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Abstract: This research examines the impact of robotics integration on job dynamics in the U.S. manufacturing
sector, adding to the critical dialogue on technological evolution and the future of jobs. Anchored in the task-mod-
el framework, the study hypothesizes that robotic integration exerts differential influences on diverse occupational
clusters, each identified by their unique task-specific attributes. An in-depth examination was undertaken to elu-
cidate the interplay between robotic integration and the occupation clusters. Employing a multilevel growth curve
model, our empirical investigation tracked employment dynamics from 2012 to 2022 across 52 U.S. regions, cov-
ering 307 manufacturing occupations. The findings suggest a pronounced job decline within occupations neces-
sitating manual dexterity. Nonetheless, the evidence does not conclusively support that the extent of robotics inte-
gration exacerbates this trend. These findings imply that the employment shifts in the U.S. manufacturing sector
are predominantly driven by long-standing trends of deindustrialization and functional specialization, rather than

by the recent diffusion of robotic technologies.

Key Words: Robotics, Job Dynamics, Manufacturing, Routine-biased Technological Change, Task Model,
Multilevel Growth Curve

* ZA g IFIAL EA] D K|} A 25k} 2} 7101 2: leehy@gatech.edu)



Cg

El

|74 ol
[

1L AE

22, AFA Y 22 A7s9 HAE <l
o] A E T eh=71? 7] o] R g AY
(technological unemployment)2 JALA S 2 HHE
o7 A7)Eo] & A AFe]shA Aol eMokyr,
Vickers, & Ziebarth, 2015). 254, o] FAl= THA]
A, A, AAGAE 23R ALKl ARE) o]ES
=, o= XEE HirE 7s oA AEsh
L) HIE, Te)ar FolET 22 QlE At
Qa4 714 (disruptive technology)®] tj5o]]
1918 HBrynjolfsson & McAfee, 2014), 1|2} 7
AR} Alefn] 232712 19959 &9t 29 J) 15
9] Z=H(The End of Work)ollA] o]2]3t fZ-& 7]
Z1E 0] 0] AASeL Agsto] tig A ik
Aolet =43t vl =t ol 7197F=0] AFssk
Q& Eolf HIE= AT 713)7) oo,
of whe} gof] thek =7t 24| £ Aolet Kl
wiZolchRifkin, 1996).

AR Aol A kg .ol thet A7 ] 0] FoF
= A2 o ke R Agsh= oy avke] oA
A= o] Azt =2 I =F dRE
7|A Z=E o8 A Fitk, e FAlol 25 7159
AR RS skl A, fAISH] 913 e
AT 4G 2oke] theFet =2 & S31gtHShukla
& Shukla, 2012), =3+ 228 E351 P44 0] aR4t
i} ole]] whE AxHIRE A RISk A&l tiet 7
Aol Q5 A=3 4= It (Acemoglu & Restrepo,
2018), 2RO HiAIE ¢1=o] AL AY HHiE '
= A% ofyt}, o]Fo] thE AMY Fat o= o] 55
=52 AjHl (reallocation) 7} o] F-01 X1t} o] Aj&LH|
o) Ao wet Y4 =F e 57 B A
= UrtHAcemoglu & Restrepo, 2019), TSIt}
LQlo] M QI ks RE tiAlShE W
o] Fo]X= AE ot oJH 75 =50
Z 51 (labor—augmenting), WA A28 1
Q= A=3HHAutor, 2022).

71} e Q0] tiet AAISH =09t 2o

= ol

My 32

]

Ny e ad
O ro
oy

L2 R

AN
bl

I

Lo
ek

O
r

y Mo o N
S ®
off o2 oo

_|

AAE AT A7]E EQlol T 1A 9] BA2A
o] S92 oJulghth(Bessen et al, 2020). L&
Qre] AAbA AR 714 AQlo] W Ale] ]
A 27 o] BAYS Bojct, 2T Hsle 7|&
0] FF0] s A 24 58S otk 9l
Th= ARo] P25 QAT 1 457 7Nk s}
o}, whEbA] & Wloy = AIRIAL] 714 el tigh
Aol =2 o8] Fasih T H R Q=
22 UG A BAS 2Az AT Sl

(Keynes, 1930)
O|A® 7eA Aol A7) THA Ed

biased technological change) 7H3-& A5} 7
FESE iAlshs B o] F= S 45 o

2ol o8] 4yEle Ale XAt B ow

3
=
)
+ 2

S7h 4 AR A 2] B4 whE Aol
28517] olel e Be MO ATFHE NAS I
Aot F Yol AuIAE AT A4S Al
L u)w AEE1e) AFE S G Holut et
(Autor, Katz, & Kearney, 2006), 23}4 0 & AHs3}
AFE 7150 WAlT $ B2 A5 AAjele) P
o} ofofl wh= YA}e] e} FASHpolarization), YA+
o] & 3K deskilling) 9} -2 =5 Ao Tt
wAlEe] Aok 4 ek - 211A] - 49, 2017
Downey, 2021; Goos, Manning, & Salomon, 2014;
Jerbashian, 2019).

7159 Eats et EHte] wE A9
O TAI= W2 4 gk 25 =Y dFE A4
ol A ZARE AR A5 =R 7152 BHlo]
SR L7 Exts oA A7NES HolEth(Leigh and
Kraft, 2018). Leigh and Lee(2022)2] 917+ o]&5t

H

N



AFo] T3]

N,
2
29,
1B
&
N
2
1o
i
23]
Am
o
29,
i=)
rin
i)
[>
1o
N
)
il
i)
Ho
Hr
xR
o
>
)
s
[
1o
N
fo
1A
-d

A7t ol A9 e APe] =44 Q1 cumu- = A FFONA il T4 SA4leE Helglon, o]
lative causation) ZHgol w2 2191 ¥1%1 v} QI o & 5ol gAE 1] A= w2 o8 28 A
= A N 22 QR 24 Qlols 3 Bt F} A A0 TS AP AapE o2 ATM &
5/30] v A3k ZlolH, ofof| uhet A 1k Az At Etstal H 27 238 A A9 4= A

7AAY Azt A7|H o R v giid AdS v oA S7Fok= S R HBessen, 2015).
s}, AAMA O &= ApE3) 714 0] whEA| SRileld A7)
o] A= 2R Qo] A& tE 7Y EA4L 7 £ SAlo A2 A St 4kjlo] Eis] 545k
Az GAE] SEfol H|A= JEFS Tt ol | A]71017]% lrHKuznets, 1966). ©] A= A
el vl A A2y FE- A5E LEAEE S8 o2 st AT f-F e dS STeEA
T}, 2012~2022\d Afe] wl= 5270 A9, 30770 A% L F0] RS S Nk oy} AR s
A AE0] 18 FEHE the A o8-St & R[E FEe), dupH o & AEste] 1 A &t
] = UA g AdlE=), AASAES o)E 118 3

A, S AiiaRe A9 23 =EE9}
A~
T

>~
Rl

H(reinstatement) Z¥}2} FE20}, 718 3E qi=

253} 22 ARse} 7aol WAt ol Asst 7]

s
1o
-~
O
I-O{l
2
of
*
m>~
EIL
i
o
>
fu
™
Horr
1A
o =
o
o2k
)
o

H
& Folu Az mEROR o] 4014 %9l
o AnEoR AL AR mEok e 3
i

& 5715 733l HrtHAcemoglu and Restrepo,

A9 AvE 2efel=A] EA4

AR 25} ZPEL 2L AR FES X

=
1) 220 18 57| = sie), ko] A9 d% 235 (collaborative
R

robot) APgo] w2 A AJ7geta ] BT ARG A X
B2 22 7] £35Hd k52 tAIsk] flgh Al F9 A0 7 2 Fo 8 FULSISIL v
HA0 8 EQJFE shA|YE 2tk siA 25 =9 o] ¥ 250 T -8 Bk ws W T 5o 2
O] HEE=A] Axbe] Az o]oj A= A2 oy}, o= L3 74 9] o FTIskom, ofof uhe} THATE Af
22| 1.8 A RS A 5 e 73 A 2 QA7 SR AL Qle
Usgo] EA817] wiiZo|t}h, Acemoglu and Restrepo 25L0] 11-8-0f n]X)= Gl thet AFEA Avl=
(2018)= 259] moje] W 1) AV 3, 2) & A= 250 =5 A&7} o] F A4ishs o2
2 24, 3) 7|5 A5kE AR 33 HAYUSS RypHT} ASHA 28-8he HolEtHHotte, Somers,
2 gt olelgt &byt AFehA A-ggk (AR 1970 & Theodorakopoulos, 2023), G+ ik A&
dd) vl= @3 s YEw7](Automated Teller Azt A7 o] = 2R o5}k 2| ALolo] AL Ul
Machine, ATM) =4 A& & 4= 9 ckBessen, A )3} AHLeigh, Kraft, & Lee, 2020), 3-8 A
2015). ATM EQ] 0 & <lsf| SR AHA HAde B g 7KSequeira, Garrido, & Santos, 2021), &=
DO AH]A o8 WIS 3Tt BE3F ATM =910 = 25 Aol 2199 HAl A7, A, 3ETE
B2 A7 8 H1ES HAAagial o] uhet 232 A= A 2 S8 5491 11Ws] wE o] Qlrk= A
Aoz A 45 Tl A dree =olaxt (Bessen et al., 2020) 0.2 A3t} 1 719 552

ST, o)2} oA ATMO] 572 AFgoF=A] 92 A UAE] EAOA S8 High 2] FgA



El

Cg

|76 ol
[

>

71e) BrElA) o], of ALY g B}
el W) o FA, 5O 23RS mYshe /)
A 9 BAo] BAIRA o A 34

Wi

¢

(Koch, Manuylov, & Smolka, 2021; Deng, Pliimpe,
& Stegmaier, 2021),

2) 741 B84(Task model)

Autor, Levy, & Murnane(2003)7} AJA1gF 744 &
G2 7TAZE A =T 5= o= o] Feldrtel
24 F1 o]l B Q) £A00 vt A B

3k Zofet, Z1Aol 2%t tiA] 7Fsde] Sl thr

S, Tele Sao] R TEE Q7 o) Fe)
A LA, of= T F 71 Ao 7R

3 4= Q=] ks 21X 8 (cognitive) 12, ThE 5}

U= SA414 (manual) 2H19] =golt}, AAke] 79
F2 M AR Vg, B FS A 58S S
FtHE SRlof| uigl] 7]Alof 25t thA] 7FsAdo] W
2 7o) Qlrt. apAk o]#gt WA W= e}
£ 22 ohdd), ol v A& Qo 17 o)
o} Zro] QI A A9 5EE Qs Dol =
2 THelo] glom v & 7] f=e]ef o] KA A X}
9] o] Fasht v w2 H|YdH 5L
7 e EA g, Y B2 =ofg dAd
At 1E TPl FEiE A o8 A o)
AH o8 Bgict

Autor, Levy, & Murnane(2003)= 1] 2gS &

B5to] ABL 1) HYAA-EAH, 2) HYAA -4}

52487, 3) WA -8 AIH, 4) YAH-91AA, 5)
QAFA - A4 THe] SR BRI, ol5e) A}
2 1.8 kS AN 4 A QArd B 47
2 7} $4E 7ML AT BRG, 4, 9004 18 HF
o] ik T, BAH i ATAEA ] £42 7}

A A% 251, 2004 28 Hlge] F71gn ol

T} B o] F Sk Aol A S W e
=Qich, By myol 71xsto] JF HFA 71e wst
(task—biased technological change) -2 0|24 7}

Mol AZIHR 00, A U] LATh} A%
2 Al Aae] B7h0t 20 B s vl=
Z AT, B3] 2, ALSH 22 A1) 18
G TR AT A9 MEA] g A
T, 7] P 7160 1w A WAUES

B o AAE Aow B,

3. A7

1)

re

T elel ol

o] A17t= 201244 20224 Alo] H]= A2 &
Ape] o] WMo} PSRttt Al A F-ou
oh o] 2hto] =9l Bl E-EHA Q= Uk Ak
otk Y-8 25| dlel -8 Ajare] vt gH
£ A|¥-31+= International Federation of Robotics
IFR)o]l wh= i A-9] AI2FE<1 20129 71 vl= =
528 Aare] 70.9%7F Azl FFE o] lom,
B FT B AEE] o] 2021 0l= 86.7%E
=3}, vl A a2-8olA Alxo] AHAISh= H
%01 9.9%Y9S =g

), ol ARy FiE SAREEe] 2R =54
PrAo g =0 HojEr} 2018W A}

7} <=8 n]=2] Annual Business Surveyo| A& -
4= 9T}, 2016~2018F Ato] 24 7]
= 7192 vl QA 71900 1.9%1
(l):!;‘ =

FEoAE o] A= 9.6%°1 F

—

o

)

N

(Bureau of Labor Statistics,

At HA HREE A Axd-At A &
|31}, Ao ARPC 2= v|=e] 5071 F+(State) 2}
2 &2 F (Puerto Rico), %l oAM= (Virgin



2
2
Q
°

pal

it}
lo

[l

it
im
0x

2

E
il
u
I

lo
pall

g

il

ro

k=l
oto

i

3

i

ok

re

N ixﬂg# ?lﬁ‘r a8y 57 Aol froju) gt 9]
A o] ZASHA] ol A7) Al gEA] = A &
11¥12k] 451 717 3 8k ool shdahis 67l
oAFo] ME= )7} ZAYEA] o= A2 A 95k H&
Ao 8237719 A AxYP-2At AL B
3.

2) P X2

A A=A Aol tiet A vl 25§
Al=(Bureau of Labor Statistics)o| A Al 3= 2]
% 18- A (Occupational Employment
and Wage Statistics, OEWS)S &-&5}0] 7=t}
OEWSE 9L B4 0 2 AT} 4= Q)= 2|93 A1)
= iA} AE 2012@5%31 Azt g AFas

d, 5] Ak
He 18 9 o]:l-oﬂ st
Aol A= 24k A

EAS L2 aE s

A2e 70l oxle] A2 B8 I35

Au7} gl Qe of
R mSe}6xe] A% 2R

TEHE Ao} Az AT A AR AE 48 )
E$]3(The Occupational Information Network,

O*NET)ollA] D53t vhefgt Al 71 eh A9 & &
AElTh O'NETS 2ol B3t thefgt AR E Algst
= ZUE], o] dAtellAl= At A (Abilities),
W-8—3 -4 ¥ (Education, Training, and Experi—
}(Task Ratings) AF25 &85},

W Y B AME HES W79
7 %om IFR 25 -8 217 A5} vl #1
| 4 A 2AHQuarterly Census of Employment
and Wages, QCEW)E ARSIt 8 25 AR
e =54 1,000 E85H e 2R
R 2 274 o= AT A
2 25 =% (Robot exposure rate) -2 25 U
(Robot density)& &8+ A 32|t Acemoglu and
Restrepo, 2020; Graetz and Michaels, 2018), ©]&=

geks=,

77|
|
QCEW A0l wfeteh 4= Qli= A Aleg] Akl 7
1 184 55 [FR 28 &8 Aal AR 2 HE A
A = Q= vl Al AN FEGAE] 9)E

=z O] A
.
BAF 1,000 25 -8 Aatef| 7[5Hatslo] =&

5

0

(

pRIES

3) XI%4-2URtz| A% T

= A5 GAb 0] S} ol vt
A% 4 28 (multilevel growth curve model)&
o]-gsto] EAIFIT, o] ALe] B4 Ame= the 27
H FX(nested structure)Z 7FAC), A A2 -2
o A A TS AT =HA01A] Qi ikt

S a2 8] 3 o] WA A

F

3 i}
% BAe) e AR 2y TEE ATAL A
A RSt AL 715 soan BAH 24

T 71 o
m effects)= -2 (partitioning)sl= 4] 2.
294 4 9leh, B2l thi B410) Bol Ajzehe

AR olz] 2919] 1 71o] ZAER: B
e ATAE BT 75AE dojr, ol
2} =9 AL A8(cross—level interaction) 2.2 £
o, o] gtell A o]F &-gsto] A Axde] =
Q-2 A0] ofe] S437} o]g
Al B *%OPC’% x| Hstol FoFe mlA|=A] A

A

FFN

=



El

Cg

|78 ol
[
ln(Emp,,'j) =pPoij+ PrijTimesj+ e 1)

A71A Empaie t A2, j A%l Q= i K17
A0 18 FRE AulEith Time 20124 0"

71082 Arrt et w21 gho] 14 S7kek=
A& Wapoltt, $19) AloA] o= 27| A% K]
A Ao TR FFRE fi= 20120014 20224 A
o] o] FHFAR] A AFES oJu]gitt,

oA 2= A WSA Emp,7t A9 —2lt
A2 HE S Ao)x] ghom, 7k o] 7] 1.8 5L
S AFES HHATE AWT = Qs Rysiaiat
St ol A -2 2799 1 Aakfixed
effects) 9} 7419 RIS F71sl 9] 2F o] HH} 7]
2715 thao] 4129 3)3 2ol Ao 2 M

Poii=Poo;+ BXi;+ uoj; ()
Prii=Proj+ BX;+ ©)
O71A e 5 A1) AoI- 4 Ae] H
Q) T8 RS fr A A7 B HYES ©
u]ght}, Bi= A9 -At 3 A (Y 2 9
BE oulsiel, Xt Ao-A 2 Ao o
B S oujgitt, madof a3k T A 2wy,
= AGEA] & A2 Y] 27] 1.8 5

3} ) 2o,

olo1A] Ao 7 WA g FuLt B 7}
o= o} 9] 241(3) T (4) 2 A £2=(35) BF
2 olg8) SARE, o7l Aol Ay Agas
¢ A1) 25 =F 7} SR
ﬂOOj :IBOQ() +7[0Rlibj+ r00; (4)
P1o;=Prootw1Rob;+ rig; (5)

714 P AA| A2t DO Pt A9l A&
THEE oo HA|2] B4 FES
U}, Rob= A1 0] 25 =S8 OJu|etH, modt

KeX
2}2} 2|9 AAle] 27] 27} Pt AR gt 2

2
re
=
ox
O
m’m £
fl

O
=
ot

I~

B 2EE0] 17 2 AR 12t rig= 244
Ao ol A A= A] = Aol & S|t
Ak & x| o] 2R -2t o) 2] o] -2 A 4~
S TS 29kE By =
gk, olof ue} 29 —AF = 25) o AT ARE
4> X;Rob; @} B1AA(A &) HE 7} 3719
c}, ol =0J3t 7 A4lo] By Fer o] A ok
S AG-GA 1 Ao 2EH Feile A(6)3
Z

ot

o,

o\

—

p

ln(Em])tij) =fooot B)(,-j + C)(,']'Rabj + 7 oRob]-
+Timey (Broo +BX;;+ CX;Rob;+ w1 Rob;

+uy;+ rloj)+e,,-j+ 0 700j ©6)
Qo] &L Stata®] xtmixed HHOIE ARR| H

A= ]I}, AR ATtollA PshE = 2F < 74
o] ko] ALRALS. v 3N unstructured)dto] 2+
Tk L 28Itk Barr et al,, 2013).
5 AT B ey) 1H] AFURAE ALesto]
o]% 12} A}7]3] 7 (autoregressive) 722 ARG
thKwok, West and Green, 2007).

=y

) Admuao| 71y

919) Al ¥4 O'NET®] oot} 1) 7} o]
23R A5 IS slele] PAsI), AL,
2 QX8 528 Gk A4z Qo] (verbal), oo]tlo]
2% W ZZ2(idea generation and reasoning), %
#|(quantitative) &% =]l &3 137 A% 5 743

A (Principal Component Analysis, PCA) 7]

S



MY Lxt2|el nigd Edoll e 2Xe| AFEXRl ng Feto

o]
re

< Foll 9 AR AfAde Aok, iR AR &
A5 582 GAl-5(psychomotor) H=Fe] W
of &35 107 X35, v 2H B7F AR 2
A ARE 5 24 71HS 18ate] gd E=
ST Aotk I35 B4 Avfe) 72F Ay
Agoh= ol ARG AR A 3k= FE] GE 1), (GR 2),
GE 3)0ll A F1ek 4= 9lk

o] Aol 4] F4= JAd ol AR AR | 3= Autor,

Levy, & Murnane(2003)2] 2] 2413} thA7t 2}
o7} 922 Heltt, oli= A+ AL Zolof ulE A
o]t}, Autor, Levy, & Murnane(2003)2] ¢17-= 1960
WRE 1998E7H4] LAbe] <3719] SAb4] Hsks 5
A3}7] 1l Ala-2 vkt H4o] E A AR (Dic—
tionary of Occupational Titles, DOT) AF=25 AN
A9k, o] ¢t= 2419 O'NET AR & 283t}
O*NET A=5 Z-8&dh= Zloll= o] 7] 3ol
ATk A o] dAtollAl= BlwA] L] Ixpe] |
3H= FAkL gloug Ao YHE SE5h= 4

o] gFsitt, w3k O*NETE= DOTO) Hls)] X thoF

3 ARE AFsle) A0 BAS s o
= §2leic}, o) DOTolAE Urkele] Hlalata
& 2451 AEA A7 gl 012 el (proxy)
S Aok FARE O'NETS 1H3 139]0] .04

(Importance of Repeating Same Tasks)1} 4] 73

3} A% (Structured versus Unstructured Work) ¥

FYE B2 Fo 228 349 APEsE A

-

A-gx}e] A Ao A o7 ARGEA] oL
A 24 (cluster analysis)}& 283 7} 718 S
AR o= FAAE 2AE ol EE2E A
7} A 0 grolu 94 gho] EAeHA] =
(interval variable)2] A424-& 71x]7] wjEo]c}
ol A Akt A
) CE]‘E}:Q AF

i
ot of

re
oH.
rE
&
il
)
op
é{v

)

I

&
fo
-

rr
rO
B
o
il
o
=2
)
;
Iz
=
et
1)
rr
O,
B
)

N A R Y
rE
Sle

4
2
A
2
g
o
ofN
1o
ro
B
2
192
ol
o
iy
=
e
mlo
(02

p
=)
N
2
rr
9
v
o
=
o
i
i
:Cé
>
rr
4
N
)
[-O
N
M

o
A
o,
et
i)
o
N
N
30
Ko

ol 79|
|

283 A 7+ 24 7o) ARBE I A
5 273517 918l Fri-sE(Duda—Hart)2] Je(2)/
Je(D) 3 FA-T-AF Zk(Pseudo-T-squared
values)2 21315193 2™ (Duda and Hart, 1973), 471
AL HA 29 = Adsiit, HEHes A
TollAl ARG 30770 A1E eto] Z7ke) Q1x1A o
&, EAT o, Bl S5kl w4 A 5

SRS Hg AT

T B4 B AR AL 9 Peom T

e G 1DOIA AR, 724 14 8E
370, 8670, 8470, 10074] A=Y AFo] HFHOR
HREG BHAOE %O AXF 4F 7E
Mg A S HFS T 12 BREY
o 24 12 BRE A5 22 B %] 24 1
= BREon, ofF A3 BAl 1% L 3

N

[e)
Qe 7P B o s wEElh

)i
o,
iih)

4




70
i

0
wu|r
3l
=]

1.02
1
0.73
0.59
0.85
0.69
-0.38
0.24
0.36
-2.00
-1.30
-0.65
-0.89
-0.36
-0.70
-122
-0.56
-0.66
0.17
-0.07
-0.37

0.70
-0.27
-043

=
-1.15
-1.18
—-0.65
-0.81
-1.13
-1.50
-0.49
045
-0.47
-1.00
-0.97
-0.94
0.75
0.38
0.76
1.04
0.79
0.68
1.06
0.68

A

A
=

128
0.93
1.14

1.81

124
091
1.17
1.21
1.10
151
0.58
0.72
0.25
0.05
-0.26
-0.19
-1.17
-0.70
-1.52
-1.23
—1.44
-1.52
-0.71
-0.93
-0.91
-0.34
-0.58
-0.65

Qx|

i}

od
70
<k

ok
P

1.02
1.73
0.85
0.74
0.59
0.82
092
25.98
21.03
14.70
13.21
15.58
0.67
mm
0.22
0.16
0.16
0.40
1.19
033
0.87
0.78
1.30
1.01

3.75
4,16
457
431
513
2.86
296
054
0.51
0.40
025
036
1.09
139
0.86
1.40
0.78
1.64
2.00
0.48
151
3.13
3.00
126

16.43
13.19
15.44
15.76
15.87
16.83
14.61

2.7

248

1.94

138

1.27
11.63
13.19
15.44
15.76
15.87
16.83
12.04
11.43
11.22
12.80
12.75
1218

K0
.=.
_u

Ko
Rr

4

2|0] %]

T
o

A

AbEA7HE O
o

=

=}
P 22X} =<0|

(i}

AR

t

F2, T, XIRH OIS =SAt (A1)

S ZEXt
728 MH|A Y
ZAHH, ElIAH,

AHA
3

ofl

oK

7|A EXIRE ZEK}

J2-BAAE OF 71 B7 MXIK, AR}

LAE T 1A ZelAL

iof

o

R RN
O & & &
||~ m o «©
or | a0 |~ N o~
(o]
Q
<
Y
Of R X R R
oY O~ o O
Wit =S 3R
o O o
_ln_.l___
e S O B N O\
Tl @ s a
S| N © Mmoo
n mn — o
M= =~ 5 <
ol | T
o~
S
N R R R
TN NN X
n O r~
H_MAH_UH232
=10 — —
o o m o
SIS 8 o o
J\_/OOFO
0gjoo © m ™M
) | ol
~N
QI_ |8 ® 2 ®
o M S 0 In
O M M M
ﬁ_wl_nﬁ_v N ™Mm ™M
i
IH
il
H

275

4 -

3

<A
o
B

Gl

e,
o] 74k 2Folr}, 3 2012

nr

3E(CAGR) 1L.1%<S 7]
% 71 WA

o & 7] SAAE=

it

<



HIZY] URI2IO) MY S0l T2 2| XHEHP!

ol

oI5t

[=X=)

i

st o1

ar

2= 3052 A Bt 3%l LA JFES Bt theFel Al g0 B ARg-o] FiE] L QIrHLiu
ole] I EAH A2 HF B Avh= g et al., 2022; Shneier & Bostelman, 2015),
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HIZQ] 2UAf2]o| 1Y SH0f T2 2iRo| XEHER| N Yol Tat 17

(E 1) QUIE| foll i3 A 241 2
201 HAI: OIX|& o=k (Cognitive ability)
2 IR A2 2elnte| ngt xfo] =HHIS
(Principal Eigenvalue) (Factor difference) (Variance proportion)
8.704 7.343 0.670
ARZE A 22! 5k=(Factor loading) =S54 (Uniqueness)
Oral Comprehension 0.833 0.306
Written Comprehension 0.897 0.195
Oral Expression 0.816 0334
Written Expression 0.894 0.201
Fluency of Ideas 0.849 0.280
Originality 0.799 0.361
Problem Sensitivity 0.722 0478
Deductive Reasoning 0.921 0.151
Inductive Reasoning 0917 0.160
Information Ordering 0.793 0.372
Category Flexibility 0.775 0.399
Mathematical Reasoning 0.705 0.503
Number Facility 0.667 0.556

(3 2) x5 S2hofl et =42 24 2t

Q01 Ml AXUZ o2k (Manual dexterity ability)
He Ry H2 291mte| 13k xf0| SAHIS

(Principal Eigenvalue) (Factor difference) (Variance proportion)
8.110 7.331 0.811

AISE Ha 29I 5t=(Factor loading) =EM (Uniqueness)
Arm—-Hand Steadiness 0.932 0.132
Manual Dexterity 0.937 0.121
Finger Dexterity 0.845 0.287
Control Precision 0.951 0.095
Multilimb Coordination 0.947 0.104
Response Orientation 0912 0.169
Rate Control 0.923 0.148
Reaction Time 0.933 0.129
Wrist-Finger Speed 0.801 0.358
Speed of Limb Movement 0.809 0.346




(& 3) dgeidoll chst =82 24 Zat

2 1RT X2 elate] 1Rzt XIo| =oHHIS
(Principal Eigenvalue) (Factor difference) (Variance proportion)
1.130 0.260 0.565
AL E Ha 29I 5t=(Factor loading) ZEM (Unigueness)
Importance of Repeating Same Tasks -0.752 0435
Structured versus Unstructured Work 0.752 0435




