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A Study on Technology Forecasting based on Co-occurrence
Network of Keyword in Multidisciplinary Journals
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m Abstract =

Keyword indexed in multidisciplinary journals show trends about science and technology innovation. Nature and
Science were selected as multidisciplinary journals for our analysis. In order to reduce the effect of plurality of keyword,
stemming algorithm were implemented. After this process, we fitted growth curve of keyword (stem) following bass
model, which is a well-known model in diffusion process. Bass model is useful for expressing growth pattern by assum-
ing innovative and imitative activities in innovation spreading. In addition, we construct keyword co-occurrence network
and calculate network measures such as centrality indices and local clustering coefficient. Based on network metrics
and yearly frequency of keyword, time series analysis was conducted for obtaining statistical causality between these
measures. For some cases, local clustering coefficient seems to Granger-cause yearly frequency of keyword. We expect
that local clustering coefficient could be a supportive indicator of emerging science and technology.

Keywords : Complex Systems, Technology Forecasting, Keyword Analysis, Growth Pattern,
Time-Series Analysis
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CE 1) Nature 78 H1= &9 FH0 & 28 F 2=

FA)o] m p—value » p—value q p—value | DAFFEL A}
animal 48947.8 0.000 0.182 0.000 5331 0.000 2081.7
human 60877.5 0.000 0.04 0.000 5.304 0.000 811.0
nonhuman 226114 0.000 0.002 0.000 10.391 0.000 39%5.8
female 12153.0 0.000 0.206 0.000 4726 0.000 574.1
male 12436.1 0.000 0.208 0.000 4197 0.000 545.7
rat 9925.6 0.000 0.149 0.000 8.990 0.000 4737
metabolism 8492.9 0.000 0421 0.000 8.1% 0.000 660.0
mice 11911.8 0.000 0.155 0.000 458 0.000 3239
mouse 8407.8 0.000 0.147 0.000 5555 0.000 276.0
protein 1070466.2 0.984 0.001 0.984 2.7194 0.000 406.0
dna 9890.8 0.000 0.163 0.000 4.160 0.000 206.4
physiology 8072.1 0.000 0.382 0.000 2.7156 0.000 259.5
animal experiment 5111.2 0.000 0.011 0.046 11.603 0.000 387.2
evolution 8253.3 0.000 0.021 0.000 6.660 0.000 1221
mutation 7661.5 0.000 0.077 0.000 4.875 0.000 1137
genetics 9575.7 0.000 0.113 0.000 3.668 0.000 1165
animalia 5516.9 0.000 0.001 0.000 12.561 0.000 87.1
amino acid sequence 5235.8 0.000 0.006 0.000 10.935 0.000 80.9
escherichia coli 5015.1 0.000 0.216 0.000 5182 0.000 145.3
chemistry 5010.6 0.000 1.004 0.000 1.637 0.180 385.6
animal cell 45019 0.000 0.003 0.001 11.070 0.000 1471
gene expression 23834.8 0.020 0.002 0.000 6.919 0.000 82.1
signal transduction 4175.8 0.000 0.000 0.009 16.109 0.000 77.3
brain 7149.7 0.000 0.172 0.000 2.990 0.000 1446
unclassified drug 16131.8 0.000 0.001 0.000 7.603 0.000 64.6
astronomy 4290.2 0.000 0.000 0.001 17.024 0.000 479
genome 5159.3 0.000 0.000 0.000 15536 0.000 344
molecular sequence data 3679.5 0.000 0.000 0.075 20.453 0.000 10565
cell line 39%61.0 0.000 0.037 0.000 7.748 0.000 1149
cytology 10783.1 0.455 0.149 0.39%6 1.790 0.071 250.7
ma 122209.8 0.968 0.014 0.969 1.285 0.229 2152
medical research 40287 0.000 0.000 0.000 14.69% 0.000 341
gene 71782 0.000 0.022 0.000 5527 0.000 156.8
base sequence 319%.2 0.000 0.001 0.000 16.369 0.000 49.0
genetic engineering 3374.9 0.000 0.007 0.010 10.248 0.000 168.3
calcium 3200.0 0.000 0.140 0.000 6.445 0.000 79.1
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# 2 Science A Bl &9 FHO £ 2 FH 2

FA o] m p—value p p—value q p—value | FAFEFLA}
human 48477.0 0.000 0.026 0.000 6.643 0.000 4
animal 46358.3 0.000 0.115 0.000 4521 0.000 12459
nonhuman 204314 0.000 0.002 0.000 10.489 0.000 284.8
female 11647.2 0.000 0.104 0.000 4.647 0.000 299.7
male 10659.8 0.000 0.124 0.000 4.629 0.000 340.6
rat 7490.7 0.000 0.075 0.000 9.238 0.000 219.8
metabolism 193179.1 0975 0.017 097 1.007 0.446 3774
mice 8653.0 0.000 0.059 0.000 5.339 0.000 105.7
protein 437496.3 0.934 0.001 0.935 4.893 0.000 2159
mutation 8864.6 0.000 0.013 0.000 6.666 0.000 1295
dna 7779.8 0.000 0.044 0.000 5401 0.000 845
evolution 81115 0.000 0.007 0.000 7.596 0.000 153.3
physiology 160473.2 0.960 0.014 0.962 1.321 0.152 260.0
mouse 7112.2 0.000 0.069 0.000 4904 0.000 95.9
genetics 275057.8 0.905 0.001 0.908 3.825 0.000 132.6
signal transduction 4541.3 0.000 0.000 0.000 17.508 0.000 51.1
animal experiment 3900.6 0.000 0.007 0.041 12.388 0.000 262.9
brain 9253.8 0.000 0.09% 0.000 3.348 0.000 1328
amino acid sequence 4066.8 0.000 0.001 0.000 12.674 0.000 64.1
astronomy 3949.7 0.000 0.000 0.008 18.663 0.000 55.3
unclassified drug 6490.5 0.000 0.001 0.000 9.636 0.000 64.1
ecosystem 3661.8 0.000 0.000 0.037 23.880 0.000 455
gene expression 71478 0.000 0.001 0.000 8879 0.000 38.1
animalia 3824.5 0.000 0.001 0.000 12.410 0.000 70.7
molecular sequence data| 32479 0.000 0.000 0.116 19.667 0.000 109.0
genome 37481 0.000 0.000 0.011 16521 0.000 50.9
chemistry 348924.8 0.979 0.002 0.980 2.993 0.000 1595
animal cell 29474 0.000 0.001 0.000 12534 0.000 737
medical research 3350.9 0.000 0.000 0.000 13.890 0.000 38.2
gene 4189.8 0.000 0.002 0.022 9.734 0.000 140.0
escherichia coli 4802.7 0.000 0.079 0.000 4433 0.000 58.0
cell line 3229.5 0.000 0.013 0.000 8.34 0.000 344
cytology 148790.6 0971 0.005 0972 2.030 0.015 1497
rma 2371440 0.967 0.002 0.968 3.125 0.000 112.0
genetic engineering 2541.9 0.000 0.006 0.005 9.952 0.000 109.1
financial management 32515 0.000 0.007 0.000 8.158 0.000 69.9
human cell 22974 0.000 0.004 0.000 11.451 0.000 7.3
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5. FAlo] odxH ¥lxe} ZA|uky (E 3) Nature 73 Bl &9 FHof ADF 2% &A1t
UESY = Z]_u_sl}fl] H] 3L ey | SRR [aEus [ Awas [quas
i AREAY | 492 | d9EA | A9a
animal ~2,98263 ~4,03301"
=3 A= 7L Z=go0]o] A A 3] = —
‘I‘_ﬂoi oy T 1]0-] ] o ooﬂ EHOH humen 356507 35512
ook S FbsEA s, g FAlo 7 o nonhuman | ~L97478 48357 oA
AR A, 353 HEH AlHo] AAUA female 277683 38926~
da] 9E BAl ek F2 AEEE F mile | 2865 AU oA
rat 268379 473497 oHAA
Aol= sty e A clstaE e waEly] = _
ﬂoi “’]'—l ]Ezﬂ Oﬂ 1 oo = E‘v’] o]' ] o= metabolism 94509 37751
71ell, the FAAEY FAEAYSH FA o o mice -0,61443 445268 erg A
FES ZA 2 Aojgs HAELS AT AZs) mouse 24758 4263447 <HAH
17} AT o]E 9AEy] 9 Aol =AU protein -2.17102 -3.2662"
dna 269838 -3.98222"
A Y ELITE X819 o T A 7
d eSS FARRen, B 344, oA physiology | ~2.87903 415613 er4A
Z/\]/H ZAIA] 7181 ZAIA] BB R .
UH7H o mle, -TT _WEi e, T H% amma] 350072 512707 o4 4
st AlFE FAo] A NIE} Hlaste] T4 experiment
evolution -1.96986 -1.97291
}\qx}_ u] _JZ‘ = l—o ZE A5} =x ARy o) —
Afel iz Sl SAstEA 2o u mutation | 31984 521487 orgA
t}. Nature®} Science ¢ FAlo] H=9 & A genetics 285742 -4.2446™| A
o]7} glof, ¥ =o| A Nature FAlo] ¥42 animalia | 2275 53616 3
shukg eb A ch amino add | 00 068034
sequence
escherichia coli | -1.87792 5845737 or4 A
5.1 AlAIY eS8 M ADF A chemistry | -2.20001 35088
animal cell | 207975 -4.33464™ | FAA
ADF(Augmented Dickey-Fuller) A4S £3) eX;‘zrsl‘;on 081445 YT
FAoe Al wxel YEYJI ANE AALY el
3 8} ) 2) 2 ) 2 o/ O o)z . -2.06825 -1.81257
oMM S A5t HAZAH] 1% F4= transduction
& ekl gtur fow AAge] AL o brain__| 237 ABAD
_ _ _ unclassified drug| -1.11943 -A97317 | oHd A
u) 3k AR e <IE I <3 o
19 ADF _U g o # 1> ) i 2> astronomy -1.75371 271158
FA e} FUsH, FEHAFAA A H, A genome -1.2155%6 -4.35417] 934
dol A o 1A RS AERF7HA molecular T .
data | :
ARG}, <E 3> ADF A4 A3} 9lo Sedueree -
At < ] 478 At glew, cell line -1.37078 409151
Nature®] 74-9- 3671¢] FAlo] &, FF¥4= gene oytology | 2,343 305473
gho] obgHollon ARz A9 F 16719 ma 273249 -3.90252"
FA0)7} e Aol At medical | e 050573
) . ] research
A FAol MEYZ AFEE w3 dxd |l gene 481558 oHAA | -432506™| oHHA
wob vt R ARe = A4S ANE .
o} wjzt P 12 A2 § ADF #A4<S HAs base 18739 3R
Atk <E 4>9 A F F9AHE HA AE #* SeHenee
~ genetic i - -
50| ADF z;x At A AADE ol dt engincering | 1P SO
T AN 9 BE Ag3) ASs gl = calcium -1.94252 -367U7"
Aofol| A 2HEHF7E FFAYS s, 1 LT e A 1%, 5%, 10%01 4 frol 3 ofn).
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I 4> Nature 1E9 HIZ A|HL oFF FH|0{e] HEYI X|E ADF &N

FAo] =5 A4 =3 T4 WA A | e A (R Q9 Al
nonhuman -4.82534™ ~3.48087 ~3.90378 ~3.26202 ~5.26068"
male -4.11234™ -4.01338 -4.0392 -3.71325 -6.3084"
rat ~4.89031° ~3.95093 -3.8013 -4.09233 ~4.62802"
mice 410801 ~3.7974 396072 369848 48357
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F SA% p-value F A% p-value
nonhuman 9839453 0.000108 2.023009 0.136599
male 3.020361" 0.052387 4.231419™ 0.016684
rat 1.200094 0.304639 0.23648 0.789757
mouse 0.09093 0913142 0.529314 0.590334
physiology 0.7651 0.467471 0.172001 0.842179
animal experiment 1.459716 0.236266 0.095025 0.909416
mutation 1.155148 0.318377 0.3428 0.710451
animalia 2.422086" 0.092906 0.852417 0.428866
escherichia coli 0.126213 0.881541 0577143 0.563001
animal cell 8.792906"" 0.000268 3.486494™ 0.033642
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unclassified drug 3584467 0.030664 2.469416™ 0.0887838
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