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Abstract

In the era of digital economy, digital transformation has become a key driving force for promoting so-
cio-economic transformation and upgrading, carrying significant strategic importance for China to
achieve high-quality economic development goals. This study focuses on the micro-enterprise level,
using listed companies on the Shanghai and Shenzhen stock exchanges in China’s A-share market from
2010 to 2021 as research samples. By combining text mining and patent data analysis, a quantifia-
ble digital transformation index system is constructed. Based on this, this paper employs a fixed-
effects model and mediation effect analysis to systematically investigate the impact mechanism and
path of digital transformation on enterprise total factor productivity (TFP). The empirical results show
that: 1) digital transformation has a significant positive effect on enterprise TFP, and this conclusion
remains robust after controlling for endogeneity issues; 2) mechanism tests reveal that digital trans-
formation affects manufacturing enterprise productivity through dual paths: on the one hand, it pro-
motes the upgrading of enterprise innovation capabilities, enhancing the efficiency and quality of tech-
nological innovation; on the other hand, it optimizes the labor structure, increases the proportion of
high-skilled talents, and achieves a human-machine synergy effect. This study not only verifies the
productivity effect of digital transformation at the micro-level, providing empirical evidence for as-
sessing its economic value; but also offers clear policy implications for guiding enterprises to scien-
tifically plan digital transformation application strategies and promote the deep integration of tech-
nological innovation and production operations. It provides theoretical support and practical refer-
ence for the high-quality development of China’s economy.
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1. 5|8

BE N TR RESF B RoR IS K SRR R, #E A A R i et . X i bim &, EEAESK
Bl R R R AE R R 2 B e (3L S5 T [ R D AR 2 A B 58+ A TLAE LRI B 130D
O SO AR BT TR AR MRl e G O R HERE R 5 R e
“HERE A SRR e SR AR A s S RPN B . AR B, 2 I Y
WEATAL 2R REERIRIEAESS, EANE PR T AT RN REZHE, et seihestmirra
DHRPL R & IR B 254

HlE kR R R AR E LT R R RN E D 2, @ikt e T AR E L R Rk
bt HSESATTHIE .. Melville Z-(2004)RF 5, AalbA7 8508 HIE B BOR W DU A U AR Sk,
MHRTHAE 2R [1]. Brynjolfsson (20 14)0F FE AL, KOs A R il i b (1 4 L3R A AT IR K [ e it
YERL, $m 1 AP ReR MBIHTRE /(2] AAE B4R (2023)IN 0, FETHlE Il i A R AL 7%, X HESh 3R E
fid Y E el mitER g, BT EERE N3] i, ASEERAROUE, BEARERE kK

'https://www.qgstheory.cn/20251028/763¢275¢d1544146925a821107d7c7df/c.html.
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TR IEAE B P iy, (HAR R B Z A R R AAEZ L N, B TE[4]. X I GAERRATR
e A 1Y 5 A B P O R AT IR N B 2%, RS2 ME AT, A2 g b 32 17 v B R i i A v
2P B A R A P R SR AR o A, H RIS A 24— o0 il A R A B e R e T
s “ANHe” AR CAREEE” SEI[5]. R, BEUECT AR S Al A R A AR
8] 5% R AE A AR JE BE . ASCLAIRIE A B R P T B A m il b A GO ORe A, BEAT A RN AR
Koo BRI ST %, RN 3 AR IHLEE . TR AR SO miE7e, D e i Aol 1
AT YR AT 3 T A R R SR A T AT A BR AR, T Bl v [ s b e B R R

2. MIREE
2.1, B HEBEN eI SERE R HERMN

BEE RIE BRI D, HEHEWRR R H R E, T et K RE, £ i,
s B A HE A B A E B ORI R . IR RN, e A AR 2 et Al
KA T 5T R IR BN Jy[6]. FlEAAE AT RS R, BT it RS
P BRSP4 8 77 O B U 45 . X — 8B — 7 s 2 7 A PR A AL 715 R4,
T EDRAE I T AR BRI ST AT, T AE A Al 4 B A 7 R A5 21 TR IR T 7] 2Tk,
ASCHE B — AW T B e

H1: By R RE A 3 v 3G A b A TR A

2.2. HFHERNEISERE R EER

2.2.1. FFUEBELFENARRALERESE

g b A I T A Y T AT RS2 AT R EARIE A BIRTRE UM R, B e A 45
il 3 b A I FE BB 2% AF A5 B 277 LR BT . I FERIBE RO TH 2, ik Alb AT DUSE A ROt SRR A 5 1
WEER, WIMHESHEOR QIR RE IR BT CER[8]. B AL SE R BEItE KR e i s A BEACR (R,
SRTT T A5 BALB I AER AN SN, fil3g b Al m] DO 1173 75 SR (AR (AT Sh AU 4 . BB
JER, B R I B R ARES f1I3G Mb Alb ) BRSO R I A A 5 R — i R b (&
BB PEAF BIG 5, SAREE T Ak AR PR EUH9]. B A AR Aok AR ST AL G TR
B, BEHRI TP A SR AR E T o AR H A B AR G I R P S ISCRER A B R AT LK
W A58, [FPRERE, PR AN R A SRR AR . I BT PME T 20, R ER 1 A i)
IBAERCRI RIS, B0 T Al R QUHT 77 - BFTIRE A AN I SR 45 G b I BOR QUFT R 138 2h 71,
IR 1 2 (A i e, TS 7B L R A g . STk, SR AR 2:

H2: B A s RGE I QFT RE T R m A AR R

222 FUHBBELFHEEMURASERE“%

NS GEA, BN TR R IR, Llfime . SKBRABR UALERGRIR. A ML ARk
BRSO, B BRI B % 1 N R 8 28 0 A% SR BE b A 57 3 A AR AR E T o TR, iallote v o
PN BT RABBE AW . 3% — AR S Bl A2 N BRI B 5 450 B T L AT 2 [10].
U, A ERARR/RGET . B, REMATRANKT, RTHRGERNLRREEZ, DAR
W& EINFE 2 ootl, XHOVHORQIRTSOE 1A, w5 53 ] DUSE bRt B 4 M R A P R
PR, T A7 FR 7 it SR AT B RN 3R i, ATTHE— D B vy 1 Al i 4 B A ™ 4. Hk, Tl
PN I BEA LG, AT LA Al S I B ) B SRR . 1 DIEOARKC P, B ag i d, mt
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G R

A DM S REE I PR, RRE AL AN AT, B BRI AT, AT SR TH AR SRR R . B s
i A RN 7 B ARS8 W 8 B AT S BRI, SRR A BE AL 53 TR AN G AR B O B Kk
o RAMBESRRTHMA TARRER, I ResR L HIBAPME 5 AU, AWERT dlk e 2R R STk,
& A SR BRI AT 3

H3: B Rm I O 57 3 ) S R R AR o A A AR 7 AR

3. AR EESHIE
3.1. BURFEIFEFALIE

ARICEFFLL 2010~2021 FF A E YR A B_E T A BB AT FREA T B SLE 7L, ROA LT A FHIE
BATF KT BRI e, SRR 4. B HEWR. N 7T s B i B Rl
P, SR SCERIIMOE, SREAM T b, S SZE A B0 3 ok B T 28 2 50 .

3.2. BEEX

3.2.1. HRETE

SFLREFRE(TFP_LP). 2% O SCHRIEFC R I, 0 il B Al 4 B2 32 AR 7= 6, 6 T 1 7 0 L4 OLS .
OP I LP J7ik. N TARIESE R a fatk, ASCHESEIRAZEQ2012) [11HITHE 7%, 8RR )5 il
LP 7545 TFP, JFI@ I3 OP 257 VAT A AR 36 o IXFE 2k, W DUSE AT Rk B0 I 25 T i v i

32.2. BETE

K bR RU(AD.. S5 B8 K2(2024) [12]FFFE, AR CSMAR 8 FE it « b 3ee i
FERVHE PR BRI B AR AR O AT T
3.23. FNEE

TEQIHTRE TN T T, AR SCS2% O SCHRI S, REL T R 315 R G1EN (Lopati) R IR 52, K H
Al % B L ) B B Ot B A B ) P AR EE AR g AT %

TE55 3 J1 G5 ARA KL J7 1T, SRR A N A 30 5 b (Employee-Hstru) JE TR 72

3.2.4. FHITE

CLEE N A S 2 S0, AR SO DL R PR & A7\ (Size), A FI4FEHS(List Age), A K
#(Growth). #AIfHEJI(Roa). IL4E I LL % (Cash flow). 2> A(Board). BAEEH BE(Topl). BEAL, A
SO TR ESRAR B AT 1% M RA 45 AL 3 .
3.3. ItEER

R ()R I H A I RO Al 4 B3 A 77 A 1) LR ), AA) R AR (2) IS (3) R H P A VA B

AR B TR A
TFP, = a, + o, Al , + Controls + Industry + Year + &, (1)
TFP, = o+ i AL, + i, AL, x M, , + " Controls + ¢, )
TFB, = gy + w Al + ;M + > Controls + Year, + Industry, + & 3)

Hobt, TEP, NBRR RN A AR, AL, MBS AT, M, R T S
BN A Controls SPSAE R, Year. Industry 5 BIAAEG . AP 2R, i 9 EATAR, ¢ okt
K, e, JoHRENTA.
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4. SCUES AR
4.1. EfEMEFLER

F R T REBERIEME R (HFERE R F AR E ALK TFP_LP [ [HH /502 0.071, 7R
1% 52 KPR B ER . QFRIERINAL AR AR, BN K 235 ) A8 1 5 BT S 2 i 45
B, R EIR ALK TFP_LP [ EEHREUE 0.029, IAF] T 1% 8K (3)F1 &8 hn 4z i A & f5 15
PSR, 4R ER ALK TFP_LP HIRIHREUE 0.028, IEE] T 1% EF K. @it P EREIE 54T,
BATRI, % T AR R G, BEWHERRT T S AR e R, Bk 1 BEI5IE. Bri
RUBENSIR Tk A TR A7 R,

Table 1. Baseline regression results

= 1. EERVFER

(1) 2) (3)
VARIABLES
TFP_LP TFP_LP TFP_LP
0.071%** 0.029%** 0.028%**
Al
(0.010) (0.007) (0.007)
0.503%** 0.500%**
Size
(0.024) (0.024)
0.067** 0.071%**
Listage
(0.028) (0.028)
0.23]%** 0.228%**
Growth
(0.013) (0.013)
0.109%**
Board
(0.054)
0.050
Roa
(0.040)
0.039
Cashflow
(0.030)
8.283*sk* —3.075%%* —3.253%*%%*
Constant
(0.010) (0.515) (0.522)
Observations 8973 8973 8973
R-squared 0.896 0.936 0.937
Firm FE YES YES YES
Year FE YES YES YES
Adjusted 0.884 0.929 0.929

e wEx ] eI RIRIRIE 1% 5% 10%7K°F 8% .

4.2. AEMES
P2 PR 6 T RO AR R AR R S O T RAR R T, AU S A 3 (b B R
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G R

R BUr AR R Je — . s HE N T AR R . A B R SRR S R BN RREEE
(R, T S ) B A e T DR AR SR I R R TT 1) o AE R B, Ak o i F A B A e 7 5 2 i Lk e
R AR SR e SIUE 0T 45 R 2 P e SO AR AL Il R B8 o0 IR, JF HARE 1 1% 80481t &
FVERL . XHE— B IE T B RO R T Al BB P R IR, MU N A R T E.

E A IS 18] 5 B2 AR AR 2 2%

Table 2. Analysis results of the explanatory variable lagged by one period and two periods

F2 MREEFE-HNM_HASIRER

(D 2
VARIABLES
TFP_LP TFP_LP
0.025%**
L.AI
(0.007)
0.014%**
L2.Al
(0.007)
—2.974%%* —2.886%**
Constant
(0.608) (0.631)
Observations 7812 6937
R-squared 0.942 0.945
Firm FE YES YES
Year FE YES YES
Adjusted 0.937 0.937
VE: REE RRFIR S RIRIRTE 1% 5%F0 10%/KTF 8%,
4.3. REMKRE
43.1. BB BETEEES EER
Table 3. Test of the total factor productivity indicator replacement
< 3. B ERYE mRIEFNRIE
1 2 3
VARIABLES O @ 3)
TFP_OP TFP_OLS TFP_FE
0.023%** 0.023*** 0.019%**
Al
(0.007) (0.007) (0.007)
—5.157%** —5.732%%* —1.573%**
Constant
(0.517) (0.528) (0.482)
Observations 8973 8973 8973
R-squared 0.964 0.967 0.905
Firm FE YES YES YES
Year FE YES YES YES
Adjusted 0.894 0.894 0.894

e wEx ] eI RIRIRIE 1% 5% 10%7K°F 8% .
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KRS A ET AR RE = ML, vk, BATRERA OP 5. OLS 541 FE 0 Al ) 4 B R A
FHAT TS, AR R B BB AR AT B USRI RS 00T, AR IR AR 3, MR
B (2)s G)FIRTRATAT LIS SE R, MRS AL BfhTH REFBIE 1%007KF FoNIE, 52 6 prin
AEEHRfE TR AR a2 S, [BIREERIIE 1%MAF LR . 81 2R,

43.2. HEBRTEE

B T A A B A = R AN ) 5 e 4 B A T TR R AR T R IR S I, R, ARCSOBAE R LP 75k
XoF(t + )R+ 2) A1) (AR AR b AT ERTEEAT R, BRI DA LS R 4, WEFFEOFIFQ)FIT)
AL ERE, MRAR AL MG REFERIEN, ATE 1 WSS RE 1%0/KF LR, a2 H)5
GERANRE, 52T EAE RS A E IR A AR B AR L. R 1 AR .

Table 4. Test with the dependent variable placed first
F 4. WRBRTEMENRE

1) ®))
VARIABLES
F.TFP_LP F2.TFP_LP
0.020%** 0.012
Al
(0.007) (0.008)
-0.518 3.307%%*
Constant
(0.523) (0.487)
Observations 7812 6937
R-squared 0.934 0.927
Firm FE YES YES
Year FE YES YES
Adjusted 0.916 0.916

e e R RIRTE 1% 5% 10%/KF LE3E.

4.4. H—L 34

4.4.1. BIFRBENFAEZME

TERME “BIHFE IR X — AN AR R, ST R LRI IH (Lopati). S A 19 & 95 & F i
TEROT H LA FE) 1 AR EE S B AT I (L 5).

HEOFIT, B R AL 5K R G Lopati 2 BEMIEMXE LR, SR T EHD)
T BIE RS I FH . )5, REILRIGIE Lopati 1965 1F REUEE NIE, B AL G REEE RNIE,
B LS T RS N, BB AL R R D3R TG BB 3R T A PE 3R, 3 7 R B & R 1 S IR
FEAESE, B A e DL ST AR PR Rk, RV R RS 0 B THE B A B AR TH ol A P
R RIE T8 AR BiE 2, Brr B R E i T AP AR B B A, @ A BT RE
FEPRIEF AL A R AR, R 2 53] TIIE.

4.4.2. HEhHEMRALEF

RAE “SFEh R X — AN R, BRI A R0 & H(Employee-Rstru). 7% 6 /&

AL SR B 45
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G R

FFIT, BT AL 5555 7145/ 46 Employee Rstru 283 I IEAHKK R, UHEF L
MG ZE A T AAEA IR P 557 3 45k . B5(2)81, 5580 114504 Employee Rstru (il R 405
FNIE, H AL Bl R BN IE, (HHAE LSRR A, BTl 57 30 A a5 A DU Aks 5 2 320 4
AR, JE] T A AR R ARG, U AR R AT DU R T A A AR, BT Bl IR
PRI PLAAE B A e T S T Al A 7 AR I R b R A T B i S (75 2, B R Rt 1 A
HRERR REALI R, U ST B D S AR T Al A B R A AR . R 3 49 3 T IRIE .

Table 5. R&D capability enhancement mechanism

F+ 5. RBENREFANSH

ey (2)
Lnpati TFP_LP
0.1710™" 0.0449"*
Al
(13.1846) (8.1502)
Size 0.7498™" 0.6002"*
0.0465™"
Lnpati
(10.4315)
—15.3420""" —5.8650™"
_cons
(~13.4734) (-12.1305)
[i4] 5 2K 2= &
N 8975 8975
adj. R? 0.474 0.776
VE: REE RRFIR S RIRIRTE 1% 5%F1 10%/KTF 8%,
Table 6. Labor force structure optimization mechanism
< 6. FHENLERICNE
ey (2)
Employee Rstru TFP_LP
2.2999™* 0.0574™
Al
(24.1645) (10.0930)
1.289%%**
Employee Rstru (14.1645)
(—1.3508)
7.1016 —6.5469""
_cons
(0.8542) (—13.6096)
SE RN = =
N 8926 8926
adj. R? 0.532 0.774

e wEx ] eI RIRIRIE 1% 5% 10%7K°F 8% .
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SAORE, B AR gl Al 4 R R AT B R R, T A BT RE 4R T AN 7 1
SR RAL ISR T 1 b A BR AR, R T HER P AER

4.5. RRMEE

4.5.1. EFTILHRHEY

BT AT W FRE, B AR B ER A, e L, BARER A, i
o IENE, ERWNE 7 Bk, IWEE 7 MIENESE RS R, (D) FRFEAR S SR iz FECr AR BT
LR E IR EBEREM R, WREMRRE, ERREERMT, STRP R E RS, AT
PRI AT DURIEBE i A AR P2 20% . 117 (2) (3)FIMIENE L AR 3, PTRE ) iR R 7 57 3 2 S 2 sl o
FARFUESS VLA IR, FLA7 /RS IR

Table 7. Industry heterogeneity analysis
F= 7. AT R RS

1) 2 (3)
VARIABLES
TFP LP TFP LP TFP LP
0.030%** 0.022 0.021
Al
(0.009) (0.020) (0.014)
—3.863*** 2.430%* —1.845
Constant
(0.632) (1.166) (1.134)
Observations 6080 1136 1716
R-squared 0.939 0.949 0.948
Firm FE YES YES YES
Year FE YES YES YES
Adjusted 0.940 0.940 0.940

e e R RIRTE 1% 5% 10%/KF LE3E.

4.5.2. EFXBRIFRY

AR s P = A DCRE I A or = 40, DA SR A T AN [ b IX i) 3 £ b 4 B R A 7
HRIREREM . 25 03 8 fron, (DFUNRIBAM A EALE R, )5 AR HEIALE R, (3)5)
NGB AL ENASE R R X B A B A T R EO 0.0516 HAE 1% R EKE FoNIE, REd
bR S A A R A A R AR PR AL, A R K i A A R A R R
REMPL FREMREE, TEHRTEEHX, B BRI S T AR KT, gl st Tt
5 0 BRI ) A SR ARXT NS, B A A BB B KA

Table 8. Regional heterogeneity analysis

= 8. XEFHRMS

(1 2 3)
VARIABLES
TFP LP TFP LP TFP LP
0.026%** 0.016 0.053%*
Al
(0.009) (0.016) (0.023)
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R
0.513%** 0.510%** 0.389%**
Size
(0.029) (0.053) (0.069)
—3.566%** —3.212%%* -0.763
Constant
(0.643) (1.139) (1.583)
Observations 6436 1462 1057
R-squared 0.934 0.940 0.948
Firm FE YES YES YES
Year FE YES YES YES
Adjusted 0.941 0.941 0.941
VE: REE RRFIR S RIRIRTE 1% 5%F1 10%/KTF 8%,
5. BURRBR

AT, BT A R B SO A AR T A B A P AR Al 1o ASCHE X BT A T IR RE
il Al A BEER AR P AR OM B R 0 (A B, MR B R AR A &R, BE T 2010~2021 4 A IS
b b 2 R AR e, BEAT SRR T . TR, B R R AT ) R AR T TG Ak A BEER A R,
HLAFAEWT S BOAT M S S PE AN DI Jo v LA A6 ], B A RO I Q3 fE 7 T AN 57 8l 7 254
(IS el s D R A A B - A T Ao O S S

BT ASCWEFEA R, PR DUT B — SR R -

S BODNEHEIE B )36 ol ) B AL, BURF IR, AU D 3 2 SR IR KBRS R A
R T A= JT: BT A e A, @ e R H R L IRE, AT A
R AR, FE A BORBIRAT AT e K, R B SO I B D5 T R &, R B
HER ISR B oE TRE 25, Mk gE b Rk B A I E R QIE 30 7 &
Jai s AR RO SRS BE S S R A AR, S5 BT RE VR A B SR i3 b e e s £ 2
2 E, DS AR BRI MEAR KRG, RRSR S RAT G O E S )

B, EEAUT R, HEENRTRR R RS AR . R R TR G, kR
PEAIEARSS, KITT G LB B S M A A, AWHES TN b B e R . R A B i
B B W AT ML AR S EORBNE,  FrEARTHIRSS i . =R i AR AT 4T =3 H , B
FE A AR, DO S L R G, TR R — AN 7sya 51 A0, 3t (1 R AF I R e A 2

F=, 5l RAINsE BT USRI AT &, AN TR RE. Hlas M B st SoR B
KBTI o AV EE S — D RGHIFROR R GE, A H e e R M S5 BT 7877 ) M T 3 1) 56 B 7 B 45
7, IR — M BOER SR G R B AL RS ENLE . R, JURERSAGR, 8i 2 i
WA, TRRRE W RS A B e ORba . BeAh, BRSNS AN A R SO B, 1R T
THERTR BT AEEENZR, IR NS N Z R EME, URREREOR BRI SE A A S 54
HUREE
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