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S AL 714 E9jo] 71919 A B4 AT A A

43 A1 A|dhe] mhet ) 71909 471 EYUS B8 P
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1) 54202000 w2 20118 ©]% = 7| AA A 434 E57F 5] Yo,
AUZ(2017)9) AFAA A B4 M F-ARHA 2010~2013'F AFIA A4S S7H&
o] o] 7|zt thy] sttt AFHE Btk o] et I FA AAE HSoIAZ FAREH
Al FEE =, ZAY - 0]EW(2021)2 FEyEte] A d GDP A43-Eo°] 2000~2007¢
5.0%°7141 2010~2019 2.9%= 31232 H Tt
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2 YEPGTHOECD, 2019; Brynjolfsson et al., 2019). 22
1&2] AT ofo] AA A8 FSHA b= Aol disiA th
1} Zro] toFst 38 o] ItHBrynjolfsson et al., 2019).

AA R, a4 o] =1 AV]e 55 2 G4 SEg QIS AR 4
7FsAdoltt. & E01 I5A5 7169 A4 25 B Ahsst A 5
9] o AHE5} ‘:‘rﬂlﬂ oid 7] Ae<5(Machine Learning) <= 41315t
% (Deep Learning)= HFE O 2 3t 1142 THA| Q] 7|&o]7] wj&of &-&
awrt L]'E}LV]W}X] U 717 A2 yAsr 28 o itk ®
o AAA AE dd e W 542 7 3419 #HETE
(General Purpose Technology)2] - A4 A =29] A G837}
A =Y, 27] =Y AR grRE AA| 710 2719 FAA an
7t HEET7A] ABRE AlZte] 484 4 Sl

EA=E, &5 71940 71& 83 THH o]9o] [T H o oA B4t
4 S Badt= WS 7FsAdo] £ttt OECD(2019)= HAIEIE &
o A S Adks 4R 7ol S E L, AR BAS] 48 ant

AT 7 A7Iski. AAR JA3AE, 5G, VR/ARY} 22
A HAE 71e di-tE AN B4 g 8 2 7l Qleet 4
£ 8= sh= E4o] Atk &, 14E 71E2 719 54 A5l
uhet 88 593 7o o] Alo]7F A 4 9loH, ofof wE A
71949] 71 a3 AR-E 7HHE o At o1& E01 S| Wi 7HE
At 7169, iAol oln] w2 549 7|9 fFE 27] YAES
7} o] FofA| AL, AFF HollA 7l A 9l XY Al avkE

7190 20| At WEE} 7H5Ao] EAfate.
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JHER 2L Ved 5% 7199 A 3 A 4% 24
2 HliAE () Lo HAIESE ol e AVle 880l BAdel A
© Y &E FA9 54L wefsial (i) s Ve 28 27 2AT
B AlAA HEe S A adte] gt ko] B asitt. olHet &
HoA 2 A= A T A 2482 FaL, =d 7199] A4t
A s sRle=A AFAE 7€ T e TATH.

(2) 3%Is 7189 82

Qo) UAY ARG FEG A2 A 44 Bz 22w
S A A% 7142, Az, Y, Bol, 9z, AaAo] 5 ol
A1 Holol 4 s 48T 4 U AEA ¥ B4 7168
mejEich FAHS QBA5] e Aok TepsiA o] FolA| T 9l

=
59 71& 9AE dol, 7IA8<5(Machine learning) F= A3Hls
A7) A A S AdSto] AARE A
31 24 (analysis), dlS(prediction), #H(judgment)oto] 2
A 5 Q= IS A= 7es Ut Agrawal et al,
o

A5 B2 dole B4RE o3 1

(Deep learning) 5= 7|5Fo.2 9l

Thete] Tl WASHE B2 Fol 1 SEot BAHL £ 0N

2) & Ao AL AZA 5T} AllArtificial Intelligence)7} SY3t 9Ju|S Ul E-8-5l0]
A2
3) 577(2020b), 20199 7| JEEFAF BINET).
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28 7149 A T 7HE o AUchAgrawal et al., 2018b). E2t
ATATY & 54 71e8 542 & 1-DY dlAet 2ol AlE %
A 20] i, AL, B, AR e S B2y 2 oA AEA

5 A8 7FssH stE= gt F2o AsAls &8 e 1
2 Rt o adE 7IHE = Ao

(& 1-1) 2SXIs 7IE EE GlAl

Az /B AH|A
c AT B ZRER, B AH 5) |- & HI/HE/AT - A 5 ASA
- Hole] 24 743 Bae BABH(R] | 5 7]5 2IEo]
g | AR RA AF, V1A HH L HAS} |« YA HIA ARIAGHY HAE], oflE
8| 9 AlE], 72 L, okE dEALS)
c AZ[ET HASHEEEY, EdE Ha | - AFAS0] 28H STHE ALY
qa | sz (ERP, CRM 5)
AT AzHe AN B85 E4 B - BlolE] B4 714g Ba AR 2
« UAE EA SEIAETOACH AE | 8 oS E ) AR e, B4
Az DA, 38 L AAEFEAES) | LEAEAT S

A5 FSSYRFAR - FRYRITA00), 12020 FRIAEAZA ZAFA,2%
£ A7 24 289 AR 202 Hstol A4 He),

o|#gt HjA oA AHA| AT A5 E&Z ST BA T 7S
choFol H A9} A e R AL A Ha1skal 1T} Bughin et al.(2018)2 QI
A B 29 GDP A 7hs/dE F45teler, 2017497
2030971A] vl A9 oF 1.7%, 3 oF 1.6%, = F 1.6%, W= oF
1.5% <=0 2 QIFA1 502 QI3 g% T715 Aottt T3 McKinsey
& Company(2020)2] Q15415 &€ =4 7|9t HExAM st
H, 20199 7| QA3A 5 E8 719 & 66%7t =2 57t 40%7F Hl-&-

4) Bughin et al.(2018), “Notes form the Al frontier: modelling the impact of Al on the
world economy”, Mckinsey Global Institute, p. 36.

20 71%ie) QHBXIS BT At R



A7 878 SET AS & 4 AHKTH 1-D), (O™ 1-2) I,
a3 1-1) QSKis =t 9| e}
20184 20194
2o 0| 40 80 43 79
e 27 59 36 73
2% HY 28 63 38 72
HE 34 61 43 71
271 & 28 57 33 68
RIZ/AHlA 74 31 71 30 65
MH|A 2 31 60 25 57
QIXXi 2| 20 55 35 56
7|UEE HY(GR) 31 63 36 66
+9 57t8

| <5% m6-10% M >10% |

Z+&: McKinsey & Company(2020), ‘Global survey: The state of Al in 2020”.
44 g AFA 5 TP Qg 9] FTHEHSHE 1%F 57H).

g 1-2) USks =Yt HIE tHe}

20184 20194
Y- OpY E 36 19 36 25
7| AT 2 50 24 32 20
23y w2 61 31 55 44
HE 64 37 50 28
ol el 54 31 38 16
R/ MHIA THer 2030 13 21 12
MHA 29 51 23 51 30
QIR T2 55 27 Ll 8 B!
7IEE MBI 44 25 40 25

ulg uE
[ W >20% m10-19%  <10% |
Z+&: McKinsey & Company(2020), ‘Global survey: The state of Al in 2020”.
A4 giH] AFA s TP R QIS v AHE(SHE 1%F ULE).
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0 7|9 €9 LeAA TRo0] B H ARt D ]G PAT P4
X ZHhE 7190E 4 ATk 25D o Sol (17 1-3)3} 2o
st Zo R She H2o] ABA L Qb ofm|x|/24 914
HSEE Yol 4T glom, ol AxFHY B L 0% o4, Heh
PRO) OAWE 24 5 Tt HROIA L e} HE S

(38 1-3) ASAIs 7159 O|0K] & S QA Hai:

B9 %
O|OJX| 214 SM 01l

30

25

_ _ 20
) )

] o 15

10

5

0 0

2010 Present 2000 Present

o|AY UTAs Z& Aol Higt 7Idiet FF ALAIT 71l 7t
AE BAA shrade] B3t #io] otAle ke, Fa=olAME

Al M 5 88 4 S S8l Qe & 1-2) 3a).

5) Intel(2018), “Artificial Intelligence Reduces Costs and Accelerates Time to Market”, White
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194 47 S7khe 7hed] AREAT FEEd0] AE 19, 2
918 Aot o BEEL BT WEl SYold, SuHA1EY, ¥
A1 L OF 0% 579 THS S kg Bk, ook 2 o] Y=ol A

H 2EE2 AYIFoIME AR YEFdTHBabina et al., 2021).

2 ol

(B 2-1) 34 MYE U3Xs &Y 1Y HOIY %)

g9l:7)
2017 2018 2019
2 2 2
YHER | aA a9 A3 A4 | ag | a3 | ad | ad | 93
A9 |99 | A5 | A9 |89 | A5 | 719 |89 | A
e A& A&
A Ak 12,579 (1,014 | 174|13,144|1,500| 355 13,255 |1,711| 409
s 26 0 0 30 2 0 31 0 0

Az 6,106| 408 48| 6273 627| 109| 6330| 692| 114
A717tAF719 59 9 2| 62| 10 2 67| 14 5
A4 5431 28| 2| 567 49| 9| 578 46| 15
A 1,401 94| 13| 1512| 137| 34| 1480| 152| 26
R WA 715 22 1| 75| 31 3 7470 34| 5
Subgl oMyl 323 19| 2| 347| 14| 2| 346| 17| 0
HHEAY 1,047| 265| 71| 1,101| 420| 139| 1,124| 500| 173
H5A 327 3| 20| 252/ 6/ 0] 270/ 11 0
71e} AH| A 246| 14| 0| 1,875 127| 26| 1902 164| 33
FEEAY 1,773 52| 15 357 77| 31| 370| 81| 38

A7 EA4%(2018, 2019, 2020a), 2017~20199 71 4EEZAL
F 1) 7195 RAE Y AR F ARSTER 509 oA folHA AHEF 39 Y o4
SAPERS Ao 2 3

2) 42+ A8 714 AFEUHY, S2H9-E, dlolE, 56, 93As, 549, 3D &
g, 28 JMESAEAAR/VRE F9 44 A8 ez 23

3) £ HolA FAL A9Jstg o, 7|ef AH AL ITHFAAEFA Bk, ok
4 H7]1E A, 42 D), MEE, 75t 2 71& AH)A9), NAFIAAE 3, A
A AYZ A AujA), P ABA), QEAY 9 AFEIEA] AH|IAY), RE
&, 2%z 9 o7 B AuAY), S(ES E 2A, 2] L 71eF QA AujAg).
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B 2-2) 3 A OIBKls £Y JIY HEEUS)

gl %
2017 2018 2019
SRR | dun | 9 | aeun | 93 | 4oun | 98ds
e e e
A4 8.06 1.38 11.41 2.70 12.91 3.09
=999 0.00 0.00 0.67 0.00 0.00 0.00
Az 6.68 0.79 10.00 1.74 10.93 1.80
7742571 15.25 3.39 16.13 3.23 20.90 7.46
A4 5.16 0.37 8.64 1.59 7.96 2.60
Ay 6.71 0.93 9.06 225 10.27 1.76

&5 1Y 3.08 0.14 4.11 0.40 4.55 0.67

o

Subd SAHY | 5.88 0.62 4.03 0.58 491 0.00
AREAY 25.31 678 | 3815 | 1262 | 44.48 | 1539
HEAY 0.92 6.12 2.38 0.00 4.07 0.00
7|eF AHIA | 46.34 0.00 6.77 1.39 8.62 1.74
+8EYY 2.93 085 | 2157 868 | 21.89 | 1027

A7 EA4%(2018, 2019, 2020a), 2017~20199 71 4EEZAL
1) 719E52ARE U SAM B ARETEAL 509 ofAfolHA AHEF 39 Y o4
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2) 42+ A8 714 AFEUHY, S2H9-E, dlolE, 56, 93As, 549, 3D &
gy, 28 JMESAEAAR/VRE F9 44 A8 ez 23

3) £ oA FAL A5t o, 7|ep AH AL ITHFAAEFA Bk, ok
4 H7]1E A, 42 D), MEE, 75t 2 71& AH)A9), NAFIAAE 3, A
A AY E A AujA), PES ABA), QEAY D AFEIEA] AHIAY), RE
&, 2%z 9 o7 B AuAY), S(ES E 2A, 2] L 71eF QA AujAg).
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Probit
-0.0552

Marginal Effect
-0.0017

(0.0019)
0.0081%+*
(0.0021)

VARIABLES

(0.0630)

0.0043

InLP

0.269"**

(0.0070)

InSales

(0.0679)
0.145

-0.0038

(0.0029)

(0.232)
-0.127

0.0009

cash_assets

(0.0024)

(0.0960)
0.0308

-0.00013

ROS

(0.0030)

(0.0800)

-0.00439

-0.00522

InLa

(0.0988)

-0.

173

(0.0044)
-0.0042%

foreign

©

.144)

(0.0020)
-0.0002

group

-0.139*

(0.0656)

(0.0009)

-0.0636

lnage

-0.000562
(0.0287)

(0.2410)

-0.00015

InPatent

-2.107

(0.0024)

(7.978)

HHI

-0.00512

0.4108*+
(0.0029)

(0.0799)

multiplants

1.361%*

BIM

(0.0741)

(0.632)
Y

Constant

Y

12,071

el

3}

0]
o.

Industry FE

Year FE

0.339

Pseudo R2
Z: 1) Robust standard errors in parentheses, *** p{0.01, ** p<0.05, * p<0.1
2) 84 1L AMA v & I (Industry FE), A=Y AN Year FE)E E33H
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59) Brynjolfsson, E., D. Rock, & C. Syverson(2019), “1. Artificial Intelligence and the
Modern Productivity Paradox: A Clash of Expectations and Statistics’, The Economics
of Artificial Intelligence, University of Chicago Press, pp. 23-60.
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1st stage 2nd stage
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(0.0315) 0.114)
ai_firm ratiol 0.994™+*
(0.234)
bim 0.156™*
(0.0130)
Constant 0.959*** -0.0933*** 0.956™**
(0.0621) (0.0171) (0.0647)
Controls Y Y Y
Industy FE Y Y Y
Year FE Y Y Y
Observations 12,599 12,782 12,599
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0.511 0.128 0.511
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) Robust standard errors in parentheses, ** p<0.01, ** p<0.05, * p{0.1
AP ar 3
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£ 290 23949,
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0 ABAE
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Controls Y Y Y Y
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Abstract

Artificial Intelligence and Firm Productivity
Song Danbee et al.*

Amid a slowdown in productivity growth in South Korea,
expectations are rising that new Fourth Industrial Revolution(4IR)
technologies may emerge has new drivers of economic growth.
Discussions are now underway on the possibility of increasing
productivity through industrial digitalization, as are efforts to design
policies that promote productivity growth through new technology.

However recent studies have found that the economic performance of
such technologies has failed to match the hype. The literature has
offered various explanations as potential causes, positing that
performance of new technologies has merely been exaggerated, that
there exists a time lag between utilization and the realization of
performance gains, and that there are limitations to the impact of

first-generation new technologies.

* dsong@kiet.re.kr
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Depending on what has been judged to have caused a performance
gap, what any given economic entity is capable of achieving through
the use of new technologies will inevitably vary. And so it is important
come to an in-depth understanding of the economic performance of
these technologies.

In this study we expand on this subject through a comprehensive
analysis of the effects of new technology on productivity, with a focus on
the latest in artificial intelligence technologies. It comprises case
studies, an empirical analysis, and an analysis of the results of a
fact-finding survey in addition to a roundup and review of related
policies.

First, we surveyed the overall status of artificial intelligence
utilization in the domestic manufacturing industry, grouping the
subjects of analysis by industrial or corporate characteristics. We
found that companies have gradually come to use more Al-related tech
over time, but very slowly, and adoption rates remain low. If Al does
indeed effectively stimulate corporate growth, it follows that an active
promotional policy targeting the domestic manufacturing industry is
necessary. We also found a degree of heterogeneity in the adoption of
Al tech in terms of corporate characteristics. For example, adoption
rates were higher at start-ups and large companies, and so corporate
traits must be taken into account in any Al diffusion policy.

It is however worth keeping in mind that our analysis was limited by
the scope of data available. Commercial applications of advanced Al
tech are recent phenomena, and only short time-series data are
available. Hence it is difficult for a data-driven analysis to ascertain a

handful of crucial specifics, including the time of specific technology
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used by companies, the method of its application, the purpose of its
application, and related performance metrics.

Given the limitations to our broad survey of corporate Al use, we
supplemented our findings with studies of corporate Al use cases.

Through these we were able to better grasp the specific technologies
selected, the areas in which they were applied, how they fit individual
companies Al goals, and the mechanism by which they contributed to
performance.

The findings of these case studies suggest that domestic manufacturers
may also be able to expect productivity gains through a similar mechanism,
given the current environment in which extant studies have come to
inconsistent conclusions.

Our empirical analysis sought to verify the economic performance
and productivity gains of artificial intelligence first identified in the use
case analyses.

We found the relationship between the use of artificial intelligence
and productivity in the domestic manufacturing industry was not
statistically significant.

However in a supplementary analysis we confirmed that the
increased productivity effect was related to firm characteristics, for
example, firms with multiple plants or facilities.

In addition, we found evidence for specific drivers of productivity
growth, such as the effect of convergent productivity between plants
within a firm.

These results suggest that the effects of artificial intelligence on
productivity may be insignificant in the early stages of its adoption, so

it is necessary to prepare policy promotion measures through policy
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support. Productivity increases might only be achieved through a
diversified approach that takes unique corporate characteristics fully
into account.

The findings of the preceding analytical sections of this report are
consistent with the results of a survey conducted for this study. To wit,
we found that companies with multiple subsidiaries or affiliates will
seek to increase productivity and efficiency among their holdings by
promoting the enterprise-wide use of artificial intelligence.

This necessitates the creation of a plan that supports parent firms in
their efforts to apply artificial intelligence technologies across their
holdings. It is here worth noting that unlike previous studies, this
empirical analysis used a direct measure of the use of artificial
intelligence provided by Statistics Korea (the national statistical agency
of the Korean government), and in particular Survey of Business
Activities data.

Doing so ensured that we employed the very latest definition of
artificial intelligence, and minimized bias from the indirect measures.
At the same time, we tried to alleviate the endogeneity problem by
considering instrumental variables.

To summarize, this study contributes to the existing body of
scholarship by using a unified, categorical and data-based definition of
Al where previous studies had relied on proxies or alternative
definitions. At the same time, we have through original research
obtained real data on domestic firms that can be referenced in the
policy design process.

The survey revealed a great deal about the specifics of Al adoption

by domestic firms. Firms were surveyed on Al use, the method of
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adoption, utilization levels, cost and performance, investment, how
they used Al, challenges faced, and whether or not they were aware of
public programs supporting Al adoption.

The results of this survey broadly serve to validate and supplement
the findings of our empirical analysis. For example, the survey found
that the principle motivation for adopting and utilizing artificial
intelligence among manufacturing firms was to secure competitiveness
in Al use over competitors.

This survey finding supports our choice to include the utilization
rate of Al in the same industry as an instrumental variable, a choice we
made based on an assumption that competition over the use of
technology between firms in the same industry will show a high
correlation with the use of artificial intelligence.

In addition, responses to the survey showed that the of Al tech
currently used by companies is still in its infancy, and that it will take
some time until adopted Al techs produce notable increases in
performance. This furthermore implies that failure of our empirical
model to find productivity improvements owes to the fact that Al
technologies remain immature at the early adoption stage, or that
there may be a time lag until performance becomes manifest.

In addition, the survey indicates that companies that have not yet
adopted Al technologies and firms that have not recorded any notable
performance gains from the use of Al do not have plans to dedicate
significant investment resources toward artificial intelligence. This
raises the possibility that the gap between firms in terms of Al
utilization and Al-induced performance gains will continue to expand

as the technology matures. This is all to say that policy support is
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needed to spread the use of Al within industry from the initial stages of
diffusion.

Finally, we reviewed Al policies related to technology, labor,
infrastructure, and industrial utilization. In particular, for this study we
examined policies that promote the use of Al in the manufacturing
industry, focusing on the specific projects such as smart factory
promotion plans and the six main R&D projects for the industrial
digital transformation. Following a thorough overview of the existing
policy suite aimed at stimulating Al use in manufacturing, we
described the implications for effective policy carried by the results of

our analyses.
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