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Upgrade 15168 0. 080 0. 060 0.010 0.270
Inpatent 15168 0.210 0. 600 0. 000 3. 180
Dig 15168 2. 000 1. 000 0. 000 4.740
Ic 15168 6. 360 0. 920 0. 000 6. 760
Firmage 15168 2.010 0. 750 0. 690 3. 300
Growth 15168 0. 200 0. 450 -0. 600 2. 450
Leverage 15168 0.390 0.190 0. 060 0. 850
TobinQ 15168 2. 100 1. 250 0. 870 7.970
Cflow 15168 0.050 0. 060 -0.120 0.250
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(Z) BEHE E 5 SKIE R R
KR ARBE HT, BIN T BEROA S i 3 Al e B TR0 400 A AR an =X (1) Bl
Upgrape,, = o, + a,Inpatant; , + a; ECOntrolsi,t + ZYear + zlnd + ZPro +e,, (1)
b Upgrape W% REAL AN FE U T4 5 Inpatent A% Ot BN T BEBIA 5 Controls 7 il A8 Bt | 40 47 A
AR WS ( Firmage) A K 3 (Growth ) | BT 7§51 3R ( Leverage ) A VA B ( TobinQ) | B 42 Ui L
(Cflow) ;& NBEHLIRZETN ;i A W) 50 ARG ; Year Ind  Pro 53 140y AT ML FNAE O [ E 2400 . an R ( 1)
H Inpatent W) Z KL o, 0735 H O IEEL, Ul TR BB il it Al e BTG AEARSG , B H A3 B IE,
RS E B H2 MBRE H3 AR Ha B Hh A S AR | AR SO MmN St #5846 il
5 A X 2 A RO AL AN (2) ~ 3 (4) iR,
Dig, , =B, + B,Inpatant; , + B; ZControlsi,, + ZYear + zlnd + zpro +e,, (2)
IC,, =y, + v,Inpatant, , + y,Dig, , + 7, z(fontrolsi,t + ZYear + Zlnd + ZPro +e,, (3)
Upgrape;, = 0, + 0,Inpatant, , + §,Dig,, + 0,1C; , +, ZControlsm +

ZYear + Zlnd + ZPro +e,, (4)

Horr 1€ N B s Dig A B ZE R N KT 58 1y & A R RITRAG R 8, AL (2) K N T8 B
PN A b A5 B 2N FH K B R2 0 5 B (3) £ 42 Tl N T3 BE A AR D0 ARG 38 A b K0t 28 2K 0 K P
Xk AR A ) Bt ) A (4) 74 )N T RE BRI A A4 3R 07 P /K- )17 2 A 36 PN o 42 o ot
X ) 3 Al e B TSN b AR SCHE SEIE S A R —BOR P A JZ 18 2R 2K (cluster) 40P

S 3 I 2 AR XA YR [T UG 56y vk 4 B, iR SRS R 52 057 B2 1R T Bootstrap 5 EE R BHIE £ 5 Ay
RS RIAT R o R 1 A DR AT 5 45 SR R A g e | A SCHEAIL AR A 30 3 SR 17 i 0007 T AR ASE B X =X (1) ~
X (4) FATZITmA 57, FHH LA Bootstrap J7 HE KA INEE 22 H /RN Y ST 5 75

M RIESth 5 &R

(—)HEXEST

MF 4 Al DUE N TR BB 5 A0 % B A R ECH 0. 171,76 1% MK 2 BTN T8 e
BORG T Al HoA 5 BT 9 e ) s, N LR REHOR X il A F BT R E AR . A
TAREE AR 5 BEE 2N HACER RECN 0.352, 78 1% K- 53 B0E B2 2 0% K5 4k % B T 2%
AIRECH 0. 174,15 1% R7KF 1835 BEHIN TR BEROAR 5 Bdls 20 /K -F B0 2 3 0 KP4 Al 5%
RATF 2 8] 0 2 IR G . oA B A il 5 Al e BT 20 0. 064, 78 1% F7KF B 35, BT N 42
1l oy, Al A Y T B T e, N TR BE RO 5 PR B B R R 0. 045, T I P A i T
g AR R e Z T IE AR G B R KPS P R B RO 0. 044,78 1% B9KF 3
BRI 2 2% O PR 1y 10 At A ) S 4 o B g, B AR AR SCMEAIR, LI 45 R 3R B ok
VIF {H 1. 73,73 VIF 2y 2. 85, HEBR 2 8 L2tk )

x4 BEEEXMESN

AR Upgrade Inpatent Dig 1c Firmage Growth Leverage TobinQ Cflow VIF
Upgrade 1
Inpatent 0.171™ 1 1.23
Dig 0.174™" 0.352™" 1 1.73
Ic 0.064 ™ 0.045 ™" 0.044 ™ 1 1.05
Firmage | -0.130™" | 0.076™ | -0.029™" | -0.104 ™" 1 1.33
Growth 0.132™ 0.089 ™" 0.123 ™ 0. 007 -0.034™" 1 1.11
Leverage | —0.188 " | 0.100™" | -0.016™ | -0.117"" | 0.363"" 0. 007 1 1.43
TobinQ 0.160 ™ -0.019 ™ 0.020 ™ 0.022"" | -0.079 ™" 0.012 -0.287 " 1 1.33
Cflow 0.055 " -0.007 | -0.046"" | 0.063 " 0.017 ™ -0.132"" | -0.172™ | 0.200"" 1 1.19

T T AR TE 1% 5% 10% HKF BB,
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(Z)BEERIFER

5 SR TAEI T ERE RN LG R AP T A0 AT AN Oy B E RO . (1) 512 BRI AR 622
) HTEE R A N TR BEE AR (Inpatent ) W [F1H ZECE 1% 897KF R E M IE, dE—BmAEEHA w5,
(2) F iz R BRI IEA DG, B3 2 0. 014, 3R T8 REH AR XS il i AU 20 HAT 5 25 19 1F ] 52 0]
(3) 51~ (6) 5 AR T N TR REEARTEM M BHTRE 1 M EBEEE T | 288 0% S 58 7™ 454 55 A W] 4 B2 1) [a )5
OIMTEE R B R A B R X R IR A TR RE R R 1Y S it BE A% D\ 22 1> A A A i 32 Ml Y B R
B PRTAE PR I AR I S A 2 T B BT AR AR AR e A e RR R AR A 3 o ) e A 5
%, I, ARSCH R H1 158 T S0IE 2 HF

x5 BAEMDFPER

o ) 2 3) ) 5 )
2 px o o T
Upgrade Upgrade BHEE T (e B 5 T ZERUE BET G
0.012*" 0.014 ™ 0. 044 ™ 0.008 *** 0.007 *** 0.002"
Inpatent
(8.167) (9.746) (9.235) (3.821) (5.287) (1.777)
; -0.008 "™ -0. 003 0.003 ™ -0.007 ™ -0.019 ™
Firmage
(-9.463) (-0.938) (3.742) (=5.470) (=20.157)
0.008 " 0.034 ™" -0.001 0.008 *** -0.005 "
Growth
(6.329) (8.335) (-0.964) (4.304) (-4.522)
Loverase -0.025" -0. 000 0. 003 -0.092 " -0.040 "
& (-6.178) (-0.011) (1.343) (~15.049) (-9.678)
. 0.004 ™ 0.012™ 0. 001 0.003 " 0.001"
TobinQ
(6.545) (6.604) (1.474) (3.942) (1.945)
Cflow 0.045 ™ -0.051" 0.087 ™ 0.291 ™" 0.073 ™
(5.675) (-2.183) (8.349) (20.791) (7.925)
el 0.047 " 0.063 ™ 0.039" 0.113™" 0.392 0.114™
) (7.366) (8.942) (1.888) (19.820) (39.328) (16.054)
Year .Ind . Pro Yes Yes Yes Yes Yes Yes
N 15168 15168 15168 15168 15168 15168
Adj. R 0.519 0.559 0.392 0.987 0.784 0.293

E: ™07 T BIFIRTE 1% 5% 1 10% 807K 1 B35 4555 08 {8, ARiER 22 2 Al )2 TR ZE (cluster) A%

(Z)NEESEEERE

1. HE KR

S TEHIE A R 5 T A b ) N TR REROR B 52 Wi 52 30— 5 R B[R] I R AR, AR S0 IR T
ST AR 2B e BN TR BRI 1 I (L. Inpatent) VE 0 N TR RERARAY T HAR R, [RIHR P (1R 8 L 27
(Wooldridge ) FfERI5E, A RS2 ol S PR 20 1N I DGR MR A% C AR B 5 2 W RETE A AU 22 i
AP PR ERON T BEH S 1 (L. Inpatent) Ji )5 2 W1 (12, Inpatent ) 1E 0 N T REF AR T HAR &
HATEIAMG T, 6 i(1) % ~ () FNR] UL eSS —Fr B A, T HAR G L. Inpatent 1.2. Inpatent [F1)3 2%k
BITE 1% 09 B F 7K1 B R IE, B Aw R0 5 5 T RA S, Aoy T RAR S RGN, 55 BB
WA RO RS B R BIITE 1% SR BB OIE 3 —2E S T 45 gt

B AR SO S A S T (1 Al b L T LA e R P i R AT B IX 1) - 3 R R ( Geography ) #
THARE YRR 0 R a5 U 2 1) ) 440 X6 35 1T 1 B R, b bt B AR A 6 B L, Ak fE A T
B RE U AR EE T T AR 8 A R A T BR B AT SN PSR R AL AR RO, N TR REROR
T 2o P ARG VA3 BT RN SRR, B 00 4l AR R 2 2278 T 4 R AT RO T A B SR SE A A T
SRR R A7, PHOR BEISRI AR 1k, B2 i Per A5 B ik SR N TR RE R AR 5447 k-4 03 4 2 1
N2 B8 HOR S (8 1Y 22 1 19 = IR J7 ( Cubepatent ) R 14 3 T, B A% £ 1 A8k, PRI, PR 2 1Y) 52 3 I
( GeographyxCubepatent ) 1§ /& T HAZ 5 BYAH SCHEFI SN M54 A A lk N TR REHOR Y T HAS 5 [n] )9 45
WILFE 6 BY(5) FNF1(6) 5, T.HAR 5 ( Geographyx Cubepatent ) 51 .U fif B 2% 18 (Inpatent ) IFE 1% /K I . 3%
RIE A IR ENIEA SO SR A gt ) .
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R6 NEMKWE

(1) (2) (3) (4) (5) (6)
i %1 BB 52 BrEL %1 BB 552 BBt %1 BB o2 BBt
Inpatent Upgrade Inpatent Upgrade Inpatent Upgrade
0.018™ 0.017 ™ 0.013 ™
Inpatent
(8.525) (6.935) (6.347)
0.716™"
L. Inpatent
(33.989)
L2. Inpatent 0.698
(27.759)
GeographyX Cubepatent ?320208)
el -0.118™ 0.072 ™ -0.171" 0.059 ™~ -0.156 ™" 0.063 ™"
m '~
(-3.203) (9.276) (-3.209) (6.596) (-4.058) (8.950)
i) AR Yes Yes Yes Yes Yes Yes
Year .Ind Pro Yes Yes Yes Yes Yes Yes
Cragg-Donald Wald F 4t 1. 1x10* 1.6x10* 1.6x10*
Kleibergen-paap tk Wald F 4tit 1155.258 770. 543 1239. 627
Kleibergen-Paap tk LM ZEi|#t 106. 247 *** 85.333 " 88.917 ™"
N 11878 11878 10078 10078 15168 15168
Adj. R’ 0. 545 0.550 0.488 0.544 0.574 0.559

L™ 07T MR 1% 5% 10% RYKF B B3 55 A o, BRI 22 Al 2RISR ZE (cluster) A%,

2. IR

() A AR DE L AR SCS BRI A A5 > 0 5072, R PR A6 17 45 43 DG T 2 AT R e PEAG 36, S 38T A
T RE B R AE A K] o0 SRy SC I 2 R R 2, R R e SR DT FC T 6 (1:1) AT IR L, P A PR 50 2R BH | 5056
20 558 B2 AE AV ARRAE 7 TAT A b 9 13 8 X B B IR A T 77% ~ 96% , VT B 5 1A 155 18 A7 o £ O 22 35 il 1% T
7.5% , H ¢ K50 AeFE 28 B AR 15, d B DT C 3o P2 3k 31 1 3 i P A AR o, MRS5S ansR 7 /9 (1) F1 A
(2) BN A HOAR DR A

(2)PSM-DID Jrik, A SCiE—2 R PSM-DID Jy iE2EA AR PEAG B, i AL =X (5) Fioms

Upgrape;, = p, + p, Treat; X Post, + u, 2 Controls, , + z Year + z Ind + 2 Pro + &, (5)

H 2015 4FA2 , HE il i il R RE Ak IR S5 A6 28 B o E B 0 R B bR S50 55, Ptk A
SO 2015 4R 5 LA AL S N TR RESCHER (3R 1) B A E L SE 020 ( TreatxPost=1) , 75 W Ay Xof FRZH
(TreatxPost=0) . Z5F4N3R 7 19(3) FIF(4) SN Fs , ANEH TCIAFE G 22 5 | Trearx Post [1H ZEITE 1%
7K b N IE SR SO 45183

(3) AR B TR 77 30, AR SCS IR A RFIE 7, R T LP 35T OP SAAG S Al 4 2
B (TFP) A i A % BT e py B A 28 (73 0iC 8 TFP_OP I TFP_LP) . 327 BI(5) 51 H1(6)
FI 125 R 3 W, 7r B2 i 3 A ol 5% B 908 5 07 00, P AR I A 7 3 BT E1 A A5 HS A 0 il RS
(Inpatent) FAELURZE R M IE  AHOCES AT IHRR M

(4) AR B M AR AR . S —, B T LRI S GRS AR L M A S Aol () BB ACF, R I AR SC S
% B RARRTE AR R R A (S R ) AR R A B R 2 ) AR O N T RE R R A R
Hedgbr, R 7 09(7) FVFN(8) SN EE R F W], ANE A TC A EAS i A5 TR AR A, B A S5 K AR ik
S, UEBIA SCES R R TR

(5) HEBREEATIL SHb X AR . AR IRAT 2 7Y A M dE— M s T A R A FREAR A TR A AR
BB — S TR T3 Ml 0 B R SRR T BB T A M e BT K AR SO T REARAT L A X F 5
SR )T, HERR TIHEAL GEAE AL IR A I AT AREAS 55 A A U R A b DR i A
FHE M P AE I 2, HEBR T AL Tk st LI M ISR TS M X A A A R 7 BY(9) FIAI(10)
NG IR B AEHERR AR ATl Bk XA AS 5 R DR A 8k
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(6) ZLH IR IRk, SR RIS Mk, B4 Il 75 it o ) SR SRR, 43R FH A8 1 R 26
Aol RSB AT I T, 85 R A3 7 B9 (11) ZUF(12) SR WF R S5 et dd.

R7T TEURR

m @ 3 @ ) | (6)
ARk A5 45 43 DT FE 5 PSM-DID £ 4 PR Lt
Upgrade Upgrade Upgrade Upgrade TFP_OP TFP_LP
0.014 ™ 0.015*" 0.277* 0.357*"
Inpatent
(6.143) (7.347) (12.901) (14.871)
Treat X Post 0.018 0.020
(9.702) (11.442)
R 0.033™ 0. 060 " 0.047 ™ 0.062 ™" 7.057 7.689
X (2.245) (3.523) (7.551) (8.892) (51.607) (44.704)
P AR No Yes No Yes Yes Yes
Year .Ind . Pro Yes Yes Yes Yes Yes Yes
N 3800 3800 15168 15168 15168 15168
Adj. R? 0.593 0. 630 0.514 0.552 0. 449 0. 444
(7) \ (8) (9) (10) (11) (12)
G5y AR B HEBRFrE T | R E X HAhHERE 1l R
Upgrade Upgrade Upgrade Upgrade Upgrade Upgrade
0.011™" 0.014 ™ 0.014 ™ 0.014 ™
Inpatent
(8.310) (7.930) (15.637) (6.930)
0.002 " 0.003 ™
Inallpats
(4.758) (7.045)
AT 0.059 ™~ 0.076 " 0.057 ™" 0.040 ™ 0.063 ™ 0.063 ™
T (6.996) (7.794) (8.286) (3.986) (8.189) (10.333)
AR No Yes Yes Yes Yes Yes
Year .Ind Pro Yes Yes Yes Yes Yes Yes
N 8365 8365 12609 11551 15168 15168
Adj. R? 0.426 0. 480 0.563 0. 554 0.559 0.559

™0 U RN TE 1% 5% 10% WK B3 S R o (L, FRUER 22 L2 TR IS (cluster) HEL

(M) ERHLEI 2

8 HBA WAL R . (1) 55 R SCHFRARAT , B0 T N T8 BB 4 A il 15 Al 3% BT+ A7 i
EWIE M R HL AR 2500E, RIEEE AR IR (2) ~ B (4) 3 8 (1 (2) FI IR (2) 254, 3%
I 2 A R O A D R EE R KT, N TR BB ARTE 1% 197K F b R 3 IE , B S /K- AN T3
REFE A RE 77 REMS 1 35 $E T+ A Mb X B A R RCR Bk 12 A5 2R E, FE F RL B, N TR REH AR I =
Ui PERE , R AR TE A S ECE A B AR R 3 A RSO AN R R 5 A ST, R T Al X
B R S B A (R 22 B8 0, IR T T Al X BHe 2L 2 i N HACR . 3 8 1(3) B B A (3) 45
FER Y Bl A AR A IR TR, N TR R R AR 22 B0H 0. 078, Bi 2 i F/K B R 50CR 0. 062, 1
FE 1% WK1 0 250 1F , BB A Mk N T8 R B AR 5 8500 2 28 0 FH KT B 12 T 34 e 44 ak JFC phy 35 42 i ot
i R H3 SRR, 3590 1 A B AN T8 BB B AR KT 4 i 1 £ b LA 8 ) S ) W 9 5 0 e
REAL XY 45 IXUBS PR AT T 5 3P4 ), 4l By il i) 5 A 35k 60 XU, 22 e i it D, N T8 sl A sk AT
BRI G AR, A S S A, BRI T O R B T S Sl — et T B T P i Y
AR, PRTHEE SR N AR B Z T AR AR AR, TR T Al e A i AR v AR Ry K, ax sk
B 9K Sl T £ R A% 4 B/ 2 R A T SR B A R B T B I B S R RO | E AR T T N
B RE

8 i (4) FIARIARL(4) , FIR LAV BRI T AR R i e An i A5 BN TR R RO 19 R 4K 0. 011, 2K
PR E R K09 R ECR 0. 007, AR B &2 1Y 2 800 0. 003, 34978 1% 19K F & ik, 3R] =38 54
G EI T AT AE 25 A IE A DGO R BN HA 158 TR, (2) 51~ (4) FIRISIEZS SRR, A TR RERIBIA
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AMLEEIE U S F A SR WAl 55 TR , AT B S s 9k sl i sl SO Ak, 7800 1 FH AT B0 9% R
Al P s s il 7, R4 St il s il A 78 G, BN T2 A A A 3 e 00 B 2 R PN s ) R 45 0k ST A O A T
T B AR R AL T T2, A, N T2 B AR I 38 s 3 265 ) FH 8 2 28 A o A ol P 4 o o, DA
AR HE A 5 BTG, BN T2 R A ek 4500 8 2R 7 FH 7K ST R PR 38 4 ol Ik 194 e X v A 2880 52 1 £l A
RUTFG, B TR AR Bootstrap J7 kil — S RiE A RN A AR AE

2 9 M Bootstrap SN AR I SE R, N 9 HRRT LIS BOh A ROV B 3 IR R RN 0,014, BAE
DX )5 2 AN 0, Horb B30 2 30 /K- 76 W 3 2Z 18] (4 7 v A 800, 1 82 3, 45 DX JE] R [ 0. 00193,
0. 00262 ] , ANLFE 05 PN il I3 2 7 PO 2 2 [R] B9 0 57 Fh A 806 2 2 3%, {5 X [R]SA [ 0. 00018, 0. 00032 ], A
A0 05 B2 28 0 /K5 4 ol ol o e v A 000 8 2 8 X E) 2k [ 0. 00004 ,0. 00010 ] , AL 0,
25 b B 2R N R K R s B AR 3 T IFAT A SO ik & T 4 b A 2oz, B  H2 ~ )

i H4 {57,

®8 EISOEFKE

- (1) (2) (3) (4)
AL
Upgrade Dig Ic Upgrade
0.014 ™ 0. 349 ™ 0.078 ™ 0.011*
Inpatent
(9.746) (13.970) (6.458) (8.225)
. 0. 062 ™ 0. 007 ™"
Dig
(4.171) (7.880)
Ic 0.003 ™
(7.431)
BRI 0.063 " 1.100 7.056 " 0.034 ™"
(8.942) (9.800) (75.071) (4.495)
il A Yes Yes Yes Yes
Year Ind ,Pro Yes Yes Yes Yes
N 15168 15168 15168 15168
Adj. R 0.559 0.418 0.043 0.569

W AR 1% 5% 10% K- 1 B3 355 0k o (8 bR iR 22 24 R T R (cluster) THHE

&9 Bootstrap AT RIS

pAES z P 95% F A5 X Il REUCR
HHAN Inpatent— Upgrade 15. 690 0. 000 [0.00996,0.01277] 5000
VA SR ST Inpateni— Dig— Upgrade 12. 930 0. 000 [0.00193,0. 00262 ] 5000
M AN 2 Inpateni—I1C— Upgrade 6. 630 0. 000 [0.00018,0. 00032 ] 5000
F AT Inpatent— Dig—I1C—Upgrade 5.090 0. 000 [ 0. 00004 ,0. 00010] 5000
SR AR 19. 400 0. 000 [0.01252,0.01533] 5000

H . RERES

(—) FRERES

T8 R AR A0 0 980 TG [T o Ml AR TR il 2 0 0 B 77 2 5, A SC {6 i e
5190 ke 2R AR G A IR 1, 000 0, 4 10 §0(1) SN (2) Sk EAT foll 54k A
WIS AT A 119 R 5 S T | BT 00 P {EAE 5% MOAKOT 1 B35 . 77 25— 5 0 T A A
TR ol T HCVE IR AR A T 5335 % 1, T A B 4 s 28 10 4y 38030, DR A T8 f
HORBG RV L AR M BEah . JR A Al AL I T A ZA R T30 4 S Rk T AR5 AR 1 2140
53 4 11 | B IS A S BB 2 52l 5 260 R T4 A AR R BE BR300
TR
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(Z)EARBHMES

FEN T RERHR , R o1 b8 1 32 AW, o 20 U8 A B2 A B T s A Ay 4 0 PR 3 ) 2 A e 07
AT A S WAL ) s B REAR R 43 oA 5 AR R g il AN AR B AR TR sl , Hed, SHEHL 3 £ AN
Hopth 5 25 il v Al A AR FGFWAlh , EEZ5 A3 10 /9 (3) F1F1(4) FIFTR , 3R R i Al
U RS 5 Inpatent B FRECH 0. 019, K TAEH AR A & Al 19 242 0. 011, HISTE 1% 9 KF |3
KIE P25 P AATE 5% /K 835 AT RE M IR PR 76 T, H AR 78 5 0 s Aol - 2 A e i i R 3
fitlh, AEA% B G bl A N TR BB A BT B IR, AT I B R FE R g, AR AR
AR AU I ] 5 Al B AR B 3 ek A T B AR S I T 4 4 AR QT (H LA E AR LRt AN B8 ) L Pl RE AT
TEJR B, e R R T AR X 2R S

(Z)EREREEER

TR FE ARAE Ak RE A il it Aol , HEN TR BB A A R R R FE A7 e 25 57 70 Ik, % kb o
LT BBIRGR W ARE AR 4 A B AR 2 A R R R B AR 2 B BT 285, R S5 SR a2 10 AY(5) BN
(6) 51, FEFARAAFEIAT L, N T REHAAE (L SE 38 Al % BT+ b B9 VE R I S5, 1l R A i R
THRMLATI LA AR AT 1F 28 5 3 DR A B A 5 00 BOR BT R e, fEM¥S 5t F, A T8 6
FARM G AN T ARSI 21 540 8, WL HE T AR B I %, 3% T 3h il 1 il 1) 5% 78 7 9 2L
A I REIREA

(M) BT ES

AR A, N T2 B AR il i A b 7 R TH A 5 i tha T BB A AR 22 5%, RIE A & AR Ak K
FEARR 2 R H AR SARBAR AT 2S5, M5 3R 10 /9(7) FUAN(8) FIin . m R AT b A% O fif
BRI R AR 0. 014,78 1% 097K F F & TARRBHAT L, 77 R X — 45 1 5 @B AT L X AU R
R FN AT IK B (R SRS &, T RIE R —Fh R B 6 T s B AT R 60 o F 2 AR TR
BB YR e L

R10 RREDH

(1) (2) (3) (4) (5) (6) (7) (8)
. BOREIEN | AEHORA ZS'S kv PR | e B[ 23
% fi T R S il P Bt Bt A I T2
Upgrade Upgrade Upgrade Upgrade Upgrade Upgrade Upgrade Upgrade
Inpatent 0.009 0.015™" 0.019 ™ 0.011™" 0.016 ™ 0.011™" 0.014 ™ 0.008 ***
(4.119) (8.590) (6.746) (8.310) (7.694) (7.887) (9.464) (2.829)
el 0.044 ™ 0.073 ™ 0.084 ™" 0.057 0.072™ 0.055 ™ 0.052 ™ 0.057 ™
(3.176) (8.373) (5.940) (8.286) (6.352) (7.782) (7.168) (6.727)
A Yes Yes Yes Yes Yes Yes Yes Yes
Year .Ind . Pro Yes Yes Yes Yes Yes Yes Yes Yes
N 4529 10639 12409 2759 4396 10772 12409 2759
Adj. R? 0.567 0.576 0. 560 0. 566 0.562 0. 566 0. 560 0. 566
AR PHE 0.039 0.011" 0.057" 0.094 "

P A IFRAE 1% 5% P 10% MK 1B 4 B ¢ BRHERIEL o LR IR cluster) I8 ; RBOE S P U HET Chow
TSR e

N ERGITE

(—)HFRGEE

A SCEET R g HE R IE , PRI 2007—2022 AR A B BT WIVE A A TE AR A, SEIEA 96 N T8 BB+
ARGl A TR Z A 2R IFISE — 35 Z A DG &R B BAR R R Bk A2, 19 B LU IFFE 4 2R

S, N TR RERY NI ] Ao lb iy e BT AR AL 1 R S A 545, AT S 35 4R T 1 X 2 Al S B
AL NFETE T, P BN TR REE A i s Al 5% U T 0 B AT 8 (TR 1) B2, 3R AN TR e
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T3 AL e T2 b R AR T, HEE AN SR A3t 1 L oMl RS 2 T A R 3R S8R5, T LS4k 1 AR
PR RS AL R R P A
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What Mechanisms Does Artificial Intelligence Technology Employ to
Foster the Transformation and Upgrading of Manufacturing Firms .
A Chain-mediated Role of Data Element and Internal Control

Xie Weihong'?, Lin Man"?, Zheng Diwen>*, Qin Lingling"’, Yu Juan'?

(1. School of Economics, Guangdong University of Technology, Guangzhou 510520, China; 2. Digital Economy and
Data Governance Laboratory, Guangdong University of Technology, Guangzhou 510520, China; 3. School of
Management, Guangdong University of Technology, Guangzhou 510520, China; 4. Big Data Strategy
Research Center, Guangdong University of Technology, Guangzhou 510520, China;5. Guangdong
Manufacturing Big Data Innovation Research Center, Guangzhou 510520, China)

Abstract: The increasing role of artificial intelligence ( Al) technology as a core driver for manufacturing industry transformation has revealed
that enterprises’ deficiencies in data resource integration and internal management constitute major obstacles to intelligent-driven upgrading. To
address this issue, based on the resource orchestration theory, Chinese A-share listed manufacturing companies from 2007 to 2022 were
conducted to investigate the impact and mechanism of Al technology on the transformation and upgrading of manufacturing enterprises. It is found
that a significant positive correlation is identified between Al technology adoption and manufacturing enterprise transformation, which remained
consistent through endogeneity and robustness tests. Al technology also can promote the transformation and upgrading of manufacturing
enterprises through two independent mediating effects of enhancing the application level of data factors and improving the quality of internal
control, as well as the chain mediating effect of the two. The impact of Al technology on the transformation and upgrading of manufacturing
enterprises in non-state-owned, technology-oriented mergers and acquisitions, fast-changing technology-related industries, and high-tech
industries is greater. These conclusions expand the mechanism of Al technology in the transformation and upgrading process of manufacturing
enterprises and provide a theoretical basis and practical reference for enhancing their transformation and upgrading capabilities.

Keywords: artificial intelligence; transformation and upgrading of manufacturing firms; data elements; internal control
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