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i T LA AR T, () 00 B T) A8 S 37 A2 7 T 5, 7468 B 57 3 3 AT A 7 o8 T, () I I [R] £

@ X Fs < MRS AT 55 BT SCE AR UE AR 77 5 2 78 Hhy 55 8l & B 5E AR R 4 R S AL AR (0 B Tl LA
N8 B R e 45 R 4 3 LA (i Tk ALas A S8 B, PR, 3 FRLASOA 0 38 S T A € 1) Tl ML A AT 0
o PR 55 3 Bk SE R T O
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Bk T T4 45 30 % AT R & L G B R G RO RO o 3 4 B4 B AR D K Ak
245 s (7= 10, AT A4 0 T ELALA (00 Tk HLES A S 54 P= i/ 72 R 0N «
Y (5) = Ap H7n, ()" ny () (8)

R (8) HT L Ay T BN 77 2% 1 BB R K CF 5 T HLES A FN35 30 T B A IR TE . i
I T T UL € 1 Tl ML B8 A L AR B 22 (T 2 b A o

Tl HLZE A BT & O TR A AR FE IR ITIHR N 6, L0 < & < 1. B4, 3115 Hh I i A<
BF 2 JEUAR S 10 52 B A 7 o BCRT 20 0

Y real (s) = €7 vt s <M (9)
Yoty + Yomanp,  ils > M,

Ry = (1= 8) Ay H7n, " n " = AnyPs BRIV 72 3 26 26 680 0 360 T EL LA € Tl AL 38 A
IRTER S PE T sy > o o TEBCACHETT L2 722 S 700 (1 1Ak 96 FEL PO A 55 v B AH 38 T BpL A 2
9 Tl B N 2 55 = it f vl 804 90 R PO 9 A 45 30 S 4 T R S PLAR ) T pLEs AR =, 1
A My > or I 4953 TR DL €10 Tl L 28 A S 5 0 722 Lo 3 3% S WL AR 1 Toll HL 28 A 0% o
B 2R 77 o 2 % A 1 A AT 45 2 R A T LU (g T L 2S A

TE Yoo > v, BIARACAE T FEAE B 40 T HUBERS 68 P 0 38 T B LA 2 10 T LR A (455 3l )
e AR 5257 450

b+ 1/(B=b-n)
Mppry :|: ﬁn(] _S)APRzHy)‘—lnR‘M:' (10)
B vg Abrn)  Butl)
Yore = Kopra A pra prmm et A B ng Bt (11)

_bin _B
ﬁ$mm=u-wV;"m-mT”-P;”u-mywom¢@m%&1am%@zﬂ

DUEE IR AEN v > v, s FRESRAE AT A AL 2 AR ORI 95 3 AN

B-b-n 7

ky \Bler) L sl A\ D)
My = ( kp’m) A ])AI’RZ(# I)(F) (12)

/B
np (13)

_Vﬁ-bﬂb+ﬂ
~= b(B-b-n)

By = or B BTA BT SS E R E T EVLA AN TS AS 545 XD i &l ik
B Tl AL A 0 B AR B A & R 57 3 Ji 8% A 53001

O HEFLREERNES LD E T4 35 ) R (hitp : //ciejournal.ajcass.org) Bl

 PR2 7 pR2 NFSNES i 1 e
@ Eﬁ?ﬁﬁﬂﬁﬁ%ﬁﬁilfmﬁﬂ@%#*ﬁ:% > Oﬁ% < 0o A RIZ S LI Z T 5

(L KR T 35 A2 2% 2% P P T A W A2 B 0 B AR BR A, s 52 11 35 90 L IR AR 35 o 1 980 AR T R ) £ 2 T
BURZNT I o W2 — B & F R B & A FREA B - b - m > 0,

® Hing < 0T8N Tk LT AL THALI I RO T 247 I 26 Lo i 97 2 Jy B/ 7 S ELAIOR , R S Tl
PLAF A BN BB A T AR 25 0y > 0 A TALHLEF AR L R0, A BEARASHCR AT . A
SCALRF I B P A 19 5 L Bl g, > ORI
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B-b-n b+n

I B Y il . 2
Ny, = (ngkmz*l)B(/HI)APRZ#H o )\B(Wl) (14)
b+ i) v
Npgy = |: 8 (1 - 5):| (QDTkpnz)(l) (15)

1, 55 49 T R Sh AL AR @R Tl ALas AR, 3338 T B AL A 9 Tl Blads A B e g HIAEAE A
ST A A PR 55 2P0 Mng, < np < ong N30 T BBLAR 609 Tl HLs A 220l B 55 3l ) 5%
JCAE B Bh A BP9 R 2R 7 AT 5 R A 2 7 50 R JEE B T AL AR BB A 0, 3B T R

1S BT A A 7T 5 ¥ i T B LA G0 TP A S 5580, st i A7 Bl E R (10) %
Lo E AR R H (1) FRR

(4) BB BRI S8 . SR BI R 2 B 2 B, B AR 7 3 B F T L8 A AR — AT AR i
o B, T MLES AP R S LI AR, 25 58 LR AR AT 55 eT 1 3 AR YE BN AT 55,
PRAFEME (pr >y, ") o HIWR B E Tk HLEs A0 KR A, 32 BT A = B35 ek B s Ak AR 55
7 A BR M 38 A S L AR € Y T ML AT R B S8R AR R AN TR 2% (e, 5, TE R AXBE M,
BRI HE , RIZ8CR 48 % MR v] A 2 A dE B B8 K)o BT, R BRI AR PR RO B A 7
T aE e Tl Hlds A A 7 =0 IRRAE AR B s Ak ia B 04T 55 v 98 Dol Hlds A 1E T 3l FF
KT LA N TR HLD B8 42 (2 AE B 3h 44T 95 19 A 72 AR AR AT 0 K (3 ny > g B
Yo 2 ¥p Do HeJa, B AE A SRS Tl HLES 0 B 2 % 45 42 5 R B s AT 45 19 A 7= 0%
ML H ST S B P2 ROR (Y g, = np B,y = @) o BEIE, JRAS R SE )5 95 3h 35 3 1 & sh Bl A
1 Tk BLgs JOB A R B SR 3, Bk A 7 3 s i — 20 7R B 34k 08 By DL BAL T8 200
TP ALAS A 7 S B A A P R R A 7 AR

M=oy BIRR WA B & L 58 4l 55 8 1 AT AR 7 AR 7R A BB BE g, "5 IR TR S LA €819 T
A AL g NFEAT AR 7 IR AR P AT 55 AT 3 AT BN AT 55 9 2R 72 0 IR BE AR (n, 2828 0) L AR H 30
1%%1’1‘[%%1E’ﬁ‘&%E@ét#ﬁ%ﬂ&ﬁi%?%(nz@ﬁiJ&Qn,f/(l - ML.)),E&F%%M%Em%‘sﬁn,ﬁ“;m
i T EALA AW T LIS A S 54770, GR350 28 7 5 2 A8 e & B A 77 o B R B R
Moo $5 BEEE A 7= 35 0 TOL LA N B 2, Tolk Mlgs A1 e LA & sl e X8 AL 7= iR mT A
Bl AL LN 08 A 7 o3 HORE E A, 81 IR B sl A 0 N AT 45 52 B 43 T 404k, e 8 2R 7 A AR
AN EBEIMEETE (nppy < 0, ") s B TALHLER AW A 6308 T RS , i AR S5 R Z R
i, T RE S A BT AR AL P A B BE  © BE PE TEL LA A T AL AR B W K, 3 £ 30
ARG BB B9 FAT: 55 B T 3R45 7T 0 AR 77 TR R & T B3 T a5 E AL 08 8h 11, JF B 3l
F ST P AT 55 S B4 TR Ak, a8t it 5 P 3 A AT 55 X0 B9 2 7 0 B E (g, > ) o

R A B R ) o B 45 28, Tk Mg A R 7E i TEVLA 6O, BN H R R — a2 M Z 5
(MW ny = ng, B, A A T RESS B A A P i B A 7= sUAE s SR THAE = IR, T2 ik T
Ar LS A B A (R R A 7= 4 F AR AR T, BE A AT RS2 DX o Tl AL A AL I3 T R s ALY fa (o, A vl
AE R T 8 T2 ALA O Tk HLas A AR R o SEBRRH H, 8K Tl HLAS AR A € )8 M DL X

D Mg, TR BT T LA G009 Tl DU A S5 2 0 TS 6028 7 5 BB E RN mee K (13)
AT Tl HL 3 A T A SR 7 BRI A

13



R, BFEENMEARREFFESESTER

g0 AR AR A A 3 B AL AL AR 3 A T U S Tk ALEs AR IR B — & MU Z )5, i
R AR AR T G2, R A 7 AT R A 4 ML L e AR O 5 e iR A 5 0 AR R 7 A Al R A%
Ao ML AR SCHE

H1: Tolb AL AR R 5 21— € RIS |, BB A8 12 1t 2 7= oo I R L 4 7T

Tl L A 473 3 T ELATL A € A 0 A 7 0 AR R 3 T, e o kTP AL g N AT R T B S
BA: 7 TR AR AR Tl ML g AN BEAT BF S BUAE 7= R BIRT R S B AN o X — i A EE Tk AL
AN GUTRBAMEE G SR, e, A SCH

H2  AF R B AAERE Tl AL A e 3k > TORAC Ry i 7 v A 35 2R .

VAAE = o3 8RO AR S b o5 sl A R i 22 gl o tha(5) (sXCe) il I N I3 i A shHIL A 6 Y
Tl WL AR N A e R 5 A 7 5 B B R e, FLA R 1 55 sl A R AR THE A BRAY o O, A 7= 3 248
ARAT BHE— P 19 95 Bl AR 7 AR A RO T 08 T AR ™l 1 2 e AR A A A AT 55 Hh RT A Bl ik
T (M) K LS ORI [ A WL g de " SBT3l AR 7 SR (A RS, Tl ALas A i &
LA G, 73 TR SR T4 A s kAT 55 h 95 sh & 1955 1. W2 AT A S AL ds R Wi g™,
AR A sh AL A 55 BeA Kt SEBL 3 TIRA I8 4 LA S HILAS I SO0 T Tk AL A 2 il A= 77 0 1
T“Tﬁk%ﬂjaxﬁﬁtfz%’ﬁ”ﬁ%tﬂﬂ’] B HE(10) A1) AT RIE e I i 2L 0 Dol Bl
PN BB $ i SR = oy B R O AR 95 0 A P R S g . VAR L % H A S I
2 —1 ﬁ@iﬁ%%ﬁﬁ@@ﬂ@:;&o,ﬁmm Tl A sh AT 55 b Tl LA A A o e it o 22340
o5 s Ty, T BT PR 57 Bl A T AR A T R VA G X — R, A RE S B AR 7 O AU
53l 7 RGN R

= . HFR&IT

1LitE&E
R 75 B8 T AL R F AT A= 77 3 R FE B 52 el As) S 4 5 o [l A A5 250
div, = a,Al, + @, X, + v, +p, + &, (16)

ot div, AT i AE AR B AR S BV RR B AL AT i A oA R HE Tl AL 28 B, X, A
A AR R A (rd) AT (size) VA TR (fix) BLFIEE I (prof) FIN J) B8 A Chumep) , v,
jﬂﬁik[ﬁ]mxifh Lp, A B B] [ 52 RN, &, Ry BE AL 20 50

WA AT 1, Tl AL AR G 52 58 WA 18498 B LA AR 97 s N 2, DAAE 7 T BB AR 772 0

iﬂﬁ']%ﬁﬁgftfzﬁ*ﬂ&fuﬂ’ﬁmﬂ ol AL N S SRR A e ) R R T LA AN S AT & )
G AR F, ARG A TALLEE AN S0 LA (rd) B9 38 B3, 56 UF Tl HL#s AR H 52 i
Az 7 A EVRR BE IO AR FEAILE] A T e BE AL AN

TV o
@ RO 5 0, T2 s gy R Tl BB A e R BB BT

o dny
@ AL G TAL LR A B ny < g < g BE SEBRSF AN AT RN 0/ (1 - M), BER T
L HL RS A A3 A TR SR e/ (1 - ) SUBE A E— BN > g I BT A 95 34 il 0 i 1AL

AR T YLE AL, i F L2 2508 A Sh LA 55 T 8 A 35 8l J1 , B BB 57 gl A 7 SR [l 7 3
RN RPN FN RTINS
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div, = 0, A, + w,Al, X rd, + 0, X, + v, +p, + &, (17)

AN T L& N RN R 45 AR 38 BTN A= 7 3 B R BE A T 42 #E4E (o, B35 B IE) AR T
AL GE i 5 AT B & Ty B AHEE G, SE SR AR B 3 R AR T A A HE S T A O
AR ARSI T AR SCHE 25 AR A BRI PR NS Tl AL AR 38 B HEAT X E . n
T LA AR & N 5L 28 B 3006 A 7= 40 B0 R BE A 1 ) A o W0k — 25 U Tk AR N R
i gt PR S IR AR N R 4R R R E T AR 7 A B AR T 5 10 A0 SR T AL ER AR A N B A8 LA A
74 ERE A OE AR SR VR, 05 B T ML 28 AN T 3 i T & 4 R OB i B O 5K B e S A
kA 7= o EER T AR SCH 1 T ML DRE AN B ST o

2. 2R

A SO HE 7= o BIRR B (div) i Fally (2012) $2 15 04 24 7= By B AR &2, 4% 0 AR R R 7= B iy
4 A5 72 B BEBOR 25 5% AR PR R A0 T B AL A Y s Tl ML A CAD AT W 5738 Tl L A
B 1 AR B s F R A Crad) (8 FH A AT RASE LA Al PN BB BIF R 5 AT AR 0 0 o
A A 0 72 A 4 - DT Ak HUAE (size) TS ATl A 53 TN KRG 1 98 X 5 (0 A 4 5 @ W AS IR AL (fix)
FHAS AT FUBLLL - Al [ 7 B 7 A B R X B 45 1t s @ BRI RE 1 (prof) AT FLELLL 1 4l
FE B B R X BUE i s @A T AR (humep) IS AT BB DL L A b B & A B3 850 o5 R 6L T
bl T PR AR S I RN B B T AT B B U K AR SR G BE ), LT b L AR S A —
FERRPE I R MAT A 1 N FT AR K

IR ST

AR SCAd B BB ORIE T 2Bk BEAZ 3 (World Input—OQutput Database, WIOD) | E FRAL#EE A
BX & 4 (International Federation of Robotics, IFR) X 2 & 5% §1 5 K 2 4 R A0 (8 5% 07 5% B% B8 (UIBE
GVC Index) JIAECH E ST 4R %) o A IR 088 e b, ob [ Tl ML 28 8508 £ 2006 4 LT A R
#,2006 4F VUG A A 3 A1l 59 Tl Ul A BdE , WIOD 205 15 1995—2011 4F ,2000—2014 4F 1 4
LX) 52 BRF AT B 1 T A AR SCEERE T 2006—2014 4F- 4347 Ml T AR B8 11T 48 50
FEo LAH A% A it i AR i, AR SC L 2006 4F S FEIA SR Tk AR 7 T RS AR B e R M
R R RS BEAT TR L TR AR SO S LR S0 A (2020) 19 5 1, 2 BRCE R & 54Tk 43 26 ) (GB/
T4754—2011) K b B AT ACES 5 TFR AL A7 ACES 34T T VT L .

09 . SEIE AT
1.E#&ET

A SCAE P TR AR RS0 47 ] 4 A AT Ml B4 U R [ 5 RO, AR A A v R SRR B4Ry — AT R W . 3R
129065 5 (16) B [0 U 45 2R, 35 (1) 5152 %0 i A R A B30 1) [l U 285 2R 28 (2) — (6) 81 X Tl L A

@® A (2016) Wang et al.(2017) 2 F 2R A 7= H R I — 284008 1 45 7= W BE 48 b, K HL 32 T 9 T
32 oy R Bk 111 39 38 by FE %8 4 S IR R AE 7 I B ORI R A 7 B BB R S R MR 4T AW 4 (2016) 46 1,
Fally(2012) Y3855 E S5 H 1 AR 72 By B BOE C— B0, 3P @ il B3 R 3« o [ el N A 7 B B A 72 B
B 80% L I, & 1 E B 2B 72 B BB I 0, 38 B AR RGN B R A 7l 6t Ak E A e E oy, HLE PR AR
W BRI TP 540K . TTis B 1L e RN E R G0 KR R 5 E b3 4 2 m i & o /A ™
M8 BA BB R L, P, AR SCHEPER I Fally(2012) 49 77 3630550 1 P9 26 7= B BB 12 20 7 A IR I

@ ZRENHEERES T NES WP E T2 5 )M Chttp: //ciejournal.ajeass.org) B4
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37 FH 2 HOAR B (2 B0 R 0 SR AR [l A B 4 2R, s (2) AR SRS Tk AL & A BE H #2025 0.25 7
RLECLL A REA SR 5 IR A 2528 . BEE 23 B2 R U LT, 565 (2)—(6) F1 3 BT, il ke i g ) T
M HLAS AR HIHE R T ok ML NBEA R A 0 BB S . X AE— @ R B LB 1 Tk L8R A RL
FH BT 5 SR B 2

R (DF L5 R R, Tl HLAS AR IR A 7= 20 HI R O/ AR AN B35 0 X R R 1 R
Tl AL g NS o A R A8 Sl A 7 0 B A B ) P 4 v, BT B ML e A7 A P R A 5 B 35 O
B KA IR o R B0 Y Tk RE A A i GO R R sl L, AR BT TR ME DL R A
Ay R E AR . 8 (2)—(6) SR, BEE Tl AL A% AL A AR (4 38 A0 3 g, 189 Tk AL A% A Y 4%
XA 7 o3 AR E B A R Z8OR 2 W 3 ELN W 98 o BRI, 7R Tl ALAR AN 4 i (2 0.6
SIALECLL B BAT L A, Tl AL N BRI IN 19% 47l 09 A 77 43 B R BE R 2 B T2 0.11% 5 75 T
AL AR R 5 (6 T 0.75 202 K LB B9AT L b, Tl HLER NS BRI 19% , A7 0 /9 A5
FIRE FER 2 BT 25 0.20% . Tl HLas A #3388 % shAL Y f (5 A2 S i 8 T H ALY AR 0 L IE AR
PEN TR > TG A R 2 L AL AR A 3k B — i R, ek A 55 Bl RT A Sl Ak
B AR, 23 38 WL T BN SR GE S8 MR R AR R K AR TR ALAS PR o ik e 2R A R R
BER$E T, ELAR THECR BE Tk AL &5 AL et A 18 22 10 i a5 - A SCHY B 23 B AR AT o

=1 TUNB/AERANEFDEEENZN
(1) (2) (3) (4) (5) (6)
A 25% L) I~ 40% L) I 50% LA I 60% LA I~ 75% LA L
Al -0.0101 0.0131 0.0153 0.0409 0.1117" 0.2026
(-0.4892) (0.3790) (0.3683) (0.7693) (2.7019) (1.7523)
g e -6.8136™" | -12.1011"" ~12.3249™ -9.8557"" -8.2963"" -7.7106™"
(-10.5251) (-9.5859) (-7.7326) (-6.5989) (-5.8998) (-3.2025)
P il A5 i il 2 il | | i |
] 3T 2 3580 17 a1l 10l 10l F il il bl
A7 Ml [0 7 8 il 4l 1 4 P2 2
F4iit i 116.3733 99.9613 67.3389 493119 42.8729 70.4886
Adj R? 0.7624 0.7574 0.7188 0.7036 0.784 0.8451
FEA 207 129 111 97 81 45

e owwr ek 2GR 1% 5% A1 10% B B ZMEKFE F{S AR E. UTF&ERA.

2. WL # 56

2 T Tl WL AR X A 7= oy B E A AL o AR MR B A IR BRI N 1%, T
b BILAS NI X A 7 2 R B4 0 PR AR DR 235 T 24 0.06% 5 BF 2 N\ 53 B39 0 1% , Tl BLas A
JO7 X A o B R B A 00 B AR RS B 3 b 24 0.04% s A 7 N BY RSN 1%, Tk HL2§ A B X A
7 0r H R E 1) 3 PRAE DR 835 T I 24 0.02%

B A 56 7 25 SR e A, 01 6 B ARINBIE e N 6% 7 00 Tk AL s A AR a2 A 7 3 0 7 88 i T 1) i 7
TRt CIE S Ty . BRI A A T S T AL AT SR Bl g A A Ay o A 4
A7 SH 1 J 0 A L, S A 7 B AR AR S o o s R U, 7R S A BIF R B AR 2 e N BB S A
b T HLES N E A 5 R N T B AL D RE il 1 4 2 N ERES A, 51 R — A Tl e dr o T
BIF e B A RIAIE 26 N BB 45 R ARG L, Tl ML N5 28 57 N B3 58 BT B0 I 3% fle i A 7 73 B
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FERIBE T SOESE B TR o AR AR AR B T AL NS AR TN RS A R S ok T A
ROR T (G A EE ,2020) o H A P2 N TR B, — 38 A BIMVE 2L 77 2 s 2 S e Rl o — 14,
WO —SeE b BN TTERY, R4 1 AR P B, JE AR R AR 7 TP M4 5 . X KRG B 1 ik
WA BLas s A, FUR DU R Sh L OB T T Dol Al A, Dy ey @4 1T — Mo i sh g, o i
e E 53 T Ak, 1T S B AR 7 AR A 5 AR S B 0 T AR A

*2 Tl #1128 A Bz F Xt 4 7= 43 1 12 B &2 i A9 4E R AL )
(1) (2) (3)
WEEA Y- PN HEABG
Al -0.0493" -0.0039 0.0597"
(-2.1906) (-0.1801) (2.3096)
2 H IR 0.0605 0.0359™ -0.0182"™
(6.0373) (3.4317) (-2.8383)
T -8.7442™ -5.5031"" -2.6113™
(-12.4659) (-11.7431) (-4.7934)
B & 4 4 E|
HF ] 7 e A% i = i i
Al ] 5E 38007 i i 1
F&it= 98.6724 82.6915 131.6462
Adj R? 0.7756 0.7284 0.7349
A 207 207 207

A T8 RS2, B IR IR 45 0 Tl ML N B AT O i 2500, s 3 Tl MLER B B3 7 K i
A7 B AR Tl LR A AE OGBS B A7 [a) B £ 4 I 55 oMl B i 4t Ak R ol Ak, T UESE Tl ML A
B AR TE T 58 = ol R v s IR 550l o 14 55 30 7 75 SR B K (Autor and Dorn, 2013) o A SCHYHL
TR 50 258 48 L BRI ZR A 7= e R Y T ALAS A 5B 1 IS B 05 R A 7= 43 R B 1 48
Th A AR EUTE Z 0 R 20 0 ) BAE S A AR SOl — PR B IR R S
Tl AL AL A BE A 42 ik AR 77 43 R B HR T, AT LA X ML RS 56 4538 A IR

AR R MR

(1) Tk MRS A AS 8 Y P AR P T A 325 o [l USRI AL T A 36 v T A7 3 ) PR SR 0 i 1R 25 45
PIA PR IR — 7 1, A7l A AR 7 2 B0 R B mT RE R i Tl AL#S N BN 5 59 — i, Tl AL 3 A8
P AEGE T I Al BEAE TR & Ga i AR R R Il B, & S B0 A 245 50 B B m iR . B UL, AR SCS IR TR
A (2020) A9 S5, 68 35 B A9 AT L 37 38 Tl AL as A SR A9 1SR B0 (AT _am) R T HL AR B9k
(2SLS) FEAT R Adt VR4S 56, 46 4 45 SR 15 256 o [l U9 AL o A 3 A 458 — 38

(2) R e SCHEHR PR A8 & o X 2B 7= 40 0 R B 9 A 6, R WIOD 5048 1 R K 45 31 2014 4F 19 X
$ia, T Tl AL#S A AE 2010 4F LLUS A 8145 B R HUEL G,y A SCAR 4 D7 4F b [ 4 341 28 ) 15 3]
2011—2017 4F iy %4l AT R AR PE A 30 o B 7 vk I (b B 483 4F %8 ) H 2010 4F L2012 4F |

® RIS Tl AL RS AAB GG 6 A ™ 43 T 5 0 (8 2 A 38 K 4 A i BAR A S LR E Tl &9 ) M
¥ Chttp : /ciejournal.ajcass.org) B 14 o
@ Ao AR 56 0 BLAR ZE A S WL B Tk 28 55 ) B 3 Chitp < //ciejournal .ajeass.org) B4 o
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2015 AFF1 2017 4F 19 H [ A7 3, TEB AR 7 [ B RO X s AR 4 B B0 SR SF- 8 AR B G I
LA BURN | Ay AT 1 A O TR JE R AR o A6 U6 4 2 5 v [l USRI A 6 A 45 e — B

o, #H—FHR

1.3 55 3l 4 75 R 19 5

ik — 20 AR 7 7 S AR Y e o3 A Tl LA A X 55 B0 AR 7 AR AR S R AR SO S T R A
(2019) B9 75 i , A P AT Ml 384 A0 4B B DAAT M 19 55 8 0 N BT 0 9865 %80, ok i 47 Ml 22 1w A4 5 2l 2 7
o SGHEFE AR o R R RIS B REAR 23 I8 77 SRR L (L2 1), Tk AL &R A S AT 95 3l 28 ™ R 19 ]
LR NF 3R CRIFE(OIRU AN, TA AL ARG 1%, 55 8 4 7= R 1 F 2
TH250.08% . 55 (2)—(6) 51 i 25 R KB, B Tl MLAS A2 R 57 2l A= 7 32 il F2 v, H AR 0 2808 Bk
A FRo o L B FR 8l 55 . @ X REIREE L E Tl LA A B 3k 8 — 2 B B L B HBLA T
A HLEE AAR AT BE T BRI B8, X 95 B AL e AR R TG 4

%3 Tl ANAXNSREmRNE N
(1) (2) (3) (4) (5) (6)
EEN 25% L) - 409% LA I 50% L) L 60% LA I~ 75% L) L
Al 0.0787"" 0.0576" 0.0357 0.0403 0.0403 0.1368"
(3.5222) (1.7377) (0.9100) (0.8634) (0.9544) (2.2522)
g8l 2.8457"" 43177 4.4969™ 6.5580"" 8.0149™ 5.3101"
(6.2219) (3.7377) (3.0261) (4.3914) (5.8466) (4.2906)
¥ 1 2 2 2 1l 4l e i s
) 7] [ e 3% 17 il il il oy 0 £ 1h
A7 M [ 58 20N, 2 4l 5 il eyl kil i kil
F4iit 96.8358 129.1539 76.2033 61.7548 31.7967 82.0406
Adj R? 0.8073 0.8127 0.7704 0.7642 0.7369 0.7992
FEA 207 129 111 97 81 45

35 R P TR HLAS AN A ™ 53 T AR B2 64 52 W AH 2 EDE , i1 BL3% B4 — b a] AE A i B 4

TR L RIME ()N ER L], e Tl AL &S AN FERE DL B BRI, BAR B A L A7 e R
HAREAS ok 25 B A 7= A f v o X AE— B REBE LRI T Tolk AL N b IT 8 L & S HLIE 0w 74
FRREAE B ALER N BL s A o DL 3 A A7 ST AT AR B T o R (3) L(4) 5 R R
W, 25 Tk WL s AN P 58 3 — i B Al , BEB0AT 8038 2R 7= 00 WU RR JBE L AT i oK 5 2l A 7 R 1 4
o IE WS AT T AR A SORE Tk UL &R A RRAE 2B 3l T HLAR I, 6 ol HLAR A BB B84,
H1 57 2l 3 5 MY T4 55 e 23 TR A AR 7 BRI B9 S AR, BR A Tl LA A RE A% 7 Ok A A% 2 S T 1
B, I R 20 5 450 A T AL e N 2l SR A8 0 A A 45 19 7 HE G I T TS 4 TR A i DR T G 7k
R TL57 dh Ay 3 B (5) PN AR R, 2 Tlb AL s A 4k 2 5 oK P e e BE 1 A7 00 B R
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Robot Role, Production Fragmentation and Production Mode Transformation
SUN Zao, CHEN Yu-jie

(School of Economics and Finance, Xi’an Jiaotong University)

Abstract: Experience of the First Industrial Revolution shows that in the machine development,
engine only provides new kinetic energy for production, while tool machine truly realizes the
transformation of production mode. In the era of industrial intelligence, what kind of role does industrial
robots play—the role of engine or the role of tool machine? This determines whether the development of
artificial intelligence can trigger a new round of industrial revolution.

This paper analyzes the impact of industrial robots on the production process from the perspective of
artificial intelligence system replacing human mental activity. Specifically, the development of artificial
intelligence provides not only an automated program to replace part of human brain work as a new kinetic
energy, but also a new technical means to decompose, simulate and extend human brain work. As the
core carrier of artificial intelligence technology in the production field, industrial robots can not only
become the engine of industrial production by using automatic programs, but also realize the value of tool
machine through the innovation of production tools and production knowledge. Therefore, the application
of industrial robots has the potential to transform the mode of production. Based on the division model in
Becker and Murphy (1992) , this paper introduces the evolution path of production mode transformation
driven by industrial robots. Industrial robots first complete tasks within the scope of automation in the form
of engine; then, in the form of tool machine, it assists the labor to realize the division and reorganization
of production links within the scope of non—automation, reversely promotes the deepening of the division
of sub—tasks within the scope of automation, and finally realizes the transformation of the production
mode of the whole task interval.

This paper measures the degree of production fragmentation based on data of input—output tables,
and uses industry—level data from 2006 to 2014 to examines the impact of industrial robot application on
production fragmentation and labor productivity through grouped regression. Empirical research shows
that after the application of industrial robots reaches a certain scale, it can promote production
fragmentation, and industrial R&D investment provides a positive impetus. Industrial robots significantly
promote the rapid growth of labor productivity while promoting a significant increase in production
fragmentation. This paper has the following policy implications. Industrial policies should focus on core
technologies of artificial intelligence, guide enterprises to improve production fragmentation through
industrial robots, leverage the carrier function of industrial robots to promote the transformation of
technological achievements into real productivity, and promote the development of industrial production
through talent dividends.

Keywords: production fragmentation; industrial robot; production mode transformation; labor
productivity ; tool machine
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