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Figure 1 Specific algorithmic process of KeyBERT
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Table 1 Variables for SAOMs
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Figure 3 Two-layer network structure view
3.2 RGN GBS P 2% AL RFE
BHIFEAE A 5 B 2 S 1 ARSI E AT IR IR R e tadh . i
Xt 4 NIRRT R S AE PSS AR S M3 AT GE vt o0, W] DL s A 220 2 Sss it
WG AF M 28 BT R AR AE, 4038 2 P, FHORIFAE DN
R 2 S HAM 28 0 ZORHIE TR bR

Table 2 Macro feature indicators of the period network

Tl T2 T3 T4

R =E 269 241 250 181
AP R f 173 180 179 135
PR R 96 61 71 46
WX % 351 5 548 548 487 370
DX 288 25 0.0152 0.0189 0.0156 0.0227
FEIRE R 0.4548 0.4312 0.4929 0.5029

WA BT, BT, Wk 2 Fdi T LIRS, BHESVERIZ 80
RUBUN T iR 269 J/b 21 T4 B0 181, 1 HIBCE M T1 B3I 548 y8/0 3] T4
I HIIY) 370, R EAJE RIS Rl A AR R REGE IR . (FIZ 45 )25 )N 0.0152 3
NET 0.0227, MWAE BRATAIEHEIND, HHAERRBMRENESR . Bk
F, N RAAT S E N 173 FFER] 135, WA R AT S E N 96 T REF
46, IXT]RE A BN BN AR R BRI, B LRI TR T R 1)
FAERR, T —LEA IR IR W B A B 8] ) R B HE T AR 45

SEHRRREEIAE . BB RO T N SRR . R 2 Bl
FRTDAEE], TR RECH 0.4548, TH] T4 N #24 0.5029, Semrii
ZIGHR RSS9 AR BB 08 RIBETHE R, BT SR B A 1R
Bk, B REEDCRIE AR E MR B RA, 55 S 8URE N Be ) F 5t 5 ik
TR TG o AH T S LA 7R AL B IR . SRR A SKRIL R R Phik, HA1E
KA EINER . TR R T AIE PR A BT, T SEI B AR
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3.3 SAOM HEHIL R

SO IAERT TR BUN (2011 4-—2022 48) Z/D LT AN . Rt 3
TRV L, BEAGIEL DI INRTE R SHIE 3BT R 12408 75 5 % T Balland™
LENBICAWITT, FEAC T H87G 5 AR KL [R) 32 N B3R R 5 G138 W9 28 T A0 3 il A 5%
Wiy, 3 A I 2% A B I IR . XA BT DRI I 2% 5l 25 A B0 3 B SRV e 8 AL i
S RTHAE R EEE . BARM, i KRNV RS, A U5 2158 4 ok 2
TR AL BB IR ST R INEE 3 o, mZERATUEH, s
t LE3<0.1, B RISy 0.1771, W 2 /N T45T 0.25 Fie st N, £ W] SAOM
BRI 2] T AR AR USSR 45 R o

R 3 SAOM i R RELAY &5
Table 3 SAOM model simulation results

ZH ZHUh R ¢t
R i 22.327 6.036 -
TR 213 7.7713 1.043 -
A A3 8.505 1.318 -

X)L o7 -2.653"" 0.083 0.0825
i 0.367"" 0.025 0.0268
FR AR 3.189™ 0.313 0.0324
IRt 0.017 0.114 0.0574
AR AN -3.895™" 0.681 -0.0116
FRAEATE ) 0.385 0.200 -0.0169
IREZ RS 0.877°" 0.112 0.0323
ENR R 0.343 0.366 0.0136

* P<0.05; ** P <0.01; *** P < 0.001;

T t lEE <0.09
e RIS 0.18
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Forbr, A s B B T A [F B 18] B A, LA 2 T e A o 2 B AR O R IR R AR
N 3 s, M TL 3 T2 B, QU FARSESER RINE A )y 22.327, KT 1E
X B, HURE M R AT Atk R T s AR AR SR R . T2 B T3 BHHAN T3 5
T4 I IR AREL TL 2 T2 WA B R B, XA REZ i 17 2011-2013 4[|, LAY
ATTEE AR TR A AR AR TR AN B BHESE LSRR T T RIA S, (H Bl B AR 42
EAEE@EE T GENEIERR, FEMEMEIKERRTREC SR, BT
AR KRBT o

P& HAr RECHF BB E . BIRE LSRRI S EM S0
AL BB BE AN ] 5 HABH LA LB S AE R R XA RER AR DAL BB
B M AR, ATRERELHMEERZKY KREMEEH. X—EBRE LSk
SIS TR W5 &, S VEUBCA BTN K. BT S EN I X 2 0
BT FE AR R FHREL D, R JeE R 5 o5 HE 2% oA B AL SR = — AN B ik
o ARUAWAHZS 5EBEN, XN SOL K 3 3R s O I
BRDGREGERR.

B RPONIE B RE . BB MEMAAERIL T ZAR AN G X
MRk, —EHL A 5008 B M CHAEGIERR, B M C ZIMHE S 5 Lk
F, X RWERR N =0 AR . =76 AL RN R AT 33 A I A
AL B AR, BT T FE RV AE A AR KPR AR AR A5 5., B D AN e PEANE B R
i AT A AR, BT B RS IERR I G, R A4
T S BT AR S E R RS, X EL R . fERAR R
SRR, BT IR MR R R EZ AR, ERILE IR .

MRSBIEHERECVIEREZE . BENESEMTHERY, HUEGR T 55010
EERIA N AR HABN LI B 1E . X R4 KleinbaumBSIF1 McPhersonl61%: A [ 7t
ghit, TERRGUR, FNRATIEYEX SR R CER . SHUMER LR T
1 ) BB RET 5 R Bl AR AR A, BT 1 e R R 2 ) A
RS 5 HIUAE AR R AT 1 ATR R
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HURBIEMIHA B E . AW TOR G2 SRS S ARG 73y R Ak P A
Mo BEERETR, PURSRADIFA R RE SR EERR, RYIE &R R IRHITI
b, BEE S HHAGE S AR AR AE ST N LT REAFAE R & 2 5

FRES P ERA S S IZX P TEAR A SRR 26 o AL B A R
ZiRER, MRASHIESEERREIAMR. WY Wang®™I5E NIwTTE, Af
HEN K C 2RI 1 HBA R E RS, BIE WA TR . 2L
HHRIRZR SR Z A AP, ENTEASIPLE FHBHRR, RS A1
(). AT R U B ER B AT BT, AT HE 3D X 25 ) B2 AL -

FRZ R AR S B THE R Y], 2R RO B A AT RE S5 At
PUREE. BATZ MRS A PRl MR SR 1 e 71 H 42
ZRER, TN SRR LR 2 BRSBTS HH T C U8 1
FOARTIA, XA RS AR A2 U B 25 2 W 5| A LR AR A1, A A X 2%
NG e ARG EAESE, RIPRE MR TE1EH
—EME T, HEARRESIFRAPEEREK.

4 BE5THR

AHEFCR BT 2 B R RUIR T 1 62 U LA (R HIE & AF X 2% sl A AL R A
FENLEL, RN TAERFABE T A AE T, RR R SR AL A ] 2 5 RSN &1 X 2%
HIzhAs . ATAUERERY], WRBARGMRHIERE , XIS & 1F R 4 2 B
RO B g D T 25 5¢ R AR H 2 R R et s . X U W BEAE I Rl HERS , 76
A CEE TRERSER R, 15— SHMNZENR T 7 & FES. [,
AR R 28 A% AR AN FIR AT VX A AR B S A R R AL R IE 2T . IXAF&
BHIFEAE W28 BARFAE , 2 oAU ] T 5 RAR S5 A A LA BEAT S AF - 55— T
FIRAL AL 20T B A1 50 R ML B A U RN . IX AT RE 2 UV IX LI 22 78 77
RIVIAE RRRI N 77, R EE TSR . f)a, RIRZHEES GER R
RIS, XRYDEZIGIEO E HRR I F 5K, XA R RRT SN REAT &
o LERBRY], HR MR R R EokE T HU BRI 1F 7 20 Al
AR PERRAR TVIERAS, AT SERARMEEN, (HEAZOALE LR 5
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THHB SR, eSS E1E. SRAEG PSRN TR 7],
PRI SRR AL A Bl RO LR AN ) T 1 o SO BT AL (1 5 1 S S (1t
12%, WRNMARITHL I & 1F R 2 R SR O T W .

RIS, AP FABAAAE SRR E. H—, AWFREE 7L — R R BRI
SRR A 19X 288 Bt L B RITR IR 458, HATANRIFOR B2 2% 5 B 5 1 A 2 B AU
LR TTREAFAEZE S, FEARRDITT st — B Y KT AR RIEH , 25 B R 2>k
OBl REAT B 1 LB, IR TEAS RSB & 1 I 8 s A R IE . H 2, AT
PO [a] B R, TOVE LRI A I 48 ISR 3 . R SR AT SRS A ) 5
FERIEAEMZEHE, WERHE R R 28 KR B 5 .
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Abstract: In the context of innovation-driven development, the organization and
coordination of complex scientific and technological innovations have garnered significant
interest from scholars, which revealing the nature of research and innovation activities
shifting from individual pursuits to a stage of collaboration among researchers and
organizations. Gaining insight into the dynamic mechanisms that underpin collaboration
among organizations participating in scientific and research activities is fundamental for
further organizing and optimizing further collaborative innovation. Facing above
challenges, this study focuses on scientific and research collaboration networks, employing
social network analysis methods and stochastic actor-oriented models (SAOMSs) to analyze
the evolutionary characteristics and mechanism of collaborations, as well as the primary
factors that influence the dynamics of scientific and research collaborations. Specifically,
this research employs academic publications from year 2011 to year 2022 in the top
lithography conferences to construct organizational collaboration networks and knowledge
element co-occurrence networks. In this context, organizations that published academic
papers are regarded as innovation entities, while knowledge elements extracted from these
papers serve as nodes in the corresponding knowledge networks. We then examine the
dynamic changes in collaboration relationships based on the analysis of network topology
characteristics, while also considering the influence of the knowledge element
characteristics held by innovative entities on the dynamic evolution of the network. in this
empirical study, the findings indicate that the scientific and research collaboration network

in the area of lithography displays a trend of diminishing the number of core organizations,
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accompanied by a strengthening of collaborative relationships among participating
innovative entities, suggesting a growing emphasis on building robust partnerships within
the network. The findings of the study also highlight the influence of network status and
transitivity on scientific and research collaboration. Knowledge proximity, knowledge
diversity, and the triadic transfer of the collaboration network positively impact the
formation of collaborative relationships among innovative entities. The positive coefficient
of transitivity supports the facilitative effect of triadic closure on the formation of the
collaboration network, reflecting the "friends of friends" phenomenon. The beneficial
effect of knowledge proximity is also notable, indicating that organizations prefer to
collaborate with those sharing similar knowledge structures and content, thereby reducing
communication costs, and improving communication efficiency. In contrast, a high degree
of knowledge combination opportunities reduces the likelihood of collaboration in this area.
The negative coefficient of network status indicates that organizations in core positions are
less inclined to establish new collaborations with other entities, since they may prefer to
utilize their resources rather than engage in external collaborations. Moreover, we found
that higher knowledge similarity reduces communication costs between related institutions,
thereby increasing the likelihood of forming cooperative relationships. The findings
demonstrate that the characteristics of the knowledge network significantly determine the
modes of collaboration among participating organizations. Through a detailed analysis of
the dynamic evolution of collaboration networks and knowledge networks, this study
provides theoretical foundations and practical guidance for optimizing collaborative
strategies and network decisions for innovative entities. These insights offer important
references for the purposes of evaluating the collaborative strategies and further organizing
research collaborations.

Keywords: Scientific collaboration networks; Knowledge networks; Stochastic

actor-oriented models; Network dynamics
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