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Figure 1

Impact mechanism of digital intelligence on " quality and efficiency improvement" in enterprise green innovation
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Table 1 Benchmark regression results
(1) (2) (3) (4) (5) (6)
A
GIS GIS GIQ GIQ GIE GIE
DI 0.0238 " * 0.0198 " "~ 0.0232" " " 0.0205" " 0.0012" "~ 0.0010" "~
(4.1496) (3.3892) (4.9922) (4.2852) (3.8387) (3.2942)
Size 0.0612" "~ 0.0431" " " 0.0024" " *
(4.3553) (3.6656) (3.2115)
ATO 0.0414 " 0.0314"° 0.0016
(1.9069) (1.6739) (1.4246)
Growth -0.0317" "~ -0.0257" " " -0.0016" * *
( -3.3047) ( -3.3354) ( -3.1627)
TobinQ 0.0106 " "~ 0.0109 " * 0.0005 "~
(2.6906) (3.2096) (2.2400)
FirmAge 0.0756 0.0192 0.0029
(0.5720) (0.1780) (0.4169)
Constant 0.3742" " " -1.2494" " " 0.2454" " -0.8048 " " 0.0200" "~ -0.0427"
(37.4688) ( -2.6140) (30.2859) ( =2.0609) (37.7967) ( -1.7019)
id FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes
N 28,238 28,238 28,238 28,238 28,238 28,238
Adj R* 0.6790 0.6797 0.6593 0.6598 0.6613 0.6616
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Table 2 Instrumental variable method test regression results
i — KB o B
3 (1) (2) (3) (4)
DI GIS GIQ GIE
v 0.0349 "~
(37.4602)
DI 0.0316 " * 0.0403 " * 0.0016 " *
(2.3828) (3.3889) (2.3779)
Size 0.1011** " 0.0644" " * 0.0424" " 0.0026" "~
(4.7669) (3.8664) (3.0629) (2.9303)
ATO 0.0473 0.0622" " 0.0477 " * 0.0027 * *
(1.4548) (2.3952) (2.1319) (1.9827)
Growth 0.0456" " * -0.0345" " " -0.0290" ** -0.0018" "~
(3.2686) ( -3.0419) ( -3.1775) ( -2.9062)
TobinQ 0.0282" " " 0.0109 " * 0.0120" " * 0.0005 " *
(4.4346) (2.4039) (3.0710) (1.9668)
FirmAge -0.5725" " " 0.0196 -0.0081 -0.0004
(-3.0545) (0.1170) (-0.0589) (-0.0472)
Constant 0.5738
(0.8283)
id FE Yes Yes Yes Yes
year FE Yes Yes Yes Yes
N 22,505 22,505 22,505 22,505
Kleibergen — Paap rk LM 5314t 721.279° %"
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Table 3 PSM test regression results
(1) (2) (3)
A5
GIS GIQ GIE
DI 0.0205" * * 0.0158 " * 0.0010 " *
(2.6403) (2.5092) (2.5091)
Size 0.0830" * * 0.0659 " * * 0.0035" "~
(4.5109) (4.1975) (3.5387)
ATO 0.0436 0.0298 0.0018
(1.4916) (1.2174) (1.1416)
Growth -0.0274" -0.0209 " -0.0015 "
( -1.9034) (-1.7491) (-1.9277)
TobinQ 0.0153 "~ 0.0143" "~ 0.0007 " *
(2.9498) (3.3675) (2.5210)
FirmAge 0.0032 -0.0537 -0.0009
(0.0201) ( -0.4270) ( -0.1055)
Constant -1.5216" " -1.0866" " -0.0564 "
( -2.5509) ( -2.2208) ( -1.7923)
id FE Yes Yes Yes
year FE Yes Yes Yes
N 14,889 14,889 14,889
Adj R? 0.6770 0.6569 0.6601
x4 BEMELR
Table 4 Robustness tests
IR 2 B S B
5 (1) (2) (3) (4) (5) (6)
GIS_2 GIQ2 GIE_2 GIS GIQ GIE
DI 0.0137" " " 0.0400 "~ 0.0011" " "
(3.4060) (2.7648) (4.3102)
DIGI 1.0128 " * 1.2297* 0.0521" "
(2.1427) (2.8885) (2.1691)
P i A2 i Yes Yes Yes Yes Yes Yes
id FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes
N 28,238 9,177 28,238 28,238 28,238 28,238
Adj R? 0.5566 0.7563 0.6415 0.6796 0.6598 0.6616
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A (7) (8) (9) (10) (11) (12)
GIS GIQ GIE GIS GIQ GIE
DI 0.0202" "~ 0.0204" "~ 0.0010" "~ 0.0234" "~ 0.0224" "~ 0.0012" "~
(3.2944) (4.0594) (3.1960) (3.7206) (4.4153) (3.5862)
s il A Yes Yes Yes Yes Yes Yes
id FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes
N 25,010 25,010 25,010 23,602 23,602 23,602
Adj R* 0.6833 0.6631 0.6662 0.6822 0.6586 0.6645

4.3 HLHEKE

(1) A5 5% 5 AL A A 3

A SC3E BT N 77 5% U5 C & R0 I g B U
EAE R R IR E ML AR B SRR 5 TR,
B AL R A5 4 T A Ml ) B¢ TG B [R) B OR Ak A

BT IR T B R R A 5% KFE LW E N IE,
IENERUS - SONTNEES e o PN o S A TN E Y g i &~ e
AT LA 2 46 T A Ml A A U I T AR R Al 2
EAHTECR 5 & DL OSOR i H2a H2b  H2c
43 5145 B RHIE

x5 QB REELEER

Table 5 Innovation resource allocation test results
LU NN R T A1) 357 W0 7 9% R E
AR (1) (2) (3) (4) (5) (6) (7) (8)
IRp GIS 610 GIE RD GIS GI0 GIE
DI 0.2670 " * 0.0143" " 0.0166 " * * 0.0007 " * 0.0598 " * * 0.0185" "~ 0.0194" " * 0.0010" " *
(3.4939) (2.3562) (3.3101) (2.2809) (4.5646) (3.1619) (4.0375) (3.1245)
IRp 0.0037 """ 0.0029 " * * 0.0002 " * *
(3.7608) (3.3947) (3.4605)
RD 0.0219" "~ 0.0188 " "~ 0.0009 " * "
(4.5115) (4.4422) (3.4124)
5 AR i Yes Yes Yes Yes Yes Yes Yes Yes
id FE Yes Yes Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes Yes Yes
N 26,004 26,004 26,004 26,004 28,238 28,238 28,238 28,238
Adj R? 0.9005 0.6887 0.6680 0.6711 0.8689 0.6801 0.6603 0.6619

(2) 5 B AN X B AL ) A6 6

AR AT A5 SR A X A DA A e 273 D 56 T B2 R A
TE AT 9 412 8 X0 AS A BB 8, R 6 T LUA
BT 73 Ui S5 T 3 M 1A T i B e 41 T8 KR Y 2R K
YR [ I R A RBIL ] 22 A S € BT Y R K
3 ULV RCE L REAS T 1 R AR B AN X B S B Al
LREIH R AL” BB H3a H3b H3c M7,
4.4 EBRMESWN

it — AR FE A ) Ja M 1 Al O A T 4 (0
BT 2 I B A% R IR DK ATl ARl S I
PEFEAT > AL 5] 5% FH 9% i 28 2 A6 6 41 18] &
Bz,

(1) DX 3l 5 o

A ol i A 3t DX %) B0 358 M o i AN ] BCR Al R
L (0 A 19 52 Rt W] REAT R 22 5% BURF Y $R58 AL Al
5, Al AT BEBA T 2 BT IRIEAT 2k BT 1R T
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Table 6 Information asymmetry test results

23 BT U 5G 13: USSR
5 (1) (2) (3) (4) (5) (6) (7) (8)
Analysts GIS GIQ GIE News GIS GIQ GIE
DI 0.0166 " 0.0196" " * 0.0203 " "~ 0.0010" * ~ 0.0138 " 0.0197" "~ 0.0204" " * 0.0010" " *
(1.7882) (3.3520) (4.2445) (3.2598) (1.8024) (3.3696) (4.2693) (3.2762)
Analysts 0.0144" " 0.0129 "~ 0.0007 * *
(2.5590) (2.7437) (2.3073)
News 0.0106 " * 0.0076 " 0.0005 "
(2.1507) (1.8032) (1.9122)
s il 72 ek Yes Yes Yes Yes Yes Yes Yes Yes
id FE Yes Yes Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes Yes Yes
N 28,238 28,238 28,238 28,238 28,238 28,238 28,238 28,238
Adj R* 0.7107 0.6798 0.6599 0.6617 0.7909 0.6797 0.6598 0.6617
(2) 47l 57 ik ORI BT i B 52 00 235 O 1 TR £ (0 1 i KR AN

MR A M 2 75 T T i B AT MoK R AR ] 53 v
B A AR m A R A, MR 7 55 (7) - (12) 4
A LLE Y BO8 AR R X e B AT M Al 2% £ B
A 3 W UEVE D, okl BB AT Al A ol B9 2
VEFIFAS W3, AT RE 2 & BHEAT L Al A 5 B+ 1k
BREACR B R, IR B R B AT TR gk AR
S A0 Oy TR A RRURR M

(3) ik 55 o

@7 BUPE o 5 T

e/ Wl ' i % = 2 N s SR ES R SIS E | A e R S
v, SR AN 7 55 (13) - (18) F TR, BUE 1k
XT LA Al F AR B A Al i S ) B 3 A
M), FLXF A Aol i 8 A PO 0 35, T R F T A
Al AT AR A Al B 2 R R 4 X
R, AT A Al 0 B8O AR A ol 2 6001 3 < 2
0 A RS

@4 Ml HEASE S o 1

iR R = N |5/ A R IV O | 0 1 B T N
AN ZE R 7 55 (19) - (24) 51 s,
BB X TR B Al 2 €0 B8 $lit 5 0 i AR
YA b 2 0 T 1) 5 ek ep/INES Aol B8 Ak X Sk

ORI I A 8, HLORHE A ol 9 42 2E £ 1T O
F o ATRESE T Al AT % B T A7 7R — %E 1Y R
W, B B AN 1 T AT I 3 2Rk
ABE B N DR SORE R Al HL A — 5 B0 KU fiE
T, AT BOR A e R RE % 5 A ke (B ), rh /AL
Al B BE 4 A5 Ak T 5 AL R IR R B e i
ARBEAS T o, I JR A 1 2l v i R — R H KU
R SURE SN E R AR NTE
4.5 ERMRST

2R LR A U e BE Al 7 17 3 5 4 P AR 1S 10
AL IR A SR AR BE T B IR B g d R Al
SR AL 2 AT AT AT R R R B A Y L BR A
A B TP R 22 B A S BRI AR A S I U
P AR SO T R8T A 23 52 AR =4 5 1 R 70 #r
U P i 2o £ BT - AR ARS8 O AR R ASCR, o

— A RFEERAIRE ST o Al 2% & ATH K42
THAE 5 3% 5 Al A T 5 T B M AL, 55 415 £ 3R M BiE
1o SRR BB ST, 8 B R4
FI A B < U X A oMl Ry 22 AR M BE T HEAT i i, A3k 8
Fis o (1) FI DI 3 0 1E , R WIECE L hE
WA AR THR L R 22 R RE ST 26 (2) - (4) 311



i 44 3

)

30001 BCXF L i dvaisioog * (i £ S 54 Hy

N7 40 M TVECR) d B o7 GH TR OF o8 SE 0% 3 [l T 1,

L€L0°0 L 17070 L €50°0 L+ EV0°0 + 60070 . 82070 ity < W7l < 3%
€6L5°0 6CIL°0 8LSS 0 LYOL 0 ¥885°0 65TL°0 L1€9°0 101L°0 PLIO 0 9LIL™0 $9t9°0 66TL°0 Ay
L06° €1 S66° €1 L06° €1 S66° €1 L06° €1 S66° €1 L6S 61 1798 L6S 61 1798 L6S 61 179°8 N

mw> m®> m@»f m®> mw> m®> m®> m@»f m®> mw> m®> m®> m\k aDaf

sk sk sk sk sk sk SOk sk sk sk sk sk ad P

sk sk $9K sk sk sk sk $9K sk sk s sk 0 s
(90LT°1) (L€88°T) (5050°2) (sstre) (gS1€°1) ($600°€) (TSIL'1) (6660 °€) (T161°2) (6S€0°+) (€689°1) (T9sT°¢)

$000°0 e e P100°0 L .TII0°0 .. .SLTOO 96000 « . €820°0 . 90000 ««.8100°0 L .8[10°0 ...I860°0 LE110°0 « . 1LE070 1a
B WY B WY B WY B

(v2) (€2) () (12) (02) (61) (91) (s1)

HI9 019 SI9 HI9 019 SI9 B
WA [ 2
L=< N2
L 160°0 L7900 LLLOO +<0€0°0 +8L0°0 4+ CE0°0 GO W
€89 °0 S199°0 011970 94990 66590 0189°0 €089 °0 L£99°0 65690 6159°0 910L°0 +089°0 A py
I€1°6 £90°61 1€1°6 £90°61 1€1°6 £90°61 pse‘ Tl P9 ¥1 pSe Tl P9 ¥1 vsec el OIS N
mw> m®> m@»f m®> mw> m®> m®> m@»f m®> mw> m®> m®> m\k ADak
sk sk sk sk sk sk sk sk sk sk sk sk a4 P
sk sk sk sk sk sk sk sk sk sk s sk 0 s
(0sL8°0) (2091 °€) (gTee1) (Trelv) (¥158°0) (695T°€) (5€81°0) ($$89°2) (P61T°1) (¥186°C) (€182°0) (6€2L7T)
£000°0 +«+ €100°0 0010°0 082070 SLO0 0 « . 6V20°0 10000 + . C100°0 £800°0 « «+ S0T0°0 ¥200°0 2 CTT0°0 1a
AR E 2 KR Ty pARE 2 k(S Fg AR E2C KR Fig fish e ) fih e fis ¢ ) fih e fig e ) fifh g
(z1) (1) (o1) (6) (8) (L) (9) ($) (%) (€) (2) (1) .
19 e SI9 19 019 S19 o
(ALY 159 X

SINSAI UOISSAIZAI SISA[BUR AJIOUIS0INIH L dqeL

- 1704 -

HHHEWEREE L%



5 8

Wik B X 2K O AT Al 2 (A AR BT IR A TR S5 e i

- 1705 -

25 2L 2 W RO b T e o €8 B - AR AR 2 IR B A

B F 92 Th ol R 3R A RE S o

RS FHUERFMENNERRLRSN
Table 8 Analysis on the effect of sustainable profitability

AF (1) (3) (4)
DI 0.0659 ** 0.0620 " * 0.0621" " 0.0621 " "
(2.3807) (2.2392) (2.2410) (2.2447)
GIS 0.1958 " "~
(4.4967)
GIQ 0.1798 " "~
(3.5000)
GIE 3.6347% %"
(4.4430)
i A8 Yes Yes Yes
id FE Yes Yes Yes
year FE Yes Yes Yes
N 27,176 27,176 27,176 27,176
Adj R? 0.2180 0.2188 0.2184 0.2187
TR, 2% TRMTE " M (AN R ol A i B o | A & = S o 2 S kel B

FT AR B AR R R AR A IR B R A A Al
@AIHTKF52 T, BE G5 1 — A5 39 0 4 Ml X R 58 9 AR
AR 35 A M O PR B R B, 5 R N3k 9, T AR
o RO A T i o €0 BB < A B AR A IR B AT B T
$ws A FR SR SR T IE TR 42

=aEAl AL 2 SR R B, Sk @ A < 4R i
R0 AR T A ol R B AT AL 2 BT, S Bl
i R R, AR SCR ARIE ESG 15 73 7 4 Al At
STUERI, ESC W& T Al 522 K JE A Al 42 3¢
LA A SR NEE 10 PR, /T LA A
PR fife 2 (0, BB IR S5 RE 608 E — 20 4 i Al Ak 2 9 AT
E 32

5 ZRSBRRAS

FF 2014 2023 YR A B A R B, A
SCA BT o R R R TR B A AT T AL
B ALK A ol 2 €0 B BT 1 R e S A FE AL . ST 4
WUF . (1) B AR AU AT DU 4 b 2% 6 81 3 $2
A T RS S0 B Ak (O QB SRR T K S5 e T
Zo3d — RV E VR 30 5 HKAR LA . (2) BLI R 56
FeW RO b R A O Ak BT B U G R R AR A
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Table 9 Analysis on the effect of environmental performance
AR (1) (2) (3) (4)
DI 0.0079 " * 0.0077 " * 0.0076 " * 0.0077 " *
(2.1675) (2.1055) (2.0933) (2.1154)
GIS 0.0112"*
(2.2898)
GIQ 0.0129" "
(2.1524)
GIE 0.1824" "
(2.0549)
P AL Yes Yes Yes Yes
id FE Yes Yes Yes Yes
year FE Yes Yes Yes Yes
N 28,238 28,238 28,238 28,238
Adj R* 0.3854 0.3856 0.3856 0.3856
F10 DWHSEERANIERARRI N
Table 10 Analysis on the effect of social responsibility performance of the enterprise
A i (1) (2) (3) (4)
DI 0.0192" " 0.0186" " 0.0186" * 0.0186" "
(2.0810) (2.0221) (2.0201) (2.0250)
GIS 0.0280 " *
(2.5261)
GIQ 0.0279 " "
(2.0680)
GIE 0.5152" "
(2.5213)
P AL Yes Yes Yes Yes
id FE Yes Yes Yes Yes
year FE Yes Yes Yes Yes
N 27,908 27,908 27,908 27,908
Adj R* 0.5068 0.5070 0.5069 0.5070

=R S 2 S TR OR A T R i ot (0 )
BTRER PR O AL T A% Ml IX B U LA LU
DU, il e 22 5 AL B BOR AL B RS 7 58, ARG A7l
Al AN [R] B4 48 T 1 %o A ol B3R A e RS e 1
T3, 8 BOEAC T R g I B AT ol ANl 25 7 A B
TRATURE 15 5% 4 R, [ Bf X 35 3 5k = 4 65, 61 7 2 )
A ol R Al i R A IO £ 8 il R SR e T AR Y O
2% figk 2o €0, R 7 200 S0 O B RUAR TR 0 e o S G

R A RCR A B TR SR I SR A AN (R X Al A
Aiolk g (LRI K 22 IR R AL 1 X SR Bb[R] B AT
bR A I Al A A B 2 0 BT R R e gt A
b 2 0 BT B R 4R O

e
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nal transmission mechanism of government innovation

Digital intelligence and the solution of the dilemma of
"low quality and low efficiency' in enterprise green innovation
YANG Hao - chang' , LIU Xian — wen', LI Lian — shui’

(1. School of Economics and Management, Nanchang University, Nanchang 330031 ,China; 2. China Institute of

Manufacturing Development, Nanjing University of Information Science and Technology, Nanjing 210044 , China)

Abstract : Since the reform and opening up, Chinese economy has been developing rapidly, Gross Domestic Product ( GDP) surpassed
that of Japan in 2010 and has remained the second largest in the world for consecutive years ever since. However, a host of issues have
emerged in the process of economic scale expansion, such as high total carbon emissions and relatively low energy utilization efficiency.
According to the Report on Statistical Analysis of Green and Low — Carbon Patents (2024 ) released by the China National Intellectual
Property Administration, the cumulative number of published green and low — carbon patent applications in China reached 573,000
from 2016 to 2023, with an average annual growth rate of 10.0% . Although the number of green and low — carbon patent applications
published in China and their proportion of the global total showed an overall upward trend, Chinas green innovation is characterized by
a phenomenon of " growing quantity alongside declining quality". At the same time, the World Intellectual Property Organization ( WI-
PO) released the Global Innovation Index 2024, which shows that China ranks 11th worldwide in innovation capacity. Nevertheless,
the Global Energy Review 2025 published by the International Energy Agency (IEA) shows that China remained the largest coal con-
sumer globally. This implies that there may still be a significant gap between China$ green innovation efficiency and that of developed
countries. China$ green innovation is now caught in a dilemma where quantity is growing while quality is declining and efficiency re-
mains low. Therefore, how to break through the predicament of "low quality and low efficiency" in green innovation among Chinese en-
terprises has become a critical issue, which is essential to achieving the carbon peaking and carbon neutrality goals and boosting the o-

verall performance of Chinas innovation system.
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It has become an important issue in theory and reality to promote the deep integration of enterprise digitalization, intelligence and
greening, and solve the dilemma of green innovation. Based on the listed companies in Shanghai and Shenzhen A — shares from 2014 to
2023, this study explores the impact and mechanism of digital intelligence on enterprise green innovation from the dual perspective of "
improving quality and expanding quantity" as well as " enhancing efficiency". The results show that; (1) Digital intelligence can not
only promote the quantity and quality, but also improve efficiency, and the conclusion still holds after testing for robustness. (2) The
mechanism testing shows that digital intelligence breaks through the green innovation dilemma by optimizing the innovation resources al-
location and reducing information asymmetry and other means. (3) Heterogeneity analysis shows that high environmental regulation ar-
eas, high — tech industries, state — owned and large enterprises, digital intelligence plays a more significant effect on the improvement
of the green innovation. (4) The effect consequences study shows that the promotion of enterprise green innovation by digital intelli-
gence can further improve the economic, environmental, and social responsibility performance of the enterprise. The conclusion of this
study provides useful insights for leveraging digital intelligence to drive enterprise green innovation, achieving the dual — carbon goals
and boosting the overall performance of China$ innovation system, and shaping new driving forces and advantages for high — quality de-
velopment of enterprises.
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Abstract: More and more technology — based enterprises are frequently adopting open science practices. According to traditional eco-
nomic theory, open science has always been the behavioral norm and value principle of universities and research institutions, while the
open science behavior of enterprises may reduce the benefits they obtain from innovation monopoly. Faced with the active phenomenon
of open science in enterprises and the insufficient explanatory power of traditional theories, it is particularly necessary and urgent to
study the logic and rationality of open science behavior in enterprises. On the basis of literature review, this article adopts a combina-
tion of bibliometric and manual coding methods. Through the analysis of relevant literature in the Web of Science database, it is found
that: (1) research on open science in enterprises is shifting from phenomenon focus to mechanism cognition; (2) The open science
behavior of enterprises can be interpreted from three behavioral logics, namely scientific research driven logic, market competition driv-
en logic, and collective innovation driven logic. (3) From the perspective of the internal mechanism of whether enterprises can gain
compelitive advantages in open science behavior, analyze and propose the rationality of the triple logic of open science behavior for en-
terprises. The research conclusion provides a more systematic perspective for a deeper understanding of the increasing number of enter-
prises engaging in open science behavior; To promote open innovation, policy references have been provided from a theoretical perspec-
tive.

Key words: enterprise open science; behavioral logic; literature clustering analysis; literature review



