOVA (by firm size) 2 0.009 1.000 0.009 drs
3 1.000 1.000 1.000 -
Sorts XLSUP2 df p
‘ 4 0.109 0.127 0.862 irs
Degree Centrality 18.01 2 <0.001 5 0.074 0.673 0111 drs
Closeness Centrality 10.98™* 2 0.004 6 0.424 0.428 0.990 irs
Betweenness Centrality 4.63 2 0.099 7 0.412 0.420 0.981 irs
Eigenvector Centrality 19.64%* 2 <0.001 8 0.359 0.365 0.985 irs
Note. * p .05, ** p < .01, ** p < .001 9 0.247 0.252 0.982 irs
10 0.211 0.227 0.932 irs
11 0.198 0.206 0.965 irs
Table 62 WAMAA 28 HEXT S/ oigt 12 0.119 0.119 1.000 irs
Aol 2474 Agolet. g71Y, B/, B4vlgem 7 B | oue | obh | osn |
14 0.010 0.013 0.810 irs
Hslo] BHadslod o A ZAA(y)=
£olo] E45t9om A4 F448(x2=18.01, p<.001), 5 0,010 0102 0.103 s
23 S44(x2=10.98, p<{.01), oto]AE FAA(x 16 0.09 0.098 0.975 irs
2=19.64, p{.001)& 7|F7F%o] we} zjo]7} 9= Ao 17 0.035 0.086 0.405 drs
_ 18 0.071 0.118 0.602 irs
E 1H : o _t__ ZE 7 E7 —:Ei_— 7 o A =
- %E}“q - ]_(_ﬁj P2 m]_] ﬂf]z 19 0.060 0.063 0.940 irs
?J"QZHEH ‘?‘ﬂzﬂzﬂ %]'xﬂ%”é“ }_% E‘l }\3/?1'6]“’1:‘ goé"é‘ 20 0.057 0.068 0.840 irs
she, M2 4 EE-TGES B AASEIAA E= 21 0.038 0.243 0.157 irs
FAXAH (L QT FESHA 7Y 1 FElo] & 22 0.007 0.009 O'Sf irs
_ 23 0.039 0.053 0.742 irs
ol o= y4 1=Ne}
oM elFofA7] dhzolth. 24 0.038 0.145 0.262 irs
25 0.029 0.030 0.966 irs
4.2 R&D §8A 2M Z7} 26 0.027 0.030 0.909 irs
. i 27 0.030 0.038 0.802 irs
R&D &4 42 54 SWel STATA 172 283} 28 0.029 0.043 0.678 irs
o B4 Y3t DMUE SREIA 5 94 25 29 0.017 0.019 0.900 irs
R&D EX}o d uj&olo] Axglo] gt 447] 7|9 30 0.042 0.051 0.818 irs
NI a0 1ol oI5t Flame 31 0.007 0.011 0.605 drs
dgstalon, EAEgE CCR B3l ot Vead 32 0.010 0.011 0.915 irs
A, BCC B2gof 93t ‘47 |&a84 S ZF I3} 33 0.005 0.007 0.817 irs
o}, 34 0.011 0.013 0.888 irs
35 0.325 1.000 0.325 irs
36 0.013 0.016 0.816 irs
Table 7. DEA results summary 37 0.008 0.010 0.880 irs
— — — 38 0.008 0.009 0.838 irs
iciency nefficiency § -
Sorts DMU Number number Mean 39 0.010 0.019 0.516 irs
N = 40 0.016 0.027 0.617 irs
CCR 2.3%) ©7.7%) 0.101 41 0.008 0.062 0.130 irs
7 0 4 0.003 0.003 0.983 irs
BCC ©9.0%) (91.0%) 0.190 £ 0.002 0.002 0.987 irs
44 0.003 0.005 0.550 irs
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Table 9. ANOVA (by type of weapon system, firmsize)

CRS xLSUP2 df )
Type of 15.3" 7 0.033
Weapon systems
Firm size 7.44* 2 0.024
Note. * p € .05, * p (.01, ** p < .001
VRS YLSUP2 df b
Type of 11.2 7 0.129
Weapon systems
Firm size 8.62* 2 0.013

Note. * p .05, ** p .01, ** p € .001

Table 9% WARIA 4% Fo| 44 A= CCR
wgo] W2 GRS FIIAA Hok @ 7|9e] w0
we} o]} Uehton], BCC BRol mhe EE4L 7]
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9k Aom ek ol 7190 Fu7t 248
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Table 10. Kendall's tau correlation analysis results
Degree Closeness Betweenness Eigenvector Efficiency Efficiency
Centrality Centrality Centrality Centrality (CRS) (CRS)
Degree 1
Centrality
Closene‘ss 604 1
Centrality
Betweenness . ok
Centrality 531 315 1
Eigenvector . . ot
Centrality .665 .585 .391 1
Efficiency « . "
(CRS) 222 231 .108 .220 1
Efficiency 295w 309" 199 280 730 1
(CRS) ) ) ) ) )
Note. * p € .05, ** p (.01, ** p < .001
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Table 112 YIEYA F44do] R&D &E&4(CRI)I
UL ggel det aARBe AN Fdoldt.

F=3.15(p=0.025)22 3|A2F2 HFJoH, =FI]
AL oF 24 4%2 YERGTH Durbin-Watson £4
F2 1.992 20f ARt e Hof kY] =54 7HY
o= EAIZF Qioltt. BE W4 VIFZF 100]9e2 o

L

R

F3AY BAL UeRtA elth. SAASe] o4
A% v 27 FA4L ARIAe) R&D EA(CRY
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Table 12+ YIEYA F440] R&D EE&4(VRS)Al
e G| dizt IARFS HAS Zyolt

F=8.90(p<0.001)L.2 IALRFL 3 on, nFo
AL oF 47.7%Z YERATE Durbin-Watson £4
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Table 11. How Network Centrality Affects Efficiency

F2 1.9302 20 AR 3 Bof Ao 594 7t
Holl= EA7F §i%lth. BE Wa= VIF} 1079e =
0E3A EAE UEA 29 SIS Relid
A4 A% 24 344 9 olo|lAdE S48 WA
A9l R&D FEEA(VRSoN F23t A(H)9 F3FE 1A
= ZoF yeyrth

SRS IS gkt IF 4482 WAkIA Y
R&D #E&A0 A+ FFE F= 202 Uepgrh
53] B9 7 vlEF A& Hlgo] YA °it}
= BCC ®§o] CCR Z3=Et}t @43t 77k 44 7t
ABg BCC ¥ 7|02 5t ofo]7l HE Z“*é
= HARRIAI9] R&D F&4300 B9 dFS 71AE A
o= Yeigtt B4 Axo] nE 7M. A AT off
Table 1337} 2t}

Table 12. How Network Centrality Affects Efficiency

(CRS) (VRS)

B SE 8 t D VIF B SE 8 t b VIF
Cons -8.65 2.12 -3.43  <0.001 Cons -7.21 2.10 -3.43 0.001
Closeness g 1 g31 0358 242 0005 1.92 Closeness 15 s o4 030% 242 0021 1.92
Centrality Centrality
Betweemness o0 108y 019 -067 0413 277 Betweenness ;10 1070 013 067 0507 277
Centrality Centrality
Bigenvector o /s 53 005 268 0847 3.73 Bigenvector oo 530 060™ 268 0011 3.73
Centrality Centrality
Firmsize Firmsize
(Control  -1.65e-7 7.86e-8 -0.36"* -2.82 0.043 1.54 (Control  -2.19e-7 7.77e-8 -0.41** -2.82 0.008 1.54
variable) variable)

F=3.15(p=0.025), R>=0.244, adjusted R>=0.167,
Durbin-Watson=1.99

F=8.90(p<0.001), R2=0.477, adjusted R 2=0.423,
Durbin-Watson=1.93

Note. * p .05, ** p .01, ** p € .001
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Note. * p (.05, ** p .01, ** p (.001
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Table 13. Hypothesis test results

Sort Contents Result
.| Degree centrality has a positive (+)
Hyp;)flil631s effect on R&D efficiency (CRS) of Rejected
defense companies.
. Degree centrality has a positive (+)
Hyp ;)fl;ems effect on R&D efficiency (VRS) of Rejected
defense companies.
Hypothesis Closeness centrality has a positive (+)
sz_l effect on R&D efficiency (CRS) of Adoption
defense companies.
Hypothesis Closeness centrality has a positive (+)
sz_z effect on R&D efficiency (VRS) of | Adoption
defense companies.
Hypothesis Between centrality has a positive (+)
Yp3_1 effect on R&D efficiency (CRS) of Rejected
defense companies.
Hypothesis Between centrality has a positive (+)
Yp3_2 effect on R&D efficiency (VRS) of Rejected
defense companies.
.| Eigenvector centrality has a positive
Hypz_tlllesw (+) effect on R&D efficiency (CRS) of| Rejected
defense companies.
.| Eigenvector centrality has a positive
Hypz_tlzlesw (+) effect on R&D efficiency (VRS) of| Adoption
defense companies.
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