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14~ 8 357 2.85 12,526 318 248 12,810
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p

HESEA
(Difference in Difference, DID) ¥4 3} -F-At
(control group, T=0)7t A& a3} Zo] EA45 s A =] A(post=0)}
F(post=1)E HlaLsl= P
42 ddolgE ARESto] olF AHE(difference in
2l By
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o] 114 G 3(TWFE)
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B Al TAEE5ZAVANAN AeAls &
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1E 3-61 O|ZYSINTWFE) £ 21t 1

y2018 y2019 y2020 y2021 y2022 y2023
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H=(year) 40| Y Y Y Y Y Y
ME2 Ho| N N N N N N
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(Parallel test)
Prob)F 0.0176 0.0066 0.0132 0.0006 0.1368 0.0000
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Z1: Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1

H=o

F2. AN A2

p-value 0.055 7|EC=2 HHOIUCH, 20223= Melotl HAFN 7HdS
7.
A

DIZBI| Qe

JOZ LIEHe



Graphical diagnostics for parallel trends

Linear-trends model

Observed means
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1 E 3-71 O|Z1YSI(TWFE) £d 21 2

2018 2019 2020 2021 2022 2023
7 0.0588™ | 0.0735™ | 0.0901 0.105 0.0852™ | 0.0508™
(Al treatxPost) | (0.0240) | (0.0259) | (0.0278) | (0.0292) (0.0305) | (0.0244)

0.361" 0.360"" 0.360™ 0.360™" 0.360"" 0.362""

F FK

log(Sales) 1~ 1 00013) | (0.00017) | (0.00913) | (0.00908) | (0.00914) | (0.00912)
H=(year) 40| Y Y Y Y Y Y
Mei=z o) v v v v v v

x/2} o] v % v v v v

B=3| 161542 | 161250 | 160508 | 160754 | 160148 | 161,969
X271 T 239 202 167 184 177 379

SH7IY 7 11,631 11,710 11,822 11,814 12,126 12,803
HlF=N E5
(Parallel test)

Prob)F 0.1718 0.3900 0.1738 0.0014 0.1416 0.0002

parallel parallel parallel Not parallel Not

XN TVIUHSEIANE HESIH KXt A
Z1: Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1
2. BAFM HE2 p-value 0.058 7IEL= HHOIHCH HME HAlFA 7MEsS MHFohks AR LI

Graphical diagnostics for parallel trends

Observed means Linear-trends model
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(Staggered DID) 24 =g xg
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ATAL 71&9 £Y AJHo] T A
< |

TNHEERAF = 20174 o|F AHH 02 QIF A5 &8 oHE AL gloH,
ATA S E87149] =Y A2 Aol
ATAS Z Aol Aolgt B9 EFE o]FAE(Standard DID) E4Jojut
|92 FEINTWEFE) 402 A I} 54 JdS 48 vy 715
1545 = Al FL 7149 o]d & EX(heterogeneity)oll et @2t 4= =
Zo]|B & Callaway and Sant' Anna(2021)%= ©]2} Z+2- o] 2 2] A X](heterogeneous
treatment)E Y3t o] FXHE(DID) E3HE At
Callaway and Sant’Anna(2021) t7]|7to] A=A o]5*E(Staggered DID)
EHL2 1545 =Y o]F ]iT 83 7|9k A1 Ao g2 BFotal A2 /[FANTE
TE2 [ 3-4]9} o] &
o717 Z2A Ol%i}—‘f‘—(Staggered DID) £A4L& oA o]y aIHTWEE)
E40A AR S JAFA S =3 AlF
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(a) Without Treatment Reversal (b) With Treatment Reversal
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Outcome
10
1

Time Time

[O3 3-4) AXIE & E%(Staggered Treatment adoption) A
ZEX: Chiu, A., Lan, X, Liu, Z., & Xu, Y.(2023). p8, Figure 1- satisfied casesOlA X2l

- ARG (1™ 3-519F Zo] 20184 o]F FHzx = AP et 4 AFS

AB,C 522 FEst1 AAHHC R EFoldl, Stk QIF A5 83t &
A= 719E2 1% D(Never treated group)= -5

* APE0| et MRS treatment group)2 0]0] XMA|E R=t(Already-Treated group)2t OF&! MX|=|X]
22 TH(Not-Yet-Treated group)22 258 4 U=H|, OIS £01 20199 7[E2= 2018EH0i| Q15
As2 et 7|2 0l0] XMX|E &E, 20202001 Q5SS CRfok= 7”2 OFA XMX|=X| i2 EHO=

=F=]
Tr

Treatpent

Treated l
Group A

Already-Treated

Treatment
Treated ]
Group B
Treathent
Treated
Group C Not-Yet-Treated
Never-
Treated
Group
2017 2018 2019 2020

(38 3-5] Ci7[ziol ZE OIFSXI22 | Xx|-SHIFEHS| 12
EX: STH| 2/(2024a)



Callaway and Sant'Anna(2021)9] EV]Zl'Oﬂ ARl o]Fx}E(Staggered DID)
AU A1) Zow, B9 7t e thit .

T
Y, = Y;,(0) + 3(Y;,(9) = ¥,,(0)) X G, -~(2)

- Y, 0719 19 (A AEH O R log(FAAE )5 AR
- Y;,(0) : 7194 i0] Ao QAR vt 749 JAA] A&(potential outcome)Zt
- Y, (9) : 719 7} H % gAHE o]F BE A A3AES TEFS H0 i
AN A A
-G, Tv]

* KMl

jn}
=

4 719 17} # g A0 ABASS EUSRE A 9=1, T 9 B9=0

A2 SEH| 212023 3FS HY

HI

[ ‘Ct71ZH0f ZZl O|=X}=2(Staggered DID) &4 A
o 5%2| 18 &7 f Wt EXxfsts AL 2 LIEHH

b QIEXIS 718 cRe=E

=

7|7t AR olgAtE B4 ¥ AFAs E879S UFA s Yo R 9oF
5%2] 11§ S7F &3} Ao, JAFA| A
I3t A A A Zfo]|7} o|u] A ot= A2 FHH

- [ 3-8]90A4 ATT+= AAWE IF9 Fd AA|
effect on the Treated, ATT)E YEIHH
Tloz gt of 5%94 FAA = SV FAE Hol= 2 344
* ATTE S5t I8 QM XXIS 242 et BIX| QIKS [HO| TH&Q1 X|0|2, ATT= E(Y1|D=1)-E(YO|D=

1), D=1= XX| ':.’:*%SZ olnfelH E(Y1|D=1)= MR|ZE2| &=, E(YOID=1)= MX|ZS0| MR[E!X]|

EUS WO FEX|

ol(‘

/]
o
N,

fo

TH(Average Treatment
&8 74 AFAs

i)
ol
lo

>||

- 84 Event-study 232 &RIotH, A5Als =Y old(Pre )T} o] F(Post
B EF AR5 18] BF ZAZCE ‘rr-/]— FolA HHe A=
7= AL R IFA s =T} FetA AA| 152 SALEHT SARE 7 B

- Ol BYPFA A5 2o ERlT /J\% A, AF7HEo] 712t = #] got
U345 =Y olF 18 F57F @<=9] AFTAE =l W& Aojzta &y

* Null hypothesis= XMX| O™ APl BE ATTZF 02 ZCHAIl pre-treatment ATT(g,t) are equal
to zero)= 21BXls £ O A7 |0z B XMX| &1t giCh= 7FEC=, 0] 7pH0| 7[Z4ERieE 2
QI3Kls £8 OM0= SHISM MX|OSTH AARA X7t EXifolz A= FHE



QIZRIS AlCHe] EAIE TR 719) DR o} HAE A y 7

- [19 3-6l= 1345 =Y oA/l %9 Ht A ATHATT)E =49t A2,
Q1525 =% o]F(post-treatment) ATT7} S7FFA| 9k, Q] o] A (Pre-treatment)
AlZ191 %= ATT7} 00fl4 725k BolA Sl Ao W+

Z|det 2gstng 7|, AESAY 52 540 FEHA ATA 52

ARESHA] F2 71 Ao vl G, A oA AA R Zfo]l 24 7s

* 17 |2101 247! OI=X 20| A& (balanced panel)2t 512517 | TR0 O|{OESIKTWIE) 2A101 XX
JECE 2RE MEHM 1 27t M MXOAEQ 7 E40| HEH= &

=] sy § e =

12 3-81 CI7|2H0l Z2 O|=XH(Staggered DID) =X Zu} 1

(1 V)] ) @) ()
0.0569™ 0.547™ 0.0469" 0.0497" 0.0485"
ATT
(0.0188) (0.0194) (0.0197) (0.0196) (0.0197)
Pre 0.0185" 0.0207" 0.0192" 0.0201™ 0.0220™
Event- o (0.00403) (0.00445) (0.00467) (0.0046) (0.00485)
Study | Post 0.0927™" 0.0916™" 0.0803™ 0.0850™ 0.0827"
oy (0.0246) (0.0255) (0.0264) (0.0261) (0.0261)
Sales N Y Y Y Y
ind N N Y Y Y
region N N N Y Y
listed N N N N Y
HEX| 76,090 76,090 76,090 76,090 76,090
XM7Y Th 267 267 267 267 267
SH71Y 5,168 5,168 5,168 5,168 5,168
2= 85 Not Not Not Not Not
(Parallel test)
Prob)F 0.0010 0.000 0.0004 0.0001 0.0000

B TIUBSTANS HRol0 R XY

-
Z1: Standard errors in parentheses, *** p{0.01, ** p<0.05, * p{0.1

F2: BAFM HB2 p-value 0.065 7|E2= THOIUCH HAFMUIS USIK| U3
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-5
Periods to Treatment

’_ Pre-treatment MMM Post-treatment ‘

(T8 3-6] QSKls =) Ba xx| 22t FM|
X VLS E EESIH KA A
B CIOIA| 2 SAHTH QISAIsE =Yt MHH 20| B M| 2UATNE ASAS

L2 0™(pre-treatment)2t 0% (post-treatment) AIREZ KA

0

F1: QEAIs

d
s

AFAE = Aol gt A TGS Ui 158 18879 A4 {941
o] o]zt Qlo] TIF Bt A= BAXHOE RoJobA] 2 20w =4
- [3 3-91= AAY S A3AT =Y AIFEE Uiro] ZF 159 AR avs &9l
- 20184, 202097} 2022401 AEA5S Fx =AU 719 TAX LR FosHA
oF 7~9% FFo|A 1-go] Ve Aoz FAEU 20194, 202340 =Yg
719 %7413421% FrolRt Wskrt 24 EA ek
- ol= [O¥ 3-71914 2 258 AA A(pre-)/F(post-)9] AolE =255k
AAISHL =, A IF AA ae} o] A2 A FPFA| 7Hgol F-H = A
=0l Uehd
- 2V O58 Batohd U34S E9o] oF 1.5~2% 182 F7Iote Ao A=A
SAACRE FOlstA] gh=dl, ol 7 IFE AR & Ale)7t A7) wo® 7
1B AT =Y olQfo] HiE, At ® A FAAPE PR 55 FAIR Bl
I5E AX A= 3A HEEA S

K1

1
(¢]



QIZRIS AlCHe] EAIE TR 719) DR o} HAE A y 7

12 3-91 Cp71Zt0 ZEl Ol=Xk=(Staggered DID) 4 Zut 2

(1 ) (©)] @) )]
G average 0.0216 0.0209 0.0156 0.0174 0.0149
(0.0215) (0.0217) (0.0218) (0.0218) (0.0219)
62018 0.0947 0.1008™ 0.0886" 0.0939" 0.0985"
(0.0364) (0.0372) (0.0369) (0.0370) (0.0387)
0.0400 0.0276 0.0182 0.0244 0.0236
G2019
(0.0493) (0.0499) (0.0510) (0.0505) (0.0510)
52020 0.101" 0.0977" 0.0978" 0.0954 0.0961"
(0.0473) (0.0477) (0.0480) (0.0504) (0.0519)
62021 0.0923" 0.0825 0.0753 0.0756 0.0707
(0.0520) (0.0526) (0.0525) (0.0524) (0.0519)
0.0974™ 0.0915™ 0.0761" 0.0782" 0.0659"
G2022
(0.0313) (0.0318) (0.0319) (0.0320) (0.0330)
62023 -0.0388 -0.0353 -0.0364 -0.03562 -0.0369
(0.0365) (0.0366) (0.0367) (0.0337) (0.0368)
Sales N Y Y Y Y
ind N N Y Y Y
region N N N Y Y
listed N N N N Y
=X 76,090 76,090 76,090 76,090 76,090
XM7Y T 267 267 267 267 267
SH7IY 7l 5,168 5,168 5,168 5,168 5,168
SEFN| BS Not Not Not Not Not
(Parallel test)
Prob)F 0.0010 0.000 0.0004 0.0001 0.0000

EX: V|YESZAV E EE610] XXt XY
1. Standard errors in parentheses, *** p¢0.01, ** p<0.05, * p<0.1

2 HAHFM| AB2 p-value 0.055 7|E2E HHINCH HAFNMS DIESIK| U2



Group 2018 Group 2019 Group 2020
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8ot MAF 2
O|1ZX|s =@ M(pre—treatment)t
(post-treatment)S H|ul



ETETTOIE NI @
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VIYESZAY HI0|E2| 24 Zio| M2 AZX|s 2& 71Y HIS2 20234
7|% 5.95% =00, SAIX} =, = X At 727} 2 7|HE-F ASKSS

EQsk= HISO| =4 LIEFd
TS ERAYE 20179 RE QFA s &8 oFE RAIL gloH, E87]Y
H]F-2 20179 1.38%14 2023 5.95%7H4] S7F oL oJA3] G £&

- VAL ERAN = AEEEA 5091 o), AHEa 3909 o4 ARERI 15,0007
o 2ARSELL §lom 20179 o] F AF A L-EoRE A

- B A e = &5t ATt SERE 7192 20179 17371(1.38%), 2018 35071
(2.66%), 20194 39671(2.99%), 2020 44971(3.34%), 20214 50470(3.75%),
20229 57770(4.17%), 20239 86570(5.95%) 2 S7Fstl AU

- AT A5 EEol= BlSo] =2 42 JEEAY, 2 8EEY, ISy ¢l =

EoH JRBAA &§ vFo] 7MY HE 5= FTt

SR %, 1S D AL FRIL 2 QYRS
Uehtel, ol 9BA%s Eo] TE g o] 27| gEe] ol 1Y
Qe g71Q BHoe 94 BYH| groz Bag

- EAR S FEIE 2 A995S ABASS BEIE vFe] B Ukt

A} % 3090 vlek 71909] 1.84%% QAEAS BEATT SHWOL 19
ol 7190S 16.82%7F ABA S-S T8
- ol wjE A o] AT KA Uehtid, NAFEL 252

A Edo] HE v18-S YT 4 7] o] JriH oz ol2A EYUshs
9

0|21 ¥ & aHTWFE) 24 Zdt, ASX|
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olr
<]

27182 DI=Y7I10 blsh 2180

ol ¥ a¥ B4 (Two Way Fixed Effect, TWFE regression)< #g@do|EH&
&-8-3t o] FAHZ(DID) &4
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18) Global Al Index 20243 M| 47§ =7t 71, Tortoise Media(2024), “The Global Artificial Intelligence
Index”, httpsi//vvww.tortO|semed|a.com/data/global—ai EHE,
19) The White House(2019), “Executive Order on Maintaining American Leadership in Artificial Intelligence”.
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20) The White House(2023), “Executive Order on the Safe, Secure, and Trustworthy Development and
Use of Artificial Intelligence”.

21) The White House(2025), “Removing Barriers to American Leadership in Aritificial Intelligence”.
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ai—strategy—ai—action—plan.
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—futures—grant.

44



O Y7IEE2E= X, QIZ2}, NS ASXs |9 HE2| iy 242 Aol HE
o 3

- 224 AT A5 A (Global Al Index)3D 7|5, A7FE29] =71 <917} 20214
691914 20234 o] F 3912 55
B7FEE= 'F7F AT A=F 2.0°(20239)9F AT oJYMEE'(20249)2 &3l AA,
e} HFTY A gEeL AT 5 Q= & 759 Uk A4

- 20239 =7} 1F A5 Ak 2.0'(National Al Strategy, NAIS 2.0)32)-2 25}
2019¢ Hzx =57} QI3 Als AghS AUlo|EstaL % 5|ZE oF 129 dite g
AZAE A 4, 1zt 153 HAd AFE A i B3 4%

- ol= 2024 "AI O[UYMEE3Y'E 3 ‘=7 AT A 2.0°9] & e A
A (Talent), AF, AR, A1F] S50l T3 A A QA Wt AA]

(O8]

QIR Hop & Qs AR 247} 19 53

g =4
O=2 71932 e g JISAs AT At A 7=

- 1B A AFARE A7IEE A digeld
Aok o, AeAs #E sfe) A9 A, AEAE #HE AT A

o =

* H2 OIXj} MR} 242t 8% 5L

(R =

o
()]
B
0%
=
>
)
5
o
H

31) Tortoise Media. https://mwww.tortoisemedia.com/data/global-ai (2E%&%: 2025.7.22)

32) Ministry of Communications and Information & Smart Nation Singapore(2023.12), “Singapore’s
National Al Strategy: Al for the public good, for Singapore and the world".

33) Ministry of Digital Development and Information(2024.3), “Artificial Intelligence (Al) initiatives
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34) ZX|(2025.5) “MS 6000, OIEF 3600+ Al7} Lozl ST ZHIE", AMUE,

35) Shao et al.(2025), “Future of Work with Al Agents: Auditing Automation and Augmentation
Potential across the U.S. Workforce”, Stanford University.

36) World Economic Forum(2023.9), “We often hear that Al will take our jobs. But what jobs will it
create?” https://www.weforum.org/agenda/2023/09/jobs—ai-will-create/.
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