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LW ARZE RS N H
SRR AT SR8

A w AT YRR KRAE

NEERE LA ASE XA RO R AR BRET LN EHE X
BEWHEELRR, BEMEAEMFARTATNEANENXREE T 2B T,
AXUNERHERBEELBHAELTEN L HIENRL SR AL G LA
RNRELTE, X T 198620195 EL X HEFE  KAHLLEAS S Eal
TR A H RN RAE RN, LEFHELI 2R AS GRIT 05
RABEAERFTARATBERTE. #—FP 2B T, 2 HRAHE
FTHHERATRERN BB, XA FHAERUAFT R A
B AR T HREE, 2MER , 2R ASE P W W &A% R R
BN AEMARCNFTNEENS ., FAELINTAA, 2K AS 5 5tk
MF AN RJERAEEE., AXER T HLSEAR
FA R EBTFRANFTOZRAERELE, W R MK EEMART S THEAA
Fl,mEAFES IV HRERARBETERREMREE T

KPR HLSHAAR WHAE SN HAXBHFR AH

—. 5 =

FEA I 7T AE R BE 2 R R B 3 A S AR 0 3R TR b, 7E 1R R AT e A =R
KA O Fe AR R A H5 3E AS ATRAR SCPEAE H (Akeigit et al., 2021) . fifi 5 4 8K
Bl 5E 4 H B Z R = b AR R WAL, LATT 3 5 1) 16 A P 3 Rl A 5T (AR
PR N FH SRR SE ) €A & e B A 7 07 R BB 72 Ml AR R RN S B s KR
e B 57 A 5 ) AR L L (R AR N R LA E [ R 28 5 AAL 2 kR A A HAR LR
B YFE i am SE AR A T SR AT RE M R R LA R R SRR S A L,
TR IE B SE b AE 5T 2 e ARG SRy o SR, XY i 3 [ L Al B 58 88 AR &R 1 5 25
Fa P O s — 7 T, FR [ SE AL A 9T 4 R AR WE Y 5 i 5 & R (R&D) 28 2% i A rh HL R
% (2025 425 0 7% ) , 5T 4F K [ (16%—18% ) . H A (12%—15% ) F1 KR B 1 b1
(CF3919%) i A AR Lo A AEFE — 8 25 18, M DAV 2 i B B 0 [ 9 S0 7%

ORE B FEF TRIINK 2 B 4 B AR KR AT L, BB B 5 : 518060, HL T {5 4 : xuan@szu.edu.cn,
2500281013@mails.szu.edu.cn; B 58 5 GEIRAEE ) , RN 24 44 T2 B, BB D - 518060, HL F{E4H : 2xj@szu.edu.
en; A S RIINK 22 N T8 BE~A B, MR BL 2 A5 : 518060, HL F-{7 44 : tiantianzhu@szu.edu.cn . A SCHF 5845 3] [ 5 4t
S Pl & EH NI H (24AZD012) | R A W F 4k SR F AW H (6D25YYJ12) HE HRB %4 H
(72403167 .72472105 ,72072120) (55 By . VEZH BRSHE 2 F LR T AN, MK, FA N,
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K oy — T T, BER A 5 b Ak 909% B 48 AR BUR I B, 48 A 3 AR B — Ak [R] 58
H, 5 kEERZ AR FRIE R T & B XT b (Arora et al., 2021 ; Babina et al.,
2023) . FERMFFR KK 50 BOFIR 29 ) B G5 PP JE T L A% SR B 3 5 A8 0 I I
P 2B DA DR B 6T 25 ik AF 5 104 K D R AR, A J0 s AR RO 42 P T g 1 T
G R T K (WVEIAR S ,2017) o 2026 45 [ 55 Bt CBURN TAEH & )42 H 2“5 A Al A1)
B AR ML ) R SR Al I R RE B SR SR R EE Ll
B RS HEAABEIREERLG o B, B BN TS SR AS S BT
2 TC A AML , AR 28 i SE AT 8 AN 0 B S BE$5F | BT S 4 3l i I FE b T 5T
T ) 22 % % , 52 BURHERIHT 5 7 Ml A Jre VR T Wl G 1) A 6 8K

K% [ AABE 22 3 G A Sy SCORe 0 1 B Rl B 90 4 e 1 2 SR TA BT 1 b 18 S 3K
GRGUH AT Al X B S PR T K BESR L AL N B2 i, 51 S 5
FESS AR BN TERIBE ST, B R BUMN | = A5 Ak Rl R & P A i B i X ks
TR 2 5 FE W o0 i A G il 2 B N o T 4 S PR 0K, SO A A & B AR
FHER S AA L (RRIRAE,2022) . SR80, #E S WA S 52 m SR RHE K813 1
WAEMLER A6k = B AN SEE R o B #h 23 GO AS S i 1 FH 2 il A 5 B0 3 i N R 2
B NNCR 98 5 A AE 2 00 R AR R IR BE SRS Ak S HE 3l 0 B A A 5 T
] 28 0% £ 4837 , MRk 55 [ 5K A g 5 SR SR AL s S 4%

AL E R B AR G EE B ST H I, T3 s 1 90 A IR 5 At
SRS 5 XN H BRI S AET RIS . NS R |, S = W H 5 dE 510 3
it AR 5 A0 A0 T ol HAE 5 A TC A Ml B I Y S RURS: |, 3R I R BT R B AR AR AT
(Akeigit et al.,2021) 5 T 7 i 9K 20 Y Al A1 5% AN A AT LI % 42 Aip v 75 5K, 32 7HF
RERER I BRI I A R S B IR) A [ v N TR G SR TR RE T Y A S FEIE |, B L
SR R Hz WU B A 5l T SRR O B I A% CIEE 42 Wil 55, 2013 5 Arora et al., 2025) . #&
1M, E R 2= K 2 BT 15 B i 5 (Akcigit et al., 2021) 5 5 FH 3% 5 8t 2% (Arora et al.,
2025)  MELLSCBLRLE H TG A Sk . RS RAS SRR RNMUBRIR £ 0T
AU 28 B SRR B LY 2 BE R A T S R U R T R AR A B AR A48 S AN 58 B AR
(Knack & Keefer, 1997) . #t 23 WA | T 3 75 oK 09 B #4525, % IE BT H 56 i
B 72 SEBR 48 1] (Ponzetto & Troiano, 2025) . H1 EBE A FE 4 Ui H GEU5 55 5 A FATR
12277 SR AR 7 Ml e e A AN E AR IR 2 sh A PR BBl e 58 07 Inl , il ik 117 37 K o
ML 58 A N FH SE R 58 BT, SRR R 5 T 35 75 5K 09 B s B[R] o

SEUE DT T, AR SO ] 1986—2019 4F [F] 52 H SR Bh27 56 4 % Bl 5 45 0 i R A5 8., I
PiC IncoPat ¢ FI B 4ls 5 , SR FH 22 4k I8 o 5500 A A 5 il v e i st T 728 &, Ak 74k 25 %
A2 5 XN AR SR A . PR A SR AS 5 B ERA TN H
filt B 52 A8 A B A BT f, SC B T NSRRI B B I BR A . FEECER 4R 4h S
WAZ 5 AT H LR 57 B B8 2y 1.7 30 (FEARIE R 1 300) 5 78 s 4E
HEARAS 5N ERE TR0 8, Wi T LR AR T e Mk HoR
BEE R BRI K. BE— B R AL SR A S 5 BT T NIRRT
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FE BB A 1V RE A FE ALK

BLR] 2 AT 26 B, At 25 AR 2= 53 2 17 R v ML B o 0 FH 225 Al A 5 1 BB 2
R, KT REE &, B4 3400 B 78 50 72 i A B8 T 5 T R
SREAL R . i RS S5 KRR TG B R RERR R, Sy Bl R AR
T TR Y R (R 0 AR o L AN, BF & O AR v B B A R R 4k
RAGHIE BT AT 5 PR SR AR RS , s Ak T A 25 B4 A H AR P IE], DO & Bl 24 5 i
) 7 30 5 =K T J i B F 98 1 N A2 8l o AR SCRI R R 5 455 78 DA &85 30 SC AR rp 2 B
“FEMFEVERIE" S “ BB AL R 5 78 AR LU BE T 3R 30, & AL & /AR S 5 (i1
H A& VEM B 21T & A TR 0 A 550, SR 2 A R ABE 3R DA % 28 5 A 45 # 4 )
PET, B E T R AL A RE . SR AT — 2R R T A S AR L
I 30 A5 o AE BRI PE B 4l AN T SRS 1] B A 0 SRR A SR A S
50902 SEAE FH BT R B3 A SO T B R AT B 8 7R T RE R 2 H T Ak, Ak
i MR R “FE T 2 5 " ME R I T e &

KRR NE S = 2RO . B, SRR A E YN RS TRA
Z 5L R ST A SRk . A BFSR R B, ek At SR A S 5L RE AT IT B E
F AT ARG B N AR = S s, Sk B R R R R B R S BE I M R
AR AR (B2 W45, 2013 5 Arora et al.,2025) o X AP R I BRI L LI E k5
1o W T R 7 2 G A A AR X S B RS HHE AR AE: | 2024 5 JTSE AR 4%, 2025b) , AN HE A% )
SITRARBR 22 K, $E 3 By Uy £ R 281 (U7 @ & MITE 7 B, 2016 5 Babina et al., 2023) , if
8 2 AR R AR IR AR (A T U SR AT AU A N A5 5 A S AR Y 22 R
(Arora et al.,2021) ., RS Z R B B R 1T N NI =4 325, %
Tl by B 55 22 o0 AR R AL LT G E A R o AR SCEEL G A R
YR B AN SCHR I JE A b BRI b SR A S AR S A SR T L R S 5 SR O AR
X, R TSR AR R QI IR ShAE T SR oL . AE AL B i 3 &S 3AR
HET RSN ST RAEEBYE, HZ T MR A EVLG S TR R B
PN AE B 5| A 5T 7 ) bR iR B R R R e 1) R SRR 5T . AR SCHE R T AR S
PR AT S R W 2 2R Ge Mk R i L2 B 5T 6 O 1) AR B

HR AR SO SR 5 A JE 30 TR B8 B AR 19 SCHRAH OG o JERbATE 58 H A7 ML ()
OISR RO T T A RGN I BURF IR 1T A28 3% Bl ik 28 M T 3 Ok
R F5 5 E AN HT B8 T A% U ) BE 22 HE (Nelson, 1959) . BEA WF5E R B, BUR A
AL 42 BT 5% B R 1 3l B R A8 HORN 8 F  2% 7 b (P AfE 25 55, 2024 ; Babina et
al.,2023) , i B H 5 AH 5 7= b BOR B A R AR 2% J O 1n) , W 5 B Z2 Aol Jin A 3 4 Tl
Y, VAR 38 11 3 = A PR 25 4 OB AR5 ik R 2R, 2022) , e 28 52 81 9% U C 2 50
RN BEA, BB A B HTR S S R i — AP R B 2% ( Bergeaud et
al.,2025) . BRI, A& 48 LA I H —3k 307 R FRAE B BOR 58 B A =08 i A7 7F T 515 2
AR XE DL B s i R ol T RS R PR (AR &, 2013) o R IE, T AR ASHI 5
FEREWFFE A LB R BRI 5T A B RTIR Tl HE S T SR R E SN
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A TR B R R, b m B E R SRR BRI T A oK, sk Ak R A
DL i sk o &2 5 ML, 52 3R Q18T 5 7=k A8 A1 fl A (55 BILRR AR SO
2025) . AHIMWFFT IR , 8 5m Bl 2f RO e 75 5K 5 7= b vy FH A0 B A A T ok o B
U 09 Bl 2% 81 31 1% 35 (Scharfmann et al., 2025) o [RIIE, & W& 3597 24 72\ BB 5 38 3ot
PR AN X R BB R S5 5 oK, AR U 7= 2= R IR] A BT 2 i e A A BT O (R
LS 2025 ; Leng & Zhang,2024) o 578 303 F i o 5% 10 SCHERER Y BUR R A AT
W 7RI A A TR H R A PRAIE TR SR 2R 3K, B A b i B T 37 T, DT Bl 4l
i Kt FiER AT 4% A (Belenzon & Cioaca, 2025) o A5 SCBF 20 M % 42 /i Al %iE
&2 SRR R W LT ST RO ) BN 3 595 A SR AR S 51 R
FERBIHESY , 5 884t SR AR S 5 I8 B0 T 3 A 2 A LA S anfa] &2 m BRI S AR AT
h 580 S B 22 00 PR PRI B B 3 A 5T R A0 R A0 22 50 UE B S IS LA

B, AR SCHIF AR 5 A0 8T B0 SR T 37 1k 9 SCIR AH 56 o RV A W [ e O B 4 R AR
Wr A 28 10, {H DA SI2 56 22 38 T 3 10 e S — 2 B ok 20 5 BT (E ) SE B (BB = &
4,2024), BUAMFFR LM, SET-2Z AR T L2 T AR 5 AR 2 0 FE AL AT R 2
e VE RN L MRS B T B A R R AR BB (HF = K45, 2024) 5 2402 T 1A 5 e 3 sk 2R R
5 AV B SR I A E A B bR 22 5 38 BT BETE X 4 58 ( Bruneel et al., 2010) ; 1l
JE 2 10 W RFT % Bl AR R Bk 2 T 3 O S SRR, 25 a7 RBHIT S N R Y
(JUHEEE S ,2025b) o M i ff X — R B, 2 A R0 = A7 R P ihig . H— s fk
PR R B A VR 38 (AT 5 R A = AR ML R AR 5% AL AR (Hsu et al., 2025) 5 3
AR B RS Bl AT RS S5 A I H ISR S LA TR S
PN 2548 (Howell et al., 2025) 5 H = SRACHR 55 R B al SR 7= A0 B el 4, 35 il B0 I
Fen| T, 0 2 =35 H A AL XU 0 P AL AR AT v A Ak 1T 2 i Rl R R (O
FhIGESE2024 ; TCHEHEAF ,2025a) o A SCHE H iR A T 3 R 045 B Bl 2 B8 Bl AR X, 78 ol B2
JZ R T 4 2R S 5 I 5T BE 088 1 5T BT (5 5 O O AL R g
B R S e A TR B BE T 22 A i A Ry R e AR 9 A U B B it 3 R A
DL 5T A 5 R 38t ) 2, R BRI 5 72 5 SR A R e . SRR S SRR I, A2 B
TR R ik ARG T KRGS, vl DUNIE Sk F 4R S R0 i o F S vk, mi R
AR =5 I AR B R %% )

CLEERNASHEE

(—)BRAHE A KD S 580k
AR ERBHE T BR R 0 R R IR T BUR Ak 45 £ ot RS [E S 5 LRI
(49 A ) BIL A 6T R 0K Bl 7=l AR SRR R B AR S R A EEAE M . 20 2w,
I [ F R AT I &R H 35 O RR 22 0 58 A 28 1, (EL il P B i = B 2 S0 1EURD AR
Fo AR A 25 77 77 O 22 09 WUEE [R5 1) 20 36 470 & J& (Arora et al.,2021) . AL, FE4L T
FL A5 45 i B KR 4 IR I ATk b, e Sk Al 7F 25 8 1S AR N B BIF R 4 8 2R g T
ETRERENILTTRAN 2500 E R AN R BE K TS, KER
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1738 S I < S s UK ) Al 45720 NI T 147 a0 N2 e 5T [ R e o ) R
MV FE 5 B R A A 22 HR A 2 A A5 DA 48 (Arora et al., 2025) o

FEH I, Ak S5 At S TR Bl AN BUR 5 BIAR REDT T — A 3 A TR Y ) B2 16
R N TR SR Bl A A T DN BRI R B T oK T 1 TR 20 FE A . AE TR & T
1, BT 8 — P O BRI 22 B w020 ST T RN B B BIR &R (2R 0E KURTI
R, 2019) o BCETF LRI, T 5 28 B AL G A B S A B RHOT HLAG A9 AR Rk 2 5 R
I BE B0 20 s (B AT AT BUHE A I R 1 i R S8 R o 1986 4F , B K H AR B
3 4> (National Natural Science Foundation of China, NSFC)Zg b1 2= % 57, #1311 It 5 7™
R ) 5% G 29 O, BE 4 28 2R AN 2 I ] R 0 Bk Y 0.7% 2o A, ME LA R B0 T i
5 et nya YRR ok (RURIRF 4%, 2022) .

ERER AR TR KEMAERENERAT , BUFZ=R5] 28 =T RAS
HEATIE . B SR IIE AR N 5RE AT LS T &I TECE 98], Pk
Wy A U S A S 0 R (B AT S T A B B 54T 2 S ARG Y
VIR ER o 19924F , (FE 58 H SR Bh 2 B 4 W% B 300 5 W 5548 BRI R ) I 1 5 DI 55 1] 2
EWSE TR =07 SRR HE AR BT B R AR B S R (2 IE XURTEC RS, 2019) o 2000
AF NSKFC 5 I 1 5 A48 P 3 [B] 1 B8 3 37 17 8 A BRI A iF 9 3 42 5 2001 4F & Al T
CRTEAA BB TAE R T 50 & L), 866 % By AR i R e X0 B 5 4R 3 1w i 2
b R A K B BT B B o RS 15 AR TE], [ PR SE 4 Hs ) 5 SR K e 3 ] 5K
Bl TECE HE A Pes & e, 1 B A R 2 SR S UK BRI AL T4 [ 5 A OC
SO S A L, AN e SR T L Ll P A R T UM IR R X
R, B IR B E B 2 5 XA L TR R A A . 2015 4ECE K A SR Bl 2= 5t
WA A H G B IME) IE WA, XTI H iz e BT T R e . AR
1M, TN BT — e B AR, B¢ B U 7E A PR 5 e A 250 BAR Wi e b R 8 2R
& 55 SERAUE 5T B 0 B 0 %) 5 4 1 O B S (RS, 2021 )

2018 4F, NSFC Ji5 2y 7 i 9115 5 6 6 e A, adad W &) 73 NSFC 5 3k %5 Bl
TG RBA BIPEAL T Z B 11, 2019 4F LAk, NSFC DA T ) B 2875 =K Sk JE ), LA
BT EOM Ak = A AT TR o B Y, s AL T K A% 5 R0 [a) RS [, K ) Rl Bl 6 o
KB E I e 2 o0 A R IRILZ 2 SEMAA 837, DU 2T 1R 2200 4%
ADRBEHLE 52 BA T BE 5 7 b B A & e (XEESE, 2021) o ik 01 %) SRl A 5% 22
TCIE AR R FEATE I, 040 S B B Rz, @

(ZOBRAEE 4T H MRHIE

B R ER G AL A I H 4 R T MR B . 2B, D AR A s R AR
229 S AT WU AT ST AL, O R AL R Al . 2001—2018 4F , K 5 2 <5 Tl
I %% Bh 8B A% Bh S R A BT R BI R 2010 4E 5 8 KR B (| 1), @

@© PRI R BT R, 6 6 < 0T 1 32 A o 3 R R DL A ) DR o ) R S
@ T 2018 4F K 2019 4 H 3T FAE B CHE I RT3 A S5 50, DA MR BE 60 35 ik 46 00T [ i 45 LA B . 10 1 AR
Bl AR h AR A A5 U5 B2, S 22018 4F K LUS B B SBR ST HEUE/ N T 7 B2 SR 9 B A
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BBAE BN, 2018 4EHEA K4 T H ik 822 01, B4 I 49 144270 (44 ,2019) .
5 AR AL R A R 5 LT SRR X . — 7, B A R4 I B R
A RFRTT A Hb X S PR TS SR BE R LA B 2 R R, AR ZE 2024 4F K, NSFC 2 i)
£ LT FRTT 32 A4 M R, DA S L BV 52 0 L b A AR R Y 19 FE S A
b A A R a8 A (), R R A R R T 1] B Bl 5000 43 TER & 3 4 0 H I R AR
5o RIS R T4 S AR S 55 20K, A B AR T REES S5 7= 7
P B 551 8 U A B . O — 7 i, il T 3 R s ML R Rl 2R R OT
Je& T 1] 77l B8 8 FH S REDF 5T, 4T 38 M BL2E & BLE B R N I B )i — A L7, BRA
45 H 45 55 TP B FE i, NSEC A1 B Ar A Ml B 3 (5] 42 2 55040 =2 DL AF 9% i 2R 19
e AIPE LR FH . BB H 45 A B  IRFEBE S B4 T H A R SE I T 5 A
23T 5 S kA R DL e AT 8 AR ik S5 i S Ak, & WUE ST T B & 3L &0 H (1)
T T R LA R s, @

WIS 2 B A HILES A PR BL T Bk G 3k 4 10 B ¥ sl i FH S Rl A 25 G108 1) DI 7E AL EE -
2 3R DR E MM B 7 ) g PR RS BRI T S 40 IO R 1T T S i W X BT 5 ) TR B
THYMG S X—EEA RSB 6 A5 LIABL, 2002 45, 769 fE AR HE 4
T H S A e, o BRSO A F (BLE 44 b Y RE IR A B A BR A F] ) BA
Dy kAR, b R B S BT R T R B R I T TR SRR B TC
A7 B J K452 11 T T S R 96 3t A, 0 T A ) e T SR RE R ST 0 TR, Ok
B, BUR 542 AR B 2 70 ERECA B AN BT a8 gt ey AR T T
Wt T T R 5 R T ), ARk B e ST RS A S P AR B -
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#

A
B - AR RS NSFCH 25015 B B 5 3.

@ PR T R, 166 A 4 T H 5% B B AT 10 44 Al ZE 31 DL AR 0 190 3 25 4 0 B S
@ N, S AR A LA A OB EOR BE T (T H 45 U1713224) 253504 5 7, 300 H BF 4] ) 4
PLARGEC 5E S M LR - T e s 2 Rl S AR T 21T R A (7], J5 Zeofs S 8™ i R BB AR
@ “EROR I RE N T A R G CHEEORBTSE” (U H 45 - 50376079 ) S5 IR 5 HYPRAT 1 DU A H 42 K
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(=) B 53 A 5 HF I i

P27 5 B A A2 1) B U I 0 T B, B2 52 B A I 5 TR SR I S B VD
Bl (Azoulay & Li,2022) . &4 BURN 8L — 5% B AR T im P R IR B — R & AW
THRARE ; Rk = 1515 B S B0 BT T (Akeigit et al.,2021) . FERHATFY
[ 1E AP 5 5 0 AS 0 o P A A5 FA N ER T T B9 AS 2 (Arora et al., 2021 ) , Tfij H 44K
1N e Bl SOME LU SO0 2 T 7 oK, S 3000 R B AL . Btk iy 2
TCEANLE], TI A S A S 5 BRI 58 R % A 3 — R A OGS, Ak 54t 25
TAZ 5RO, 8 5 C S U A ORI B BRI FTAT 8500, BE 8 2% il B Al A 9 4%
AN R 1) R T B 0 7 B >, 2023) o BT U ) B Aty A 9 A T 1] (] R R S i T 7
] N, A 38 ) 55 22 T8 [n] 28 % 32 A8, 3k 22 5RO B Al A 5 i % A 45 4 i AT R R R
o Ak AR T35 28 0% B TOW FE A, RE % K v TR 0l 5C B 95 I 104 B AR O SRR R R
TR o AR 7l S R T KRR 2 A DG SR A [R]85 | A 9 B U ) K K
[ N S T N - R o | 47 S e e N L AL SR ST o -
H 38 2 5l A oll St S B AR B R BB N SRR o BN
DI Al o AR T35 0 e 1n) P 2 R OR B Rl S AT AR & o

FEBK A 40 H B8 A S0 o AR vh Al A5 A 2 B PE th B A R TR R K
M 5, NSFC 4 2% G2 iE IF4 8 25 o0 OGS R = [l 8 (1 35 A1 s i -, 2023) 6
XA T AN RN . B, B T R BRI ST N IR ER B ) ]
RS 1) RIS, B %) 8 T 5 s BRI T k2 R DG B R 2 R R i 48 S A . =k,
T KAG 5 B9 3% 51 L2 5 B AIE 58 7 ), 3R A EL AT S B 0 A0 6 9 B 2 1)
# ( Azoulay et al., 2009 ; Mancuso & Brostrom, 2026) . 1% )i , WA S 5ERE
SE T IR RN SR BE - G A TR BE 2 5 4R B IE T 0 T R AR S I, B K e R
b A AF 58 B A, AT 4R T 0 BRI 98 R i % 5 B i (Leng & Zhang, 2024 )
BT Bk, AR SR I TSR B 1 .

fBeis 1 2x B A2 5 W 4R T 0 ] Rl AT 5 i B B 5 i

AR BN S 5B, A BT E X HR 75 Kk A Rt ny i
AR o T3 7K 2 48 Al 1) B2 G4 A 5 T R H ORI RG Ak i) ] 45 DR B, DA T RE
AN B G AT S R B R SR TN . KA BRI H ZOR Al AU S 1 H
BT Jie w5 A S, OF T sh R b b B8 B 2 N 51 LS50 3 s 7l Bdis 45 %
PEBE P i AW A A it B2, 38 BB AR BT 19 S B Ve R BE A . XA R 7 & 38 0 2
Fl gy XA T 3 7 B BB 1 2% 14 < JF IE 20 25 28 02 Btk MR E 2L FE IR 1A
(Bergeaud et al.,2025) , 4>\ 2 5 H#E 8l 7= b A m) 27 AR Bt 4 306 m) 1IR3 35 B Bl 2
FH R ELA B S A HTE 5 7)1 ( Azoulay et al., 2009 ) , Sk J& S2 (0 T 3 K A5 B A 1 5%
A7) m AR ATV E R R R E = T AR RE 7, k30 b H 3 s frp ko &
{H Bkt = J5 465 85 58 77 (Hiinermund et al., 2026) , X 7 & VE S5 PR PR G 4b , R 7K 5 1Y)
JBATHAL T B B 5 A 192 508 S S 1) A 2E 2 B T A (B AT R RO &
JEE 1 B A2, 34 5 X T S5 7K Ay B9 45 A FLAIHT 5 0 (Roach & Sauermann , 2010) .
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FER A PR IEE 5 0 286l b, T SR o = A0 P R R, R G bk
T R R BRI FRIAT . B R APUENLH . AR R R A
AW FYESE P M B 1 DUBRUAS | 3 R4 Al Ak G 2242 &) 1R (Routledge & Von
Amsberg,2003) o 5 — P BURM BB Y — IR FRIE AN TA] | #1255 AS S RO 4 2 T
YEMIZE B TG B 7, ol A S 4% A A RE R AT W s o BRI, Ak 2 FE 3l s 1T
i & A Al S R A S0 % A 0K B BE R S5 AL R S T 32 C & m B2
FAG A £3i% 5B 7 19 ] {515 5 (Belenzon & Cioaca, 2025) . 33 Fft 32 24 431 5 P AI
T BUR AL A E VAR KT AR R s KU BTG B . S R
(EHHUENLE] o Al 2 5 8 2 AR VE 4 5 286 40 0y T 355 (80 B0 0 s 4 o 4l % F A ot
FE B R SE PR bR 7E S AR AL 1T 3 75 SR B 2 155, B A5 & U 04 Bl SR B 4R A5 vl
AU o X AP AT U0 (8 A% O PR TR 22 RS BR T R k3R 3w, 7
T DG F H AT Ui B AN R0 7l O (B4 2K 68 0 19 G B 42 R (Arora et al., 2021) , LTE
Sk FAEIE T gl R S ) R 5 IR A4S IC (Akceigit et al., 2021) , #f SRIF & SR BA 52
PR AL RE ) AR O FH AT 5 o 565 =2 KU L] o Ak BT A A B E
5 B2z 5 e [F] R FH A e R MO AU, o i XU S H R AR T B2 P2 A
o7 TR T DTG RS 7 7 a2 A el a2 A 1) e [ 4 %) 22 1% M A B (Carnehl & Schneider,
2025) . [, 4 7R3 B 45 U5 75 3h )i i 6 B A R 22T 4 7 SRR
AR B FFEE A

i SR AL I Bk = AT o RAE R AR AR Bk s 1 Rk Rk
WU ZE A BB AT A . B S, R AL T IR & 4 S A S 5 AU
ey gt A kg, S A IR B9 T 3 W ORAE S S B TR AR HE I R IR AT K
o, Wi R vn IR T B AR BB S S B U pR BN < Ry R i BIE A B 1l Ry
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Summary: As the wellspring of innovation, basic research holds great significance for achieving techno-
logical breakthroughs and maintaining international competitiveness. However, social capital participation
in China’ s basic research funding system remains insufficient, standing in stark contrast to the diversified
funding mechanisms in developed countries that integrate government guidance with private sector involve-
ment. In this context, understanding how social capital participation influences applied basic research inno-
vation can help optimize China’s basic research funding landscape and accelerate the integration of innova-
tion chains with industrial chains.

The National Natural Science Foundation of China (NSFC), as the primary channel supporting the ad-
vancement of basic research in China, has innovatively established Joint Fund programs. These programs
distill the practical demands of relevant government departments, enterprises, and regions into scientific
questions, and publicly announce research topics to guide social capital in co-investing in basic research,
thereby constructing a funding model characterized by close multi-actor collaboration and resource comple-
mentarity. Accordingly, this study collects funding data (1986-2019) matched with patent data, employs
Joint Fund projects as a proxy for social capital participation, and systematically analyzes the innovation ef-
fects and underlying mechanisms of social capital participation in applied basic research. The baseline re-
sults indicate that social capital participation enhances the innovation performance of scientists in applied
basic research. In terms of output, social capital participation increases the average patent output of Joint
Fund projects by approximately 1.7 times, while quality indicators, including patent citation counts, techno-
logical stability, technological sophistication, and patent novelty, are all significantly improved.

Mechanism analysis reveals that social capital participation drives innovation through dual pathways:
the construction of university-enterprise collaborative platforms and the embedding of market commitment
mechanisms. Distinct from general funding programs, Joint Fund programs operate through university-
enterprise collaborative platforms as organizational vehicles, within which embedded market commitment
mechanisms align research objectives based on clearly defined application scenarios while providing value
validation and contractual safeguards, effectively stimulating scientists’ innovative vitality and motivation
for commercialization. Specifically, social capital participation increases both the frequency and quality of
university-enterprise collaboration and notably raises the number of R&D contracts signed by scientist
teams. The probability of actual commercialization and application of research outcomes increases by
13.3%, the probability of prospective application rises by 3.5%, and the probability of generating economic
benefits for enterprises increases by 14.7%.

Further analysis demonstrates that social capital participation unlocks the commercialization potential
and efficiency of scientific outputs, with patent science linkage rates, transfer probabilities, and transfer fre-
quencies increasing, and the share of patents in scientists’ total output rising. Heterogeneity analysis reveals
stronger facilitative effects of social capital in strategic emerging industries and application-oriented disci-
plines. Moreover, the institutional design of Joint Fund programs exerts a positive moderating effect on the
aforementioned outcomes.

This study contributes along three dimensions. Theoretically, it extends the provider of “demand assur-
ance” from the public sector to the private sector and explains within a unified framework how social capi-
tal participation enhances basic research innovation efficiency by deepening multi-actor collaboration and
building market commitments. Empirically, it provides comprehensive micro-level evidence that multi-actor
funding mechanisms promote basic research innovation. From a policy perspective, these findings offer
theoretical support for accelerating the commercialization of scientific and technological achievements in
China and for building a basic research funding system oriented toward serving the real economy.
Keywords: Social Capital; Market Commitment; Diversified Funding; Applied Basic Research; Innovation
JEL Classification: O31, O38, H44
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