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Abstract This paper analyzes networks of technology convergence and technology cooperation from
2010 to 2018 in order to understand the characteristics of technological innovations in the domestic
agricultural sector. First, the network structure was analyzed for interprocess communication (IPC) to
examine the convergence between agricultural sector technologies. Results show that A61K has a high
degree centrality and a high concentration of eigenvector centrality. However, the analysis of transferred
patents A23L showed higher connection than others. In addition, AO1G was the highest in terms of
betweenness centrality. The network structure between institutions was also analyzed to examine the
collaborative relationship of technology development in the agricultural sector. Results show high values
for degree centrality and eigenvector centrality in the Rural Development Administration and the
university's industry-academic cooperation group, which has a high influence on the collaborative
network for the development of agricultural technology. The analysis of networks between groups by
classifying each institution into one of five types showed that cooperation in technology development
in the agricultural sector increasingly focuses on the public sector and universities. In terms of regional
relations, the most common collaborative relationships were between Honam and the capital region,
between Honam and Chungcheong, and for relationships within Honam. It implies that technological
cooperation in the agricultural sector appears to be conducted locally.
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Network Analysis
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Table 2. IPC Centrality of Patents(ALL)

- Period 1 Period 2 Period 3
AGIK(SfoF8, 2Fd Aol wiAl SH =7t 7H = 1| CI2N | 3521 | AGIK | 4.227 | A6IK | 3.232
= IPC= AOIG(R]l, i A, A= Hebaet. 2| A23L | 1531 | A23L | 3.630 | A23L | 3.128
o3t A= AGIK7} HE IPCeF 7MY ol 2= p|3| a6k | 1427 | cian | 3175 | c1an | 1.867
Qo] FURE 71&A 7 =2 JFEHS JAl 4| c120 | 1341 | a61p | 1.682 | A61Q | 1.152
98-8 9ujsld, AQ1IG7} IPCE dZ5= w7/} IPCE 5| A23K | 0.929 | AGlQ | 1.346 | AOIG | 1.062
B 293 9Tk 5t 982 ousit}, W, Table 1 1| CI2N | 0.679 | AGIK | 0.614 | AGIK | 0.645
01 /H 7]%01601 Ha].}\g‘c:ﬂ, %a‘ﬂ_% EHAO]_O = %}\‘:](E %]]\_% 2 | C12Q 0523 AZ_’)L 0526 A623L OA6OZ
_ E| 3| C12p | 0242 | A6IP | 0367 | A61Q | 0.31
A HY 7 8WE o] AL Zhl vy SAE ZFe A
S EE, JfEE] SR G il S 4| A23K | 0227 | A61Q | 0.280 | A23K | 0.184
5| Cl11D | 0.174 | C12N | 0.213 | CI2N | 0.164
Table 1. IPC Centrality of Patents(2010~2018) 1| AOIG | 0.183 | A0IG | 0.122 | AOIG | 0.184
Ew—— —— 2 | GOIN | 0.069 | GOIN | 0.091 | A23L | 0.067
1 261K 3.856 A23L 3777 B| 3| A23L | 0.063 | A23L | 0.089 | G06Q | 0.049
2 C12N 8.564 AGIK 3.607 4 | AOIN | 0.041 | CI2N | 0.060 | AOIK | 0.045
D | 3 A23L 8.289 CI2N 2.834 5 | Cl12N | 0.038 | BOID | 0.036 | GOIN | 0.041
4 A23K 3.147 A23K 1.555 D = Degree/E=Figenvector/B=Betweenness
5 AG1Q 2.900 AG1Q 1.346
1 AGIK 0.600 AGIK 0.600 i
2 A23L 0.539 A23L 0.540 Table 3& B35l 7|&o]xo] LAYSt E5]9] A4 F4
bl 5[ asio | 02 [ aciq | o032 T 2t B9 FAE 3] A8 Wste Aving,
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1 A01G 0.403 A01G 0.300 AT 4 Aok ok 3A719] G2 AT FelA 7P
2 GOIN 0.128 GOIN 0.090 =0 [pCE A23L(AE 9 AlgE)2 yehton, uis)
B | 3 A23L 0.101 A23L 0.087 = A1 0] A0 YA 7]o] FHAF 0. ZAIE 7ho. Zhi
4 A0IK 0.063 Cl2N 0.056 og= —’] o T 2 ] ‘]Oﬂ ]’o T oo %}\E‘X\_ IPC
5 AOIN 0.055 AOIN 0.047 = CI2N(W[ABE, a4, & S4], 44 Tshez 4
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Table 3. IPC Centrality of Patents(TT)

Table 4. Centrality of KSIC(2010~2018)

Period 1 Period 2 Period 3 Patent(ALL)
1| CI2N | 1.393 | AG6IK | 2.100 | A23L | 0.929 1 Manufacture of pharmaceuticals, medicinal 68.65
2 | A23L 1.118 A23L 1730 | AGIK | 0.825 chemical and botanical products
p |3 | asik 0682 | C12N 1.043 A01G 0.403 2 Manufacture of food products 4437
4| a23k | 0673 | A61Q | 0.763 | c12N | 0398 pl3 Agriculture, and fishing 23.98
5 | c1zp | 0635 | A6lP | 0.730 | C12R | 0.308 4 Manufacture .Of 'detergents, ?osmencs and 17.87
polishing preparations
1| CI2N 0.599 AGIK 0.625 AGIK 0.630 . K .
5 Manufacture of germicides, insecticides and 1061
2 C12P 0.419 A23L 0.522 A23L 0.619 pesticides :
E |3 | A23K | 0.412 | A61Q | 0.338 | AGIQ | 0.272 1 Manufacture of pharmaceuticals, medicinal 0.68
4| c11D | 0366 | A61P 0.329 | C12N | 0.211 chemical and botanical products
5| CI2R | 0.191 | A23K | 0.181 | CI2R | 0.191 2 Manufacture of food products 0.62
1 AO1G 0.127 C12N 0.053 AO1G 0.071 E 3 Manufacture of detergents, cosmetics and 0.29
polishing preparations
2 | CI2N 0.058 A01G 0.052 G06Q 0.036
4 Agriculture, and fishing 0.18
B | 3| A23L | 0.058 | A23L | 0.040 | AOIN | 0.029
5 Manufacture of germicides, insecticides and 0.14
4 | GOIN | 0.040 | GOIN | 0.032 | A23L | 0.024 pesticides :
5| AGIL | 0.035 | AOIB | 0.017 | CI2N | 0.017 Patent(TT)
D = Degree/E=Eigenvector/B=Betweenness 1 Manufacture of pharmaceuticals, medicinal 35.65
chemical and botanical products ’
2 Manufacture of food products 25.05
O]A(}—’] "J:Déjq‘% 7@3[6} E]'%—ﬂ' LE]' 20101{:11?‘ D| 3 Agriculture, and fishing 12.05
B 2018974 H-HHE 7|&dH E3F]o= thefst IPC 4 | Manufacture of detergents, cosmetics and | |, -
7t 59k 9o, oIF IPCE A2 b 1R e
Ao mi L o N P 5 | Manufacture of special-purpose machinery | 7.03
L mil- o Y E 2ol A 7 =
2 IS Pt o3 HEYA 72 &4 7 = 1 Manufacture of pharmaceuticals, medicinal 0.68
2 YA AATH= [PCE AGIK(Q9FE, A= AA) chemical and botanical products '
ox 1,]_&1;1—1:—_1:1] o]_“_:_ I A61K7]_ IPC 7}94 31].741 ]/p.] 2 Manufacture of food products 0.61
X]X o] o o 2 7 —H/R - 0]oo ) o Manufacture of detergents, cosmetics and
é 1 %k@? = 7]’ c]’o}-ﬂ] ]'O]'—L T = -’] ]ol— El3 polishing preparations 0.34
1—4‘. JHL} 7]EO];§_°] ‘?:_”‘@?l‘ ’E‘d‘ﬂ"% EH/E]'»E & ]IH, 4 Manufacture of germicides, insecticides and 0.15
AGIKE = A23L0] B &4 YehtaL glo], JA| E4 pesticides
9]_ 7]%01;({ 0] 010114_ E‘c:)'] /\]-O]Oﬂ IPC ‘ﬂ‘c}oﬂ 7_(]'0]7]' 5 Agriculture, and fishing 0.11
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2 Biotechnology 23] H B b e sk
Konkuk University Industry-Academic 0.158 EO:];I'L’] ‘633_1 3,‘:]_7:‘” __,1_01]}\1 7 ?l' ] E i ]1_
O-D| 3 Cooperation Group Jghe. = 2A1Z T That] ﬁi‘c\éﬂ.ﬂ‘ﬁolﬂi’-%-r 9l
Rural Development Administration 0.141 pui
4 (Gyeonggi) ot orarn
Yonsei University Industry-Academic 0.096 249 7|J—|I:|._Ic_>r%§ H oISHE M i
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ontech?odogtv Academic 3 H7] 9519 Block ModelingS 33513t} .
Konkuk University Industry- 0.32 e
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i T2 U7H617
4 Myongji University Industry-Academic 0.180 AREY (A7)0 22t _]—(967]]) H6
Cooperation Group : 7to]l 3.9] Z7F 7% wo] LR QlolA], 2379
Yonsei University Industry-Academic 0.163 {F 3 B e U_L} E]ﬂ_ﬂ E Zl-’] oq
5 Cooperation Group L zyw qu_ EHO euh~Rok ] T=
i 2~ O =
Rural Development Administration 0.299 —?L7]- %]_%]_8]_7“ O]quh_ %13 g —9—}01‘2‘ ES Mq_. :11:1
1 (Jeonbuk) ] ) N T2 ek
inistrati ZF Y=(Block density matrix)©] 35 o}
Rural Development Administration 0.013 r % - 219_ oy o]_]/]ﬂ_ 1/\]
2 (Gyeonggi) ?:_157]‘ /%]_EHZ:]‘ og 157-" 1/]—154—14—_]__ = ] N
i 10 o 3lo|s
3 Kyung Hee University IHGdUStFY’ACHdemIC 0.007 718 3X]7|7FA] W9 Fho] §A|H1 LS & :
B tion Group o
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Table 6. Block Modeling(Group of Institution Type)

time |Period 1 ‘Period 2

Period 3

[Block density matrix]

PU IN UN PR RE PU IN UN PR RE PU IN UN PR RE
PU | 0.028 0.278 0.083
IN 0.067 | 0.011 0.050 | 0.000 0.056 | 0.000
UN | 0.159 | 0.001 | 0.001 0.158 | 0.001 | 0.002 0.177 | 0.000 | 0.005
PR 0.090 | 0.000 | 0.000 | 0.000 0.039 | 0.000 | 0.001 | 0.000 0.053 | 0.000 | 0.001 | 0.000
RE | 0.460 | 0.000 | 0.000 | 0.000 | 0.000 | 0.175 | 0.000 | 0.002 | 0.000 | 0.000 | 0.079 | 0.000 | 0.000 | 0.000 | 0.000

[Block Sum matrix]

PU IN UN PR RE PU IN UN PR RE PU IN UN PR RE
PU 2 20 6
IN 12 4 9 0 10 0
UN 96 1 4 95 1 8 107 0 20
PR 61 0 1 0 26 0 3 0 36 0 5 0
RE 29 0 0 0 0 11 0 1 0 0 5 0 0 0 0

PU: Public sector/IN: Individual Agents/UN: university/PR: Private sector/RE: Research sector

3 U HLE oulshd, SMIE -1~1 Ato|9]
Zhett, a8y E-19F 29 -10] 7PheSE OF 9
=1k Hnﬂ 1°ﬂ IVRESRE O W 93 4ert

Table 7. Group Properties(Type of Institution)

Period 1 Period 2 Period 3
E-I SMI E-1 SMI E-I SMI
PU| 0978 | -0.366 | 0.893 0.408 0.921 0.269
IN| 0.833 0.204 1 -1 1 -1
UN| 0911 | -0.729 | 0.867 | -0.613 0.6 -0.086
PR 1 -1 1 -1 1 -1
RE 1 -1 1 -1 1 -1

Block modelingol4] 1 7o) P31 47} 71 w@o]
Uehd 353 tighs SH0=2 I5F9 EAJES Table
7004 AHEH, E-I& 10] A9 7ER OF W B
o= I8 9 93 47 goka B 4= qlon], SMIE= 152
oh 27] giiZo] 2F W F3ET OF 9 939 d=rt
=0 & = 9t ol A7te] SEo met ety ¥
39 SMI7} 19 7M1 8= Bga Hol7] ol &
2t 2F 9 gA9 WEE OF W ¥39 YW=t =ot
Ae 2R 4T 4 Sirh

243 712849 X 24

A 7|o] YA3E A AL 7|08 7o FAAA|

dog FEI 7 SURE TIedE 9% F=
M8 B E AWETE A=W 7749 A A A
Anhr s '?:?_(GA) 1t A5 HHADE),

t2 SEADO), A, 737] QA
E*LJ(SU) A= HT:‘JOE) i 2
ZFACH), B, Ad, A5 ‘_‘E}';"](HO) oz JHs}
k.

A, A9 719 TAE AHET] fI5te] Block
ModelingS $=35}9ith. WA, Table 8 &3} 118 7+
YA (Block Sum matrix)& AHEH 14719 I1F 7t
= SEE-FEA677N), SEE-SHAGIN,
HGBO7NoNA 78 Eol Ueth &, 39

FHOE e/ A%t 71 19 I ‘_?‘7}
olA =T ougtt 1§ 7t Uk
(Block density matrix)ollAx= T2 EY 7t dxE

;
m{o
¢
r

E o o e e

CE
gE-se
o A
=

l& T

o]o o
V==

A ot vhd sUE-2rd SU3E-2FAY
WEL QAR deRta 98-S Seld 4 gtk ol
sEAFHo] A} A7) IXe Yk A, @A
B vloh 2ol $ENFHY A2 FAE, nGUE F
A, A B ol w5 oI # 1 T2
2 SolA ofshd 4 glod, E3 FPA-Swd, T
A-EgEs) 1 2 971 41 Aol Aels ¥79)
T RARE AFS HoIRT ek ol Fof 2 1), 5
SR eI 9t BEATE SEUTHo| AT

29 A T FEUFHo] X A ] 713t Ao]
o F olRolx ki ¥ 4 rk.

524



49 YEga 14

Table 8. Block Modeling(Group of located region)

time | Period 1 |

Period 2

Period 3

[Block density matrix]

GA | DE | DO | SU | JE | CH | HO | GA | DE | DO

SU | JE |CH | HO | GA| DE | DO | SU | JE | CH | HO

GA 0 0 0
DE 0 0 0 0 0 0
DO 0 0 [0.004 0 0 [0.033 0 0 0
SU [0.011/0.005|0.001]0.004 0 0 0 [0.002 0.003/0.001]0.001] 0
JE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CH 0 0 ]0.001/0.003| 0 |0.004 0 0 0 [0.001] O 0 0 ]0.002] 0 ]0.003] O 0
HO ]0.055] 0.04 | 0.03 |0.043]0.023| 0.07 |0.065/0.036|0.045|0.038]0.037|0.023|0.033|0.082|0.091| 0.04 |0.021]0.043|0.091|0.043|0.082
[Block Sum matrix]
GA | DE | DO | SU | JE | CH|HO | GA | DE | DO | SU | JE | CH | HO | GA| DE | DO | SU | JE | CH | HO
GA 0 0 0
DE 0 0 0 0 0 0
DO 0 0 2 0 0 18 0 0 0
SU 4 6 2 20 0 0 0 8 1 1 1 0
JE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CH 0 0 1 6 0 4 0 0 0 2 0 0 0 1 0 7 0 0
HO 6 15 | 16 | 67 3 51 | 30 4 17 | 20 | 58 3 24 | 38 | 10 | 15 | 11 | 67 | 12 | 31 | 38
GA: Gangwon region/ DG: Daegu and North Gyeongsang region/ DO: the Dongnam region
SU: the metropolitan area/ JE: Jeju region/ CH: Chungcheong region/ HO: the Honam region
IF 1 $42 AmEY] fsto] E-IXet SMIRAl EE F25 A 23, AGIK(S9RE, 3HE Al
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Table 9. Group Properties(Type of Institution)

Period 1 Period 2 Period 3

E-1 SMI E-1 SMI E-1 SMI
GA 1 -1 1 -1 1 -1
DE 1 -1 1 -1 1 -1
DO | 0.833 0.098 0.538 0.601 1 -1
SU| 0.76 -0.412 | 0.842 | -0.585 1 -1
JE 1 -1 1 -1 1 -1
CH 0.9 -0.354 1 -1 1 -1
HO| 0.766 0.326 0.784 0.286 0.725 0.406
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