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Abstract :

Keywords :

The report of the Fourth Plenary Session of the 20th Central Committee of the Communist Party of
China clearly proposes to promote high—quality development of the real estate industry and accelerate
the construction of a new model for real estate development. At present, urbanization is moving
towards a stable development period, and the changes in population structure and the upgrading of
existing buildings have become important basis for accelerating the construction of a new model of
real estate development, profoundly affecting the new model of real estate development in China.
This article aims to deeply analyze the historical and practical logic of promoting the construction of
a new model of real estate under the stage of high—quality development of urbanization, and provide
suggestions for promoting the high—quality development of China's real estate. Specifically, based
on the development characteristics and phased development goals of China's housing system, this
article focuses on discussing the process of China's real estate system construction since the reform
and opening up, exploring the historical logic of combining renting and purchasing with high—quality
development, and elaborating on the requirements of building a new model of real estate development
in promoting institutional innovation and policy guarantees, changes in product upgrading and
technological innovation, and the practical logic reflected in enterprise transformation and industrial
chain reshaping around the characteristics of the current new model of real estate development.
Finally, the implementation path for building a new model of real estate development is proposed
from the aspects of strengthening and optimizing the housing supply system, innovating land and
financial policies, optimizing the system of both renting and purchasing, and promoting good housing
construction.

new model of real estate; high quality development; simultaneous rentals and purchases of
housing; implementation path
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Dynamic Evolution and Policy Implications of the Urban-Rural Income
Disparity in Guangdong Province Driven by Digital Technology
Huang Danyu, Huang Hongjie, Mao Hanting’, Wang Ye
School of Economics, Guangdong University of Technology, Guangzhou, Guangdong 510520

Abstract : Taking Guangdong Province as a case study, this research analyzes the impact of digital technology
on regional income disparities among residents within the province. A framework for the digital
economy is constructed to assess the income levels of residents in Guangdong, incorporating metrics
such as the scale of the digital economy and per capita disposable income. The current state of the
digital economy across various cities in Guangdong is also examined. Following a theoretical analysis,
the entropy method is applied to calculate a digital economy index. Utilizing panel data from 20 cities
in Guangdong between 2013 and 2023, a two-way fixed effects model is established for baseline
regression. The results demonstrate that the digital economy contributes to reducing income inequality.
Furthermore, the role of industrial structure in mediating the relationship between the digital economy
and urban-rural income disparity is investigated. The findings indicate that a higher share of the tertiary
sector—reflected by a larger industrial structure value—strengthens this mitigating effect. Finally,
robustness checks and heterogeneity analysis are conducted, offering insights for policy formulation
and future research.

Keywords : Guangdong Province; digital economy; register income gap
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AR T, By R EIREL, kA I AT I
AZEBRRYIRTTRN,, HA s —H .,

(Z) 2EHEM

Z EILG I A AN R AR, A VIF R L

4.70<10, AfHHAAS T AL,
Fed: ZEILLHRE

GAP VIF 1/VIF
HCL 6.72 0.148765
DE 6.29 0.159034
EDL 4.93 0.202911
UED 4.85 0.206030
FIN 4.36 0.229200
Gov 3.46 0.288863
IS 2.26 0.442157
Mean VIF 4.70
(=) R

FERSTI LG FIIE 2 I N 228 (GAP) |« 3T & o &
(UED) | BF45%0 (D). &5 KRBT (EDL). BUR TR
FE(GOV). AFTHEAIKF: (HCL) Fid i & R BE (FIN) %0 45
L, W2 WAZEIERAME A 1.82, FRifEZEN0.22, KRS HA
e, JEREITELAG R 2.67, SRTTA T ENAE R 8.14, iz
h1.31, BdESAENET, JEETEC.07 2 10.73, HFATHREL
FIBIMER 0.22, FRIfEZER 0.20, KRR AEL, JuHTE0.02
E0.75, ZFRIBACEHISE N 10.85, kRN 0.54, HE
BT, JEREITE9.83 % 12.08, BUMTTRFEEEMIAE ] 0.17, TR
WeZER 0.07, HERSMESNES, JUHTE0.07%0.40, ASJHA
ACT- M E A R 198, {85 0.02, $RifEZEH0.03, HHRs
AN A, JERIAE0.001 2 0.14, SRR RIEREHISE N 2.40,
FifEZE 0.85, HIRHTIEASH, JEHETE1.02%5.33, X5
THE RO IR Z WA ZE IR . IRTT A0 2 B DL A 2y A 2.
I R AL T kR

5. FARHRIESHT

Variable  Obs Mean Std. dev. Min Max

GAP 200 1.819629 0.2154957  1.455463  2.670688
DE 200  0.2151223  0.1957865  0.182868  0.7531036
EDL 200 10.84739 0.5362878  9.831078 12.07558
GOV 200  0.1707318  0.0726427 0.06967 0.400947
HCL 198 0.0224883  0.0341829  0.001006  0.143891
FIN 200 2.40237 0.8503466  1.020341 5.32732

UED 200 8.140746 1.309137 6.074436 10.72612
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RS A Hausman 6 56 25 i 78 ] Fosg b7 ASE R T R G0, AR
Hausman #&56 [I£5 58, WA PEAEOLZ EIYiE, NIRRT
RSN G, oz, SR PAEAEOLZTR, sl s A
BT TR 2R TR, NER6 AR LIEH,  Aiefs
M P B0, B, TEMIST B e AR R T U3 4347
#6: Hausman K5
Chi2(7)
75.24

Hausman 14

(g ) EEmE)3

EHEERANET iw, F—F U AERAR SRR AR AL ke
TR E R T, 55 ZAIMGE N T 25K AT EUM
TR, SRR RACE . AJTVEAR, ST A5 B T
AR, RN =B Z AR

TEAIA il A 5 I 2238 6 1) R AR —0.814, 7E5% 197k
RERR, BMRETEH T AV RIEACT AR IANBANE T, |
FRAMELAE/N0.BLAA AL 2 Ji BRI ZERE, T TT LA %L
FAGRHRIE, A DM S AT kR, IFEIE
HETHESER TS 282 e, BoR . AR RERE, £
TG B ERRRNASR, BB N TR g R
WTEEEM, HIRE 20T — M, HE T2 ERE
JREZZAAES, REASR TS REIRSS, E—EACT LR
T AR RS B IR TIRORS 1 IRANR 207, LR WS
EZ T ARG RS . B TS EAEARNTE, &
b B FA T REAS Al B SRR TR, AR BTl g 14
WANME, AU B A B a s, SO0 T4/
Z R Z MM B A BRI . SR, B asr
1 AT LIS EHR 2 R R 2 (M2 s, #E8h TIR 2 Z Mg
A, AN 2 2 (AR A 2B

FT: FEERASHT

prob>chi
0.000

(@3] (@)
GAP GAP
DE -0.314" -0.441"
(-=3.33) (=3.37)
EDL -0.0504
(=0.60)
GOV -0.366
(-0.74)
HCL 2.985"
(2.15)
FIN 0.102"
(2.12)
UED 0.249
(2.54)
City Yes ves
Year Yes Yes
_cons 2.203™ 0.598
(59.33) (0.44)
N 200 198
r2 0.796 0.828
adj_r2
F 31.82 51.89

t statistics in parentheses * p < 0.05, **p < 0.01, *** p < 0.001

(1) BfEMan

ERMEER IS R R, G ey (7 RS s A e s
BB AR AL B T RN I A B . FEPPAS YA 22 B
[, (o P T A A F R 2R B st SR A e S R AL d i 77
EEE, iesh R LS,

M8 TILAEE, HFEHt RIRACERIN S e RIEAZEFRRT S
WAL, W SRS — B R, AT LA s R 25 R
RHBTAMER o

#8: falErias

1) (&) ©)
gpa FRIRAREL gpa
DE -0.4417 -0.025™ -0.440™
(=3.37) (=3.08) (=3.34)
EDL -0.050 -0.015" -0.056
(=0.60) (=2.16) (=0.70)
GOV —-0.366 -0.047 -0.363
(=0.74) (—=1.45) (-0.73)
HCL 2.985" 0.292™ 2.994™
(2.15) (3.65) (2.15)
FIN 0.102™ 0.006 0.101"
2.12) (1.45) (2.10)
UED 0.249™ 0.030™" 0.250"
(2.54) (3.89) (2.52)
UR 0.050
(0.55)
Year Yes Yes Yes
City Yes Yes Yes
N 198 198 198
R* 0.828 0.819 0.828

t statistics in parentheses *p < 0.05, **p < 0.01, ¥***p < 0.001

(7%) BT

ATk — 25 GRS R AL AR R 2 PR Bl I AR IR AL
B, 2R N RO 7 ML S5 R 1 D 1 757 B e B[] )
TR I N A TRITU AT R T A 3 IR O Hh AT DA 7l 2
MR BF 20 S0 2 WA ZE BER R R RS Mok e, HLAZ
HINES% (K LR, ZCHIMARN -0.162, X ERES =
P s, RIS ERR, B A GO AR DA 4>
Tt 22 BE AR T B0 & /N ZE BE O VR T stk . kS5 40 S50
SR RRAZIEMEIARECN 0.2094, HP <001, B HE
BP0 E AR AL, @i 0.002 (Y BRALIK I # 22 R

A/
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#9: WIVRRLIHT

()

@

DE

EDL

GOV

HCM

FIN

HED

DE_IS

UR

Year

City
N
RZ

Gap
-0.441™
(-3.37)

-0.050
(-0.60)

-0.366
(=0.74)

2.985"
(2.15)

0.102"
2.12)

0.249™
(2.54)

198
0.828

Gap

-1.787"

(=3.47)

0.068
(0.82)

-0.486
(-0.92)

3.515"
2.73)

0.072
(1.44)

0.111
(1.19)

0.006™
(3.18)

-0.002™

(=3.12)

0.110
(1.68)

Yes
198
0.839

t statistics in parentheses * p < 0.05, ** p < 0.01, *** p < 0.001

(t) REMtEE

N T B TR DO )R A D s RN AN ZZ B
AER SRR R 4> LA W B B = A R A R
by PEER . ACHRPAN RGO S s i DOR MR T 4 T
MEIORIARBX Z AIAHENZESR, ER=ABXEFE
o RIAE IR R I, AR = b KAR R,
EONESR = IR AGR, A REER AR S35 BN,

MR TR AT R P TN AW 5 —T7TA, T~
REBHIXBTAFHNEE, Flkamlesst—, AAmkm™
H, RN T AT Rl B

F£10: FRMEST

(A=A (BF) (57) (E40)
GAP GAP GAP GAP
DE -0.382 0.0255 0.113 -0.378
(-1.99) -0.34 -0.46 (-1.05)
EDL -0.0816 0.00211 -0.175 0.0765
(-0.33) -0.02 (-0.93) -0.35

GOV -0.956 0.641 0.43 0.688
(-=1.00 -1.11 -0.67 -1.04
HCL 0.278 7.204" -4.126 -4.382
-0.18 -2.2 (-1.75) (—0.56)
FIN -0.00215 0.00722 -0.341" 0.275°
(=0.03) -0.07 (=3.99) -2.55
HED -0.105 0.496™ 0.235 0.879
(=0.40) -3.78 -1.06 -1.79
City Yes Yes Yes Yes
Year Yes Yes Yes Yes
N 80 39 29 50
r2 0.94 0.978 0.996 0.95
adj_r2
F 9.166 128.4 280.9 40.72

t statistics in parentheses *p < 0.05, ** p < 0.01, *** p < 0.001

h. BieREIN

(—) AR

KB at, WLUSTHOR 2 MINE P8, (22 —k
U R ASGE BSOS IHE AT ES G770, B
W IR T B SRS T TR IS s R Z R 55
Wiy, FEEEHST:

F—, HRERAMFRT R IRACEFR, 2 fi BRI RS 5
LTS, ERHX B A0 R R KCERI 2 & B AT SR
ARSI 220

BT, BHETRAN AR S AT AR R
H, TR B A B R, SRR R B T 2B 5E
#H, (HRIEFERCRRI X 25, IR R 5 E AL A S T
M

B=, TEE A EE SR AR T, DR 2013458
2022 4F TR A FERE T e T SRR B . SIAIE T AT AR DAL
FEEPHY IR 2 5 RN 22 BE A 52 0 SRR A4 7 7] S
EVEM, WEUEU, IR TS A AR T 45N 2 = R
ANZERE, IR T B —. (R TI 2 BE WRS A, 2
AT YR T HAM DS B R B R R AL TP T, K
FE25 807 AL BB = M IR OR AR, AT 34K 22
B PR Y ALY U5 B G844 INER I 2 MO 22 BE Y
2R

F0, Pl AT R, =
BT A/ NI ZE IR RO GT, X 58 = an i 55
W SECFEAR IR AT LLEIE B2 ol ) AR e RN
/NI ZEBE, ARG BN B R EONIE, &
R BN BT 0 A AE R S 5 R N 22 BE R S B TE A
TR o BT 2R A TR AN M 25 A 01 JEE e s A L DX
KM Z , SR= IR D RGBSR, &
PO PR e M F oy 2 TPk I HA iR it A 5% S 20>
N SRR T A BTN 22 B TR e e U ok,
A S I ZE B R, IXEIE T RIZ .
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B, EIERH R R A AT AT M il
DEAGERITT o T ZZ IR i i TRk = At X, X
IE T b=

(Z) BRI

WA LENE, AR LTI %

B, REANSEX SRR, ERALEARL AR AT B
SHaesiille B, AR E-G % LT ATy E E e
AR, BEHETHAR RO R4 K B Ve E0R, R se HaEd H
ey U A AT R DB . IR, AT AR ek
BHR, TEA SR S RIS, BRI SN IR, BTl
A/ A ZERE

8, HITBUNFE T3 T AR H DO G AR PEAL Y 5G 45
BRI, AR B = MBI T4y shas 4RI Il

243t

. HESAH A A GRS T AIE 46 1F . R RE T &
YR BEE B, BHER, SRR T ST
BOROR, BURTR SR ROEMIX M E SRR, HNERZT
IR HLRIR S LS BTARZ S, AN, RIBTAHE & A Y
R A, RTMQAEREE,

B2, TR BRI . MRS E M S, EEE
WAkt SERE M AS IR RE R AR B S Ll T 2/
B, TREWR ST AT I AR, EhERR L2,
k2 EERTED . RS RS, (REER SR G .

SV, BN SRI T RH R R E IRGMEL SR
TN, BRI L S [N, PSS
WHMER, SRS, ST, RS
L, R — R gE, BRI 2 P AR

[1ITAPSCOTT D. The Digital Economy: Promise and Peril in the Age of Networked Intelligence [M]. New York: McGraw—Hill, 1996.
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Research on the Influence of Digital Technology on the Transformation of
High-end Manufacturing
Meng Chenxi, Lv Qianyi, Chen Xigiang, Ouyang Qin’
School of Applied Economics, Guangdong Baiyun University, Guangzhou, Guangdong 510450

Abstract : Based on provincial panel data of China from 2013 to 2023, this paper establishes a two-way
fixed effects model to empirically examine the impact mechanism of digital technology on the high—
end transformation of manufacturing industry. The research results show that digital technology
significantly promotes the high—end transformation of manufacturing industry overall; its driving effect
is particularly prominent in eastern and central regions, while it is not significant in western regions,
reflecting the potential influence of regional digital divide and differences in industrial foundations.
Mechanism analysis reveals that green development serves as an effective but non—-core mediating
path through which digital technology drives the high—-end transformation of manufacturing industry.
The paper further confirms the reliability of the conclusions via endogeneity tests and robustness tests.

Keywords : digital transformation; high-end manufacturing; mechanism testing; regional heterogeneity
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FERERMMEE M SRR SSIIR ST, FREGLELIEA T B 5K 17 REERTT” HERREN Bl 2024 EE1THY
(Pl g5 aess S B s ) " WA s il msm il . RREIG . SRR, RELEIABIIG KA fPkR, mome s o
AMEAFRERE R, RO D HOR B AT RE ) IRAHIE T o

BB R A R SR O TR 2, B VPR RS, DA, 6G 1) S BOR IE R A gl A
o SR, BFEGE A S, WA e “Hmia” , XEls R XU, #1997 RE AR T

il A — MRS R BRI R S P AR R 2 e e, BRI REEE | Ze@bE R o5 b p e ik, X
—FU IR DCE T B D22 5, AR X C AR T sl P VAR, TP PSS X R T IR TN IR 27, ke
H DO SR AP

HAT, BABIFRARZ R ET HEZMAHRRAERNY, A5z A PR BERAFINTECT RN & A e 3 (LA F DX 2 S L
FET, ASCUASE 31T G EIR AR, RGBT SN RGN e A AR SRS R R IR, FEACREREMASENT . (EFIAL
AN D X = NI TR Y, BB AR R SR RS

E2MA: MFREXFEFIIGNE (BFRAREERHIEIRBEARBEEHR) (MBHKS: S202510822012) ; I'HRE 2025 FEHRMUME “ERBFHABERELES
FHEWHAERNBRICRBRODENSEHAR" (RS GD25CYJ02) ; I'FE=FR2024 FEREARAFRERE (HFEFFaTl) (RS BYZY202404).
fEHEA:

REA, B, JRERAN, T ROZERNALFERIFEFEVARE, FRTH: KFEHF;

Bfle, &, JERBLA, TERAZFREAZFERIFEFLLARE, LT RFEF.

RER, H, FERUA, JRAZFREAEFERAR, B, FRTH: RFEF. FLEF, AEEF.

AR W, L, THZEA, TRATEREAZFEREAE, FETH: HFLHF. FLE5F,
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IS ST BRI / 4 M A 18
L (R SRS BRI S ORI S MOl A BSOS / SRR Gl A B
TR TR A AL
e ety PO SRR AR ISP /GDP
HepR PUIRAT o IS RIS / L
SR A R PR
WA S B BHbX AxEBA R&D 28 S H /GDP
CIFTREORT  HoRA R AT
SRR R BT

3. A
Pt AR B T BB AR I E L R A IR 3R, Rl SRst
AR, ARSCRH AT i A & A UL TS A W
%3,
F23: PR BEAE SO

IS AF PR o T
P pors) T TG F
X 2 o BRI A 7= ME RS TS
o S HY (Krugman, 1991) !
NI15¢ human [EE = GG NITEAER .
bt SERFEANDME  (Lucas, 1988) ™

KA i FIFANE RS GDP - Bk HFE (Coe &
WK ! AL Helpman, 1995 ) ¥
UL fis REEHAR S —fi% BIFTBORELS .
ERE ) ASEFESCHHE (Nelson, 1993) M

(=) HiERFESHR LT

AL 2013 - 20234 E 31448 (ERIX, EEETT) /M
TEARAR I TSAEAT COREEREHIK) o FUAKUE T EORITT
JiAE (P EGe R ) ChE Tk ge 4R ) (R GRS )
CREPSIGTHEE ) MAORA T SR Ok A 4
WEEREET . DURHT A A (0 GDP Zdf. E1xd Ml stk
B, BMAMHREERTAS JrA ISR S i
20134F N S HE T HT, - DA BRI AZZ 520

F LR T @A R IA RS R . R, Sl
Jipfl (mht) MIECFHA (dt) MEEETREUEMES B0 - 0.02H1

0.08, FRUEZEATHIN 1.92H11.01, FEWIA[F 142 11 il vy it
AT R ZE S, AR R S TEEHIR R, %
X AT (GDP) 22702, WAMFHEUKT (fdi) FEifsk
RO (fis) WA RSN, X 5RE RIIRIZE R EAT
BRI SLPR AT . AT (human) SRS, M
FEZMBFE—T 2R, MRS, SEREIRHRIFNESR
P, R STE T AL
Fod: AEAHAMEGH

R A H(E e FIME [N
mht 341 -0.02 0.578 -2.26 10.43

dt 341 0.08 1.277 -1.22 2.78

GDP 341 4.27 0.96 1.21 5.69
human 341 0.022 0.006 0.009 0.044
fdi 341 0.248 0.257 0.008 1.342
fis 341 0.281 0.203 0.107 1.379
Is 341 0.884 3.166 0.000 28.291

=. KEERESH

(—) BE@ELER

F BMUE T BN B E = sE  ESE E A 25 0 5
Q) B, FEAIINEIEZEHIAE B, B A il
ERILRI IR RN 1.662, HAE 1% KF LR, WFssat
MBLEIN, BEFHEARNRERA TR, HIEATLE 1% KT B
&, R rE% HL,
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250 U [E R[] )45

(oY) @) (6) ) ©®)
mht mht mht mht mht
dt 1.662%# 1.572%#% 1.44 1%k 1.396%## 1.301 %k
(7.311) (6.756) (5.859) (5.649) (5.277)
GDP 0.490% 0.475% 0.362 1.076%#k
(1.704) (1.654) (1.224) (2.782)
human -39.195 -27.139 -35.895
(-1.614) (=1.066) (-1.416)
fdi -0.986 -0.961
(-1.543) (-1.521)
fis 3.952%k
(2.819)
_cons 0.407%#* -4.339 -3.543 -2.408 —10.211%*
(2.585) (-1.555) (-1.254) (-0.826) (-2.556)
N 341 341 341 341 341
R® 0.496 0.501 0.506 0.510 0.522
F 26.802 24.967 23.370 21.972 21.518

wtp<(0,01, *#p<0.05, *p<0.10, TICHILULRFRIE

(=) MHIEE

ML ARTIA ARG (1) FI 55 AT EREN
(3) FI&ER, HET (3) B, FIARNARE, HrsoRmm
HRBII AN, BRE, SIAGERRE— TN ER)E,
[ FR AN 1.301 (221,136, RIS HAEESRT G ek ™

A A AR 0.165, (AN 12.7%. X EIRERCT I
A g AR, A 12.7% R T4
e (Is) SR mtrT i, Sk (Is) EARUEIEZ LI
HMRIE, B BOREKED mi AT A% OB 7 DL
Fo LN, Et H2 Az,

6. HPUMER[AJASS

@

2 )

Y Is Y
X 1,301 4,120 1,136k
(5.277) (6.316) (4.341)
Is 0.040%
(1.828)
_cons ~10.211%* 9.108 ~10.576%
(-2.556) (0.862) (-2.655)
N 341 341 341
R? 0.522 0.283 0.528
F 21.518 7.781 20.542
(=) BRI FIAERAIL T, ERERAAT X, B AR &

L 73 D e A B

R e b P WK A NI i e N e A 3 1) 5
fifi e (human) . XAMFRC (fdi) | FAHBUFSCRF (fis) X L64%

Wigte WIERTATLIEH: (6 TESHE (GDP) . A

AL EEE R E FIEOAE 1% MR - 3. SRT, FEPEED
X, Hep AR s AR (R R . & T
iR, (B H3 oz

KT HIXEIAEER

@

@ (6)

mht

dt 2.84 1k
(4.637)

GDP 2.135%
(2.771)

180.490%*

(2.149)
fdi -1.010

(=0.940)

human

mht mht
1.059##* -0.595
(4.995) (=0.963)

0.203 0.668
(0.445) (0.852)
-20.869 -48.599
(=0.955) (-1.460)

0.591 2.785
(0.469) (1.558)
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fis 13.563%#
(2.805)
_cons —26.452%¥%
(=3.017)
N 121
R® 0.691
F 14.170

—-2.569 2.917*
(=1.106) (1.668)
-1.018 -7.940
(=0.203) (-1.061)
88 132
0.905 0.424
41.201 5.165

2. ARG

ARSGR BRI O MR AT HOR (dt) WE1F R TR R
BT AEMERGES: | RIS ERRAZ O AR R (dt) 4B 5 —HiAn
Wi N THAR R, dt T HASE 2dt, A HTE5 RN TR TR :

FE8 R FRATAI LA WL TG0 2 i 5 — A 2 i 5 — i J2
p<0.05, 7E5% MRFEMETRIN BE H dt (RE. 23FE, D
e SEMER A — o, ARS8 HIRATREE B (2) F1 (3) 48
W RETFHAAE 1% B TR G i R BRI
ff, Ldt 9 F{E 4142264, Ladt () F{ER873.45, & HE
KFIVIER10% % 25%. TIRERL A2 B N A TN, 2RI
TR ARSI /IN, IFERSEI R IE5 16, ITTINGR T 4
Es N ity HIp | Al ey et O A

8. FT 2sls BRI MR T2 1

(1) (2) (3)
WAEERY,  2SLS ( THAR  2SLS ( THACHR
(Ffi) =Ldt) =L2dt)
dt 1.050%#(3.49) 1.186%#(3.97) 1.444%%(4.62)
GDP 1.159%(2.36) 1.113*%(2.46) 1.025%(2.25)
human —52.509*%(=1.67)  —47.850(-1.64) —38.852(-1.32)
fdi —3.231%#(=2.95)  —3.207**(-3.19) —-3.163%*(-3.14)
id mhtes mhtes mhtes
mhtear mhtes mhtes mhtes
N 341 279 279
F9: T 2sls (NN AEMERIRZE R 2
£t WS 1) (Lidt) Wi 28 (Li2dt)

F=1422.64>16.38
(10% & SHE )

F=873.45>16.38
(10% I FHE )

( Kleibergen—Paap rk
Wald F statistic ) :

Chi-sq (1) P-val Prob > chi2 =0.0000 Prob > chi2=0.0000

(Kleibergen—Paap rk LM Minimum

statistic )

Minimum

eigenvalue=1422.64 eigenvalue=873.45

10% madtimal IV size

16.38
15% madtimal 1V size 3.96
20% madtimal IV size 6.66
5.53

25% madtimal 1V size

3. Fafe e ie:

AU T 45 R A TR A G, BRI T Ty
Bio (1) CREFFRBAVE SRR, (2) BIhasAsst,
/el A s SR 0o SO i 7S 7 NUEIR ST ey ate S 7 N O
FEMASEH A EAHKED (innovation ) o BHEARTIZZLH . T
WAL FIELS R&D AL EELGHR, (3)
FERRT AR ], AR HEIEEE NI, BRI, %

FH 2017-2023 FFHIRTIAIREAR XA, (4) RO, RATRALR
QEPFEIX — R A I Ty ¥ . i R A Bl B B AR AR, T
Ko R AL ] £ P8 58 A IE 5 7O, M ITTZEGR B Sl A
LT TS S (PR 5

RAETRI0GR, TR PRRp U AAR 6 I SR S S
B E R R A B, N S R I (AR AR X R0 4 e A
FOPE AR B, B s AT il Il s A B AR (i U PR AR SR L
R, U T TR S,

F210: FfdMERGIRE 25 R

(1) (2) (3) (4)
mht mht mht mht_wl
dt 1.30 1% 1.296%kx 1.095%#
(5.277) (5.315) (2.630)
GDP 1.076%* 0.896%# 1.399k
(2.782) (2.312) (1.989)
human -35.895 —52.067%# -60.369
(-1.416) (-2.025) (=1.407)
fdi -0.961 —1.403%* —-2.593*
(-1.521) (=2.179) (-1.746)
fis 3.952%% 4.006%#* 4.180%*
(2.819) (2.891) (2.119)
innovation —0.64 2%k
(-2.819)
_cons —10.767%x —7.988%%*
(-2.624) (-1.984)
dt_wl 1.370%%%
(7.060)
gdp_wl 1,135k
(3.846)
human_w1 -30.542%
(-1.665)
fdi_wl -0.306
(-0.616)
fis_wl 3.933#k
(3.549)
Is_wl 1,370k
(7.060)
_cons —12.872%%% —=7.988#* —13.228% —11.053%#*
(-4.918) (~1.984) (-1.810) (-3.638)
N 341 341 217 341
R’ 0.841 0.535 0.444 0.625
F 14.332 21.145 12.728 32.825
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gt
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AR A RIS PR R
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& E . XEFENZROFE. TUNSANESFHEROZMAG. RWEE, =H2011-2023 F 301 & B EREEHT
OLS =Esmit A . MFRIEIIEATRMS . MRERRYE, Z2ikOFBWNEFBREERAIZM, mIdes
AN=HERERZMW, BATNS, SHEFHSIEN 1%, BWRFIBKER 1.189% MWEAERM; M8 A%
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Research on the Impacting of Aging Population and Low Fertility and
Industrial Robots on Economic Growth
Liu Juan”, Yan Fafa', Li Xiaohua®
1.School of Economics and Management,Guangzhou Institute of Science and Technology, Guangzhou,
Guangdong 510540
2.Institute of Chinese Modernization on China Academy of Social Sciences, Beijing 100006

Abstract : This article examines the mechanisms and extent of the impacts of an aging population and low birth
rates, as well as the role of industrial robots in economic growth. It employs empirical analysis through
OLS models, mechanism tests, and moderation effect analyses utilizing panel data from 30 provinces
spanning from 2011 to 2023. The findings indicate that both an aging population and low birth rates
exert a negative influence on economic growth, whereas industrial robots contribute positively.
Specifically, for every 1% increase in the total dependency ratio, economic growth is adversely
affected by approximately 1.189%. Conversely, each 1% rise in the input and application of industrial
robots correlates with a promotion of economic growth by about 0.027%. From a policy perspective,
it is recommended to implement measures such as “childcare subsidies,” flexible retirement policies,
enhanced support for research and application of industrial robots, and initiatives aimed at promoting
digital transformation within manufacturing sectors. These strategies aim to harness “technological
dividends” rather than relying solely on “demographic dividends.” Ultimately, guiding the economy
towards high—quality development through institutional reforms and technological innovation will serve
to bolster economic growth.

Keywords : low fertility and aging population; elderly dependency rate; child-age dependency rate;
industrial robots; economic growth
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PR JFEH AT K55 s A D1 [, 08D TS TR0 — R IR RA &R (65 % DAEAT) A8 A TR,

SEE AR B—ERDFHAIEDE (0-14% ) AOHEAORE N, SEEERERHL, BhESI S5 IHEERR
2023 4EFREEAE N A I A5 15.38% (65 % LA AT AR A ) !, FibF8] 2035 44 20%° . 2020 4FJ5 H E[ ¥ 245 Uk A
FEER LS, THE A OB AR S A A RN R S AR R RO i B Il Ss (B A 7% it ) i

BEERAE S CERAN 20% S MRRES, TAHUE ABA R RS R BRI RO A S A A AR RTT 5
1956 SEFEE pl a7 55— LA A= fdill; 2028704648, R LAIFIARENLFR AR, AR PLE AL
A U TTNVHLE AR RE ARG 18 - A B 57 B 0987 TN BRI FR B 2 A R SRR 5 2

SR EERIZ IR ERE IERASCHTTS AR

—. XBGFREMREE

NP EA D E R DB S, B3I L2 AR
G, EE: (20204R 55 BIREE A SR ) MitEgiit Ty

TEIUEH 2 PSR SN . — 7 AR B 2R
HekE, 20164 1 H 1 H o ESHE T ZZEBOR, 2021485 )]
31HEMEHOIT=HBOR, 2010-2023 £ HE A L H A8 R0
LHTR.

#1 2010-20234EHFE AN FAHIKE 07 %o
IR (4F) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
NTBEAREKR (%) 479 613 743 5.9 6.71 493 653 558 378 332 145 034 -06 -148

YRR . EZRSHRE M, https://data.stats.gov.cn/.

NG 1 H I A LUE B BT 5 2016 48 A HARIE K
IR 6.53%0, BEIG AT EREICRE TS, Bl20224E, A
FTESEREER —0.6% g KA, 2Rt (2023) P KM
MURET R, SR NEE AR, R =ZZBEORF A
B RECRIER B N K SX —F, A&
R E AR RSB K 5

A=A IEFR . kRS R AR A,

2010202340 LR . EERFHE. Bl
80 ms

379 39.3 404 415

% 342 344 349 353 362 37

i 179197 208 218 225

37T 133 15 g
225 226 229 234 237 238 262 256 248 24

20 119
22.3

12.3
221

127
222

131
222

2010 2011

— DL (%)

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

EFHEFHL (%) e R (%)

2023

HiERR: EBxRGITE, k2
:2010-2023 FHED ) IEFLL . BHETEFRL. SUEFRLL

#2 2010—2023 4 EADJURFEL . BHFHTE S REEFR

BfE: %

I (4F) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
DR (%) 223 221 222 222 225 226 229 234 237 238 262 256 248 24
HAEHIR (%) 119 123 127 131 137 143 150 159 168 178 197 208 218 225

JATFE (%) 342 344 349 353 362 37 379 393 404 415 459 463 466 465

VORI . EZESHEEM, https://data.stats.gov.cn/
AT 2R AT DA AR HR 3R LU EEE FR L B 4F LT
e, D JLERTR HLAE 2020 4E IR B IR (B 26.2% Jm 2 TN HEE S, R
(2016) IGIEE LI R SEFHREME U KR, ADBRL
W GGG RAFAESCIE IR g a S, SRR AT K
DUHREIK 25.7%; V)L IR EHOTE IS8 T2 77
(—) 2RV FEERIR
DA AR A BRI, Bt e

HPA DR REEE RIS, K E 325508
Do i PE SR BTN 2020-2030 4E R AE R T90 TN,
20302050 4F K49 83577 N, “ NHZLF]” ¥ “ A
" .

EW PRI Z ST, T 22 B 7 A S
—ITTH, NHZRCEXSHEE . GPHE K7 A2 (7K,
2007; %k, 20105 fR7HHE, 20115 BREZat, 20145 KL,
2016) ', BPALESEHSREEN, RIREERIHREE R

1 EXEE 1956 TR ( \OZBRUREMSEFER) FEHBES—MER 65 SHAOSSADRIECEIRT 7% 083, AR ACERMMNE.
2 RIS ERRIIRE, 265 5 ML AL SEBIT 7% BFRD “Ei it 2" (aging society ) , 81T 14% RIFRAEUREATS (aged society) , #81T 20% AFFRA “#BEERITS" (super-aged

society ) o

3 FAHIESAOPIESSHFRAOMSHNFRADM L . BRTAIUEIREEERALL. DJURARAISTEFLL .

ZHFEFLILRIE 65 SR EEBFADOHS 15-64 STHEENFRAOEZLL;
BT =65 SR LA EACIEL /15-64 2 A *100%;

D) UIEFREL =0-14 2 A% /15-64 2 A2 *100%;

DAEFREL = (0-14 B AOEL +65 SLLEADOZ) / (15-64 & ALEL) *100%;
ZFEANARE =65 S RLALEAOH/ BAOSL *100%

4 NOEAEER 21% A EBZF; 19% —21% 7 EZF, 17% —19%ZF, 15%0 —17%IERE, 13%0 ~15%ADFH, 11%0 —13%ELF1L.
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FIFEE IR, AR T A= I TR 75
Ed. TRENIEEATHEK, (807, 2004, 2006) HERTEERL
FEIIRS PR RANRER, WIAFIFAEGFEK. 57
T, NSRS T 285 AR o (EE, 2014;
FHEET, 20175 RS, 20205 HIEGHEE, 20205 defisE, 20227),
E(E (2019) RIERWREEERE 1%, 2SE0752 558 T
1.2%. S, XIFE (2020) IR AT BIE ARSI R
HbD | SR RIRERIEN, EEETK,

BV FUAMEZNETT 51 2 GRS S E T —J7
I, SRR R E RS 45800 (Hayashi, 1986; Loayza,
2000; Boersch, 2000; #{IE, 2018; KISk, 2019), Eidfk
SR RIEMM I FR, T Loayza KIE BRI 1%, #
BERRAW0.57%, B A i S T W A5 K
o BRI AR . —RIE RIS NI AR, e
PREESHIEAN; R A TR, SEM AR TR, =2
FESORIEHEIIINR, BIr O, 7R e IR 3 Bz 55,
TS BUR AR . 208 . FHZSUS R A S @R E
W45 IRIL, FREEFEE RSN, ATk, FEVSRNA
Tt e 3 —J7H, BT BUMEE St 2™ AR, (FEURM
ok & 5 N, (Furceri and Mourougane, 2010) &
BEFHIE T LT 1%, SSEEURHEER TR, BUREH S
GDP W _EFF0.1%-0.4%.

BT ERIE, CATCRIER DBy 5 ks |
HOROIHTRIHE BN AT A0, i, ek HI:

% H1: Bl D> P ARG A 5o, FEEY
W5 Bl T LA R R

(=) DAL HRERIR

N RS ER D R RS, PLEs A Tl bEE AL Ik
SO B HLEs NIERCBAAT7 30 A iy %80 2023
WA T WATEhEE T %) e, 202447 kA (L
WALZR AT TGS (2024 0)0) ), BB AR A2
D PR FIEARAT AT . oL F IR TE A 454 K2
PTG A

L. TR A G B 15

AV AR E GG R0 T B TR I7 5 . PEATR Bar
ARBHT, T TALALE AR AR T B 2 B2 A7 3K
e, ARFRHEAIHT . TALHLE A 55 SRR A 5 AL TR AR
RN, BRI B R B AR s O AT R IE ()
SO, URBIAEAL 95 B AL SR AR m R, (R E R AR
2 TALE AFAR R R B BE L S B IUEE . T
BRI, R ORERE, TR A AR 5 % AR
BRI R0 E B RBUAESES HOR SR AR E . AR AR
JiTa, TAALER AR AR T A G s, sk
PR B, TR RELRE ST B ) RS, Bl H ey 5

SIEHRTPES, SFRKIZICH (M], BZhhRit, 2014.6.

JINRE Ta R, TR LA TR AR B e, AL
AR A LR R, CHE R IER, FERAR R
JHE, VAL AT I A PRI RAR T 2, HE—25]
SRR BRSO, SR R AR . L, AL
f NFAS PRGSO TR I i WD T 2 R
BRI AR B E? T8 (2024) ¥ MHLEE A 22
L B NEREESISMABIERE RTINS N BB S
BN 1%, HE RSN 0.02%, FER T ABARM K RS
REAE, ToUHLEE AL BRSSP A FERbLas A LR A T E
7 RS SSREA AN TS

2. TALER N 3 I DT oT

ToLHLEE AT 5 K52, Hanson(2001) 4 22 41 £k 1
KT R R REN LA R P A AN s Bl B AR RIS I,
AW i S TR miE - ) 5 400, Ball-
estar(2020) RBLHHLE ARVER T DL AIRVE A S5
ANEU G A, MV LS AT S A BRI 5y 2 U
T ACE, (EHEEVE R (FEE2%, 20165 FpfET, 2022; X
VE, 2023; B O, 2023" M) . Seyed M. Hosseini and Guy
Lichtinger (2025) " Bl Tl HLaE AT 7] T A w1 4 s o7,
RGBTSR, WA R S0ERE MBS S . &
BHr (2021) "TRBIE LR CWlaHR A" SR s T T
30%, B ANBHFSE N %, Acemoglu fll Restrepo (2018)
ST G AR S B AR 5 55 5 T, Tl R R
fEHAL R SE A D7 20 TR N, sl T R4
FedT4E (2018) "FIH CEES HZE T AbLg A d E575 /15
A BE PR 0.3%,  THIAE 2025 4R JT 26T 4 2 4.7%. 111 1 2
S5 (2025) PRBLT AL AN TH, S EIgE, 1
BT 1%, il AZUEINZ0.008%, Tl AN T
B T RSB, (I IIEA SR R R

B BMSIE, 53 HE H2:

% He: TAHLEE A S P K= AR IR 50, R IR
HARAH . SR RS 7],

—. EieEmM

(—) giFmKEe

BT (2014) W98 QPRI S ) BATRIK A
SRR, PE G BH G K HIE T D45 % BRI AR K Sh )
WAEK; PRI (Lucas,1988) (IB&5 & RIS $2H A
FIGEAMSMER R A G AR, AT AR SN B 557
BN SIS NI T AN A IBIG IR EF SR Py s 8 A
TR WK &SP (the Engines of Growth), #her
N AGHG RN T 50 T AT KR T A AT K —
MG T (N B Y KRR — KB 578G AU — BB I 2 TR B K
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J TR S HR R A K I R A HESh TR I K R 25 70
NEFEFFEMAERE R RS 2R H s
AEPEREEE . AT A, WA EE, A T AEM IR T
REAEORA A MSFsh o, SEAF ML VAFTHE, A0
B, Bl SN g K mE iz, AT (OF
KM FitE) (Thomas et al 2001) P FAEHE BB AIFR PR iR 5
(O S d NN B IS EZSTTIES ==

ZEUEHE S T IS e S RT E W 2R T 1798 4F HY AR Y
CNEIEEL Y g A RN BRI, A U LA
e 19364, FUUrE Ok, FLEAEHEIR )Y —FHHiIhE
WA B AR, 7RI T A, Hilk, A
PR TS SRR R, 7oAkl BT, X
e, —EEE AN REEK. I (AH.Hansen) $2H AT
BB 2 FEUMEY RAE0R, BRARSCBIN &Y 5k (R H:
AREE2LEE, IWT RS ARRIFR )« FE4E (2020)
CNGE AL ISR AT SSRGS | AT R TR
TG BRI SN AR AT KA R R
AN T BN UG KON 225 I DT A — A JFR0
2020-2035 4 A JTR AR TTHRER N 12%,  F5 37 T KW &5 i K
HITTHRES T 1%, BHEHEP I TTRAIAT] 34% 45

N R T A AN E SR B 750 ) B, HoR
BB, I, AR, REERAFRE, Ky (2021) TIAAHE
BRI 2 TR SR P= AR R, AR BN B
| N Y VAN BT Ao N NE A i

(Z) EREmEMBEL

FHARE A 5xMZEHIE ( Technological Revolutions and Com—
pensation Theory)

HORFoay SAMEEIGIE Tl A0, PR RINA T AR
( Keynesian fil Schumpeterian £k ) AW &R, FHTWRA
HEA L LGRS Z AR FR . St DAL AN AR
NS I HRACE , WLE AR R E T2, mBIeIA T, #
RSN FL TR AL (HoREER ) |, A2
B —Z5] “AMENUE G1E HOFT I TAERAL, A Sl
SO, B DA R — 5 “HARAME” SN, &b
PENLH R % A0 Z7 5 (Capital-Labor Substitution) , 4l
FBURA RN 1480 RE “BMRATT” BIBEOR, Tolblgs A sk
NIFHN VR R TT %, Wlas JORIEEE M R fE R
BT, SRANSF S IEEIA L, BB R AMETF 5 1155
i, BIAEGTEHACE, R R,

FETHEORFodr SAMERIG, FARIGHIA — RS R AR 7 6R
H, WEHIR:

FAIAT — JERS RO A eR AL

Q=a.K"L* (1)
Hrpr Q #FR i, K RRBASGN, LFERIFEA, 1M a,

6 NS, SFRRKAERRLE: HHEIETEIE (B2hR) (M], BRI, 20206

b ¢ SRR EL, AT AL b B ¢ 73| R BEAMT7 5
IR, RS BAREDT B AN 1% I, AR
Horbe B, 775 Q H5IFEIHEA L. WA K A5 R
KEo

LR GFE 1w S B5 B ) L=L1A RN (0-14% A
FO+L2EW AT (652 LA EAFN)+L3TAEAIT (15-64% ),
7 AR E e R B D R e 1 N LR 1 R B,
EGIN B AT TGS ) ) L3SEBL, ASCH g DALl A A7
SEEREMTEAND L3MEE, B L8NSEr=& Q#in, A
WA, EAERDFHE T AR IERE BY
ST, BEETEPHKING . HORE G 5AMEEIS R A E RS R
AEFERETTR. — O, AR SEUE I 5 Bl 14 L3
TR FRCIHE TR, fEERRAL, SIMATIE K B
A, TAHLas AfRmA 3, R RATRR, (EHEEARGHTY7
B IAMERN A AT e R R R

=. HRiGt

(—) BARIEEREIERIE

FEAK R R AV LR A B R 55 2 DAL A 8 7
B, JCEHPE30ME G CORERRPEE ) 2011-2023 4114 2
AR TAALZE AR, @ TOLEE A, EFEEsRE, D
JUEEFRI . REEFR O G R 50 M [ A, I R TV AL
A SR EA T, KL AL g A R S 1 1R
B

(Z) ARTLEXESHIERR

BRI B S nl R L PR AR MR TR B e 2 55
[EJRE, A8 AR A I TR 471 5 A E A B RHAE , e
L A R T (A 2, TR AR 5 I R [ R0

EAEE Sl

IR AT E R G S mMgatap s . S MG LUk
MRS, B IEE IR AN ST

A HL

L B B, 40K (LnGDP), #7583 Amizs: —
HNGGRKE T, (] GDP, GDP HK=Z, A GDP 1
RN R R B NRHS KRR, EBATHE R
EPEERR, AN LnGDP iS58 &g &S A
GDP(LnPGDP) /B s A TR A e

2. O RAL

(1) Tt A (IR) , AT BRI LR Ty
e, BT LA AR, Bifpi, TG gA . T
REALRRE M, AR T L A AR AR B

(2) )Lz (CDR), #FE0-14% A1 /7 HFEEATT,
HI LI,
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(3) Z44kFFLIL (EDR), #FE65% A LA /diFEE AN BREEEFRES), HASEELE.

1, BPL2, (2) %31 125 A% (LnLab), MEZREHESHEL
(4) BHEFEH (TDR), D JLHEZEH + BAEL IR, BT 14-65F LA, SRS s, B L3,
L1+L2, (3) AN EBHEAE (LnFDD), 2zt AcE . ik

3 ARIAS i SRR R I T S 2 G K R 3 (AR 4
Ko FHH BAMEBEHEATRE, CTREEWFI 25 A
(LnLab). fif2&2 (PerSaving), AJTEAIKY: (HC). AN E RS
W (LnFDD) ., ZAEitES (PerRoad) Z/FER#EH AL #

(1) fEFEZACT (PerSaving), B HE 25X AT
W, HUNEIMEBH O SRR E , MHERACT Rt

ZEPHRC, R A8 SN B O L i
(4) ANABAACE (HO), NHZHEFERATI B,
MENSZANE AR, AR T IRCKA .

SCEPHO LN DT 6B 1 5 0+ Bt 118 2 D 124 K AR A B 16
G AT

VAR

(5) B:ffi iR A (PerRoad), M X HEAh 15 i 2 15

U, WEINA . TR, M AR,
(6) KIS FEHT Region, 73-NARFERL, 2, T3,
(7) X T IndustryLevel, HuX TAVBEHIE / XA S E,
(8) Open HHUKF-, XIRAE LA FAERBES FUEA / KiE GDP,

AL AR R,

Fe3 AR, AL
A EAATR fa=s EXSIEE WS
BAGGHGK LnGDP () %45 GDP [HBOT %L 1E]
B N EFHK LnPGDP (Y1) 4 GDP JMHE / A H AN TEOHEL iEm
ERZ)IF2IN LnIR(X2) TP E ARG EL Ef
TAHLEA LnLIR (X1) A RBAL A SR AL () BON%L k]
DILHFE LnCDR,(X3) HFEO-14 % AT 7 RS T HON %L, B L1 i)
SR LnEDR, ( X4) HEE65 5 NI /7 FERE A CTIBOEL, B L2 F1]
kIR LnTDR, (X5) (DIUHRFELL + BAEHIELL ) BOSEL, B L1+L2 |
&= PerSaving(X6) NI UNEEIEA N iEfm
w1555 LnLab(X7) 14-64 % 9550 ) NITHUS %L, B L3 ik
NHZHEF
NSEAAT HC(X8) R )‘(Eﬁ*1+/J\%L‘%éﬁﬁ*6+%ﬂﬂh%L‘lﬁﬁl:*%%fhEﬁ%ﬁéﬁi"ﬂl*lzﬁiﬁr—'?Fﬂ%éﬁ)\ﬁ*m iEi
6% LI E AT 8%
AN E B VS LnFDI(X9) AT E B RO R iEli
BRI AT PerRoad(X10) N AR 1EA]
B InAgelv(X17) FFE65 % DA BT /7 flif (A VO 5L |
g EST LnCA(Y2) AWIGAS TR = LWIYALAR* (1-10.96% ) + A &= BRSO 4L ,10.96% A IHZR E
I SRR Region ( X11) B, P2, PEEL3 —
5 BljE R LnLP (X12) %45 GDP/ gl A\ GUE SO EL iEm
TALMAT: tr;fif‘iﬁ; ) HOIX TSI / I 2P R AR R
HoR#i LnTechnology(X14) FEARTT 7 Sk AN %L EM
TR Open(X15) XIS B ek TR / X GDP 1Em]
ORI (ER e
SCEEDAE 30ME 1y (PERIEATSIR G RN ) 2011-2023 4F 134FA PE AT AT G o WS A E TR gk, W
EHTR,
Fed RS
R FR Variable FLMIE Obs SEHEL Mean FRMEZE Std. Dev /IME Min HORME Max
y 390 9.899527 19102604 7.222858 11.818
X2 390 3687079 1.584822 0 11.248
x3 390 -1.87181 2911523 ~2.60369 ~1.184171
x4 390 ~1.508673 290434 ~2.312635 -1.010601
x5 390 ~.9591424 1998497 ~1.645065 ~ 567396
x6 390 1.424151 1.209217 0 15.62267
X7 390 17.09186 7256781 15.23344 18.33435
x8 390 9.421502 18948988 7.679434 12.70088
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x9 390 11.49376 1.461035 7.947679 14.82642

x10 390 1.408359 1.21379 .07 5.87

x11 390 1.9 8317294 1 3

x12 390 4.320591 4889549 2.27138 5.624065

x13 390 3355618 1563016 1001437 3.001684

x14 390 14.30878 1.902577 8.642263 18.2625

x15 390 3002142 3243119 .0079136 2.306849
YORUR: stata St . WEHNBE N, NIV G R KA .
(=) HoEa AR DR A L AR . A, PO AR AT ]
HEE BT P, RIS RS K SO0 R AR T AL AR TEAT
LnGDP; = B o+ B IR +BXty+ B X+ v, + U + & (2)

LnGDP;, 7R %4 GDP /K, IR, FER &4 LA,
Xty FRFEEMEHFEL . DI SHILEREL, X, FREE
HAE R, A, G, B=0 ~ 5ESH. v.. U 2k
JRIF R T2 RN . AMARE B, €, FoRBERL TR, AR REs
UM T 225

SE AU A R TR P {E/NT0.05, chi2 g 31.65 3 WE E Rk
NASFL N BEH SR AR SR A5

L EHLMAR I

BRI £ I L2 P, SR R R AR B T 22 IR IR 1
(VIF) fek 7 6.54, RN 2R TR 2.62, HIHE/NT
10, YIRS F 2 (RN AT A b 1) 20 B L2 P R e,

M., SEEERAT
(—) BEZERBXEIR

SRR AL, TS NA R T, BALER
S, IR O A PR R T RIS, AL P

KRFR, MRS L E A ZE AR
I ST AR SR /INT 0.8 WA bt 2 A7 AE
ZEAL . R AL NS ETHEIRIIR A,
BRI — A TRAEAL B, FIZR, . PURB = A BRI I
TERE .
F5 TAHLEAIR. Hr. VYEbRsD

Summary for variables: LnIR

by categories of: x11

x11  mean (#fH)  sd FrifEize p50 HZ AL N A%
1 2.742183 4.326458 0 156
2 1.371029 3.177658 0 117
3 498671 1.866129 0 117
Total 1.657783 3.522553 0 390

PRI stata HEH

REARE TG R X Z A 25 5, AR, H. PEE=
AT, IWEUER/INTT DA B A E R DCE = TR, R
i 12 A P A R 051 /NG @ s R I A EIE 15 I o1 (R4
Z. PEEED,

#6 FEEA . FRDFH. TG A SEHEC

MR (3) FE

Hi (4) RE

17 (5) PCSE

1 (6) GLS

e B (1) OLS1 B (2) OLS
LnIR(x2) 0.027#++(2.938)
EDR(x3) 0.503#%(2.388) 0.783##* (3.413)
CDR(x4) 0.740%+(2.641) L160%+4(3.718)
TDR(X5) ~0.765(-1.607)  —1.484%H(=2.794)
LnPerSaving(x6)  0.030%#(2.865) 0.033### (3.175)
Lnlab(x7) 0.721#4%29.060)  0.718%#* (29.227)
HC(x8) 0.179%5%(8.044) 0.176%%% (7.979)
InFDI(x9) 0.235%9(13.733)  0.224%%(12.840)

Per Road(x10)

0.049%#%(3.088)

0.059%#* (3.673)

-0.002 (-0.252)
1.319%# (5.063)
0.620% (1.820)
—1.189%%(-2.049)
0.016% (1.844)
1.282%%% (5.015)
0.202%%#(4.495)
0.078##K(3.675)
0.077%* (2.141)

Constant —5.600%#(—8.686)  —4.955%#(=7.338)  —12.691%**(—2.838)

Observations 390.000 390.000 390.000
Numbe'r of prov— 20 20 30
ince

Adjusted 0.941 0.942 0.779
R-squarred
AMRIE R 2 2 2
AP BRI 2 2 2

0.005(0.672)
1.153%#%(5.002)
0.979%* (3.482)
—1.448%¥F%(—2.994)
0.019%* (2.149)
0.773%*+* (14.800)
0.234%#* (6.912)
0.106%#* (5.303)
0.100%##(3.739)
—4.669%¥*(—4.136)
390.000

30

=
e

e

0.027##%(3.739)
0.783%#* (4.065)
1.160%+*(4.622)
—1.484%#%(—-3.337)
0.033%#%(3.149)
0.718%#%(34.159)
0.176%#* (8.094)
0.224%%(11.114)
0.059%## (5.072)
—4.955%#%(—8.186)
390.000

30

fo fm

0.027%* (2.976)
0.783%+%(3.458)
1.160%#¥(3.766)
—1.484%* (-2.830)
0.033##%(3.217)
0.718%¥+%(29.609)
0.176%#%(8.083)
0.224%%%(13.008)
0.059*%++ (3.721)
—4.955% (=7 434)
390.000

30

=}
E

&

W ek RIZRIR 1%, 5% F110% MR8, 55
PR t i, LU

GORERIR: stata 258

FEERT 26 H S LA SRR J8 AL HLaR A 1S 25 2,
F 2R BT N B ZE R, 55 30wy, 554

FERENR, 5550, SeH oAl RikFETTE. AMAEL, #
R = RS A EE R, REAE AR A LR
KBERB R UE, EHETR x5 R —E N, RUERDT
PRETR O A PRI R G RIS, SRRSO 1o 6
5 35 AR R T E AR IR RS 1%, 2B EsHRIcH
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ok —1.189% M, VML AW [ s U A R A4 24 22 24
KAFPRIERZNT . 57370 xT R 1% SHiRETHE K 1.282% (1
K,

Fafg A Ie

FAAT AV AT SA750 LLIR e TIHIEE A (LnlR), F
ZEPTRE KA GDP (LnPGDP) 4t LnGDP S&iE [ TR (15
faitk, Bt A B T AR N o BRI IR ) 25 S
FERTEIR, AL (1) SSfERH, AL (2) B e LoLIR
MEEEER, B (3) ZE% K, RIUEALRERETIZA
PR P E O GFHG K, IERTZ A E T R R e

R Rl

A (2) LnPG- #8 (3) LnPG-

D) #7t)
fEREER: & (1) LnGDP op op
0.0126 0.00277
LnLIR (x1
nLIR (x1) (1.29) (0.49)
0.0267#%
LnlIR(x2) 2.94)
0,783k 1,395 1,260
DR(x!
CDR3) (3.41) (5.68) (5.65)
11607 1,635 1446
EDRG) 3.72) 4.92) 4.87)
. 14847k 2,618k 9. 294k
TDR(x5) (-2.79) (~4.62) (~4.54)
PerSaving(<t) 0.0328%* ~0.0114 ~0.0131
eroavingix 3.18) (-1.03) -1.19)
0,718 0,325 0,327k
LnLab(x7
nLab(x7) (29.23) (-12.55) (-12.36)
0176+ 0.167k 0.168%*
HC(x8
x8) (7.98) 7.07) 7.11)
0,204k 0217k 0,200k
LnFDI(x9
nFDIE) (12.84) a1.70) (12.25)
0,059 0.0532:+ 0.0480%*
Per Road(x10
er Road(x10) (3.67) @311 (2.85)
4,955 1499 14,667
_cons
(~7.34) (20.80) 21.43)
N 390 390 390
CORRIR ;. stata ZEHL

AISRA A E— R Tl AfEdr (L.LnIR) NGO &
FUHTEATIEA, ARREDY BRI AR, T GDP P
X AL AT A N, an s 5 — 1 Dbl gs Afe
7 L.LIR {73 GEIAE G R, Sl —Hmn
FERRAR AT DIMRER R O R REAS B, A PRI AT BRI AETE

FIGEE RN 8 i, B (1) JERMERIIET, B (2) h
B DR S — IR IR, SR VAL A
Tt E G, IR BRI A EAEE P AR,

# 8 WAL

AR 178 (1) LnGDP 17 (2) LnPGDP
InlR(x2) 0.0126(1.29)

L.LnIR(L.x2) 0.0194(1.87)
CDR(x3) 1.391%# (5.68) 1.421%55(5 54)
EDR(x4) 1,639 (4.92) 1.689%+%(4.97)
TDR(X5) —2.618%x(—4 62) —2.713%x(~4.63)

PerSaving(x6) -0.0114 (-1.03) -0.0173 (-1.54)

InLab(x7) —0.329%#* (-12.55) —0.317###(~11.65)
HC(x8) 0.167## % (7.07) 0.168%*##(6.92)
LnFDI(x9) 0.217%#% (11.70) 0.207%##k (10.66)
PerRoad(x10) 0.0532#%(3.11) 0.0571%#%(3.25)
Constant 14.99%# (20.80) 14.94%%5(20.23)
Observations 390 360
Number of province 30 30
Adjusted R—squarred 0.9432 0.7632
AN PRI E R P S
AP S U, & e

BORKIR: stata 2

(=) HEeLS

Tl b g NTEE 520555 . PEATIE AR QT SR R g A
KAWLHI BT, —T7T, SIETRL x5 B> F A 5 55 5 |
BARFHEARONH SEE G 50, BRI B A 3
(LP) | WAfER (CA) | HARGIET (Innov ) FIEHLIX L Hiifk
s, TS AT EE =2 AR, HARAIH
ey, VAL A RO R i

BRI PEEI AR AN, MUK EUICT x15, HoR T
WEIRIE x14, TAEACT: x13 2 TAVHLEE A=A 5200

T T AR GG IE = 2 O B AR R AT AET S AL 4 AT
W

LnLP =B o+ BIR + B X+ v + U + &, (3)
LnCA; =B o+ B R+ B X+ v + Ui+ &, (4)
Lolnnov; =B o+ B IR+ BXj+ v + U + &, (5)

e 9 AR IR ARG TTER, aPREDT, TAlblas
NFEE B3, Rt AR BIET K, Bl AL 43
M, Tz w1 T DAL A IEAL AT A 5 A H
R AP BN

29 HURIRES M AR fE 451

B (1) WO (2) 1AL (3)
fREAL LnLP 7584773 LnCA %AAFEE:  Lnlnnov A4
(x12) (v2) H(v3)
0.0267* ~0.00645 0.0310
LnlR(x2
nRGeE) (2.94) (-0.55) (151)
0,783k 0.612% 3,337
CDR (x3) 3.41) (2.05) (6.45)
) 1,160+ 0.382 3,965+
EDR(x4) (3.72) (0.94) (5.64)
— 14845k ~0.617 —6.734%
TDRE:5) (-2.79) (-0.89) (-5.62)
PerSav— 0.0328%* 0.0381%* 0.0472%
ing(x6) 3.18) ©2.84) 2.03)
—0.282%k 0.498x 0,565
LnLabx7) (-11.46) (15.58) (10.26)
0.176%+ 0.0895%* 0.180%
HCG®) (7.98) 3.12) 3.61)
0,224 0,174 0502
LnFDIGS) (12.84) (7.70) 12.78)
Per 0,059+ 008775k 0.0909*
Road(x10) 3.67) (4.20) ©2.51)
Conctant 6,558 0.240 -0.709
st ©.71) 0.27) (-0.47)
Observations 390 390 390

026 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



Numb'er of 30 30 30
province
Adjusted 0.7793 0.8635 08761
R-squarred
B ENET A & = &
SR B RN 2= 2= 2=

ORERIE: stata B

MEIEEAEAE IR O HOR IR 1 T 52 ik, E3R
FEHEIBRK 1%, SAHOREIETR —6.734% Wisghi. SATTRHIE
Ko =350k g m, WRRE FREH AR > 254773

LnGDP; = B o+ B Aging+ B X+ v, + U + & (6)
LnGDP; = B+ B Aging; + B,IR; + B :;IR*Aging, + B X+ v,
+ U + &, (7)

W fRRASESE LnGDP,,, #7814 t 4F GDP WAL &7
e i WA R, — RO A DR o fiy BE R 65 % T
PLE A% 15-64 % AN HGERD L2/L3; 5 —RudE i
R, OAI65% M PL AL/ MO EEE, B L2/(L1+12+13), fdi
FE TR Aging(EDRxD) B 454 N Z KT, HE
IR (Agelv) MENBHRAR B S Rt . IR*Aging FoR TIAL

> GORFEE,

(=) AOFES RERIE
B> TAHLas A EHE KA EI SAE AT
2T (LnlR*Aging) b > TAHLEE AR £

DERACHRAN . Al AL A
PRSI, XA TR ARSI A FOAUSER T4 o
PR bR L S A 5 A
FIANER DT, WA T G R A5,
I LAVHIER N G2 B T ARTY, BE—F Rtk 15

BRI AR A

4
BB

F10 ZRDF . TG ARIE T R AR A5 R

TfER D> TN

SAMBRAANZET, X, 2R

b AF B 3.
ERE e S HE IR

FI0MEH (1) LW E P8 77 £ 3 K 1%,
A -0.765% HIZ . (AR (2) H, B AR FHE T
ARSI, Je U DR TF A T35 S R

=R
gﬂly

B ot i AL,

ISEZRTIN: S

FERY (3) HhEIABRACE, AL (4) FIATAALEASER

SRR TR

fe%, B (5) SIABIR S TUNBARZES, B
GDP #:4t GDP, K% (6) SHTTAAEA . F DT AL

R L

17 (1) LnGDP

i (2) LnGDP

178 (3) LnGDP

178 (4) LnGDP

H57 (5) LnPGDP

1 (6) LnPGDP

LnIR*Aing(x16)
LnAgelv(X17)
LnIR(x2)
Aging (EDRx3)
CDR(X4)
TDR(X5)

PerSaving(x6)

0.503* (2.39)

0.740%* (2.64)

-0.765 (-1.61)

0.0297** (2.86)

-0.0681 (-1.23)

-0.0698 (-1.02)
0.200%#%(3.90)

0.0495%#* (4.72)

0.179%F (3.17)

0.0504##* (4.90)

0.161%%(2.81)
0.0152 (1.78)

0.0538%#* (5.16)

—-0.000853 (-0.14)

0.0139(1.26)

0.319%#%(5.33)
-0.00776 (-0.87)

0.00376 (0.35)

Lnlab(x7) 0.721%%5 (20.06)  0.732%F% (29.58) 0.726%+5(29.19) 0.730%9%(20.20)  —0.206%* (~10.96)  —0.299%#(~11.48)
HC (x8) 0.179%(8.04) 0.108%#k (5.43) 0.103%# (5.20) 0.0998%#%(5.03) 0.121%%(5.65) 0.124%5%(5.97)
LnFDI(x9) 0.235%5(13.73)  0.220%(12.56) 0.243%%(13.55) 0.237#%5(13.04) 0.269%+5(14.57) 0.233%#% (12.25)
PerRoad(x10) 0.0489%%(3.09) 0.0480%+(2.92) 0.0416% (2.53) 0.0455% (2.74) 0.0247 (1.39) 0.0343%* (1.98)
Constant ~5.600%+(~8.69) _6'fjé;T*<_ ~6.004%#(~12.35) _6'?;{1:*(_ 11.70%%5(24.63) 12.85%5(25.34)
Observations 390 390 390 390 390 390
Npirgvt’iircsf 30 30 30 30 30 30
Rf\iiﬁi ; 0.9409 0.9362 0.9348 0.9351 0.7428 0.760
ANARE E RN = ps = & P P
ARG R & = & & & P
R stata 3T TR I
TR LR TT R 6 ([ A 45 1, AR 27 R 7 I el A 55 51, A AT

RIS 4 BB WL InAgelv HRE6, 7AYEIALER; 55
5L 6 /2 H 4 LnGDP Sy AYJ GDP JFizf1 75 6. 71145
o ATV 55 BB x 16 EIUfE, Bl TlkLee
SRR NERKR, RVREE SR8 20 Tl
NS G A0, T2 T AR 2G5 ff
AN BT TR SCIRN H A B H2,

FUEEARL (1) A3 GDP(LnPGDP) A4 % J5 1l figt 7 28
i GDP(LnGDP) #H {7 fa e ie, R (2) A &b s
( LnAgelv) HB Ui RE L 2 P47 10 ( Aging EDR) #EA TR
MRS PR R, BE (3) A AR GDP(LnPGDP) fU# 5k
fiflEAr & GDP(LnGDP) B PR A0 16 . B8 (4) AN
It Agelv B ORI ARRAS #, FREEMERIGES AT R TR, 18

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 027



ZF5ERSEIT | ECONOMIC AND FINANCIAL STATISTICS

TAAER AL EERT, ANHE RIS E TR MR R4
0.392, fE1% WK TR, FNZEIE 1% K T 2E N

S, B, W TTALE AR AR08 G E IO T4
YR U 5 o

F 11 TR R A 45 R

fERRAS 8 (1) InPGDP 1 (2) InGDP iR (3) InPGDP 1% (4) InGDP
LnAgelv(x17) 0.191##%(3.55) 0.308%#5(5.28) 0.257#%#%(4.65) 0.392##%(6.56)
IR*Aging(x16) —0.164%8k  (=4.17) ~0.196%4(~4.62)
LnIR(x2) 0.221%%(4.26) 0.257##%(4.59)
PerSaving(x6) 0.0210%##(7.69) 0.00506(1.71) 0.0230%5(8.41) 0.00787:4(2.67)

Lnlab(x7) 0.712%#%(29.95) ~0.298*##4(~11.60) 0.707#4(29.64) ~0.313#4(~12.16)
HC(x8) 0.114%#%(6.02) 0.124%55(5.04) 0.113%#(6.10) 0.124%#%(6.19)
LnFDI(x9) 0.238###(13.85) 0.230%(12.36) 0.234%#5(13.77) 0.229%#4(12.52)

Per Road(x10)

0.0307(1.93)

0.0311(1.82)

Constant —5.857#k  (~12.66) 12.82%##(25.61)
Observations 390 390
Number of province 30 30
Adjusted R—squarred 0.9399 0.7618
AT S R, & P
AR TE E RN, e &

0.0130(0.81)
—5.565%#*(—12.00)
390
30
0.9425

Fm

#m

0.0161(0.92)
13.26%#%(26.52)
390
30
0.7733

Fm

fim

PRI stata 3R

A A

FORFIR A A AR AR, S — WD D R AL et
T I GDP XS — I e . B PEFR . AL
TNBRA RN, Ffz A, BFReiairm—man
S8 (L. Aging) PUR TAVALES ASRARIG—F ST (LIR) AR5
IR o AT S —BIFR RN 2 B 2 G AT S Al 5
Wi, S50 A A AR PR O A o 1B P A A P A B ] 0 28 SR
TERI2JR, A RENE AR R IR (L Agelv) DL ZE
HIF (L.LnIR*Aging) 540 1 E 2 5F BT, BEre LA
SRR N A AR

F12 NAEMRREAE R

JE B (1) InGDP B (2) InGDP
L.LnIR(x2) -0.0528 (-0.58)
L.LnIR*Aging(x16) -0.0496 (-0.82)
L.Agelv(x17) 0.151% (2.46) 0.138%(2.20)
PerSaving(x6) 0.0421%#k (3.92) 0.0451%#%(4.16)
Lnlab(x7) 0.729%#% (27.69) 0.736%#%(27.90)
HC(x8) 0.102%##% (4.93) 0.0990%###(4.78)
LnFDI(x9) 0.242%k (12.79) 0.232%#¥#(12.05)
Per Road(x10) 0.0428%* (2.49) 0.0485%#(2.81)
Constant —6.081##k* (-11.79) —6.108%*¥#(~11.88)
Observations 360 360
Number of province 30 30
Adjusted R-squarred 0.9322 0.9329

RIS, stata 3T

Zi LAk, MHEETHE RIS S EORE G 5 EEIE, 304
A1 2011 453 2023 AF IR I 2e Pk [ )3 T R gaAIEE DAk
HINEIEIE s 55 B A Bkss . BOREIET . BATUR . 978473

SR TR A . RO BRI, BEAE Tl LS
NENRESHE AR A S, i A Las AR TR0 jd%
BT Z5 B T N AN AR ZE PRI A 2

ez BT, 20304, &PRA15% 5580 (A N) 7]
RET I b LA R o P [ 2 AR R T P T 4R B 2 T e i A e
PR SR EMZ R AR TR RS, EADER DS 5
T, T2 ENBE T BE T, PRI ST Sl RE AN AL BT RC R N
WEERHET G BIRARE “ TN I ECR L3R e
WEAE . ETHHREEE R TR, Sl EZ A
e S SRS SRR Y s A W S/ A ETPN
VRIS SRSl - S B (AL w4
2R, FIAHEZEG:

(1) PRI S AR A, R . Mkl
Mr SRR, R VLS AR T E s 2k [l AR B A A
YR,

(2) TAVHLER AR 9572 1 D7 I TR IR B 5%
Wi, TAHUE B R moy s A, HISgE I T S %
FLE AR RN SRS IR SR R ks F, Tk
HLAR A HTR TR0 BA B A DX R s e, KA X R T g,
RS TP

(3) ERERERDFUHEL — 2RI, H5E, 202647
Fe8H, Hxte “BILAE" BUE, fRAEr4E 8600 LA,
HEMEWHIA Y . “FIUANE" BORA R TR & A A

028 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



8. FR,  CWEHER S E IR KA BRI S E  4, BRRERAS YA I ST R, T LR ASOR IR R
TG T BRI ART B ®)n, TAHEASARRENET: S EE RT3 TR, O IREh 3 ReZ st . 2
2, WMATEHEA MERLEE A SRR, [AflEk, R AV RS,

G5, AT SR s AN WS T, KRR, B AT

24k

(1] SR AT B e [ G B DU A BRI PP a8 . o [l s R R SR — 2T (2022 il FIR MRS TR EORBII S ) 1480 (). (RECEDES 52 . 2023, (03): 14-39.
[20 ARG, el R A GIE G, RHIE, PSR 1. CAR#FgE) 2023, (02) @ 11-20.

[3) FEFCI EHAR 3tk . PR E RS TRERR A (] AHICEE 2020, (05) : 78-88

[4] FEFCH I 5K . EFRE SRR RILR . PRSI ). FFE SRR -001-018

[5] Bt . A s MR R A (M. P RS A, 2016:308-315,

[6] 2t . B s B R AT BRI TRC SZIATSS (D). PUJIIRS:, 2023,

(755l 22t AR, AR LS (1. AR, 2023, (258) @ 55-66

(8] 2075 . A s F A RARERA 2B ) (0. BRE#F), 2023, (02) @ 5—12

(91 EJr SRR . ALEs AR ST, 1L TR (Rl ) |, 2024.9):66-79.

[10] RAT5 . ALEs AFERIE . BUR . ARSI — kA P E M — 95750 IR (CEES) MRS [J]. ZUBEAFE, 2018 (09) = 1-21.

111 BREie, PR, Bivivee . NTERE. S S4F0K 1. Z505, 2019, (07) : 47—63.

(21 e, oo, EEH . TR R R ARy ()] B2 HoRE T, 2023, (06) : 69—90.

[13] S, XUFE , EBEH . TR REX KSR R I S LR — E T HLEHRA” PGS ). S2RWEFE, 2023, (02) @ 97—104.

[14] KO | XIBE . Dife . TA R RS 2WE TS — ST AL TR KIEN DSGE BT (1] FHAES, 2024, (01) : 20—61.

[15]Roberto Biloslavo etc., Artificial intelligence and strategic planning process within VUCA environments:a research agenda and guidelines[J]. Management Decision,
2024,(06):25-51.

[16]Morteza Ghobakhloo etc.,Generative artificial intelligence in manufacturing:opportunities for actualizing Industry 5.0 sustainability goals[J].Journal Manufacturing Tech—
nology Management, Vol.35 No.92024 :94-121.

[171Jinqi Ye etc.,al Is the demographic dividend diminishing in China?Evidence from population aging and economic growth during 1990-2015[J]. Rev Dev Econ,
2021, (25):2255-2274.

[18]Seyed M. Hosseini and Guy Lichtinger.Generative Al as Seniority—Biased Technological Change: Evidence from U.S. Résum é and Job Posting Data[J].SSRN,
2025,(10):1-26.

OV AT, 200175 A Re Xt oh (=57 3 ) iz A —— H Pl RIS 430 ()], Saliffoe, 2021, (06) :39-58.

[20] Attt PRERSE | EIETS SR AT T AR . SRk R 31AME G AIESE (). SEmliieasailt, 2022, (02) :142-158.

[21] Frhstss, BIRREE . N TR, ANASHIEALS IS BATENL ). TRMEREFR, 2022, (04):4-17

[22] Bppc , 2 L 3R . NI s N N BRI 7 3 (R . B I B A o 4 i SRR AR (). T AR, 2018, NO6, pp:30-42.

[23) PR, B/hse, BRASE, MRz NTRRE. St m s et SRSt ). E Tz, 2020, (02) : 61—79.

[24] W 3, ROE, BUSAE . NTERE, PR G ST ). R TS, 2025, (02) @ 23—41.

[25] FEpkAfE FEREAS, PR A A GRS 225 AER R —— FRSE IR R AP (). AERUBR ARl (ASGH2 R ) 2024, (11):1-15.

[26] FH#E , BREzK , /N . ML AR A0, —— EP 2 iiE e ) 01, R |, 2025, (11):28-42.

[27) AxFeHs | BUNHE, IhPASE . CTAMLERA . TS SAERMEE D — R AL il - TA” DCREAEREDE ) (7). CFELHESL) | 2021, (01):47-59.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 029



EIBSET | MANAGEMENT STATISTICS

AEFAAEBR T 5 WSS BRI 5T

=18
EEREERBIRAT), b= 100043
DOI:10.61369/ASDS.2025100004

i E ! HERINEFRANSANGFLFNRELR, VEHECEEERAEILARHXBEER, RESH, MSH
ZhOELRAXRBEIERANIRE, thEASIMTMSHZRONERRE, BRNAINVSHZR ORISR
LR, RAER—REIVSEREERR, BHNRGHRRNEE, ETI, ANEENSEFRINMSEE
HHRENLEELE, SHEEAEIMSHECERETERBINMESERIR, HESMHMVSEERD4E. NE
WS ERERHEANVSHECERENREAR (1], BHEEATINKALREREH —ERNMESERER,
X 8 | HENCRE; g@kd; MSER

Research on Financial Digital and Intelligent Transformation of Construction
Enterprises in the Context of Digital Economy

Gao Xu
China Railway Construction Development Group Co., LTD. Beijing 100043

Abstract : With the increasing adoption of digital technologies and the rapid development of the digital economy,
financial digitalization has become a critical factor in corporate growth. Today, financial shared service
centers have become standard practice for large enterprise groups, having largely fulfilled their core
functions. However, transitioning from financial shared service centers to world—class financial data
centers remains a pressing challenge for enterprises aiming to establish globally competitive financial
management systems. This paper examines the necessity of financial digitalization in construction
enterprises, analyzes current financial management challenges during the digital transformation
process, and proposes optimized solutions through innovative financial management approaches and
enhanced integration of business and finance. The study aims to explore a new financial management
model that supports sustainable corporate development.

Keywords : digital and intelligent transformation; construction enterprises; financial management

5=

FELFTAECEINE T, Tigsed SR, YU SHETHT, W55 Caon el 28 S MR A E LA, 77l
SZRHCE TR UITERI A et . BURTITA TP RO . 030, BB KBE . AR BB — (B R E A A A 7T
JITEITE ", MV S R AR R R EIR A S . B, WSS R BN B £l R SR AR RE T, SR SRR P
L UL AR TR R

FEANHCE AT R, G R D R v TR H AN 580, Sl R R R RIS, b RO R AR
W55 UL A S5 R O, RIRCRITEE NIV PERL" ERl ey, DLER SRITTANAS . A a2 st Jaek
GRS AR R H— BRI 55 1A

—. BEREUMESHE=hOHECERENLEM MR R BRSSP Il v S5 A PR AR
BEBE T S . MR E S A ORI, R

BERRCE 2T N ARIEE, FCS OOV ESIA TR BT A FELTCER RIS, 745 A AR A S B AT 2
SRSk, TSR TR T, MM HAE S SIMAEE. AR, FALE e S R A TR Al

RN B, PHARREAARAT, PRLWE, HEF 0. MHEE,

030 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



R gesris IRE R . 25 AR W 55 Bt A i, il
R FEARBEM 55 3R, RIS Aok, SRR A X LR
ATEMA N T se e a0 s, [N AEA R s SR
LA N EIEE L, AN TR0 T8 N 7 AL R
B, mE R SRR

FEM 55 B AR R R T, BRIV 55 AR5l 9% AR AH Bl
o, B o5 S RSSO T s L B R D RS
MR R BRI R G, SCELI 55 R A RO L
A, WINRZH RO 55 3 i, SEI Ss SE i se AT B, O
A BRI S TR S 04T W5 OB (e, &
REOCAL M PR, $RDURRL, FEfm B L Rl A G R
JE AR, BRI 55 AR B SS TAERE SEM, DAk
THARBII 55 AR

R FEGAE ST, RS 558 MR e 1,
[HEL 2850 e e S /2 K AN e e e i B = AT R W - A
F I 55 S A PR 5 RV TP B SR B i SR Al 2 T (%
ECR VU BRI C B AF DL, AT Al g SR BB I 455
R, WORA SRR A AT T

—. ERENMESHECEEEERNMSERIR

(—) MEEEBHNHEZRENER

HESUNE T A M R4S (ORI H L F R By
B, AU E M55 N AR BB AES . QIR AR I 155 A\ B
USSR A, SR mE ST I S T AA B, T
1, WA 55 A G AR A R 2 RS, R IF TGRS
IME, e AT AR W o5 A7 B R B A, A #e I i
L SUIE L, ENTEM SO TIE LR, ELSTHRE
BRI T TR, Toikss a2 SRl H Has
s,

(=) MEH=ROERERAIHESR

SRR FE R A i Ml v IV 55 L i 55 DU T I AL
S AT AR e W S5 I BB PR A TR oK, TR A i Al iR
e, BRI 55 TARRRE RN 55 3 DA b i, AT 5
R ML I 55 A RS KR s BE AT A . RTINE Y
W55 L R ST T M Bl b S TS TR, RE A
A ARHE S SEE B E ER R, QB TG TP
X, REELIFHETL “RIERE" B91ET.

HESRRE LA T, OA RESTATETRE %S
ol T 55 SR S5 PSP (A B A B 1 T 55 T
T, TCIREEGX R rEds, ARETZ T X d 28 e
BXREEMELE, FISREH G EROEE RN, IS
FEZAOTRERS LS, Toik st 55 A A E A& B RE

(=) WS EME, NEPSREMRES

o 55 B R AR T ) — D IR T LA B 5, 2ATT
B AR AR R b, G5B IR S50 T B AR I A
FEITIE B SR E T R BT, 5 I T A

R ", B, M5 o5 > MABRE A E, &
TENUHIA S 2, 5 BRI AR, & BTSRRI
AN RV 58 v 201 1) 1 I R Pl 1 T O P s
FTHR TR T ARG e, MERREAT . I ER, S
HAEPRSEIN B R, Toukom 3w R B 1 i Sk
L 55X T 45 10 T ARG 5843, MELGRIRET . R I s
ISOVNITE ZUINEPS EN) itk & S = vz . ) SN[
55 T M5 W 55 B SR o

=. HETEIHECERM VS ERMRIEIN

(—) Sl SEREY, BEFERIR

FERUE 28 5 T A S5 B A, A iy
A, T2RRATIEN S 55 R 55, GIFTUIG 5%
VAT RORT (4 55 B RIS, SEai il RERis, Mgl e Ok s
MRFPERAU I S5 E1ERR . L, BRSNS 55
BRI " T, WSSO N A S L A
Gitr, MRS Tl B A R AR g 2 r, Al SBl T A
Rt s 5 —J5 A, U T Al 55 B H A H
HEORHHT RO R, W IS, SCEAE AR, e
WAGESACY . A AT R R

(Z) MRERLRE, JENSHES

FEARNVECE T, R R S Bl st 4, L
BTERE R, DU AT, i, FETUAAE AN AT
TAedr, AR B R A TR & — AR/, Rl
B BT S SR TN, R U AT AT A R R AR
R, srEfeidEh, BETARIE I SR, PSR, W
FIAR AR E RS, i, SN EE R, REm
A g5 Edn, RIET A5 R GE R, Tt A sE 2 HE
s E e R NP =R N 5 E I 1P N Y TP
1, REEETE Bl B 34T R O 5 T A AN AR B B A AR ) 12
43HTo

(=) #EshllviEs, BIMESHZHIEROMER

M Rl G RRE TR 550 1 S SR T 2 I B 2, (I
55 TARIRAZNLSS (945 NERTT, S 55 525 A blg &
TR, M EG M SRR, RS
MV ERII 55 S LS5, R — A g — R . B
X LEHIR R IZ I S 0T, A AT DTN ATa . R TR
FATHEBRA, HE, PUESERER, NOH SRR, ;
FARALE IR, TGRSR IR A SRt

(M) ETAEEERSE, REESERE

R A G 1 T S T 55 RO (e R B AL R 4
ERB SRR E L SR, Rt AReE, B
RSt . [, SMSHEHdRhOMRs S, aeip il
BESEANSEIN . MR SR AE R, HE— IRl M 55 AR
Jio AHTRVEEEASGEMNESN "R s me, [ e
B 5 RS it EHAON — R BRIEER

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 031



EIBSET | MANAGEMENT STATISTICS

T, FIREE—ANER T EER T iR SRR I
BV

() TEREBNENMEER, SURIFNMSEE

TEHFEFE T, BT DR KA. AT %
PR, W WS AT SN s S 0T, M R LI AE R
W S IAIR, R BN N (A B I DA A, TS A . Ak
KA RL M S5 R, SCIUMEAERI I S5 8, W, ok
AN S B, SRm s iaE s .

(R) EIVESHZRERR, F—HiBFRE

W 55 2RI R R Ry SR AT 55 AL 2 s A BRI i
MRS, TS S5 BB B A R L, &
REMPRHLTEIV S50k, Gi—HURbmifE, SRmM S5 R R, Fitd
SSETRAERNE . SOREMER I, T DA R Rk
AR, HEE S TR TARMN S 51 SO, (g5 vE s
IR A SR, N s s s s, fmaln
HHERRE .

() ITEHBCHNVESEELS, #Hs) “UMER" FE
=

BT EECS M E T 6, High D ER” %R
&, BRSO, JHRATS X SR E ™, [

243t

W, SEAFH TR, REds . NSt (E Auok, Wi
—URIM SRR Y, DIEIRTEAE AL, B iR
F, AWHRTIECEE ST, B R W S5 B F B,
PORPS e A ) (ISR S 3 = | LS € R S N SE e o
WEREAE A el e, i e I B RN S, @]
FERHEAS IS, BRI AEAR S SR IUAHL

M. it

TR SR P R A, i A I 2 R e AT LS
W ER R 5D, TSR AR, Sesh
SSEIEECEA . BRI TT T R s e AR A
WA ERe Sy, Sl AR R AR G, I R R
WEARG T 55 S 2D A 55 B DR, R I BlfE
WIRBL” REERL G ", DUER YT 0L . S i
WA, WS IFRR, MEAA, Al GEFERT T
R PEAGSEL, STHERA, AR, WA, Ear
L. EoAmabigE.

(1] XUFF3E . T B I R S5 A BRTSE (J]. WSS BAEAT L2022, 4(3): 17

[2] JKEE . BTSSR B SRR 55 2 IR 55 HuO LAt (DI LhZRASA |, 2021.D01:10.27272/d.cnki.gshdu.2021.001886.

(31 #5575 . FESRLN I S5 B M A ABHR (1], T 55 RS 2024

[4] 78X . SRV 55 AR AT (1), W 5545 B 9T 2024.

(5] B . W45 8Os SR o O sa 4 13T (). W55 A5 BT 2024,

6] FE/NIL . VSR I S5 = i 55 T O EER ST (D). S0 | 2021(24):47-48.

[7) Xl . FET 55 TS5 i 55 RS 1], £ 5 58IML 2021, 32(23):150-152.

18] 25 . W45 AL A RS A >V TAER SN (). W55 A5 BT 2024,

(9] JHI . B R AL I 55 A BT S (J). sPE /Nl L 2021, (11):166-167.
[10] AR . FESF AN S5 2L 055 FR ORISR (1), 43 4V ERFSS 2024,

032 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



MW RGBT RS ia BT 45 B RE S T B e TR T
FRIE
T NEZERHRROBRAE], 4 M 510000
DOI:10.61369/ASDS.2025100005

AARBEEFRGEERRARSTUEEESESEE FEIGRHOLEHE (MNREHRERFRE. AREBAR

AMEEOSERRKS ). FERERME, WE—TLIMEE MO DRNRFEHEAER. ARBESTURES
B, HERL XM BHRATRSIEREGETRALIN, FEEREBERERES. KiEWE. NHLNESEMEIHS
BHREZ, SIMEERERAEREMCNTREESEREDE, NBARKEEIRHEAEENRER.,

WS ; EiE8EEE; RESERRARRS; EEME

Exploration on the Path to Improve the Efficiency of Working Capital
Management Driven by the Integration of Business and Finance
Qi Junyu
Guangzhou VCMY Technology Co.,Ltd., Guangzhou,Guangdong 510000

Abstract :

This study first analyzes the common challenges faced by the software and information technology

service industry in working capital management (such as unstable project-based cash flow, lengthy

R&D investment capitalization and payback periods, etc.). Building on this, it constructs a systematic

enhancement framework driven by business—finance integration as the core. The research will

integrate industry best practices and focus on an in—depth case study of the practical experiences

of XM Technology Company. It will elaborate in detail on the specific pathways—including process

reengineering, data enablement, mechanism building, and financial innovation—through which the

company optimized its working capital turnover efficiency, along with the associated management

insights. The aim is to provide a practical blueprint for reference by similar enterprises.

Keywords :

business-finance integration; working capital management; software and information

technology services; management effectiveness
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Analysis of the Handling Norms for Complex Accounting Issues in State-
Owned Enterprises and the Paths to Enhance Financial Reporting Quality

Chen Ling
Guangdong Zhongtianyue Accounting Firm (Special General Partnership), Guangzhou, Guangdong 510630

Abstract : State—-Owned Enterprises (SOEs) occupy a dominant position in the national economy, and the quality
of their financial reports is crucial for national economic decision-making and resource allocation
efficiency. Based on the perspective of senior accounting practice, this paper deeply analyzes the
normative and operational challenges faced by SOEs in handling complex accounting issues such
as consolidated financial statements, capitalization of R&D expenditures, and asset impairment.
The research posits that the root causes of the current problems lie in deviations in understanding
accounting standards, weak internal control systems, and insufficient support from information
systems. Accordingly, this paper systematically proposes a three—dimensional enhancement pathway
centered on "Institution — Technology — Talent": by constructing refined internal controls and financial
digitalization to solidify the data foundation, and by deepening the application of standards and
business—finance integration to improve the accuracy of professional judgment. Ultimately, through
optimizing the financial team's capabilities and performance evaluation system, a long—term mechanism
for ensuring high—quality disclosure of financial reports is formed, providing practical references for the
modernization of SOE financial governance.

Keywords : complex accounting issues; financial reporting quality; consolidated financial statements;
internal control; financial digitalization
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Consulting Methodology and Application of Financial Digital Transformation
of Small and Medium-Sized Enterprises from the Perspective of Industry and
Finance Integration

Pan Qiuhuan
Zhengdan Zhiyuan (Shenzhen) Management Consulting Co., Ltd, Shenzhen, Guangdong 518000

Abstract : Inthe rapid development wave of the digital economy, financial digital transformation has become the key
to the core competitiveness of enterprises, but the structural difficulties such as ambiguity in the strategy,
lack of resources and shortage of talents have caused the majority of small and medium-sized enterprises
to encounter many obstacles on the road of transformation, and it is quite difficult to move forward The
consulting empowerment methodology system. With the help of a comprehensive case analysis of A
technology company, it specifically presents how the methodology can help enterprises break through
the bottleneck of development and achieve substantial improvement and leapfrog of financial capabilities,
study and extract the key factors to ensure the success of transformation, and look forward to the future
evolution trend of consulting services, hoping to provide a set of replicable and implementable practice
frameworks and decision—-making guidelines for small and medium-sized enterprises.

Keywords : financial digital transformation; small and medium-sized enterprises; consulting empowerment;
integration of industry and finance; agile implementation
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Exploration of Teaching Models for Elective Courses in Statistics — A Case
Study of Survival Analysis Courses

Chen Xu, Zhou Jieming
School of Mathematics and Statistics, Hunan Normal University, Changsha, Hunan 410000

Abstract : Based on the applied focus and flexible positioning of elective courses in statistics, this paper takes
the "Survival Analysis" course as a case study to explore a reform path that systematically integrates
statistical modeling thinking into the entire teaching process. Given the close connection between
survival analysis methods and real-world problems, the course establishes a modeling task—driven
teaching system, guiding students through comprehensive training in "problem identification—model
construction—result interpretation" within authentic contexts, effectively enhancing their statistical
modeling literacy and interdisciplinary application skills. The teaching practice emphasizes the
expansive and practical nature of elective courses, employing a multi-integrated teaching model to
stimulate students' initiative in learning and innovative exploration. This approach fundamentally shifts
the course objective from knowledge transmission to capacity building, offering valuable insights for
teaching reforms in similar courses.

Keywords : survival analysis; statistical modeling; statistical thinking ability; problem-solving skills;
practical teaching
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Study on the Reliability and Validity of the Competency Scale for Master’s
Degree Students in Medical College
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Abstract : Objective: To develop a competence scale suitable for master's degree students in medical colleges,
test its reliability and validity, and provide a standardized tool for evaluating the competence and
quality of master's degree students in medical colleges. Methods: The competency index system
of master's degree students in medical colleges was established by literature retrospective method,
expert panel discussion, behavioral event interview and Delphi method, and the questionnaire
was prepared based on this, convenient sampling was adopted to conduct questionnaire survey
on master's degree students in medical colleges, and the differentiation of items in the scale was
analyzed by t test. Cronbach's a coefficient was used to evaluate the reliability of the scale, and
exploratory factor analysis and confirmatory factor analysis were used to evaluate the scale validity.
Results: The competence scale for master's degree students in medical colleges consisted of four
dimensions: political and ideological qualities, personality traits, self-values, and academic research
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abilities, with a total of 35 items. The t test results showed that the differentiation of each item was
good. The total variance of the four common factors extracted was 77.247%. The total Cronbach's a
coefficient of the scale was 0.975. The results of confirmatory factor analysis showed that the average
extraction variance (AVE) was greater than 0.5, and the combined reliability (CR) was greater than 0.7.
Conclusions: The constructed competency table has good reliability and validity, reasonable and stable
structure, and can be used to evaluate the competency of master's degree students in medical colleges.

Keywords : medical college; master's degree students; competency scale
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K Cronbach’ s o REUN0.975, £4EfF Cronbach’ s a REIY
KT 09, KUFRNEL .
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#3: BT AT R T

i Cronbach's a 2%
BOREIEZER 0.966
AR 0.959
SENI=RY 0.947
SFARFHITRE T 0.965

B BRI M A R 0.975

3. HER XA AT

I FYE HCA T, SRS 27% R 27% 53s
B E, Qo m RS, FR e vk, DA
A H BRI 4. ISR 4 BFE R IR A AL A4 1
ZMZEREAGIFEE L (P <0.05) , MULAZEHBAR S
HISURIEMIX . [z, W EM s B o Aok 469
ARG, A HT IR, W26 AL, 512681k
4, AN 252715 ISIREA t 1SR SRR, Wk 4T
PR 364 H LI IS E BE S (P < 0.001) , W4,
Pt H XA R AF, AHB 354 YA

F4: MO HGESARRSIREAR 1504,

#H t[H P1H #H tE PH

A (B

C1 -20.201 < 0.001 D12
Cc2 -12.062 < 0.001

4 ARRINERUE ST
M I RNAJER S AT 85 R T Ge i, Bl H
PIZRE 1-CVI 25 0.83~1.00; Bra MR, MERE, BRMm
TEUL AT 22 AR BRI RITGE /1 4 4 E 1-CVI 434518 0.88, 0.90, 0.86,
0.91; ## S-CVIH0.91, HEHHES,
5. BEAEBER LT AR ERAAE (N=469 )

-18.972 < 0.001

BURREIE AME BRRG AR EERREL AR
ESi FEE O fEW BEED JEESTEN R
-CVI/ )
e 086 088  0.87 0.86 0.87¢

. “a” FERS-CVI,

5. RS HT

(1) HWRMEHETFHH7

PRER MR 73 M7 R P B R TR AR T e 1 o3 e 3R 1 4% H
T, B TR & H . HERIM R =N T 0.41
FHo TR EFO0ET, el KMO K4t Bartlett
BRIZAS 30 FI W Sl 2 G & W7 o it 25 R ER, KMOER
0.970, Bartlett BRJEERIET ¢* = 19110.476, P < 0.001, W#

) 3 ~14.466 <0001 6, FHIAHIFESHE G MK ST ML TR 2
MR
A2 -10.286 < 0.001 c5 ~16.634 < 0.001 MR 77.347%, WFET, FFETBNEZEMNEFEMAE = 04,
A3 -9.160 < 0.001 C6 -156.293 < 0.001 A HI YU Hf4 H B4, B6. B7. B8, B9, C1HH
Ad ~12.832 < 0.001 c7 ~17.356 < 0.001 T > 04SN, HhZH B, B6. BT CL7EE4 R T
A5 -9.422  <0.001 c8 -11.894 < 0.001
FOATHR, WAERREIRAE R 45 H B8 “HHEIEIRS &/ER "
B (Mt D (AR ST o
fiE) WrEEH ) 54¢H B9 “WELSFE" EANERHER B FANMEWLE T N AT
Bl -21.373 < 0.001 D1 -18.090  <0.001 ¥1> 04, HefEgATAREAEE, &0he, INRBINGIER S
B2 TE0S9 <0001 b2 s <0000 e s e AR A P, PR R T MR
B3 -21.345 < 0.001 D3 -16.053 < 0.001 . ) . s - .
B, ARTHaS SELERRI TR a3, BIBGE R
B4 -21.398 < 0.001 D4 -18.135 < 0.001 e T e s
5 01351  <0.001 D5 91172 <0001 TR, MEEE . IR ERIEARIIFRE ST . EHLE S,
B6 23815 <0.001 D6 -20190 < 0.001 #6: KMO FIBHAIRHRAS
B7 -21.370 < 0.001 D7 -16.697 < 0.001 KMO HURHE Y AL 0.970
B8 ~16910  <0.001 D8 -18.265 < 0.001 BRI BT R 1 VLR 19110.476
B9 -13721  <0.001 DY ~17.546 < 0.001 o .
B10 —21.244 < 0.001 D10 ~14.988 < 0.001 i
) T2 <0.001
C (HERM _
) D11 -17.028 < 0.001
R RMEE TR T 22 R
WIERFEE SR 5N TEFEE AT 7R
T OEHEE SETUE % BITTER % R TR % BT TR % FFHAEE T ZETTHREE % BT %
1 19.201 54.861 54.861 19.201 54.861 54.861 9.199 26.282 26.282
2 4.325 12.357 67.218 4.325 12.357 67.218 6.744 19.268 45.550
3 1.799 5.141 72.359 1.799 5.141 72.359 6.251 17.861 63.411
4 1746 4.989 77.247 1.746 4.989 77.247 1.878 13.937 77.347
#8: BN TFHER Mo HE
#H
1 ve v 4
D4 RBEEIAH | SESCEARSCER, AERERTN A A1 0.848
D6 1z IR T HE B T SR BR A 5T 0.846
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D5 BEARHIAIRL, %, SERals A RaHaE 0.843
D11 A&egas: RINGTHHTRES 0.817
D7 PR S R R 0.812
D2 RSN, JFRUARIAI P Sk 0.809
D9 SfNAARLWUR = B g TR R 0.806
D12 A&l (il . ik, iieg s ) 560 0.791
D8 BRSO AR AN 0.774
D10 Basiie s G S 5 ae 0.716
D3 PR SFOSCIIG R %G (U0 pubmed Bz . FREMIM . A ERGESS ) 0.712
D1 4R Frag AR HAh R AR 0.683
C3 BRI R St BRI A LY 0.831
C6 LN RPINEVERLEE, MNIELLIIES, HIA =R T A 0.816
C8 EREENTF R 2O A AEINTE . (TR AAE DT 0.809
C4 BN PAZ SRR ZAEIHIN . YRS IE IR ZIER 0 0.784
C2 IR R R RIUINGE, RiEEE R IR 0.776
C5 BRI ZIR A REZ, TIAERFEAC 0.708
BY A 0.636 0.419
B8 AR IR S & ERG 0.585 0.532
CTENR BB RN —E5y, RN %2 AL ZAR B bR 0.580
B2 AR EFOEATTAE ), SRBLEE OB S TR E 0.753
B6 R RE A HRAHE I CRITA], BRI R AR SE R T4 0.416 0.752
B4 SUZAEI AR R (T, A, W&, LT FLNES 0.440 0.742
B3 RUR MR BRI B, WAV SEiE 576 0.715
Bl EEE, A, RYE, Sz AP miEs 0.706
B5S WATT T4, BRI AR e A S di55 b 0.691
B10 AHEREIEREIFI AR 0.689
B7 f—E M Hiirag 0.426 0.680
Cl T —F O, BARIRE 0.491 0.550
AB FESFEA R B i B TE TS 0.878
A3 SO EER(E, RAETE 0.877
A2 BUAF G MBS R I IER 0.866
Al EREGERE, SAMRZEE N, AMER RS THE 0.858
A4 FURFEB S 52E N SR S HEBOATES) 0.780
(2) Wb 4T @
©)
HTHRREE T ANIOAR, RARAMAY (Maximum
Likelihood Estimation, MLE ) Ak P 22 58 b7 2 [0 L& Lo b-©
B, (RIRISTE A FXTRISIITISTE, MAERFTALE, btk N ,
LA |, PRSI AT R BOA AR (D
ANEEFAE . HIRANEIL . SFARRMREST; DU R IR -
%, DA 2 % A G (P <0.05) , & e
WAAEFE R 53 = S R A LG I P bn R AT, 9881 T
FERARIELL L, 0 c2/df }12.657 (BLEKE) | JEBLREEH AL
(RMSEA) 50.060 (HIAHLF) . UATIERE%L (GFL) #0.853 » (e} o
(BLEEAT) | H7EZE (RMR) 50.048 (BIG1F) 45, H& =9
T 546 B2 AH B (P<0.001) , BAEHEFREIERR TSR [, —— s
i, SRR IR, RO, BSh, AN TS =
ZMH (AVE) KT 0.5 HAGFEM CREKT 0.7, kil :g
{00 J«—@D

FINRGREMAGHERE L, FHE10,

E1: EFBRMTAREMENSRERSIERENRELIREE (N=469)
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#9: BB A A AR A (N=469 )

il PLEFEEL A ARG L6 25 B AR
IS =N P <0.05 < 0.001 IRE| REA
cdf < 3PETELT 2.657 LA
SRS =5 (RMSEA) 0.05441F; 0.08-0.104E—H%& 0.060 A RST
SRR PRI (R = O.00FLE € o e
PLEIUEEHEEL (GFI) PUEAEO-1 21, > 0.94UALT 0.853 PLERT
TR A REEEL (AGED) HUEAEO-1 20, > 0.99UA LT 0.819 PLERLT
¥77iR5%E (RMR) < 0.05#UEHF; < 0.08—f& 0.048 PEE
M G485 (NFI) TUELEO-121[], > 0.9%E4F 0.931 PLELF
HHELLEIREL (IF]) > 0.9 0.956 WA
LA
xR REU AR (TLD) > 09 0.948 BleE
BG4 (CFD) TUETEO-1 2[R, > 091G 0.955 PLEE
#£10: EFPRETLFEA AT )1 8% AVE 5 CR fighr (N=469)
EUAEARZER EFMMEN FAREIEE T
AVE 0.853 0.700 0.704 0.694
CR 0.967 0.959 0.950 0.964
=. it RIBAGIR, AR b S . A2 a2 ST i ] i S
. Ao CAER IR . MIERHE . BN EW. 228
FEE RIECL I R W SRS E R, R T BB AOEE, RETHE R AR T AR T I A, 85 5%

WIFEAEMIFEE R, FEAAR BRI, X E BT

LA IR RS TR TSR M, Sk, H TR EE
BR2A BB ST LR 5 5 BTN T T B SSAR A BR =7, AUk,

AT ST B IR R 22 A i 48 A AT T R, et
F . ETHER A mEMAME,

G SRR PP R B A O 8 bR, i s
MRS S A R R, B STE I AT 5E3E M Cronbach” s
o RECKIEEERE, 45 BIR%K Cronbach’ s o 2%/ 0.975,
T DU B PSR Cronbach” s o 22400 0.947, FHARFEN
Th4% H Rl —EeksR. Ft, AILOAH BE2EBE Rl i 78 A AT
PR B FLA RO E 2% AR A A T T, AR N 2
RS RS LR o AU A SR 7R S-CVI 8 0.91,
[-CVIFE0.83 & 1.00 2 [], FHHSLAMENESRHERITNES
JEYG, PR EEEARIFINNARE . (RS, R
RHER AT 4 AR T, SRERIRAIINAE (BUaEEE
R AERHE, BRMEAEARIIRES ) —8, HREIIFZE
MERESRIRE T 77.247%, %%44&5%ﬂﬁﬁ%%§iﬁ%“ﬁ
RS, FERIEME P hT B RAPLSREN H E S 8%
thM%MA&F,&Q&WWEF,@%LT%ﬁ%ﬁE%
IS SA, PIASSR R RN P EBI/NT0.05, B
REMT A SRR, FEIIGTRE ™, X RIARRM
R B G, SMUE AT,

[ 2 BE AR 98 AR 1 35 5 IR B LR R TR Rk 7 PA= gl

BRANEN

2t

WIFSAENBAG R TS MERHME . RO EWR A AR EE
ﬁZWTTEﬁ%%%,ﬁ%%%“WﬁOM 0.667F10.39, %
WIBOIA 2% R A MR RN (B 520, B ARE A ]
CAnTHERR | ZRRRAET) |\ FIFROMETIEE (APl fid /el

HETHER) , HBGRRIERIUE S P IE M A A 1ok,
WA IRHITRE ) S AMEEAHEF B Z AR IER R R,
HRFE B8 0.71F10.60, HEHINIZEAERIBIT R 8B AR
W EIR AR, ERMERHME S INME R EE . Fitt,
R A B e A MEOA R R EE ST, K EE2ARE
PR IR S AR H ML, CLIBHE S T e AR U 25 BRRE T |
EAFRENRITTEAES o AN, RN EEANSRMT A RINEN, 6
TR DERENL. BB LA 5. T #E— 34Tt
BE2EBRI S AR M IS, BRI BTN DU IR0 T A
FHIFRE I ANEA 2R O IEA, (CACANINSRAT S E R IR T2, KT
GRS I RER BT RA TGN B AA RS, v
e ESFIRR R S

zx LTk, FEE B o LR SR AT ACH A Rt —
AR HiFR AL N AT IS AR AR D IR SR PR 2 T A, BRI
bRt RE N2 TG IR TR AR S A A e TR R 4t
JESRER, AHABRAS TS BRSNSl KA

WA, SEE R TR ARG E I R R R,
BT TS AR M A SRR ARG R SRR L
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EFEE00 CEEMDAN-CNN-LSTM
R H A P

BEEE, HiRE”
I"FRINBINERRF HF S5, T4 M 510006
DOI:10.61369/ASDS.2025100010

i E : HWBEMNSHTAREMN. KEicE, AMRREHTETEEDNSSERN S ENS R AR CEEMDAN-
CNN-LSTM #E2MmBER, Bk, ERABEENS@ERA (CEEMDAN ) #{TEE2 8%, BRIENAFEISBASRE
SRERFIMEBIE, HXR, FIRSRHMEMSE (CNN) MKEHICIZHERNE (LSTM) , HINSRMESHITES
REFMSEEY, HBEEENER (AM) #TESHINNEENESE. BE, SRSMERRNEEAREE
8o AMFEBUFRF 300 FHIE 500 RFBHHITIENr, BERER, EFEEHNHA CEEMDAN-CNN-LSTM
=E, BEEHAREESHNER, BETHFIGHRXR, ANNESHEMLMSE, #RadllsEmlERRESE
B, SEtERMUEEEL, ERMUEEES, MUIRESZMER, ZHENER.

X ## i@ : FEPHNE; CEEMDAN; CNN; LSTM; BREEH

Attention-based CEEMDAN-CNN-LSTM Model for Stock-Index
Price Forecasting

Zhan Zhibin, Znang Zhenhua'
School of Mathematics and Statistics, Guangdong University of Foreign Studies, Guangzhou, Guangdong 510006

Abstract : To capture the high—-frequency uncertainty and long—memory characteristics of stock—index
movements, we propose an attention-based CEEMDAN-CNN-LSTM neural network that
synergistically combines adaptive decomposition with feature—weight learning. First, the complete
ensemble empirical mode decomposition with adaptive noise (CEEMDAN) is employed to disentangle
the raw price series into high—frequency, low-frequency and trend components. Second, a
convolutional neural network (CNN) and a long short-term memory network (LSTM) are trained
separately on each frequency band to extract local patterns and long-range dependencies, while
an attention module (AM) autonomously re—weights the extracted features according to their
instantaneous relevance. Finally, the band-specific forecasts are aggregated to produce the ultimate
prediction. Empirical experiments on the CSI300 and CSI500 indices demonstrate that the proposed
model retains abrupt signals, preserves sequential dependence, and concurrently learns common
factors without suffering from right—skewed or over—fitted forecasts. Compared with five mainstream
benchmarks, the proposed approach significantly reduces prediction error and exhibits superior
generalisation capability.

Keywords : Attention Mechanism; CEEMDAN; CNN; LSTM; stock index
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BIREGTNZALL], REGTIEATH AR . I PEIHTRIN SR L 2 TR R e, RETDIEN SRR
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RS b, B C AR R BT AT M Z M4 (LSTM ) BENS SR T, (ES I 7845424 A A e iE
K—ROA, SE MR TREINIE . 1 H R S v e E A, 1B K-means RIS RIZSEEEM A #0017
SRR, PR H R BEEE S LSTM T 45 rh, S8R T 2R R A T A e . s A e g,
BHL (22 U B IR TR IR, A3 A 7 BT B A R 5 BRI A e LSTM BEEL, 4275 7 LSTM (it 6 o Vil
TR I TRV, RIS 4% (CNN ) $EEUR RIZE AR, JERERIIE (AM) B3R, $25 LSTM At
S MXIZEAN LSTM Z50 B TR, #5 R AM ARURRAEICAZ 4% (BILSTM ) U A i 4 KU

Ao, BEEW R TITIAZ ORI FIRLEE S IRABIGS , B (TR S BRI R R 25 5] SRR G Ak, WELR G
PR, AR A B R TR BUS MR (EMD ) A1 LSTM &5 AR, o FIFHE%r. SEIEE50R i 300 3647 T H, 45
TR T R F AR B O B AN e R S B A A AR A B R (VMD) SR RISk (CSSA)
ShG, MR T LSTM BEMm s © S sm S A LAMEA RS (CEEMD ) 5 LSTM 454, St —Fh
AL AR

N T TE TR BTG SR AL G R, ASHI I B AR I 1] A AR N 2 A, fE CEEMD. CNN. LSTM [1 £:4i
b O O R AR ATE R AL, A3 —F A EIE R AR RU A R4 — KNGS — RIS R (R A AR
(CEEMDAN-CNN-LSTM-AM ) , BIAERRAT: &5, R CEEMDAN SRR FUARTE AN B TR A MRS, R4
Hi & AN RSB E A RS AL (IMEF) 43058, ARRAURM NER et Hak, 45044~ IMEF 430, M2 MBI HEH CNN #2
HURZSTY UL, KRR N LSTM HE(TT0, R E RO T E S A E A G5, &5, SheEsEnGrE, Hil
2 IMF [T 4551, Sl S 2B B0 (O T o SEIE) A 300 FTHHIIE SO0 P8I SUE AT, S5 RFEINIZIR SR T e T
TRSRL, FEBUNRSE . & DL RS2 A B8 ) Fr T2 A S s, TR B M R AE A R BB

€~ 1(t) FRAFHHEFT EMD 25105 -1 IMF /955 o-1%
7~ CEEMDAN 28 j—1 B BE4x B S A 5 (BB R L )

—. ARAE

(—) BiERi2% CEEMDAN

CEEMDAN @—Ffl IG5 0 E s, MGG ERRA
& (EMD) FISEEAIEAS A (EEMD) B9sGl, HiliEA
TARgkbE . AP RAE ST Vs IR ARR R B [ IE
NEF , JEEEET IME i, IEREMmIRE, Eaai—
R, HAP BT

1 M FIAE SIS S ES

xi(t):x(t)+cl.si(t) (1)

HHp, o AE R RUEREG s A AR A
e T A

2. WA UAE ST EMD 408, #REGE—E IMF It
HE

1&
IMF, (1) =?ZIMFI (1) (2)
i=l

Hr, IMF,(t) %~ CEEMDAN SMSEIfI48 1 MERS /L
ri(t) FIREE L RIS I ARE S
r(t)=x(1)—-IMF, (1) (3)
3N AREAFSHEL LR, BERIIME, EEK
ZER B BRI A 2 . AR

K-1

7 (1) = e X ()= IMF (1) 46,6, (1) (1)

i=

Horr, IMF(t) %78 CEEMDAN 7 iR /3 5 (45 | B 455

FORE § BRI ES
4 RS REL, BRI T IMF R — NIRRT, 58
DR R iy SNV Gl =y iy SR S PR

x(1)= SIME (1) +7, (1) (5)

il

(=) HRWEMLE CNN

LM% (Convolutional Neural Network, CNN ) i
BHCGRE B AR e, GBI SO R AR 1 SR AR S
SPRAARHE, O 2N T ENE . BARES R R
HH R A1 A 1 4k, LSRN A B B A R 2 S A
MR, FFEGRUE S I ABOE BB T W 25 JE e iRk me

L &HE

FETAN AL I 7 5 G B S e B as, k4
AR BATIBORFI S WSS, 2500 R 80 MRHE . h 2%
1B FEH RO AR P 4, JBH >R A ReLU (Rectified Linear
Unit) 1ERAEZM R

yézmax{O,fo'@Wl;—i-b;} (6)
ieM,

b, xR (1) BIE T AMEE, W S5y SBIFERE
2 | MERRIRE SihE, © REREERIEN, VRs
it ReLU J o HUFAE K]

2. Mk 2

TEAR R AR 1 [ I PR AR 1 e, R 4 g B 4
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p = Maxpool(yl) (7)

Hor, p' b E I H, Maxpool LAAS R B 2 1 B R
8, SRR S 54

(=) KIEHAIZIZMLE LSTM

KAEWHTAL % (Long Short—=Term Memory, LSTM) &
— R THHRA B B I AR T P R 22 R 4% (RNN)
A EPRMESE RNN TE K A5 I R i B R R i el i ik
TSRS R I / BEKEXERS, LSTM 5 AICIZ TS0
ML CRIATT. T BT s Bk X =231 1
P, MR AR KB

) Y

' - R
> o, |\= >
Can
A o & A
[ o] [emn] [ o]
> > —»
N o\ J

1: LSTM MZELEERETTE

K1 LSTM (W4 £5fg i, i X, R 2400 ¢ IZI0
BN, h, FR 40T ¢ NZIAN RS, HE R ¢ RS
&R

i,=c(W*[h_,X,]+b,) (8)
fi=c(W,*[h_.X,]+b,) (9)
o, =c(W,*[h_,X,]+b,) (10)
C, =tanh (W, *[h,_, X,]+b,) (11)
C=f0C_ +iOC (12)
h, =0, Otanh(C,) (13)
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EETEMRERERSS ( Remaining Useful Life, RUL ) FTNIZ {RIEIE&ISTRE 5L ERRISHRN R ER AL
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1232, EREESRUEE—NNERER, SRERNERETE, R, BITETREINAKNERGESE, Bidsh
SRERZIXEHESH, RARTRNNEEHESEMY, RREFZAREREBTRENER, #E5, WEMS
BEMEBDNENREKEHICIZNE, FIARRUERDNERERBNASHELISEENFEERED, 8F,
7 HNEI #1 CALCE RAFHEE FH i #iEE EX RS AEITIRIE, SLIRERRA, AXRRGEERAESTHID
RUL I EREEEEEMNE.
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Dynamic Prediction of Lithium-Ion Battery Remaining Useful Life Based on
Generative Adversarial-Meta Transfer Learning Collaboration

Meng Changhao, Liu Yitong, Wen Jiarui, Wang Guogiang’

School of Mathematics and Statistics, Shanghai University of Engineering Science, Shanghai 201620

Abstract :

Keywords :

Predicting the Remaining Useful Life (RUL) of lithium—ion batteries represents a critical technical
challenge for ensuring equipment operational safety and enabling intelligent operation and maintenance.
However, existing methods still suffer from small-sample data scarcity, heavy reliance on handcrafted
features, and poor model generalization performance. To address these issues, this paper proposes
a RUL prediction framework integrating data augmentation and deep learning to enhance prediction
accuracy and model robustness. First, Fuzzy C-Means (FCM) clustering is applied to categorize
battery degradation patterns based on the evolution of capacity degradation curves, and the
Wasserstein GAN with gradient penalty (WGAN-GP) is employed for conditional data augmentation,
generating synthetic samples consistent with real degradation trends to effectively alleviate the small—
sample data scarcity issue. Second, an autoencoder optimized through meta—learning is designed
to dynamically adjust the learning rate and momentum parameters, thereby improving the stability
and robustness of feature extraction and overcoming the convergence instability of traditional
autoencoders. Subsequently, a Bidirectional Long Short-Term Memory (BiLSTM) network equipped
with a hierarchical adaptive attention mechanism is constructed, which automatically focuses on
key time—step features to enhance temporal modeling capability. Finally, the proposed method is
evaluated on the publicly available NASA and CALCE lithium—ion battery datasets. Experimental
results demonstrate that the proposed approach achieves significantly higher RUL prediction accuracy
compared to baseline methods.

remaining useful life prediction; intelligent operation and maintenance, WGAN-GP;
BiLSTM; meta-autoencoder
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Table 1: Selection of Health Factors (HNEI)

Feature Columns Description

Cycle_Index Cycle index

Discharge Time (s) Discharge time (in seconds)

Decrement time for voltage range 3.6—

Decrement 3.6-3.4V (s) 3.4V

Max. Voltage Dischar.(V) Max voltage during discharge

Min. Voltage Charg. (V) Min voltage during charge

Time at 4.15V (s) Time spent at 4.15V

Time constant current (s) Time constant current is applied

Charging time (s) Charging time (in seconds)
F2: [HEH YR (CALCE)

Table 2: Selection of Health Factors (CALCE)

Feature Columns Description

Charge_Capacity(Ah) Charge capacity in ampere—hours (Ah)

Current(A) Current in amperes (A)

Voltage(V) Voltage in volts (V)

Discharge capacity in ampere—hours

Discharge_Capacity(Ah) (Ah)

Charge_Energy(Wh) Charge energy in watt—hours (Wh)

Discharge_Energy(Wh) Discharge energy in watt—hours (Wh)

AV/dL(v/s) Rate of change of voltage with respect
) to time in volts per second (V/s)

Internal resistance of the battery in
ohms ()
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Fig.5: Feature Engineering Workflow
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Table 3: Statistics and Window Size ( Common )

LR TR ZISPVIN R pa

Rolling Mean (15) 15 B R/ 16 REN T8
Rolling Std (15) 15 B LA/ 16 TR bRife 2
Rolling Max (15) 15 B R/ 16 (sl KA

Rolling Min (15) 15 B RN 16 s e/IMA

Rolling Mean (20) 20 T RANA 20 (B T-HAME
Rolling Std (20) 20 7 CR/INH 20 s slbRifE
Rolling Max (20) 20 1 R/INA 20 HOEET RS
Rolling Min (20) 20 P FIR/NA 20 IR e/ IME
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Fig.6: Comparison of Wavelet Packet Transform Effects (HNEI)
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Fig. 7: Comparison of Wavelet Packet Transform Effects (CALCE)
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Table 4: Parameter Selection and Rationale (Common)
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Fig.8: Training Loss Curve of the Meta— Autoencoder (HNEI)
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Fig.9: Training Loss Curve of the Meta—Autoencoder (CALCE)
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Table 5: Cluster Number Selection Criteria (HNEI)

UKL | B XL | RERAL Calinski-Harabasz f§%{

2 0.8249 0.5079 11399.0814

3 0.7840 0.5864 14581.8557

4 0.6929 0.4628 11858.7251

5 0.6426 0.3934 10033.8812

6 0.6358 0.4091 10255.4739

7 0.5896 0.3700 9014.7011

8 0.5862 0.37562 8816.1670

9 0.5488 0.33561 8020.1542

10 0.5258 0.3195 7274.6745

6. FFEFETIR (CALCE)
Table 6: Cluster Selection Criteria (CALCE)
RAHL BRI XL e Calinski-Harabasz f5%{

2 0.8274 0.5696 25937.8647
3 0.8439 0.6375 22636.0165
4 0.7782 0.5176 17094.1645
5 0.7810 0.5521 57612.9704
6 0.7270 0.4481 11172.8021
7 0.7314 0.4806 43681.6356
8 0.7145 0.4802 37992.6625
9 0.6625 0.3819 7049.3613

BRI I IXEL BIRAREL Calinski-Harabasz f§4{
10 0.6904 0.4577 38902.5276
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Fig.10: Data Augmentation Workflow
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Table 7: WGAN-GP Parameter Settings
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Table 8: BILSTM Parameter Selection
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Table 9: Model Performance Comparison (HNEI)

Model MAE MSE RMSE R?
BILSTM 00221  0.0012 0.033 0.98
LT wi

BILSTAM with 00211 00111 0.032 0.99

Hybrid Attention
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Fig 11: Tllustration of Prediction Results (HNEI)
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F10: BURATEREILESE (CALCE)
Table 10: Model Performance Comparison (CALCE )

Model MAE MSE RMSE R2
BILSTM 0.0189 0.0006 0.024 0.97
BiLSTM with Hybrid
. 0.008 0.0003 0.0179 0.98
Attention
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0 2 o 80 o0 100
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Fig.12: Illustration of Prediction Results (CALCE)
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Fig.11: Comparison of Experimental Result ( HNEI )

UIRES MAE RMSE R2
GPR+CNN-LSTM 0.5173 0.9982 0.9987
Tr—AttentionLSTM 0.6662 1.0107 0.9982
Transformer 0.7937 1.2072 0.9977
DNN 0.9970 1.4537 0.9978
GPR+CNN-LSTM 0.7351 1.0823 0.9984

VNG 0.0080 0.0320 0.99
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Fig.12: Comparison of Experimental Result ( CALCE )
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Water Quality Prediction in the Pearl River Basin Using an SVM-RF-ANN
Ensemble Model
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School of Economics and Statistics, Guangzhou University, Guangzhou, Guangdong 510006

Abstract : Water scarcity presents a critical bottleneck to regional sustainable development. The highly urbanized
Pearl River Basin suffers from acute water quality—induced scarcity, making accurate prediction
essential for aquatic ecological security. Traditional methods, largely reliant on expert experience, are
often inefficient and prone to error accumulation.This study develops a machine learning framework
for water quality classification using monitoring data from 2015 to 2023 in the Pearl River Basin.
Three algorithms—Support Vector Machine (SVM), Random Forest (RF), and Artificial Neural Network
(ANN)—were applied, with hyperparameters optimized via grid search and cross—validation. Feature
importance analysis was conducted to identify key water quality indicators.A weighted soft-voting
ensemble was implemented, with weights dynamically optimized using Particle Swarm Optimization
(PSO), effectively integrating the advantages of each base model. The proposed approach
demonstrates enhanced overall accuracy and robustness, offering a reliable tool for refined water
quality management and supporting the sustainable utilization and conservation of water resources in
the basin.

Keywords : machine learning; water quality prediction; Pearl River Basin; SVM; RF; ANN
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On Evolution Characteristics and Vulnerability of the Rare Earth Industry
Chain Network Along the Belt and Road

Zhao Junchan, Deng Tao, Wan Zijian
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Abstract : Rare earth plays an indispensable and important role in emerging fields such as new energy, new
materials, aerospace and national defense construction. In order to accurately grasp the rare earth
industry chain of the Belt and Road, this paper uses complex network theory and Monte Carlo
simulation to study the upstream, midstream and downstream products of the rare earth industry chain
of the Belt and Road. The research results show that the development trend of the rare earth industry
chain of the Belt and Road is getting better and better; downstream rare earth products occupy a
dominant position in trade volume, and the clustering coefficient is larger; the entire rare earth network
has the characteristics of a small world network, with high network connectivity and cohesion; China,
India, Turkey, the United Arab Emirates, and Russia are hub countries in the rare earth industry chain;
China's influence in the rare earth industry chain of the Belt and Road is increasing, and it plays an
irreplaceable and key role.

Keywords : rare earth industry chain; the Belt and Road; complex network; structural fragility
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Figure 1: Comparison of upstream rare earth product networks (left for 2012, right for 2020)
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Figure 2: Comparison of midstream rare earth product networks (left for 2012, right for 2020)
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Figure 3: Comparison of downstream rare earth product networks (left for 2012, right for 2020)
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Figure 4: Trade of rare earth products in the upstream, midstream, and downstream of the Belt

and Road (left: trade value, right: trade volume)

FAh, ALK L2014 TR L A, 21712
FI0, MWW LR BB, TR LSS
T20134FFIA T, X AR B T 201 LAFAS LRSI 17= i (1) 4 Bk
Mt aell, LT R B O L i s A H 1
AR, O R L IR AG, SECT BB T
REs 53— I7 TR T BRSO R L NS TR A, BT
G RS RO R B AT I AN R S8 2011 47
S B 270 b O .2 < dl w2 R (BN = i WU 2 d
S, IR T BRI LIRS RR R, s & ER LT
., EFRR LR, fERTR, Wi L e T R it
AP 20104F- 22 2016 4F- 1A [AIH% 17 it 52 5t g 5l I S R AL 0T ot
=,

2. ML HE MR

BT R RE I TR 2, WRTTT AR
20124F 28 2020411, PN . AEFOESIN B,

YL “—AF—8" B L ER TSR 2, HXRRK
HFETE

H2: A R

Table 2: Characteristics of the “the Belt and Road” rare earth
industry network

w9 NBR mEE WA TERE HRE
N O O wE K FREL
2012 13.68 0.21 0.50 0.21 1.89 0.64
2013 14.28 0.22 0.49 0.22 1.71 0.66
2014 14.65 0.23 0.51 0.23 1.74 0.66
2015 15.02 0.23 0.51 0.23 1.82 0.64
2016 15.00 0.23 0.52 0.23 1.78 0.66
2017 16.40 0.26 0.53 0.26 1.69 0.65
2018 16.94 0.26 0.54 0.26 1.72 0.65
2019 16.95 0.26 0.53 0.26 1.69 0.67
2020 16.32 0.26 0.52 0.26 1.66 0.70
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Table 4: Network structural vulnerability table after removing the five

hub countries

Fro WA A HRE TR
2012 0.17 0.48 0.59 0.32
2013 0.28 0.37 0.73 0.37
2014 0.28 0.41 0.63 0.41
2015 0.17 0.43 0.57 0.31
2016 0.18 0.32 0.75 0.32
2017 0.23 0.34 0.66 0.32
2018 0.20 0.33 0.61 0.30
2019 0.20 0.44 0.60 0.24
2020 0.22 0.39 0.63 0.33
T4 0.21 0.39 0.64 0.32
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Figure 6: Change in structural vulnerability after removing a single hub country
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The Digital Economy Boosts Digital New Quality Productivity—Path Analysis
Based On Insurance Regulation

Chen Simin
School of Mathematics and Statistics, Guangdong University of Foreign Studies, Guangzhou, Guangdong 511400

Abstract : The digital economy is an important focus for the growth of new digital productivity. This paper
constructs an evaluation index system for digital economy and digital new quality productivity,
measures the development level based on provincial panel data from 2013 to 2023, and explores its
mechanism, regional heterogeneity and the moderating role of insurance. The results show that: first,
the digital economy and the digital new quality productivity Thiel index are at a low level, and the
regional differences between the two are mainly due to regional differentiation, and the fluctuations
of the two are highly synchronized. Second, the digital economy significantly drives the improvement
of digital new quality productivity, and the results are still significant after endogenous treatment and
robustness testing. Third, the heterogeneity analysis shows that the promotion effect of the digital
economy on the new digital productive forces shows the gradient characteristics of the east> central
and western regions> the northeast, the secondary industry> the tertiary industry> and the primary
industry. Fourth, insurance development strengthens the empowering effect of the digital economy on
new digital productivity through two—-way (original premium income, capital utilization) and one-way
(insurance density) transmission paths. According to this suggestion, we should deepen the penetration
and integration of digital technology, build a gradient development system, and create an "insurance +
digital" dual circulation ecosystem.

Keywords : digital economy; digital new quality productivity; insurance; moderating effect; dual fixed-
effect model
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A Study of Teaching Practices in Higher Vocational Mathematics Using a

Personalized Student Profiling Model

Ren Zhiguo
Jiangmen Polytechnic, Jiangmen, Guangdong 529090

Abstract : With the development of educational informatization, personalized teaching decision—-making in multiple
dimensions has become an important direction in the reform of higher vocational education. Taking the
higher vocational mathematics curriculum as an example, this paper explores how to utilize educational
big data to construct a personalized student profile model and implement precision teaching practices
based on this model. The study integrates an improved K-means clustering algorithm with a Support
Vector Machine (SVM) early warning model, collecting four—dimensional data—learning behavior,
knowledge—-ability structure, personal traits, and environmental interaction—to formulate dynamic
student profiles. Teaching practice demonstrates that stratified teaching and personalized interventions
based on the profile model effectively enhance teaching efficiency and student academic performance,
providing an actionable pathway to achieve "teaching students according to their aptitude."

Keywords : student profiling; higher vocational mathematics; K-means clustering; academic early
warning
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