Advances in Applied Mathematics N %223, 2023, 12(2), 459-468 Hans )0
Published Online February 2023 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2023.122049

i RIEN 5| % S| RIIR S#E S

——&-TFVOoSviewer )AL 2 #fr

RI4E
FiE TREEARRAEH AL, il

Weks HEA: 20234F1H8H; FHHEM: 20234F1H28H; KA H: 20234F2H8H

HE

B RGBS BE RG] RAH AN, REREMESREAN CRAERAR. PL20044E1
H1H~2021412 A 31 H WOSEHE EAZ LILFE 1485 T BEN. 5| R AHTN /KK SCEREIE A LT 2.
ZAIVOoSviewerfF, K AR EE SRR AE, X E R BEM S ROFTHF AT TR /B
EXR. VM. SCEREER 5| FOIT TR 4T, By BE R 5 BB METHEFEER I ER RS
RENE, BEWMTFER: 1) NHRIURKE, ¥ BEMNIIRAFHEBIBREETAFEER, £PE
HEE, ¥ RIERPSIRBIFHRATIEE. FIEIMESEST T, K. BEER, iRBTZEFT
SZEMHT; 2) NFREERE, M BRY BER S| REFHA CHBERY BEMN T RAF TR SHE
.

K §Eia

TG, BIF, WAL, BRI

Current Situation and Trend of Research on
Expanding Adaptation to Initiate Innovation

—Visual Analysis Based on VOSviewer

Yajie Zhu

School of Management, Shanghai University of Engineering Science, Shanghai

Received: Jan. Sth, 2023; accepted: Jan. 28th, 2023; published: Feb. 8th, 2023

Abstract

This paper will systematically sort out the research overview of innovation triggered by exapta-
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tion, and accelerate the exploration of other theoretical systems suitable for China’s innovation
practice. This paper focuses on 148 literature data on innovation triggered by exaptation, which
were collected in the core of WOS database from January 1, 2004 to December 31, 2021. Using
VOSviewer software, and using knowledge mapping and cluster analysis methods, this paper ana-
lyzes the co-citation and keyword contribution of journals, authors, countries, institutions, and li-
teratures on international innovation triggered by exaptation, clarifies the evolution mechanism
of innovation triggered by exaptation and grasp its process characteristics and development laws,
and draws the following conclusions: 1) From the perspective of research status, the development
fields of innovation triggered by exaptation are concentrated on innovation management, biome-
dicine and other fields, the research authors and affiliated institutions related to innovation trig-
gered by exaptation are mostly concentrated in the United States, Britain, France and other coun-
tries, and the affiliated journals are mostly concentrated in comprehensive journals; 2) From the
perspective of research trends, at this stage, the research on innovation triggered by exaptation
has expanded to the research on the process and mechanism of innovation triggered by exapta-
tion.
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1. 5|8

[ K DU TR 2 “ M QIR IR BN A R, et s R s 7 | “IE AR TR B
HIBERT L, LR BB RE /1 QAR BON 51 U R i R AR R S8 4%, IF HE R 03 R e
XHRGHT T AP TR I ER . I RE RO BT R IR 7 AR T i B BRIk, TR
NG EE 1 TR AR R I F 1, HEARORMEARNE, #lEgde X HEEESREERAT
WA, 515" S BRI RE A EORAR S, b mT I, 3 RGN 5| e B B oA FOR B S S

I RE BB AU UR T 20 AT 80 424X, Gould & Vrba T /R MBI, HIRGEHT [
NI, FRR RN 2 SONY G R AR RIBE A AR(2]. 2000 4, Mokyr K47 R N 3t
WAER A SINE B, IR HE SO “ R EORAE 5y — SN B AME R R 3RS 7 zh” (3], RoREl
A IRETE S APAT B DO RE 0 LB PR IE AT 9[4], —ATA TR BRI FE . Andriani (2014)
S NEE T IEHRAL A A AR R S R RE R ) 20 iGN QB CE 3 RGN ) N ARY R IE L. Ah il fie
N SE Y RGN DUR[5]. E RT3 RGN B 7T 2 15 B AR LR 2540 22 sk, B2 U 0 K I e
TGN R, BT AU E B LB Y, EEONE NS I SR BEE ThRERIY RIS,
K “MHIREI” [6]. HFHQOINEETHIABITL, YUY RGN AR HA NS, 58 Bl [ %
M5, R IR FRIGE R« — AN RAMR R BRI A B o B I R AL IR [7]. H AT,
Rl A OGT- 9 el L 5 BT O RS s D O sl B e R R BB e TR 2% 1, 2 B D RE A A A3 B
PERY B, 3 H 2 SRS N AR BOR K 328 SUSE, I i e S BUR S B BRI 2 BT B B8] [9] [10],
MR ATIABHT . A SCAE % Mokyr 25 B AXS & IE RAH R EIRWF FC R, YN G B BT 38
MR, B FRAENERE R, WEAL PRSI A" RETs. ZAUEE T 1m0
X MESEIHAR . DIREY e RhE, HAZ O JEA ThRERE Al L i) e AT A AR LA o
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PR IE N A T R B R FE R AR AR 11]. Arthur B8 635 & B 70 75 SR RSN H AR G135 A 61 # 4%
RIFLTFTRFRIE[12], §RIERLG R AICHTINE & E o 3 RIERCAT LS ) & S it T R ——7ik
Ti[13], HBHHA A BARM@EASAL, LI “ThReFER” M “ =AMV WO IIRE[6], FHTX
BB ORI AES . BOEAE S 1], AT RBARQIF IR AL 1. FIRT, 37 B2 M I 5 R w AR
A RE A AR R R R [12], LI e T Y RIS TE AR R R AR AR 1, il R BT, 51 AR Tk K
JE . PRGN T A B A ThRE R R IR, R T RE LLSE I R B RS, il R BTAT L, BRI A
M fi 5 7 DRI R I L ez, AN ETET K IR AR R AR . BT RS R B A 13 e S
Yk, HE “BIA LR LR AR R [14], R 6], B, ¥EENMRES
B I BEROIFERY, TER TR AR AE DL N R B R T &, 97 KRB vl 3RS R R R, Bk
U AT BB (15151 AT 7S o Clemons TAASEIA™ i 1 I 51 G 8T 1Y) D58 A2 195 e s} 23 AR A Ji Y
ZIEI BT AR [16]. HTH RGN 51 KR R BUEA SR DI PR 11], (B2 T eE k2B,
AT b 2 I 4R S o 3 5 R (148 TR BE 702 S LB st — 20 .

gr bR, HATR T RGN S5 08 R R A 2 b T4 1 B R A i B AN & 5 e S5 B AR 5T
BRI TR S A AT B . JE T, AR VOS B AR T A, iR G A1 SRS o b i
FI7EE, LL2005 4E 1 H 1 H~2021 4£ 12 A 31 H Web of Science £4 FEURSR I 148 Fa &M 51 & 1l
TR SCEREAE I G, A R IE NS A0 HT % RS RAT . R ENSESEE 5] b DL R o
WS, T A I B RE N 5 R BRI SRR S, DOHE R R E A RIS .

2. ¥ RIEN S| & QIR ALR B S

AHFFERIH VOS AT ALE A, LR 5] SCEE 2 (Web of Science) % O A8 WA R IR, 1% F & KR
3 TS = (exaptation and innovation)7E R %& 4F-£73(2005 4F 01 H 01 H~2021 4F 12 4F 31 H).BRE i& 5 (English)
BURRGL T, (RIS RN AR, A8 DA O SCRR I Al b b Bk BR S AN & i 7 32 B B ) SR, B
LA RN BOCHR 146 FR (WA 1o F ERSCEREL “ Al sk 551 IS 307 il g, gl SOAmg =Gl

24+ 650

22 600

20 1550

184 500

164 1450

144 400
] 1350 2
= 124 53
§§ 1300 o
10 ,31
1250 S

& 1200

61 1150

41 1100

2 50

o— 0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 20152016 2017 2018 2019 2020 2021 2022
St/ TR

Figure 1. Change trend of the number of annual papers and cited frequency of the research on the relationship between exapta-
tion and innovation
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AT T ERRAE LM E B U £ 5 o 0 ROCHR I 20 A7 2 B ST T L B0 AR BTN Sain]

GRS 08, MR RN

(—) WEFRHATI AR

g W 8/ 51 B K T2 20 Wk, 75 78 AN L5 WIFIHES , BOEEH 5457k TOP 10 (33T
(LZe Drlsn, MKRIATIR 2 0 fife B AR B HES S AR, K (B5) (Nature)2 %55
PERIIAT, ¥ il 52 5 5 A W RL 22 45 W SOl 51 S st v EL ik, FEA% 51 A5 389 I, 1 R 23,566,
JETE AL (G5 EE KRB LR ) (P Natl Acad Sci Usa)ik 2, 354k 5157k N 378 TR, HERETRE AN 23,735;
PHIE =2 (FBF2) (Science)E A MEMATI, MW KIEZ . AW S IHRENR LSS, bl 51 KiE
324, EHSREMTH =

Table 1. TOP 10 journals in terms of co-citation frequency and connection strength

< 1. EWSI5UR R ERERE TOP 10 #ATI

P LR W51k HERRIRE
1 Nature 389 23,566
2 P Natl Acad Sci Usa 378 23,735
3 Science 336 19,646
4 Ind Corp Change 182 7121
5 Nucleic Acids Res 178 11,130
6 Res Policy 170 6415
7 Genome Res 163 12,915
8 Mol Biol Evol 163 10,621
9 Cell 134 11,643
10 Nat Rev Genet 131 10,462

(Z) BeLBFFAEE AR

WO AR AN EAR GBI SR 8, SRR 2 I RS T 0 B e o R S A TR
FEHRANIAT T LS AR A 3 BT T U A L Eh 2% 2 Sl 51 Bk SO RE 58 TOP 10 1R
FAL, Gould, S J /F R AR Iy & M. “WIF ORI T EZ R AMaAT SLAt ATIE, JF B A&
ZBHRACAHNEEMNR” X -BMENEEZ —, NEEAERAICY RGN E LU AR B 2
MR BLE 1 3kA, (AR Gould, S J /EJYER 29 B2 L SXAEWE 7C 254 Al PR L AN BRI WS g 1],
KAE Y RE AR B 22 Q0 ERIME, X R G MR AT R I S A, 31 Bikmik 115 i, &
PHRSE A 10160 HIKFE Andriani, P MBI 70 W8 & L 51 A BT (05 i, AL R I A e S 51
AT RGNS R AHT HLER, vd e NIRRT B 1 B S R At S SR ik 82, 3455
&Ik 1257, Dew, N SRUEWT LY FEEMAF N — ML T BAR 2 5 R Geh P AR Wi, w7l
SR 5 L RE 7 T QT DAY T Rl B SEEL R BT ROR Y 5K 5 B A (R BEAE rh A P AR AR H R
BB T AT E N E L AL S [17]. Garud, R SEARIZREL AN 5 2 A FRFE R AR (S 1)
P BEEH 5 BIE LR LK) FEAT IR T, IRIUY el BAEFOR G “ AR B VR T BB R (18]

(=) BREHNS A

H13% 3 K OCH TOP 10 MIEZRKHA AT A1, AHOGAH B Z AR S, VAR B, . H
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Table 2. TOP 10 authors for co-citation frequency and connection strength

= 2. HWSIIURKIESEIRE TOP 10 1EE

FFe 1E# el 51 ik BRI
1 Gould, SJ 115 1016
2 Andriani, P 82 1257
3 Dew, N 62 1081
4 Garud, R 57 937
5 Cattani, G 52 1288
6 Mokyr, J 30 636
7 Chuong, E B 26 232
8 Nelson, R R 24 805
9 Felin, T 23 461
10 Wagner, A 20 99

T mERL BHA, AN SEESK, HEA I =10 52 3£ E (39.7%) 92 (24.6%) 572 H(13.6%) . H A,
FEX TV REN S RXRNARRERZ, JIHEEEERENRKA. EEECESE 2 I sl
EFRSREE TOP 10 fE& 0 A AHDG, L2 (7). EEH (D). EEYE). Bt 1), S
FHEH KRR S5 E WA SR, SR ESCTH R IE N5 01% ¢ R R 7L Rk SCE 5851 Y
H—, Wik 58w, I HIXEEIL 2105,

Table 3. TOP 10 countries in terms of publication volume
3. K& TOP 10 ER

5 TP KICE: ElEE BRI
1 USA 58 2105 180
2 England 36 1051 108
3 France 20 626 158
4 Italy 17 251 124
5 Germany 11 177 5
6 Spain 11 508 72
7 Switzerland 10 243 31
8 Canada 9 521 52
9 Japan 9 313 6
10 China 8 78 3

() BTN AR

JEY TG NS BT 8 R FUREAA M R TE B 2 B AZ O FER LR RE (BT /D ROt LR X 3 i 3 1
5P A T EA BN S, A 4 WAL, SRE IR B AR (S SR TS IR A
REER IR e, Bk E BT A0 (Cnrs) AR K ORISR, (HCE 5 &S TRl £9
JEIE 55 BFTRIE TR SRR 44 (R SE R, FLAROE 7 T P R A BE (R « B £ BEGE)  SIMF R (39)
REHEREE(E) S A2 BLRZE(TE) R A SN L K22 (5R)
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Table 4. TOP 10 research institutions in the number of publications

52 4. &£3CE2 TOP 10 FA##

s WAL KR () 51
1 Santa Fe Institution 8 184
2 Swiss Inst Bioinformat 8 184
3 Univ Zurich 8 184
4 Chinese Acad Sci 5 57
5 Kedge Business Sch 4 139
6 Univ Cambridge 4 401
7 Univ Oxford 4 66
8 Univ Padua 4 27
9 Arizona State Univ 3 122
10 Cnrs 3 300

() HRFEES

ARSCHE I e R A AR 5 SCHR P S B 3L BB BT 1 SC B 1R T R SRS SR BT, Ry
J 3 LA BT ST R ST 3 s 507 ). AU B VOSviewer BFEE T STBRARIACR T 5 1 RS X BF 58 32
RRHEAT IS, MY FEE 5 B R R W U s A o, 5 A SR, T RO/ R ESE, K
ALK 34 DRI 3 MR, W 2 FrosRRBIE N, 3 R MUERIEIUIK 1
DL IR) -

Figure 2. Keyword co-occurrence clustering knowledge map
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PRI NLII AT B 2 AR E B GRS R AR . BT R LR T AR A A IR AR
YA BRI, WO TR T RGN R AR A SREA R . 5 322 T R 2 S U
BEZEARCIHIRE, BRI ELHTE TR L R BERS #0024 B S AN S BB AR, Rl R N 5
RAHIHE T L &1 2 ARV S R 24080, 2000 4 MOOR K44 J I RLix — A 5| N8 B 2 4 5
(31, MUFURR e B 51 A GHT A B AR S L, IF 28 R Tl 8 B S BOR G,
QUFr L 7 EEE.

HARRRUT FroR:

B PG NAE RN E SRR . BB OFEAEIHT, RIBHANEOR . UL,
FUENL . BANRILS B ASMEESE, ARIEY LY RGNS R B R & SR Ly aE R 5|k
QBT A AR LB ) -

RR T PRGN A R QU . BRSO R R E M TR BB E R T R
e 5IE BRAEIR A IUR I BOR T S QBT 30 K ZORHEIA A I SR IR . SRRk 2
FI = Vi o S

RE=: P RENAEEY A QI RE b AR . 5 RIS R T AR rh A R SR AR it AL
MR AR, BB A KIAT I T B IESE

3. I REN 51 & BIFRHESH 54

LA B, RSO E I B R IE N 5| R BT A S 3 n] KK N, — R KT &R
IR R BT, BT IR shy R IE N 5 R BT KA, RIS T R N 5 R B R R
FARHMLEERT T, Hp o & Raghu Garud 5 5 i FEF 5T LA K Pierpaolo Andriani 26 A [f175 A8 LI
F, XM ETY RN 5 KR T .
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PR 3E R AT LUAAIHETH A T — MR ) < BAR, Hl TR AR SR, 7 2018 4
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Figure 3. Raghu Garud’s division of exaptation cultivation

[ 3. Raghu Garud 334 fRi& NM1EHE HIEF TR 52

37 FE L R AR 27 R I LA A R B0 ) P R s o G AR GRS 2 S e ) 7 it
X O HREE RIS KT R, RIS R A CBOR AR EBIB W T, WF 70 TG B I R UK
I, BRI SLZ I, MY RIS R AR, JREE IR A Rtz X
UL G R R I R ik — o Y IR AT LA SR TCTA L RIS A R DL N A3 AR B, A
e Ja T RS S A A BOR A, SRR TR AT e
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RetE. BT HTILRIEE DR R A AEtE, v DUEE H R B e A IR A R 2 R, 2k
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“YRIESN” RIE RN HTI RIR R A SR T BE .

T RWIA AR RO &I RRE R I B TR e B, i A A 8 T RO R I A I
AR, M ORGSR BET & . BT 5] S350 T80 DhRe s = i 1) B AR IE 08047 75 ok
08, BEY RIEMN 5 KRG YEE[11].
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Figure 4. Mechanism diagram of Pierpaolo Andriani’s “three-stage, two-gate” exaptation innovation

4. Pierpaolo Andriani “=FMEL. @I ¥ EE&EMNOIFHIIERE

1) SEmavER By R aE R VR FALE . 3R IE R 058 — M BOR B T5—SUk D, B9 H BITETE
W FEAE DA BT TR PSRRI O F T B AN WAL, BRIV T A BIHKAT
HRFYER T U SN AR, Pierpaolo Andriani R T BUE SORY FEIE A F TR BHRHAE RS2 A FI B B
FEIX i B i S B BT D B 5 AR AL R AEAL G S A RE T B AN B, AE R Vu s BT s R [20]
AN ENE, XEARACHT ThREWE A BA RINTE RE . BF 708 BLH 25 v 5 /2 BURR B vHE SR U B SR KN D RE
B “HER LIPS SR BRI R, X BARE DR AT iR S9%, (RORT AAE . IR
NP CHT LG R i 1 S 3R Bl 5 R B 8 R 4K DI RE (1 58 k2 AF

HIFT L, SEBUBTEL S AR W] D RER 0 BN FUR BT FU 8 Boah “HERAF ISR, RERSI % —BLmt
FOHAEIR MBLIAST R AL, RN AST 5 B G (RHEA AR B A AT 1 . Pierpaolo Andriani $ 1415 & X
N——RZI], K BEZ AL E SO “TRIZT TS o BBl i D Bk T AT 508 B S o0
BAER” , TR BRI R AR BBURIE” [19] LU DUET DhRES 185K R R B P 7 1) i
MIEREST - B, WFFCH RENEXT R ILIIAN T AT BATIRART ST, A CEAT IR D RE I E B AR TV

2) AR B RGN R LB . 3 RESE ML B B BOk B AEBLA B TR R RS A L,
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Andriani 4§23 B SOV I BY . FERTBLRUA & — @O A ATHR T, DFT 20 e 4R U 5
TAREEALRE ST, I R RS T SEHL S I 0% 2 1) R BRSBTS <R AT AR D b A
BRI T A TR TUMSKHLO QR T2 190 T ERE B LUK T4 ST 2T B )
RBEES, EVHTILR 5 T E A6 (10 A 098 e 5 A TAT LU (37 0 50 24 s R T R 97 214 (9
B AR RN SRR B ARG/ 2 R BT RIE(E S DIRE R . [k, E R T fERR
BIBDRERE, AP R RTINS T AHTELR BAE
BT 5 TUSA B TR AR R B BT, 53— R HTILRPT B MO A, BRTBLR 1 5 T R A
AR AR R

AR TF 538 AR G B i T BUAT HOR ISR (5], HUR TR 0 7 40 2 T PR AT 3 e P
P, HEGIE - AR, BOR - BRARTIR AR, BT Ak 5 ALPRI % (L R ) S5
GUH 1 B LA (MR BT R A8 ). Pierpaolo Andriani HHHEAN I & XN ——TEHIZ 1T, BIEBLSERE X
HITHBEREAC R RES ARV 2 BRI ISR R . AL A

3) DhAEH B G S L. 5 GBI 2 = A BUR 14 CLaf A (BT D) BT RE AL PRI 2
FHRAEE AR BLSE L. S 5 2 A RSB & T 7 SO B AR R W ot S A, SR LS
Rtk KR ST . I R T QR T B S TR RO 3 ST I B DA B T
HIAEf, Pierpaolo Andriani it 75 i SUNY FESE RIS RENTBL . " RSN 31 K QU 3 PO H6 R — AN
RIPERTBE, (ERTIIREGRALIE S R 2 T, 75 BRI A DA (R IL 2 At . AR AR B
[SVHOR FoR e TSR S AR R T AT 4046 F RO YT T 0 LU, T Bk A 5L 1 5 SRS AR %
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Tt F L B B R (7R 0647 IR A SR ) FL O RE T 50, ARSI AR oh TR T < 148
MR TR SKBLHT e BRI 5 RAT I BRI QLR 19].
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