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Al Puzzles - Human-machine collaboration or Human substitution?
Abstract: The impact of robot applications on long-term economic growth is
attracting widespread attention. In this paper, a robot-economic growth model is
established, and according to the heterogeneity of robots, robots are divided into two
types: "artificial substitution" and "human-machine collaboration". Using the two
types of robot data collected manually at the urban level in China, it is found that
although the use of "artificial replacement" robots can increase per capita output, it

has no real effect on equilibrium wages and economic growth in the long run. In
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contrast, the increase in the use of "human-machine collaborative" robots will not
only effectively increase the equilibrium wage of workers, but also promote long-term
economic growth. The mechanism test found that this role channel is mainly achieved
by increasing residents' consumption. The research of this paper provides experience
for how to better play the positive effect of robots on economic growth in the digital
age.
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POV RIE S, I FREE TR AN, KRR AR e, I,
PLEE NS5 NEEUIE. SEEBN A= 77 AR 2 (AT S5 3 A RN,
2021) .

1.4 345 . AR4E Barro & Sala-I-Martin (1995) fyuzl, e M 5780 1 HI4E
B F R AN 4 5 R, ARERVE L NI ELL W T IR A5 dr, WIS SN 2558 1Y)
I (B (i dF 22 T8 SR EAT O e KA. TH SR T A B B RAAT AT

+o0

max( )= (™ ) 2.1

st. = + - (2.2) "

Hoep,  RUFEAMER. Q2 ARUFAMGHHELER, FRe4E
NFRERAEE NI T RS GEAR, bR, WEFETYm %

R R R B SR . AT RS, AEERATIEE, R AKFI

FMLERNTTZh ) (BTN ZETT 371D M. R AT BN 0 F 1 S br 158

EASER, MEHBRARG T, LHRE MEAMER DILRT T RIMVES

EM, BNER A AP B R N A T R RA N AR,

© HNBSHAE, FCHAERRIE R HIRE .
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P R R ST AR B A RS (2) IR AR
= ( + ) (3)
o, =" - J B B A7 10 T B RSN 5 SR SR L5
BRTHAIN . T2, F53177 OCTRIHLERA) FIUONIE R T 24 Al A e
DB 247 T SOOI B4 0 e, B
= - (4)
(4) RFEF, MY IH R T AR BB E A T T BN
Xp(3) ORI S8, 52

= (+) (5)

HOQDAM@OARN ORI/ = ( + - + = ) W=

(—+—-1)=122 — , FRAGHEENRIGYENRS D, BN
MK

=-= - (6)

(6) 2, SEPRFZREE ARG BT UT A 251
2« I AESEESEF I AT, PRI RAMESER) . HlasA

WA ER N AHRFEASENE RS, BANER (M) Z2ALER
B, v v~ s BB AR, BERERS T AR

WA A = 5ok, MR mEch = (K )= 7, b 2a
S ST A . A RGN B R AT

max( )= & )—- - -—"' =" 7
(7 KIEGYIR A K BB 264504
= = @- )
(8)
(7 KX NEKFN T —Fr &N
= a+ () - 4 (9

O FESHGI HAPHLES A RO Sk, BB AMLID R HLE AR et “ A TEA HLEsA
AL, A Akt S AR EARAPLEE A, BRI ER G,
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BROXRANORTH: =-= - = 1- )N-) - (10

B BAANRG A, MERAEMN, TUERE THEMmEEA
RS MR TS N2 5E4ish (Phelps etal., 20200 , ABATEA™
BTt IR

= ' (11)
BESL (8) « (9) A (11) = n] 45 2 )ik 1 P74 K B 45
__ @+
Ty (12>
B(12) RN (100 IS B HEI G K R
= - Xl )y (13)

@ )
Zitt, @7 N TR RN NE T EEAY, IR AN TR IS T 1

B AN CHESE, n (12) - (13) A PR.

(=) LS AR R IR LT RN

AR O AE T RO N R Be AL s NI B, $2 IR HLES AR A 557 B AN
AR, Pl AR oy “ NTTEA” FLas AR “ ABLI A HLds N, X0
PRI A 3X 9 SR & A% 57 80 0 i 92 b LB & G Ko 4 BB AN RIAE -

B, PR AT A 757 sh g i Ao, bRk N L5573 JH) L
KA R . NG, BROZ (8) (9 AT (1D HIREER (2) X, FHEA
BRI TR RRR R

= vEyTa+ )- (14)

AT LY (14) RBULBINK (13) X, #RBFEE  ALH

AHLEEAD 5 BT N TR ALAS A A5 17 b 1 T 8% 7K P A2 5% 3 K 2 4R

B SEBRER o B8N, R (120 SR 8, AT BN A~ =-=

GO e e, B A B SRR 56
ATBRBATHE (316) + “ATER REARBAN b5, 2
BRI, ERIAT TR RH R R AL
ST o K P R AR A AT B R0 A, L0 B

WJE T K238 28 [ 2 2 A RKCT 2 R R A 27 A A E
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(347, 2002, p35) o w1 AIRRA R R TG A YR SR 2 “ N7 T FE
“HL” OV ORE CHLE BN AT RLAE BT AR KALREME “BE M BOK”
(Acemoglu & Restrepo, 2018) , {HZ& “ A& Pl NI Hbr & “ w4 BR”
N, KAVAESSECWRKAZR” . “NTER” PLas N BRSBTS
PRI, R HOR R ARG, (HE R B IR RE T
(Acemoglu & Restrepo, 2017) , AWIEARNZET SN & EE L SBALIATL,
MM N RO AIE . (GRS, 2021, p207) o KL, KB4
HAE A “ N LEAR” HLAR N, FEANWTHR e B LU R B SR 2, DTN K 1
Kt InASFI s (GRS 4%, 2021, p207)

5 CNLER” HLEAARX,  “ANLERE” PLEs NGB A\ SR BT 5, A
W) E M RE S A GIE N OAT, B TR m s s =R miA g “WHK” 55
2NJ1. AN, CANUEME” HLEEN “ RIMEFEAAATE R ARSI 0] DUON T8 ok
] R 7 GERIERTEE, 2021, p202) . @XM (14) HERE
AIUESE RN, Gndr i 1 R 2 BTR

“AHLBFEZE TBB (Al 1)« £ “AWHRE” QL ZFFEF, “AM
WE” EANE MR HRG TAGHEHEITE,

HER: AT HE CANLOE” HLES NI TR, b (14) st R,
st R N5 & T AN FENEE NS 3 b (0 =1 .

+

BHEE—= -, Hl = AR N A B B
TARRBIAAMGATIRN . WFR AYLEFIE =BTk 0 S A B -
RN R EN L

SR, U 1A P B A M5 £ 25 0 B SURLGIN , LB A A 2B
ik, (RN, BAGEAE > . BRI >0, HIARE | L.

Fefoldl, FTULHES: th < ANLEME” HLAS AR A7, A0 F il 2.

ANLEHRPHIRKBR (2D« “ARBIR” BLE AL B A3 8
TGRS RRARE,

DT R < ABLE L BUER A I bR T, R G — =

a- )? o . A+ ) 1+ o
m( ), —[m] >0, X =4 e =

16



a+ ) — L8 - =0 =9

Mg 2 /5 — '>0,T2A > ,MffFE - '> - '>0,
¥ EARN—IREAXTH— >0, Mawi 2 ik,

DL EdriRi, “NTEAR” HLEsA (ARD BT LASR & i 10 7 e K SP AA:
PRE, AR A TR Z KIS, BUAAFAE A RN . A, AEAEPZ A <N
FLERE” HLER AN (CRO MR T3 m A T35 30 i THKF, dEma B Tigm
VARG, A KA.

52, KE“CANE" LA NEAREITT DU @57 3 TR, XA«
NS, T 2 B . Rk, 7EHEE N TR 55 E ek B R e
I, fRSe R BB R “ AWLI R HLEE N AT ik B s i B ki “ g Kt
W, RN LRRE 7 AR A 35 1) [R) Iy ST e 5wl R SR

F SRR
(=) HEERRE
ARSI SRR FE A P T 2 TR 8 N 5 oo 57 SR R I 250 AT e

%o, EFAIBIICL AV 1 AIARAE 2 4 RIS R R

Ln = o+ 4lIn + + + + X +¢g
(1)
Ln = o+ 4dn  + 5In _;+ 3lIn L+ + + +¢
2)

= o+ 4In + 5 i+ + + +¢
3)

e, TRAR LR € 0 I EORITT ARy . B BB B Ln
Ln . Sr AN bR N3 GDP. LH/K-FHISEhR GDP H K3, Al
Wiz OB LR I Fin SRR TIHLEA CONTERD FRS LA A
CMUBED REAT. Rt Ed. AWMlEESR,  AEE K
N, xR S EEE RN, & NBENLILENT.

FERAY (1) X5 BT, 2% Wang(2013)F 78 3 BT A X 4 5 RUR Y
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I N o A 43 22 T ] 7 A, PR SR il A8 47 22 T e B T A AN R
PR 30} SR A3 GDP 50 o 51 401, 48 43 J= THT B AE AR AL IR 22 B I 0 SR A 35 GDP
DRI, IXRERU SR B v

AL (2) Xfamd 1A, B RS AL E X LB AP R sEmd, R AL
P E AR T RE A R G Y, DI N R BT S 1 ARG 2 .

BERL (3) St 2 Mifkiil, FERAEFGKEERG TN, YA K
A BES 2 b MG BRI K AR, R, 7EREAY AN N SERR GDP 3K 21— 1
TR CHInJESE, 2021)

(2 ZBEM%EH

AR AR BRI OB R AR Y B AR SO IR SRR AR A

LR &

(1) 52Fx A3 GDP (Lncapita ) o LA 2018 = AR SHTHE SR A% GDP
FEHURH, FISRFRAE A A 357 HoKF (B3 ZE SRR, 20160 o« FI TR g « 5l
W, BT A CABLEARD ACFRERE A= . M iR AR 2 U AL
B

(2) THAKF (Ln ) o SRR AE 5 BN TP T8 o ok i
B 115, 2022) , H TRl 1. AVLErERESE & T AR THE. WK 54
= A AHLEE

(3)SZfr GDP 1K 3% ( ) o MR SCHREC i {5, R A SEfr GDP
WRKFHEBERFTIGKAKE UE2MEER, 2002)  HTRRamE 2. AL
K Rede s 25 1K g K

PR ZN B s

(D ANTERAF Un D o ASCHTIHLEE ARIEAN TEMRKT. Tk
LA N EZHTHIETT] L)%, L) BaibAr~g K e mm T A TER, B
NS S R, B, WbUE . AT LT #25ET 100%01 B 3 A4
77 A SCH DAV B 8 NRAE N TEAUKF o FE AR A B R b, AR AT ST
SN TEARNLAE AT X, FEEA " RN LB RN N TAERE R4 FE KA
HE (HLTHER RRRENIWH A LBERNBEANW 2R FEMEHE, WA
TERHLAE N TAERHER RO RS IT BoRSCRE ARG (T AL T/
i T—CNC #z#E. HlHHImEE.
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(2) ABHUEBEZCE () o ARSCRIRS LR ARAEANL IR FEIKF. k55
HLES N Je A N AR 4 BT 40 IR 2% I R AL 07 N RAT N IIHLAE (Chiang& Trimi,
20200 o AHLHRELZ Fie NS LA 2 RNEE A A 50 A TAE, AW ool TAERFER
AR, RPHLES AT LUARYE NS 1015 BRI TIZ 5, NRERIEILEE = £
SERBAT IR, TERPMERTY . RS HLEs N T R B FAE R, 7L
SHLMR P AT E . BEFAATIRSS (Wirtz etal.,2018) o PAUEAK H 5k
BRI ALZ RG], 5IN AT B0 B 2 AR AR e 2 2 AR 00, AN HERf 238 KR 2
Tt BEAEMRSERAR I R K A 4R PR ST R AR A5 L2 AR AE ALY [F] 2K S
WRYE 5 S AN FINLES A E S RS A 713 R AHLH FEINLEE N TAERRER
R RIS R (LR RFTR & A MRS HLAS NI 22 6 T B H &=
W B AHUIMRINLES N TAERHE 0 R g Ia 8 . PRId 0L R B 0. R E
IS BT AN LA PR EE D ENLZ A CEaspilaE ) BT ER
FEFAEFH, Jov R T/ R, Bk, AW EIRLAS A RIS F K ARE A
fh AT RE

3451 B

(1) bR A5 GDP [zl E R . UKW EIR, &5 HEEHA AT
B WS AS R 1 DL BER S AR P E , L RR EE% . AJJHR A ( Edu),
XARS%REFEABEEANOLEEAIADBRARELE: ZUH 7
( Burden), RHM BV & GDP bt H BEAT #7820 B € 5~ #% 55 &5 GDP
MELE (Inv) , FRIEHEREX ST K (IG5 RERR, 2022) .
VU f& FEAl Bt K S (Infra) , DAHSTE P 200 SN 8 B A% i B Al 1 Tt vt 22
Gere s CES A3, 2019) .

(2) THAKFRIEHIAER. RE5 A5 W, b LHRIGRT5380 )
ML IR, A EER A K., sl AR AKFSE: G EERY
B R EACE, Wi Y GDP (BHFESRARENEE, 2022) . Fodk4sig .
PRIk B DA R A . A %5 (npop) 5 AFTHEA( Edu); %W Bi 71 ( Burden);
& H (sav) , FIWZ ERMGEFRRD LI GDP ML EM S, LAY
GDP (Lncapita ) 5 PAMkEER Gind) . FHER L PA{E & GDP L E A7 2
BN R (fis) , FAWTECZ H ST GDP EE s (AN SR AR EIRE, 2022) .
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(3) 5Pr GDP B KR [{fmH|A 7. GDP MK FMEANZF=HAR, hH
PN S AR ( Edu) 2B 71( Burden). [EE %779 &5 GDP HLLE (Inv).
SERt B 7K T (Infra) , ) A 42 1 1) B 6 22 B 48 KA S SR T 354k 6 $00( Inmarket)
fireE: ASCEORBHET (Inpatent) , SRAEET N L FIRAUE RFRBEAGIH Ta 47,
LR E RGNS EE =, 85 A — A X RO R ) 5%
e K . BLRRHAGE KRR, BAA5 NARBRNE R, NEAFE
X S AT Lo, F A N B R AR R R B AR QTR bR CE & B A1 455, 2021) .
4k 7K F-( Inmarke) FIEARBIHT (npatent)  H T 2 8ide RN el 5, RAE %K
HAAE .

(=) BIERIFE A

AR SCEER AR IHLES N B A SRR T HLAs AN R4 = B 2 R e e &, o
# W BERAEZHL X 1 H S A& K, 538 A4 BERAEAS ST FE I 53 o At L s
NSE IR BER 55 5)) /) T3 A XA 2 o JRTTT, ] A 0 B s N 22 26 B i it
WA . HAARESLZ, BIERIA IFR 09 E ppLEs AN ZdE, B aeid 47 Ik i
(K177 V23R 45 B P9 A8 0= T 9 oL N 2 e s, g2 I Db pLas N 23
EEETHE GrEBMEZE, 2022) o HARSHTEEM AN FEZEAN (H
MRS HLER NRAED , T RAEFOE 2T RZ M TR P, DSOS — AR
B PIATHLAS N RHE B0 B A7 F L 75 SRR A B 8- I T (R L s A A FH R A e

W2, B — 0 BETE T HZ RIS ML 88 N 3 | QAR &, BE
ARSI — AR, W — DA PRTTER T . fESEBrabBd A h, ARSCR A 4
PR I 2 W) A AL A B o FH T 75 SRR FRAE % 3117 7 B PEATL 2 A 22 3% 5 (R ]
DD, Mook BT “RHEARE” Famblss AH TR, A “REEEE7 %
BIEEAET: (D ZARZENREZERHEIETFEZ—, 202 H LMW
RerE— B2 EARERFIE T2 I TR RSB MER: (2 BT RIZEE
REZANHEEM S E B CRSRIBUE S, n S8 2 A1 M55 0 TR R G
BRSPS T RR K, DR A 8 R v A AR R
5 G BRI

WA B AR AR BRI T ChE G ChEA Bl gt
TR (FEFHGIHFELE) (PERTSIHEE) o ST RSP ARG
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TR e E 4, HRE RS RS VLA N IX AR, Bl )78 5530
T 44 /), A FE N 2018 £E-2021 4E.

*1 TEREWNHRUL T
TE & X HAE HE PR = x/NME RAME
Lncapitagdp | SZFR A #7 GDP 176 11.4533 | 0.3608355 | 10.33846 | 12.07282
Lnwage THAF 167 11.52005 | 0.2076611 | 11.10568 | 12.21356
Gdpyoy EFFGDP K E | 176 6.111136 | 2.381112 —4.7 12.2
Lnar AT ERAF 174 8.310503 | 0.9934352 | 5.883322 | 11.00045
Lncr AL B AP 176 8.044897 | 1.36571 | 3.465736 | 10.91752
Edu AN TR 165 | 0.0512358 | 0.0251194 | 0.00624 | 0.10999
Burden F A 176 | 0.1002219 | 0. 0287633 | 0.06525 | 0.20359
Inv B 2 K 176 | 0.6230978 | 0.2998424 | 0.15259 | 1.35574
Infra H 1% i KT 176 2. 055636 | 2.444088 0 17. 43888
Lnpop A 0% E 176 6.675378 | 0.98015 | 2.944439 | 9.088625
Sav g X 160 | 0.8759507 | 0.2712162 | 0. 46523 1. 5907
ind Jaah =% | 176 | 0.0370153 | 0.029935 | 0.00087 | 0.11991
fis B X 176 | 0.1563782 | 0.0751253 | 0.08064 | 0.63394
Inmarket w7 AF 176 2.170721 | 0.3012939 | 0.4114471 | 2.51689
Inpatent B A A H AT 176 2. 839869 | 0.8988205 | 0. 7574208 | 4. 508744

Bk TS,

(M) SEIEZR
W 2 Frow, F (1D F(2) MBI (3) KR4S & 53 0T B 5 R

N3 GDP. sEfr L# A GDP ¥, BAkE, AWLERKT55LER A% GDP
TEAHIR, SERAE 5%HKF B2 ANLEEKF 5 L EK-FRskhs GDP HK
FIEMI, R 1% 5%KTF L8, ki i, APLBRBE D)
bR GDP M. DIDABLAS AAEFH & 1Y 0 2 25 4 v [ g b Aol i) 55
BN IR R (BREERIR KR, 2020) , BEAG £~ 4 &, 4kmidfsh A5 GDP.
Daron Acemoglu (2018) I, TOVALAE A 36 023 FeAR TN ol 22 A0
BAR LR ACSHEL R ER, AHE RSP KFRENS B35 5t e L
BT (12>, IHRESTFIRIAEK (513) o X2 KA B R AT DU
IRAN ANFIHL AL 0 55 R AL S, ¥ N 288 R TH 2 — A H K. Gauri
&Van Eerden (2019) RiX PR (1 &4 L g NSRAHLES “—eBbde” o d@id
LRSS SRR BRI AL S (AR TES) . ASEMIHLES AT LN A ] A 5%
H LI EIFIE 2 R . ISR AT 1 Soam R 2 W1 ARHIE .
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https://www.investopedia.com/terms/p/productivity.asp
https://www.sciencedirect.com/science/article/pii/S0022435922000288
https://www.sciencedirect.com/science/article/pii/S0022435922000288

AR I, TEARRE R MBI TR BN, B el 1 R RURAT e FR I A
PEAR T EORFL, T RS HLAS N Ry 7 S0 TR O e FEE ) BRAL AT R B (A F L
B, MXREARMAARINE R R, XM T AR 458 115 £ . Noble
etal (2022) N, FHIX T FA (SIR) AL T ANERANMERMES, 4
AGEZAFIRMGE (A4, AR AT, B/ MfEdt. Hit, a8
2 AR AL ME DA S B R 9 4k S A AL PR T AR~ 1 B

* 2 EWREHS;NER
T E (1) (2) (3)
Ln lnwage
Inar 0. 1051 %k
(0. 0488)
Iner -0. 0209 0. 041 4s%skk 2. 379 1%k
(0.0231) (0. 0125) (0.9187)
edu 3. 9705% -0. 4700 20. 4355
(2.0347) (0. 7370) (29.8939)
burden —6. 1188skok 1. 5495% 36.1715
(2.0361) (0.9062) (41.2372)
inv 0. 2387 5. 3974k
(0. 0883) (1.8357)
infra -0. 0014 -0. 0069
(0. 0020) (0.0116)
L. Incr 0. 0011
(0.0130)
L2. Incr 0. 0162
(0. 0236)
1npop -0. 2327
(0. 1420)
Incapitagdp 0. 2194%*
(0.1304)
fis 0. 5487 kk
(0. 1284)
sav —0. 3328*kk
(0. 0984)
ind -2. 3298
(1.4121)
L. gdpyoy =0. 5619%**x*
(0. 1528)
Inmarket -5.3321
(3. 7360)
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lnpatent 3. bT782%%*
(1. 4085)
_cons 11. 191 5%k 15. 3760%%* —17. 5966%*
(0. 2320) (2.3186) (8.2919)
B RRL el = = 4
B [B] [ 7€ A% R el el = 4
HHERMREEE el AR AE eyl
N 80 88 132
Within R? 0.32 0. 268 0. 391
F 22.1917 5. 8702 3. 8820
e ok, ek IRRTE 1%« 5% « 10% AP EEE, FES AT R EW 707 Z R bR

i, R

() Rtk

VAR AR BREEE AT R L 4T, ST 80 1T SRAG 1,
i 30 & 2012-2019 FERIEIEHEAT 0 M. TALLES AH] TFR A7k 7> i Eicdhs
MRS B NBAE R “ 8 BEE A REAR” , RE AAT IR HLEE AL R A
B 58 45 I N Z 0 (1 AR S5 AL A8 AN A . (E S, R HBORIUE XX 2 S E
HRSSHLAE NI 22 KRBT i, B A S AE AR R IR S LA AR, Rt
R EM AR E RGOS, MaRYID RS, —# AG . Hib
LTRSS TP A R . AR ER, TSN CAHLEALD KFx)
SEfr N5 GDP IR REVE RIS R AAL, TR HLER N CANLERED 7K-FX) Sk bR L
BRI THE FIRIFE AL, I 45 RIITE 5% K-P ERE . EIRSHLEA

CAMLIRIED 7KF%F GDP 3 (5 FHE AR A F R34

X7 THI ) R R A RS FE A IR B2 18] GDP 34K R Wb b g 6, HEKR
(7 S5 7T R B JRE N T R R R B, % GDP 3438 H A A ik A6
Bl WABEER BB B M R EHERUEAE GDP KR, LRk
GE 1% FRE, XGRS T BRATHI I

*3 HRERAAM
T (1) (2) (3) (4)
Ln Inwage dnyoy
lnar 0. 0848%*x*
(0. 0412)
Incapitalstock 0. 3516%** -2.2378 —0. 3470%*
(0. 1262) (3.2843) (0.1728)
Inaging -0. 0098 -0. 0076 0.2715 -0. 0561
(0. 0255) (0.0178) (0. 6988) (0.0814)
Inpop -0. 0218 -0. 0129 -0. 2403 0. 0723%
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(0. 0428) (0. 0206) (0. 5214) (0. 0354)
edu 0.0012 -0. 0030%* 0. 2154 -0. 0041
(0. 0025) (0.0013) (0. 0932) (0. 0098)
burden -0. 1880 -0. 0933 35. 1407+ -0. 1165
(0. 7806) (0. 7348) (14. 8745) (1.0725)
inv 0.0140 0. 9358 0. 0154
(0. 0484) (1.3374) (0. 0669)
Inmileage 0. 1724%* —-1. 5206 —-0. 1288
(0. 0654) (1. 0806) (0.1016)
Inmarket -0. 1564 -0. 0645 -2. 8692+ -0. 0336
(0. 0947) (0.0777) (1.5512) (0.2013)
Inpatent 0.0112 0. 8090 0.0118
(0. 0307) (0. 4441) (0.0372)
Incr 0. 0145% 0.0728 0. 0604k
(0. 0082) (0. 2896) (0.0179)
L. Incr -0. 0002
(0. 0042)
Incapitagdp 0. 2385%*
(0.0951)
gro 0. 0059%*=x*
(0. 0024)
fis 0.3373
(0. 2891)
sav 0.0019
(0. 0221)
ind 0. 0700
(0. 3560)
L. gdpyoy 0. 3291 %%k 0. 0069
(0.0726) (0. 0053)
_cons 6. 5850k 8. 5605k 28.8114 2. 9649%
(1. 2595) (1.0489) (30. 4939) (1.5815)
Ik T RN ekl ekl el ¥
B |8 B A el el el ¥
N 240 209 210 210
r2 0. 4009 0.2159 0.3211 0. 0709
F 3. 8421 4.9775 55. 3410 2. 5902

2B MR A R . AR BEEEE (GNLD) 2 5: T3¢ B H Kt 5
KAE HF(NOAA) K] DMSP/OLS 24885 Al VIIRS/DNB 5248 24 & 1M il
¥, BRI EERBPEASE . E T R E X R AT R . 4 FE g R E LT
J6 DN ¥EAME T e B0 B K ETHEAR, FFEIRER LR K R
L. BRIk, W DR AT A S 2 B3R I AR A S A R S D G K IR B i
W (MG S MERR, 2022) , WF 4% (1) Fox, EHE#PR GDP HK %
ZJa, EALEFAKIRIE 10% 01K FRE.

* 4
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rE (1) (2) (3) (4)
Indnyoy Incapitagdp Inwage gdpyoy
Incr 1. 1797% -0. 0249 0. 031 5% 2. 1146k
(0. 6231) (0. 0224) (0. 0136) (0. 8338)
L. gdpyoy -0. 0399 —0. 5T779k*k
(0. 0803) (0. 1497)
edu 30. 6555 3. 7872% -0. 1427 26. 2808
(20. 4424) (2. 0340) (0. 6253) (29. 9295)
burden 14. 7133 —7. 2046%kx 1. 4224 38. 6275
(16. 2954) (2.1431) (0. 9429) (37.7285)
inv -1. 5884 0. 1976%x 5. 3943skok
(1.9633) (0. 0786) (1. 6420)
Inmarket -2.3222 —10. 5678%**
(1. 4532) (5.1099)
Inpatent 1. 2234 2. 9869**
(1. 2655) (1. 4264)
infra 0. 0073 -0.0017 -0. 0088
(0. 0096) (0. 0021) (0.0761)
Inar 0. 1028k
(0. 0452)
L. Incr 0. 0059
(0.0138)
L2. Incr 0. 0093
(0.0271)
Inpop -0. 1853
(0. 1501)
Incapitagdp -0. 2034
(0. 1404)
fis 0. 6418k
(0. 2400)
sav —0. 3189k
(0. 1059)
ind -2. 0972
(1. 4537)
_cons -13. 1314% 11. 3787skok 14. 9322%kok -2. 6590
(6. 5851) (0. 2709) (2. 4844) (10. 6976)
I T R 2R AL el el el eyl
Bt 8] @ 2 R el el 5 %l eyl
HHEMREEE K AE el K AE A
N 94 80 88 132
Within R’ 0. 1068 0. 3200 0. 2679 0. 3908
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M2 gL E T KRG KR Y PR, ASONTARRCRETE . R whlk
AR 2% = A EEBEAT TR A RN 70 AT o ARFEAS ST 0 THESE,  “ ABLER A
A A CNTEAR” HLas AR, 8 ANLERE" AMURE Az 2wk, 1
HIRBEME ST TARRCR U RIS D, 4kmfE A TR a5k,

NI, ASCBOE A A RO AR

= .+ o+ + + +e 4
= L+ o+ + + + +e (5)
H, X (@) fi (5) i, CNARSCE B ORERR AR E, B YN

B HLEE AR KSAZ GRS s ma L] o 1235070 RS B0 pRT , 5 =
HIRE, W AAER AR, 50075 ZHEAT Sobel K. FEAATEH AU
W3R, AT — U IZAR A 78 36 2 56 4 TP A SRR /& 7 Hh A RS, 3 7R 2
GRERny HHTRIEG, B AR, WP SR A P AN, R I A
I RUAALE R 53 TP A RS

1L “ NHUBRIRED” 1) PR sk

55 5113 TR PR BRI T of A2 7 R AR 7= 2 BAA P AR, — i B AR, B PR e
TN SRk 57 BT ), T PR 57 B3 1 P38 KT, BRI~ e . R EAb
RN, TNAE RIBE RS 1) Py AT DA SRR 5 il AR PR 25 3R IE R 2 213530, i
= SRR A2, W BRI AR BRI E R, B “Brh Saon” (3R
FAAPETERT, 2012; ZEFMAEME K, 2022) .

N BN ANFIANLI FIHL &5 A BE 8 I 5 a4 7= F R0 n 55 3h 2 19 I
SR [|), A 3 BT A (0 R RS T T AR P i E AR ] . N T AR ML 8%
Nz e il 58 A B AR5 8), T NRIAL0T IR IR (30 T, (H# k25 T 4k
AL, X3 DR B TSSO S bR T A = R 21 T B ARER . A
P FIHLES NI e Al AN T 2 TR 5730 i3, R i@ 4 s T i A
PRI T TN SEBR R IR (8], 72 SR A IR IR (B, AT IR IR | 5%
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Sy SUA SR R IBOE B0 AT DASSE TN R AT RE 77, 1X 58 3R J5URT BE 7723 41 [m] AL
PR EI AR PR, HE— DR N AR, R 2ty R .
2, ENTEAIREL T, B0k i) R (8] A 25 R g A B AREH, Tife
IALPINFIERSEET 5000 H Sk 1) PR BB [0 22 355 2 Ge e = AR ELAME T

FH, BT AN ENLEE AL ST — R TS NEE TS, NRGHAT
BUREAF RO AR #0 7R B AT R BETT o AWLY RN 32 ZERRAEAE T-HLE8 2 e T AR TS AR
BEAG NI H & 20 E 3 N AR = ae . JF BARECT A TEARNLEN, AN
[FIALEE N 53— NI 0% T TAEMPER (HEF4RAT, 2019) o ABLERFEIR T
PRI AL SR N TAET 2, 1 HLlo N CAE S, B YR | AR ™
(RO ) RS . WAt U, ABLEME B S ARl “ TAESRIR” it —ik—1)
W, MR TAE-NIBOERE” 5732 5 kv DU H R TEHA S, AT
R R E B m AN AT

TAERBCRIE RS o ARSCRH 44 ANREARIR T 0 JE R R S TR 1 2
i RAE N “ NHLIRIRD”  TAR R M AR bR, AR SO TAERCR i &
ST R 2 PR PRI, R ERS PR BRI TR 9 AR BRI B AR bR B — € S
M. 1z AR AR R A A 2018 ALK JE R R A HR AL, AR TE A
B T AT FTA AR, B XA 2018-2022 4, ASCERL T 2018-2021
T IHRE .

HI LR IR AT AN, AHLEINED” X657 3038 PRIBER (R 5 i SR B0 25, 17 PR M (1)
SIS PRI KRR FEAE N IE, (T HREON R, HILFHZE— 0T
Sobel fi, HIRLE AL R, B CANLUET A BT 8057 5 2 R R E, H
FINIX— A R IA 2 GG I R AN 23, 3 0 IR AL At H A RO

2. “CNHLERIED” By mholl Rk

BT EAENBZANNN-NAR RS, AHUERIECE b R SR PR
i Lo SO FR M SEBR LAY, AR T SERR T8s s 3 . A-Hl R Gudid 4
FACHR TSI E B0 ) 5E I R e AR VIR RGP B RS AR, JF
A8 R 2 B I R b SR P A0S R R OGRS U, TS T I 8t S D L A
K3 I SR AR 25 13 45 7K F (Dulebohn & Marler, 2005) o AL [F] ) 2H 2450 1
WAREA R REH T A1k @i AHLZ ) S m A i AME 2, fE W AR L
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il %8 5 H DT AR AH DU IR 8 52 KT, (ki R BOR AR A (individual equity)
R DA A 35 9% 45 B 7E AN [F) R 2 (R P, (R4 U A SF (internal
equity) (Dulebohn & Marler, 2005) .

TENTEREEART, FATIHIG 57 30 7R it 8 L Tl T 7E bl RO AE7E R
FKFN, MFRESARE, BfEETR (Korinek & Stiglitz, 2021) . i fd I AML T
FIEARNAE, —Jrmem N TERBAR R kAR & 55—,
EAEHIRTT N 1T RAE TR, A SOV K IS B K R R A &

o BV AR FR AR SOR A2 5 T IR ER TR AR 2 IR S IR NS, ik A
THE (P EMT S .

PUHIRE I Bon, BAPHERE ARE, XUHER “APFE" FBiTie
ol AEAE AR B LR 30 B @, XU AN FE” A R A
52 Y R SE B HE Bh 285 K B 1 H

3. “CAMLPRE” (98 2 0

W B AR BE I AN RINLES BRI A N T A @M —J7 N S HL3
TR —ANMEF= LA, I ERL B SR P SEIESN % 2] A— Iz A
Z IV BB I ThRE, w] A BRI JEE 2 o) VA SE L BRI = . B Ry
B s B, RIS NI I AR e AR AT AR R R T, SEI A SR
HEREN, BRI BRI RUERER B HAT” B 4RTDIRE (AR SR SRR RN
2021) o B, EFZWEARRNWBERGH, GeHHAT AVLIME IHLEE A F]
FHRHEE W 25 R BB AE B, BRSNS R (HanEiB A i) Rk, $#
TR L AR RE T o T 2, ABLEREIRLAS AT ZE AMLAE TP B Bl A 26
WA GI—Em AR, YIS AEd BARHERECERER, B
FUHT RS S, MEERAIMIRRGE (TR, 2020 .

AW TN AZRE R RENL AR NAE Sy B S LR 43 HTon 5, 7ERCEERE TR
VAL AR AN L T B AT 3 BE A4k Calliances of actors) , B AMLERF R 4t
(Tatnall & Gilding, 2005) . XEWRE, MXF “DLEBEN” FRFET ALY
A 1) B e NFIHL 88 2 7] B A R AN R i o &, DA E AT 3R R A R P b1 T
2% (Tatnall & Gilding, 2005) . [FUt, #A4L (anthropomorphism) & A#L
P FINLES N — N EERRARE, HEY] WHERE RIS REAE A

N
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FEAR BV IZHT T NI A DN B R . U REAER 2, LAY
AU NALIE B N T N R AT B2 (Leonardi,2011) , Jx[n)#idk
NZEHI B AL 7= 1) P AN B B, 3 T 2R R S A WL TR 2R 5 o R 1 O
(Lindebaum et al.,2020) .
TERBEFIXFE, AN FE LA AR RERE M AN TIA I BEA, HA S
W NN STEAH — 87 (Tatnall & Gilding,2005) . A& ARRE, &8
FREA NI A RINFRTEAE L, X 23— 20 IRLAEA N Y8 9% B 1R 98 K7
b gk AR T RIS . E BRI AR, A SR 2 & T IR A 20
T B E LA, BEEFNCRE TIE CRERT SRS .
LS s R Box, B #RE3E, JFH EWEZE, XU ER T
RN, W2 UE RIE 22 “ AWLIRIE” W sF KHE Kb A
%5 CANIRE Y A AR B R

XE (=) B (=) mtb B (=) HHEBA
leisuretime Inemployee Inconsumption
Lncr 0. 1166%* 0. 1510%** 0. 1096%
(0. 0609) (0.0274) (0. 0607)
& B 0. 7922k 13. 2639k 16. 1830k
(0. 7509) (0. 3418) (0. 4887)
EHxE £ £ &
W AR = = =
i [B] B KA &5 0 &
YNKES 165 165 176
Adj-R’ 0. 0544 0. 5861 0. 0322
%6 FAXERNKALF KR
rE (=) (=) (=)
Lncr —0. 991 0% —1. 3854* —1. 0304
(0.5081) (0.7192) (0. 4879)
leisuretime 0. 0933
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(0. 4338)

Inemployee 2. 6832
(2.2408)
Inconsumption 1. 961 1%k
(0.5132)

I 12. 66373k -22. 8516 -20. 9233%

(6. 4269) (27.8762) (12.1635)
EHEE = = =
W T B B AL = = =
it J8] [ € 2% A = = =
LB 165 165 165
Adj-R’ 0.1043 0.1134 0. 1386
Sobel Z %t & 0.2137>0.83 1.1701<0. 83 1. 6325<0. 83

t SR EBEREN

ARSI BRI ST R B, < N T BAHLE AAT AN A HLEF A% 55 50
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77 AEARIIRAE 2 36 R BEA ™ HY LA LS 3, AT X STt o A RS2
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INGEA R im TN MM TR, R e R R . 2t P IpLHIR A6 A
W, X1 PR IE SR N R 2ok SE I

A, FATFE A
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G CEEE T RN AN RS2 S08%, AL BRI AT I, 2 1EAL
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[l Ny BEAT 2B 22 AT TG BT (AR Z3 s AR, 2021) .
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4i—HBif (Global Tax Regime) B

RILMBOR GRS, RIENLZE NBARR A0 A B A AR5 . &4t
FEHERE A ZN AL AR T, O RAEI BOd 2 AR 1, # N ALY R B 3k
(KR JE TRAE SE g AL, CRUENTE H BN HERE T AR AEE . RESh AN GUFE,
EFEA REORIIE 2 4t BIHT 3 K AT Fp 212k

e E PN

BT sk, 2016: U FETIME. RIBRIBUN 5 A\ DI BUE—%
TR L Rm ) . (FETasr) 52 .

g, FREEXG 2002:  (HEERAEE R SLTHERKZ KRR/
(PrEYEEE) 52 1.

I T7 . ERIR, 2022:  CRASH B ] Sl xt B 5 1K s ma it 72 )
(ewtse) =5 4 1.

FFL A, 2019: (CBSARAT e 58 B e RS RAL-TTIH B2 SRR
WEKITEWTY . CRERMNZEE) 28 4 .

31



BIMEAR . OREIEE, 2022: (ESERHRSCES TR —NFIFBALA)
(2R 55 .

FRH. FHi, 2021 (AHBEAR, HEARGH SHXEFEK) , (L&
GARFE) 27 H.

THER  £4, 2022: (WAL T HAMUAEL TG b B A ZELEL 7347 ),
(P EEES) 54 0.

B IRRSK, 2020:  (HLES AR AL 57 3 A 7= F 0 —— ML 5 s ),
AP T) 56 3 1.

BoX N HMES . 400, 2022:  CHLREIE BT PG H R KT
VRN ——FE T HARCEAR M SHIERF L), GATHE &R SR 24D 56 3 1.

HAARAT, 2019: (2019 FEMHF A MRS TAEMERAARSE (PO ) .

WIanJE . X A0S, 2021: AN ARSN AR bHE X 2850 4 K 11 52
Y, CPEANOEREE) 55 .

AL EHERE, 2012:  CPRIMRARS S P AR 3G ——Jk T o (R B 50408 1) 4
PREge) , (BEAEGFHARZVHIT) # 1,

A, EMSK, 2023: (AUFREISINIGKIE? ——HRINIRIIHT N 15 A 3L
MHEFEY » (Gt se) 5 4 .

Uz AR BB, 2021 CEUAAR R A RIEE . T AE
BARZZHAY ,  CEEHI) 551 1.

JABet. B, 2023: (BTGBt N E R m AN T, (h
EL7e =N IR iR

BAZE . R, 2000 (AN R RIRSER ) , (RG LRI
B 55 W

FEoR58R BRI, 2021:  CANLYREGIHT: T 2 RefilE i aE#ia L)
GHEREEBL) 28 11 M.

FRUT. BROCHEE. 2575, 2018 (HLss AFEHE: BUR. Rk S55m-k Bt E
M=) HILE AN ARIEE)Y . CEMREEH) % 6 H.

FLAE4E. £, EMME, 2022: (AN THEMRERAMNTEHRE: RS
i), CEETRESM) 36 .

32



CHmIRah 2 b2 B B AT ) SR, 2022:  CANLHRERLA T4
M EHR IR AN M A L D RESETLY ,  CERERSTHAEAL) 28 2 M.

BUREL B, APOuSERE, 2002: (ARFHKSR) , dERKFEH AR

PABSE FERE S, R/ RRE, 2021 &) . T E HARAL.

Awad, A. 2019. “Economic Globalisation and Youth Unemployment:Evidence
from African Countries”, International Economic Journal, Vol.33:1~18.

Acemoglu, D. and Restrepo, P. 2018, “The Race between Man and Machine:
Implications ofTechnology for Growth, Factor Shares, and Employment”,American
Economic Review, Vol.108,pp.1488~1542..

Acemoglu, D. and Restrepo, P. 2019, “Automation and New Tasks: How
Technology Displaces and Reinstates Labor”, Journal of Economic Perspectives,
Vol.33,pp. 3~30.

Bessen, J. E. and Righi,C., 2019, “Shocking Technology: What Happens When
Firms Make Large IT Investments”, Boston University School of Law, Law and
Economics Research Paper,pp:19~6.

Acemoglu, Daron. 1998. “Why Do New Technologies Complement Skills?
Directed Technical Change and Wage Inequality.” Quarterly Journal of
Economics ,113 (4): 1055-89.

Acemoglu,D. and Restrepo,P. 2017, “Robots and Jobs: Evidence from US Labor
Markets”, National Bureau of Economic Research Working Paper 23285.

Acemoglu.,D and P.Restrepo, 2020. “Robots and Jobs: Evidence from U.S. Labor
Msrkets”, Journal of Political Economy, 128(6):2188-2244.

Barro, R.J., Mankiw, N.G. and Sala-i-Martin, X. (1995) “Capital Mobility in
Neoclassical Models of Economic Growth”. American Economic Review, 85,103-115.

Buera, Francisco J., and Joseph P. Kaboski. 2012. “The Rise of the Service
Economy.” American Economic Review 102 (6): 2540—69.

Ben-Nasr, H. 2019 . “Do Unemployment Benefits Affect the Choice of Debt
Source”, Journal of Corporate Finance, Vol:56,pp: 88~107.

Chiang A H, Trimi S. “Impacts of service robots on service quality”,Service

Business, 2020, 14(3): 439-459.
33



Dulebohn, J. H. and Marler,J. H., 2005,“E-Compensation: The Potential to
Transform Practice?” , in Glikson, E.and Woolley, A.W., 2020, “Human Trust
in Artificial Intelligence: Review of Empirical Research”,Academy Of Management
Annals, 1in press.

Dijkstra J J, Liebrand W B, Timminga E. 1998 , “Persuasiveness of expert
systems”, Behaviour & Information Technology, 17(3):155-163.

Daron Acemoglu and Pascual Restrepo, “Robots and Jobs: Evidence from U.S.

Labor Markets,” 2018, https://economics.mit.edu/files/15254.

Diao, Xinshen, Mia Ellis, Margaret McMillan, and Dani Rodrik (2021), “Africa's
Manufacturing Puzzle:Evidence from Tanzanian and Ethiopian Firms,” working paper,
International Food Policy Research Institute

David H. Autor.,D.N, 2019, “Work of the Past, Work of the Future”, AEA Papers
and Proceedings, 109: 1-32.

Gaggl, P. and Wright,G.C., 2014, “A Short-run View of What Computers Do:
Evidence from a UK Tax Incentive", Working paper.

Gauri P, Van Eerden J. “What the Fifth Industrial Revolution is and why it
matters”,The European Sting, 2019.

Greenwald, Bruce and Joseph E. Stiglitz ,2014b, “Industrial Policies, the Creation
of a Learning Society,and Economic Development,” The Industrial Policy Revolution
I: The Role of Government Beyond Ideology, Joseph E. Stiglitz and Justin Yifu Lin
(eds.), Palgrave Macmillan, pp. 43-71.

Hutchby , 1., 2001, “Technologies , Texts and Affordances”,Sociology,35

(2) :441~456.

Korinek.,A and J.E. Stiglitz, 2021, “Artificial Intelligence, Globalization, and
Strategies for Economic Development”, NBER Working Paper .February No. 28453.

Hémous.,.D and Olsen,M. 2022, “The Rise of the Machines:
Automation,Horizontal Innovation, and Income Inequality”, American Economic
Journal: Macroeconomics 14(1): 179-223.

IFR,2021, “WORLD ROBOTICS 2021 -Executive Summary World Robotics

2021 Industrial Robots” http://International Federation of Robotics (ifr.org).
34


https://economics.mit.edu/files/15254

Koch, M., Manuylov 1. and Smolka,M., 2019, “Robots and Firms”, Working
paper.

Krusell, Per, Lee E. Ohanian, José-Victor Rios-Rull, and Giovanni L. Violante.
2000. “Capital-Skill Complementarity and Inequality: A Macroeconomic Analysis.”
Econometrica 68 (5): 1029-53.

Korinek, Anton and Joseph E. Stiglitz,2020a, “Will COVID-19 Drive Advances
in Automation and Al that Exacerbate Economic Inequality?” accepted, BM.J.

Korinek, Anton and Joseph E. Stiglitz, 2020b, “Steering Technological Progress”,
working paper-.

Lindebaum, D., Vesa, M. and den Hond, F., 2020, “Insights from ‘ The Machine
Stops” to Better Understand Rational Assumptions In Algorithmic Decision Making
and Its Implications for Organizations”,Academy of Management Review, 45(1):
247~263.

Leonardi, P. M., 2011, “When Flexible Routines Meet Flexible Technologies:
Affordance, Constraint, and The Imbrication of Human and Material Agencies”,MIS
Quarterly,35(1):147~167.

Mann, K. and Piittmann,L., 2017, “Benign Effects of Automation: New Evidence
from Patent Texts”, Working paper.

Mukherjee, D., Gupta, K., Chang, LH., Najjaran, H..A.2022, “Survey of Robot
Learning Strategies For Human-Robot Collaboration in Industrial Settings”.
Robotics and Computer Integrated Manufacturing,2022(73):102-231.

Mccarth.J..2007,“From Here to Human-Like AI”. Artificial Intelligence,
(18) :1174-1182.

Maguire, P., Moser,P., Maguire,R.2020, “Are People Smarter than Machines?”.
Croatian Journal of  Philosophy,(1):103-123.

Noble S M, Mende M, Grewal D, 2022, “The Fifth Industrial Revolution: How
harmonious human—machine collaboration is triggering a retail and service r
evolution”. Journal of Retailing.

Phelps.,E.S. Bojilov,R. Hoon,H.T. and Zoega,G, 2020, “Dynamics: The Values

That Drive Innovation, Job Satisfaction, and Economic Growth”, the President and
35



Fellows of Harvard College, Harvard University Press.

Raisch, S. and Krakowski, S.,2020,“Artificial Intelligence and Management:
The Automation-Augmentation Paradox”,Academy of Management Review,in press.

Sachs, Jeffrey D., Seth G. Benzell, and Guillermo LaGarda. 2015. “Robots: Curse
or Blessing?”A Basic Framework.” NBER Working Paper 21091.

Schumpeter, J. A. and Nichol, A. J. 1934, “Robinson's Economics of Imperfect
Competition”, Journal of Political Economy, 42: 249.

Stiglitz, J.E. 2014, “Unemployment and Innovation,” NBER Working Paper
20670.

Steiner D F, MacDonald R, Liu Y. 2018, “Impact of deep learning assistance on
the histopathologic review of lymph nodes for metastatic breast cancer”,The
American journal of surgical pathology, 42(12): 1636.

Stone, D. L., Deadrick, D. L., Lukaszewski, K. M. and Johnson,R.2015,“The
Influence of Technology on the Future of Human Resource Management”,Human
Resource Management Review,25(2):216~231.

Tatnall,A. and Gilding, A. 2005, “Actor-Network Theory in Information Systems
Research”,in Khosrow-Pour, D. B. A, eds: Encyclopedia of Information Science and
Technology,First Edition,IGI Global,Pennsylvania.

Wilson,H. J. and Daugherty, P.R., 2018, “Collaborative Intelligence: Humans
and Al Are Joining Forces”,Harvard Business Review,96(4):114~123.

Wang J. “The economic impact of special economic zones: Evidence from
Chinese municipalities”. Journal of development economics, 2013, 101: 133-147.

Wirtz J, Patterson P G, Kunz W H,2018, “Brave new world: service robots in the
frontline”,Journal of Service Management.

Zou J, Schiebinger L. 2018, “Al can be sexist and racist: it’ s time to make it fair.

Nature Publishing Group, 324-326.

36



