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A Study on Exploring Weak Signals of Technology

Innovation using Informetrics

Sun—-Hi Yoo - Hyun-Woo Park - Kyung-Ho Kim

Abstract : As recently the interest in the future industry grows high, the demand for
forecasting the future shape of science and technology, especially exploring ‘weak signals’
of changes in science and technology, increases as well. The ‘weak signals’ means that
currently they are uncertain and abnormal signals, but are preliminary signals which
might lead future changes. Accordingly they can provide important clues to the future
forecast. The study of ‘weak signals’ has its significance in providing important clues to
the projection of the future technology earlier. As it has not a long history from its
concept to exploration methods to utilization, more intensive study is required. Exploring
‘wedk signals’ has been conducted mainly through the information analysis by experts
with a high level of intelligence and sense, However, such an analysis is difficult and
broad in scope, and furthermore the interpretation of analysis results is very limited,
relying primarily on the decision of experts themselves. The purpose of this study is to
provide a more objectified way to support these expert-based tasks. It derives
quantitative results from non-structured article information and provides a logical basis

for detecting the signals based on the results.

Key Words | Future Technology Change, Weak Signal, Preliminary Symptom,
GTB(Global Technology Briefs), Informetrics, Word Analysis
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2l(Ossip K. Flechtheim)?] ‘Futurology’2tat = 8} A 1k 1960 th

o] %ol Future studies’ & @7} obd 429 oA w]#(Alternative futures) = R4
st o Qloh

H sheolu g} v shaf(nficofstul) 7l A 400 d7ke] wlHATE B3 I A
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= A8 UE 45 A9d AR ‘E%"&é‘.%ﬂ 454 Ao} dHE F3
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of 3t Aee Aol wat thated, FARE Jidel Bol2A ‘emerging issues),
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‘weak signal®ll W18t 7= Ansoff(1975)7F A&k4 A&& 9 o) ek
Z sldsty] gk olqr=A A|7)sk7] Al 4elal, weak signalS “gHd gk v
388 7)ol ob4 Bebddt ejdel A al(warnings), AH(events) %
(development)” 2.2 o} 3}$i v

=3 Ansoff(1982)9l] 9J8H weak signale] Al A2k 9o &S v A7) YfA
T <ad >3 2e A 7R A& ohE dE(Uskali, 200505 71 oF ghohal shlv

A WA el 7204 DE(observation B2 surveillance filter) 24, o= Zyy ™ A A
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& %3 weak signalZ A - EA(data)s]oF b onjolth 7 HAIQl 1A ZE
(cognitive ¥+ mentality Filter)® 7A€ Ao i3k ~7)d(scanning) 418 &

3 FAAoR FQAo] XY e GAZ on|git} wpx|Hgo 2 J]--rl-”ﬂ(power filter)
© weak signale] HEAGARY] QA 5L Tl AFA ouE Fojsia FAHoR

AP = GAE on Ik

2) KISTINA 199318 s 9je] 2Auastr)e SEPRE 74, 7hesto] Algshs Az
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<@ 1> Ansoffe| weak signal ZE
Survedlance Slrer

Environment 7’
Mentabity filter

Information Action

Povwer filter

1 o] F, Godet(1994)2 weak signals: “@A= AA|s7|7F 44 &A= v & E
A=E PA M3l aololebar Aot at, Coffman(1997)& weak signalS A H.o| &,
Aol Y| Bl (1351 81 Hab Al (complexity) B A7) %2 3K(self-organization) 9 A
s A7 v} Qleh agla a2 ¥ERYUA 37 B4 weak signal @S AE3h=
T= 38t} F o= ‘Semiotics' (7] 3.8k A5 (sign) 2t A4 (symbol) 2 14 9] o
n| e} Abgo e AT #ohE vR O R ‘weak signal'ol tidt Ao E WS st Uut
2 29 (Hiltunen, 2008)2 2A317] 98 w=dslm Ut 1 Yo% th9 statEo] 2
At Fdy v =Us 873 B2 o) weak signal A& IT7-E 383 YtHVan der
Heijden, 1997; Day & Schoemaker, 2005; Brabandere, 2005, Salmon, 2000; Hiltunen,
2005, Ilmola & Kuusi, 2006, Saul, 2006 %).

weak signal> Azlstd wlgol] & JFHE A = 715 (chance) & Eake A
oz g 7] FAHoIG &k, AF Fo vehdtin & 4 gtk BAH g A&}
A &S Aow 01741]7] st} A Foko dyztEol dopxtER] £ 7}
sAol Boh gt A7aks ak signalol g o] & HE3] sha B gubH
mAs] 98 =g gk
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<3z 2> oj2f Mse XY =Y

signal

/.

y Strengthening 4f a sign

interpretation

<% 3> ojzf A Foll sk 3Rt Fx=(A Y, offr ¥ &) ¢
Mo FoX xHH
signal
 Objective
- dimension
Subjective issue
dimension
interpretation

gz M E AT v A A E 9 Hiltunen{2008)-& weak signals =21 7ol A
nlg Wgte] FrAolel AZbE = dae] 7)o]d AbA(current oddities) Btz ©]/33t O]
g Awsta, v A3 (future sign)oll sl 33FY &7 2dS 2| A|EF vp <
2> #x). o] BdoA 7} &2 A5 (signal), olFr(issue) 2 8ﬂ’91(interpretation)2§ T
AE e, 5= Aldy 4 EE 7R A (visibility) & YERRE, ol9riE AR S ()
AT, TVREE, $o, AR §)E, a1 ARFEASAA v AEEA vl 2]

A=

o
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o
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Fol9t do] ko] AAE Yol oM weak signals BAEHE FEIE IS AT
stz gt #AdE 714k slEeel s BaEe 97t e BAN 714k A=
o5 A9¥ HEWA o|n strong signalell 7Httha & 4= 93, weak signals 4317
HallMe & o FEE JAAR, F AL AA B 2E0 ALEE To]ES BYse
Aol & asir}

7
& AFME olHF dole] 49 2leJA Hiltunen(2006)°] =AW 3714 Akg}

T, AMANS 7INke R Fhe], weak signal B4 oA 4 er g 318 stg
A WA 24 do] 28 WES oA BN WEE, SR &7} A7l
o Wt AA4 8 Megatrend)S w2 thE gojol Bl T]% Wo] AR
(instance T4) 1 &olv FF 74 B3E FE 7hsAe] uhs Zlola, T WA
L5 27 §ol7t BE &ole @Al dojr AAAE FA A (degree centrality)©]
NAH A Bt FopRltt A (record 41) A e gojste] BA N Qlojd Gk
Hol wobA olspdhd 7heAe] B AR ANFF 4 gl Aelth

B F7HQ 845 iy v EAH, 714} dlolElmo] 9] BAJol 9Ear|= s /)
ARE AU, DBSehE #ACA A E7te) )ALl dig Q1A 84 (interpretation) ol
gz AET 7Y A8 dolo) Fol% signald] AEg AHAE F U A
o2 AT F gtk & AT gido® = GTB dHolgWlolxE 7)Ake] A4 1
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F ek
w3 71Abe] 719) 5 GTB 2l 2E7h iR 714kl QAshar ol sheh FAlolet & 4

RelA A (interpretation) o] 7Hthal 8k 4= 9111, o]i= strong signalell 393 3}7] Wi
o FA == go] FollA o]#gt doli= AEAY o] Wel] @ gol® AT 5 3l
< Aol

whebd], 2 A o) 2l 3744 #A el %53_ dlolelE Aa 0w FAjsto] et
ok

HozH 54 HofolAe] weak signalS AHAQ Wyl o8] Bete s AdE Al
ASHA a1, &% weak signal 5}01“33 712rel A3t tjxdte] vl E ghelebA,
A dEzke] dAS T ofvis S8 oA 2 Aok

2. A T AY=a

Lobs A she] weak signal B4 2
Sl o] weak signalol] thefr]= vlFst
St AARES o8 Aodx i, o AAtE a3 edx] gon, Fa B4 Zo
EoHzYZE AR Foprl F=RE olFa Atk Hole 2 fel= vddT, Y
Aol -, AR - A - Hkadl A Goll e B #Aale] opx|al gl

71&9] weak signal 42 R AV MEQAE Zvte s A 34
A3t HuUE A 7F 2 (1] = SRIC-BI SCAN, %= Horizon Scanning Center X
SCAN/ASCAN, &= Trendwiki 5) 2= AlFEAE 7oz 3k 2 4= oo o
& ApdEstacia @ ¢ Sl
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CHet 201 &3 SMGI DA GHE 20t Y S 45
My AX A2 dE 7L TVES S UE
b = iRIQ & 2(full text) Hy
My g A X HEpEME 98 Uoje B8 4 /e
Ho =8 HE IR 2B SUHMY SO =5
2t S EECE R
=5 S22 0o 3T EA
Weak signals £f2H Weak signals &M §AIE S35t 815 £
0] oA SME weak signaisoll HEH B4 ey 28
o e WO T S U A2} o A

IV. Weak signal &4 WHE &

1. AR &3 2 g

L1 B4dd &

B Ao A= weak signal BAEHE Y AA HEATE Y3 EAOVE AREAE
GTB dolgjulo]Ag #83luz} gith GIBE T#87)EA B ATAKISTDAA
199338 sle]e] AXaelr|e TFARE 3, 78] Aulz3)] & A Hsrlies
FARA B 20 P& 20062 o] F ez Ry IASE AFsPEA MFEA A
& Ml 23t Qe S29E8E 2Y(GTB: Global Trends Briefing)-S 2§t}

GTBoA M= ojdel AFERdE KISTI A4l Al#te] “nar|eFAR7 8 J7|sF

o AT “F A RE | RERF R WA, 200035 20061714 71EE
GTB 7|4 A&7a) Anl=sta glet
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<% 5 GTB 7|A ME

GTB 7| k= &b % Eﬂ}ol 11078 9] A2 2] FE7} sl Fopd s sl el e
ARE 74, 71as] 258 vgsg A AA2E(GIFT: Global Intelligence on Future
Trend)oll 53k, 55 74k wgd wd 9 7 Zopd Wi @udlolE 7t At
A 459 GTB 714k 22,0000l @38 GTB Widd 39S gidos Aygopds
Hds Mulasar Qo KISTIO 38744 B EEA o] E(www.yeskistinet) 2 €]
Heprjdol A FRuA duo] Ao Pxu)aF L JTH<IHE 5> Fx).

GTB AXE O]*QO} iIHJ B A7) eFAAE v 4 Qle A SRA I

BNEET A0 D §7 vdlE 8RR HES NS0 ofolrjo] Akt A
s A Ak 9

44 ko] G4 FHE T 3
| ofollolg AFsHE AL Brolw AAFe] AW A o] £ge AL

omK 7k el MERA ZAS AR F A e AT ek

A B EAS 883 7)4322] Weak Signal 40 #a |4 119



1.2. AR 3

B Ao B4 93 AR o AF3 v 9 S2E5dEZ(GTB) ©
olH o] 25 Yo R st on 200435 FATA Z1AL F i EokE HT olgr

sh¥ a1 gl T d EoF Tl A 3 JJr AU ol ot A} #aol
F okl A WA a1 =ofE] Jo] Holx|il Q= HfgHR o #HH 7|ALE F
E2747)8to A gt ARE

QoA AF3 nhel o] weak signalS ©BA57] Y3 ARALo R HAAT W
gHdol Ae AEE o83k o] vHE A%ete o falsitha & 4 Jd=d, 1 o
Ao 2= #3r)E 4 K7 AHproceedings, letter, conference material etc.)®t 72> &
E o dud, 53, & d7ddA ZEsF dY dolgulo]xd F2ESIE
(GTB)E 018 BH oz FEH1 Y& #317|& 7JAP ol weak signalS B4
71l A3t glolgujo] 2} & 5 Q)

W

J

o

i
%

1.3. AR wg 9 g

FRE HEAA BE 7)AF AL (ull text)E KISTINA] AR BT S S8 AL
AR LA E(Knowledge Matrix)9] Hejs #417]15 o] §3lo] do]& B4 - F&3 A0
FE9 dojolls dutd oule] gojE® v XFHY) wiLol o|F AAsA, AR
on 8] dol= FFAEA (refining)8te] AP A gt

o
oy
Ll
[
o2l
Y

A
¥ oo sl A= &Y A5 (instance frequencies)E MEH AR

vehfa, dopd A s C127)E SAsA:

3 FHE ool thol 3] AAE dotr 7] iste] shte] TIALel M FAl RSt
£ @98 WAlink & Aojata, dol-tholzt FAAY e 71Ad 4 (record frequencies)
2 mjEgaz Jehfo], wolzt Bl QlolA Fale] HE dolg 7] 913 EYa
24E F8 dold FAATE SAsAY
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1) 3472004 347, '05: 457, °06: 3671, '07: 457, 08 707, "09: 4471
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W%@ﬂ

: L .
12 ol 6| 7| 006] 027] 015| 004! 009] 016
73 4 4] 41 7| 006| 009! 004| 009| 006] 016 0.22
5 14| 261 12| 491 24| 021| 031| 057| 027| 070 055 0.22
718 11 6 50 211 28] 371 032 013| 011} 047 040| 084 0.21
A5 20| 29| 31| 49) 101| 65| 059| 064] 067| 109| 144 148 0.20
A 33| 89| 39| 68| 149| 104] 097 198| 08| 151| 213| 236 0.19
5 40 6] 21| 30| 15| 12| 012] 013| 046| 067| 021 027 0.18
A 70 12 70 1| 27 21| 021 027| 015 031 039| 048 0.18
=4 141 19| 311 20| 52| 88| 04l| 042] 067| 044| 074] 086 0.16
AEE | 4 69 95 209 222 119 129| 153| 207| 464| 3.17| 270 0.16
A= 18] 10 71 39| 40| 48| 053] 022] 015| 0&7| 057! 1.09 0.16
71 3| 4 3| 6 20 8| 009 000 007| 013 003| 0.18 0.16
E 54| 68 66| 171| 185 143| 159| 151 | 143, 380| 264| 325 0.15
7] 34| 39| 23| 73| 60| 8| 1.00| 087| 050| 162| 086| 1.9 0.14
A 6| 5 9 280 15| 15| 018| 011| 020) 062 021 | 0.34 0.14
A% 120 37, 19| 30| 33/ 29| 033| 08| 041 067| 047 066 0.13
7] 10 10] 12| 46| 12| 015| 022] 022| 027| 066 027 0.13
o # 7 7 120 14| 7] 009 016] 015 027 020] 016 013
443} : 4 31 6| 16{ 7| 009, 009| 007 013| 023| 016 0.13
A 2291 3361 208 | 551 909 506 674 747( 64811224 12991 1150 011
A 5| 46 4 5| 11] 11} 015] 102| 009] 011] 016 025 0.11
3] A 26 21| 25| 44| 45, 53| 076| 047| 054| 098] 064 1.20 0.10
F 714 Ao A e 028 vFeR ¥
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2.2. @09 AZAE FHA A

B A] A Zake] BE FollA tho] ko] fAE AAER #AF oz A7l
ute} o w3 wolrh thE dojeke) BAZL wolx A o 4= glar, ojAe] oju g A
& k(A F3hel wlE] zbol7k g A5 et A5l & g o9 £S89
3, ©o] 71 AMSAATHENA) #4418 Fasto]l TAIA A4 WstE AT

AL QAT Aol F23 A wE(node)$t AAnk)eoll thak A4 A
AM e SAGY dojg & 4= i, GTB 71AHrecord) 3H4E dhubel A
(event)?t & A% o5 F435la Aol A o] Qrkar

M}

webd woltt BEoE MAHE AE Arele] v s ey, 58 A
AL wAS FAE WA 218 MRS 19 99 doleor T
SL3t, <3 2>elAlsh (o] RielM wol: FEsje] on wols He] wEys

(Co-occurrence Matrix) 2 2HAd $h)

i)
N
X

<% 2> to] 34 23 nj E2[2(20094)

AR AR N AA| 7] = | AT A e 2 A7 A A A E& | A Al A A A ]
4 33| 34 [ 3331 30 3027272725 |25]23,22]20
BieF |44 | 44138 34 [33(31] 30 (30(27|27|27|25 2523|2212
38
3

o

7N | 38 381 33 30129 27 |26123124|26|22|24]20]| 1918
331 34 |52 23 12320212321 20]16)19]|16
7= [33]133]30) 25 [33123| 26 |24|20(20/21|19]20 19|19 16
A 131131129 25 12331 21 |20;19[18|2115]21}16]|15]15
HElZ|30 30|27 ] 23 |26|21 | 30 |22|19]18 |21 1921|1817 14
A7) 13013026 23 |[24|21| 22 |30 1821 1917|1616 18] 12
ARG |27 (27|23 20 | 2019 19 | 1827|1416 15|17 |12 |11 |13
dA 12712724 21 | 20|18 18 |21 14|27 1819 ]16]16 | 14|12
BEE (2712702 23 (2121 21 |19,16|18|27|1516|14|14]15
A 2B 222 21 1916 19 [ 1715191525 |15 12]12] 10
Az | 257251240 20 2021 21 |16|17|16 16|15 25|12 |13 |11
W 23123120 16 | 19|16 18 [16112 161412112 |23]12] 9
AA 22219 19 |19 15| 17 |18 |11 14|14 | 12|13 12]22] 10

2
o
o2
[
ML
Jx
o
e
ofo
e?
™
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g 20 2018 16 [16)15) 4 |12 2]15]10]1n] 9]10]2
AN 1911917 14 |17111 15 |13 9131216101211 |11
Sk 1191191181 16 11|12 11 101137101013} 11 91 5| 9
e 1811817 14 (14|12 11 1211111012 811012 8| 7
EX 18118115 ] 13 (14112} 13 11} 8|14 11110} 12)11,10) 9
1181181171 15 |15|12] 13 |15 9|12 14, 9| 9112|1010
Fw |17V 17y 15 13 (13101 11 gt | 6l13112y 8 61 9
wab 117 117 (16| 14 (13112 14 |14} 711312101010} 9, 9
AR 117117113 10 [ 14111 12 1011010 9110 8t 9] 712
AE | 1711716 13 [ 13115 13 (13|11 |13]10111 13| 9| 8] 9
<E 3> dZH T =M AM(degree centrality) HEH T SIS
BE =z A =
) ‘3; i 2004 2005 2006 2007 2008 2000 WAFTIE

s
al

0.1158

3} 0.3205 0.2485 0.3602 0.2946 -0.02
A 0.2211 0.2595 0.1538 0.2452 0.2303 0.1973 -0.02
7 0.3338 0.2760 0.425: 0.3603 0.4653 0.2914 -0.03
F71 0.3294 0.2993 0.3356 04739 0.4693 0.2762 -0.03
i) 0.2774 0.2770 0.2409 0.5068 0.2709 0.2259 -0.04
2 0.1834 0.4354 0.1538 0.2881 0.4733 0.1486 -0.05
Y 0.2507 0.3683 0.2527 0.3531 0.3190 0.1968 -0.05
Ag 0.2596 0.2935 0.1581 0.3910 0.3184 0.2011 -0.05
IZRAE 0.2507 0.1322 0.2316 0.3016 0.3358 01919 -0.05
s} 0.3843 0.4869 0.3085 0.3688 0.3736 0.2908 -0.05
ks 0.2730 0.3644 0.2494 0.3417 0.4014 0.2032 -0.06
124 718490+ 174 2%



485 0.2404 0.2566 0.1200 0.3503 0.3312 0.1789 -0.06
+4 0.3249 0.2993 0.2375 0.3851 0.2836 0.2334 -0.06
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