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Abstract

Using manufacturing firms listed on the Shanghai and Shenzhen A-share markets from 2013 to
2022 as the research sample, this study examines the relationship between the degree of enter-
prise digital transformation and innovation efficiency. The empirical results indicate that digital
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transformation significantly enhances firms’ innovation efficiency, and this conclusion remains ro-
bust after replacing the key explanatory variables. Furthermore, the study investigates the moder-
ating effects and heterogeneity under different levels of regional cross-border e-commerce devel-
opment and data factor development. The findings reveal that higher levels of e-commerce pene-
tration and data factor development suppress the positive innovation effects of digital transfor-
mation, whereas lower levels of these external digital conditions amplify the innovation-enhancing
impact of digital transformation. Accordingly, the study suggests implementing differentiated digi-
tal-support policies for firms across regions with varying external digital environments, so as to
improve the marginal innovation benefits of enterprises operating in more mature digital ecosys-
tems.
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Table 1. Descriptive statistics

= 1. kgt

A S WE pritEZE /ME i % BOKE
Inno_effl 16,146 0.1849 0.0737 0 0.1928 0.337
Inno_eff2 16,146 0.2261 0.0794 0 0.2374 0.3785

DT 16,146 0.0134 0.0195 0 0.0074 0.3173
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Lev 16,146 0.3805 0.1781 0.0573 0.3747 0.8525
ROA 16,146 0.0446 0.0577 -0.216 0.0424 0.1917
TobinQ 16,146 2.1275 1.2293 0.8256 1.7362 7.5409
Growth 16,146 0.1647 0.3139 -0.5235 0.1161 1.65
Topl 16,146 0.3291 0.1398 0.0812 0.3079 0.74
Inst 16,146 0.3958 0.2502 0.0029 0.4043 09111
Mshare 16,146 0.1749 0.2056 0 0.0675 0.6835
Age 16,146 2.0123 0.7451 0.6931 2.0794 3.4012
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FIQ)H X} Inno_effl RN 0.1120, 7E 10%5% 35 MK LRE; 7EFIQ2)% Inno_eff2 [ FREN 0.1094,
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FEFEHIAS BT, Lev A1 ROA LEF)(1)F 20 HILL 10%/K P53 N 1E, 6B B 17 K7 S5 s 2
Flfe S35 B T4 T UG 3. TobinQ TEW A1 151 53 R 1(p < 0.01), R T4 M5 5 = A 2
SRR T AT, AT AR R AT AL 51 A0 HI BTN o Inst 5 Mshare 76PN 35 235
1E(p < 0.01), REINGH T & Rl SRS B Z R Be RFE IR BN, (gAML BTH ™= . Age TERFI
IR E AP <0.01), UiBHMBER BB, HAIHRE AR E

Table 2. Baseline regression

2. FEEPTAR

A ey 2
£ Inno_effl Inno_eff2
br 0.1120% 0.1094*
(0.0585) (0.0627)

Lo 0.0121* 0.0112
(0.0071) (0.0078)

0.0229% 0.0191

ROA (0.0125) (0.0145)
. —0.0023%%* ~0.0026%**
TobinQ (0.0007) (0.0008)
0.0011 0.0014

Growth (0.0016) (0.0018)
Ton ~0.0061 ~0.0080
op (0.0141) (0.0151)
st 0.0224% %% 0.0230%+*
ns (0.0079) (0.0088)
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Mshare 0.022 1% 0.0243 %
(0.0082) (0.0091)
Age 0.0124%*%* 0.0138%**
(0.0032) (0.0036)
HHOR O(.(l)ft06089*0*)* 0(.(1).806029*01*
Ay [ 52 Yes Yes
AR [ 2 Yes Yes
N 16,146 16,146
HFE R 0.0628 0.0562
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HRHCN 0.2291, £ 1%KF LR, E5Q2)F N 02402, 1E 5%/KF LE2E. X RIE/E % B ANIE
ISR ZE G, B R SR B SR TR R, DI 7 SEME [ RS 1

HIX, FREFEZHD DT x EC. Z5HB7r: XMRHBAHREGE 3 51 1), THBAHCH-0.0031, 1E
10%/KF E R MEEE R GE 3 51 2), L HIMAETN-0.0034, [FIFEAE 10%KF EEZE. £ &
FAVBE KT, B A B A Al A B R (A2 A i ks

Table 3. Moderation regression based on e-commerce penetration level

3. ETEESEKPEAHHNEYT

e ) (@)
£ Inno_effl Inno_eff2
DT 0.2291%** 0.2402%*
(0.0877) (0.0943)
—0.0031* —0.0034*
DT EC (0.0017) (0.0019)
e 0.1469%** 0.1864***
IR
A (0.0091) (0.0100)
AR Yes Yes
A E Yes Yes
A [E 2 Yes Yes
N 15,853 15,853
W R 0.0667 0.0598

TEe Frx kxR PRIEORIE 1% 5% 10%HIK ERZE, $55 A A2 i SRR br iR .
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LR L BB AR IR . 36 4 JRIR T BLRWIZ QU B (Inno_eff1) 5454 BUB A (Inno_eff2) WG HR
A B (1 T 20 [ 1 45 B

MERRT B A (DTYE PG Fa AT 1A 5 (5 32 0 [ 1 R WA LB 8%, DT RB0H
0.2707, £ 5%KF ERZE; MEEE0EECE, DT ZE08 0.2877, 1E 5%/KF FE3E . XUl BRI {E7E SR BEL
EEERAKTE RO, JEPHRK A BRI A G0k, RY A AR et

HE—25 JE 28 HIR DT % DE [ TF45 9 76 R WA BIRACR AR, 2 HIRRON-04323, 1F 10%
KPR, EEACIEACERIAT, ZHMABN-04830, [FFEE 10%KF LEE. fumHEEM
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Table 4. Moderation regression based on data-factor development level

4. BETRRERLRKFETTRAEEYT

A ey )
£ Inno_effl Inno_eff2
DT 0.2707** 0.2877**
(0.1135) (0.1219)
—0.4323* —0.4830*
DT < EC (0.2619) (0.2854)
e 0.1457%%* 0.1856***
R I
A (0.0093) (0.0103)
A2 Yes Yes
Sy [ 2 Yes Yes
AR Yes Yes
N 16,146 15,853
W R? 0.0654 0.0572

TEe Rl R R PRIEIRIE 1% 5% 10%HIK ERZE, $55 A k2 i SRR briE iR .
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NRAEFEME B S5 R AR E, A SCRAZ O R & i 8 I R 8 DT B8RP EAL I SO
B AR DT2, FFEFREAT RUR [ E B A H . DT2 228 RARBIM i T7 3, T Al SCAR L
TFHARM KRR & F AT A RO PR R BGR A RE 06 IS 2 30 3 A 5 o L S A A e
KV Bk, A H) DT2 AR AR R R AT ORGS0 0] U 75 M A s A AL e A o S 2R
RS PR, KIESRERY, B OWERER, BRI S QU R I e R AR B2,
WA SCSUEZS 1 AU T4 2 BTN 7 30, B BOR AR

Table 5. Robustness test

5. fRfEMmIER

5B (M 2

£ Inno_effl Inno_eff2
0.0016** 0.0017*

b12 (0.0008) (0.0008)
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e O&(l)f‘06()39*0§* 0('(1)?305079*91*
AR Yes Yes
AA[E 2 Yes Yes
A7 [ Yes Yes

N 16,146 16,146

T R 0.0637 0.0570

T w, o SR RIZORTE 1% 5% 10%FKT LR, $&5 WO R TR R briE it .
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Hn EEOR B AR R N BB, ORI S T X SRR AR e 0 B A PR R DU
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L CEAE” RN, TTERAS S A BB CaS s T FE B EER AR KPR R RO, I REAE A
PRI AT 72 35 MU DR, B A T A B BT RS T REE . R K B R PR RO P R A A
X7y AR, ASERINEE 6 FIQ2)BoR: Ermidn EaMX, BB RE, mER
Bl TR X, B R R B0 0.2261, JFAE 5%/K T 23,

Table 6. Heterogeneity test
6. FERMREER

)] (2)
Hh X LR R R K B R F KPR JRIKT
i LT B KHEBIE AR E R REURE R
DT 0.0229 0.2462%** 0.0701 0.2261**
(0.0787) (0.0954) (0.0796) (0.0984)
el 0.1686%** 0.134 5% 0.1638%*%* 0.1385%*%*
2R (0.0125) (0.0153) (0.0127) (0.0152)
g Yes Yes Yes Yes
A 2 Yes Yes Yes Yes
L [E 2 Yes Yes Yes Yes
N 8157 7696 8229 7917
HE R 0.0565 0.0401 0.0633 0.0422

TEe w sk R RIFRIRTE 1% 5% 10%IKT LS, 465 Ol 2 i R AR A n e 1%
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