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(Table 1) 7|ALEERAY AEE o83 2 :*M%ﬂ T 7Y e =
A HE&EZ AL A3 HO%E} o714 = H&2 7+ g4lV|l& =Y 7Y
FE A4 E4 A 719 & e A0lH, (Table 1)ol4 &E3 Qo] #
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(Table 1) Number of Companies Adopting 4th Industrial Revolution (4IR)
Technologies by Year

2017 2018 2019 2020 2021
Number =~ of - companies| g7, 8,771 8,771 8,771 8,771
analyzed
Number of companies adopting 4IR technologies
807 1,131 1,292 1,274 1,354
4]IR technologies+
9.2%) (12.9%) (14.7%) (14.5%) (15.4%)
87 142 182 189 191
Robotics
(1.0%) (1.6%) (2.1%) (2.2%) (2.2%)
144 265 325 341 359
Artificial Intelligence
(1.6%) (3.0%) (3.7%) (3.9%) (4.1%)
244 385 408 359 368
Internet of Things
(2.8%) (4.4%) (4.7%) (4.1%) (4.2%)
274 441 569 574 592
Cloud Computing
(3.1%) (5.0%) (6.5%) (6.5%) (6.7%)
287 439 495 486 493
Big Data
(3.3%) (5.0%) (5.6%) (5.5%) (5.6%)
5G Mobile 340 318 268 258 257
Communication (3.9%) (3.6%) (3.1%) (2.9%) (2.9%)
79 112 98 98 105
Blockchain
(0.9%) (1.3%) (1.1%) (1.1%) (1.2%)
103 146 168 158 147
3D Printing
(1.2%) 1.7%) (1.9%) (1.8%) (1.7%)
84 107 134 134 147
Virtual/Augmented Reality
(1.0%) (1.2%) (1.5%) (1.5%) (1.7%)

Notes: + refers to cases where any one of the nine 4IR technologies is adopted. The
number in parentheses indicates the adoption rate, which is calculated by dividing
the number of companies adopting each technology by the total number of
companies analyzed.

Source: Calculation based on the Statistics Korea's Survey of Business Activities
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(Table 2) Number of Companies Adopting Robotics and Artificial Intelligence
(Al) by Major Industry

2017 2018 2019 2020 2021
Number of companies analyzed 8,771 8,771 8,771 8,771 8,771

Number of companies adopting robotics

All Industries 87 142 182 189 191
! (1.0%) (1.6%) (2.1%) (2.2%) (2.2%)
12 25 27 30 29

Manufacture of other machinery
and equipment

(1.9%) | B.9% | “4.4%) | (4.8% | (4.6%)
[2.2%] (4.8%] (5.0%] (5.9%] [6.3%]
15 20 22 27 24
@5% | B3% | (B.6% | (45% | (4.0%)
(13.8%] | [14.6%] | [42.7%] | [40.8%] | [48.6%]

Manufacture of motor vehicles,
trailers and semitrailers

Manufacture of fabricated metal 2 10 11 11 12

products, except machinery and | (0.7%) (3.2%) (3.6%) (3.6%) (3.9%)

furniture [12.1%) | [13.9%) | B3.8% | B3.4% | [3.3%]
5 5 11 13 11

Manufacture of electrical

(1.7%) (1.7%) (3.8%) (4.5%) (3.8%)

equipment
[2.2%] [0.8%] [9.0%] [7.3%] [4.3%]
Manufacture of electronic 2 11 17 17 17
components, computer; visual, (0.4%) (2'3%) (3'3%) (3.3%) (3.3%)
sounding and communication
Number of companies adopting Al
All Industries 144 265 325 341 359
(1.6%) (3.0%) (3.7%) (3.9%) (4.1%)
Computer programming, 12 22 23 20 24
consultancy and related activities| (9.3%) (17.3%) | (22.6%) | (18.9%) | (22.6%)
Publishi it 37 59 83 86 88
ublishing activities
Shing acivit 9.7%) (15.5%) | (20.7%) | (21.4%) | (22.0%)
Financial service activities, except 13 16 17 17 20
insurance and pension funding (7.9%) (9.8%) (10.5%) (10.6%) (11.9%)
Manufacture of medical, precision 6 14 16 12 15
and optical instruments, watches
and clocks (2.8%) (6.6%) (7.9%) 6.2%) (7.9%)
Retail trade, except motor vehicles 3 5 5 6 10
and motorcycles (2.3%) (3.9%) (3.9%) (4.5%) (7.5%)

Notes: The number in parentheses indicates the adoption rate (=number of companies
adopting robotics or Al/total number of companies in the industry), and the
number in brackets indicates the proportion of employees in companies
adopting robotics within the industry.

Source: Calculation based on the Statistics Korea's Survey of Business Activities
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)

(Table 3) Number of Companies Adopting Robotics and Al by Utilization

Stage (as of 2021)

Number of adopting companies by utilization stage

No of
adopting ProduFt & Marketing | Production|Organization| Sales
companies service strategy process |management|purpose
development
Companies adopting robotics
68 2 102 3 16
All Industries 191
(35.6%) (1.0%) | (53.4%) (1.6%) (8.4%)
Manufacture of other 29 15 0 10 0 4
machinery and equipment (51.7%) 0.0%) (34.5%) 0.0%) (13.8%)
Manufacture of motor 5 1 17 0 1
vehicles, trailers and 24
semitrailers (20.8%) (4.2%) (70.8%) (0.0%) (4.2%)
Manufacture of fabricated 2 0 10 0 0
metal products, except 12 . . , . ,
machinery and furniture (16.7%) (0.0%) (34.5%) (0.0%) (0.0%)
Manufacture of electrical 1 5 0 4 0 2
equipment (45.5%) (0.0%) (36.4%) (0.0%) (18.2%)
Manufacture of electronic 6 0 8 0 3
components, computer;
visual, sounding and 17
communication (35.3%) (0.0%) (47.1%) (0.0%) (17.6%)
equipment
Companies adopting Al
221 32 57 15 34
All Industries 359
(61.6%) (8.9%) (15.9%) (4.2%) 9.5%)
Computer programming, 16 0 0 1 7
consultancy and related 24
activities (66.7%) (0.0%) (0.0%) (4.2%) (29.2%)
79 1 1 1 6
Publishing activities 88
(89.8%) (1.1%) (1.1%) (1.1%) (6.8%)
Financial service activities, 8 9 0 3 0
except insurance and 20
pension funding (40.0%) (45.0%) (0.0%) (15.0%) (0.0%)
Manufacture of medical, 11 1 2 0 1
precision and optical 15
instruments, watches and (73.3%) (6.7%) (13.3%) (0.0%) (6.7%)
clocks
Retail trade, except motor 10 4 3 1 1 1
vehicles and motorcycles (40.0% | (30.0%) | (10.0%) | (10.0%) | (10.0%)

Note: The number in parentheses represents the adoption rate (=number of adopting companies

by utilization stage/number of companies adopting robotics or Al).
Source: Calculation based on the Statistics Korea's Survey of Business Activities
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(Table 4) Annual Changes in Employment and Real Wages

2017 | 2018 | 2019 | 2020 | 2021 APV eerri;’;e

Employment (number of employees) change rate

Total analyzed companies| 1.4% 1.1% | 0.8% 1.1% 1.1% 1.1%

Companies adopting
robotics

Companies adopting Al 2.4% | 3.1% | 4.0% | 2.1% | 4.2% 3.2%

1.9% | -0.4% | 0.3% | 0.3% | 2.2% 0.9%

Real wage change rate

Total analyzed companies| 2.8% | 2.6% 3.3% | 0.0% 2.2% 2.2%

Companies adopting
robotics

Companies adopting Al 1.9% 1.3% 1.2% 1.9% | 3.6% 1.6%

1.1% | 1.8% | 3.8% | 0.4% | 0.8% 1.8%

Notes: The number of employees includes both regular and temporary workers.
Real wage is calculated by dividing the labor cost per worker by the
consumer price index.

Source: Calculation based on the Statistics Korea's Survey of Business Activities
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(Table 5) Summary Statistics

Olzie;:at Mean j;i?i?;i Minimum| Maximum
Dependent variables
Employment change rate 36,883 0.011 0.140 -0.496 0.498
Real wage change rate 36,883 0.022 0.152 -0.499 0.500
Explanatory variables
Robotics adoption+ 36,883 0.019 0.135 0 1
Al adoption+ 36,883 0.033 0.180 0 1
Real sales (Billion Won) 36,883 | 343.935 | 2,725.400 0 194,872.9
Export ratio 36,882 0.113 0.210 0 1
Ratio of regular workers 36,883 0.960 0.122 0.010 1
Ratio of female workers 36,883 0.258 0.205 0 0.992
Outsourcing+ 36,883 0.775 0.418 0 1
New business initiatives+ 36,883 0.025 0.156 0 1
Strategic alliances+ 36,883 0.074 0.262 0 1
Performance-based salary system+| 36,883 0.868 0.339 0 1
New technology adoption+ 36,883 0.306 0.461 0 1
Patent ownership+ 36,883 0.555 0.497 0 1

Note: + indicates that the variable is a dummy variable.
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(Table 6) Estimation Results: Dependent Variable=Employment Change Rate

Model 1 Model 2 Model 3
Estimation method FEM FEM+IVE HTE
-0.020%** -0.085™* -0.020%**
Robotics adoption+
(0.007) (0.041) (0.007)
Al adoptiont 0.007 0.034 0.007
adoption
P (0.006) (0.023) (0.006)
0.000*** 0.000™** 0.000*
Real sales (Billion Won)
(0.000) (0.000) (0.000)
e ) -0.018 -0.019 -0.001
Xport ratio
port (0.015) (0.015) (0.004)
-0.264* -0.263*** -0.075%**
Ratio of regular workers
(0.021) (0.021) (0.010)
0.026 0.025 -0.017%**
Ratio of female workers
(0.019) (0.019) (0.005)
Out - 0.001 0.002 0.004**
utsourcin
i (0.003) (0.003) (0.002)
0.016™** 0.016™** 0.018***
New business initiatives+
(0.006) (0.006) (0.005)
Stratesic alli N 0.007* 0.007* 0.006**
rategic alliances
& (0.004) (0.004) (0.003)
Perk based sal . -0.005 -0.005 0.002
errormance- sed S system
ancerbased saAny Sy (0.005) (0.005) (0.002)
N hnology adoption+ ~0.006™
ew technology adoption
gy adop (0.002)
0.000
Patent ownership+
(0.002)
-0.003 -0.003 -0.003
Year dummy 2018+
(0.002) (0.002) (0.002)
-0.006*** -0.006*** -0.006***
Year dummy 2019+
(0.002) (0.002) (0.002)
-0.003 -0.003 -0.003
Year dummy 2020+
(0.002) (0.003) (0.002)
-0.004* -0.004* -0.003
Year dummy 2021+
(0.002) (0.002) (0.002)
0.264**+* 0.264**+* 0.116™*
Constant
(0.021) (0.021) (0.039)
Industry dummies+ Excluded Excluded Included
Observations 36.882 36,882 36,882

Notes: *** ** * denote statistical significance at the 1%, 5%, and 10% levels, respectively. +
indicates that the variable is a dummy variable. The figures in parentheses are robust

standard errors.
FEM
HTE

Fixed effects model, IVE = Instrumental variables estimation,
Hausman-Taylor estimator
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)

(Table 7) Estimation Results: Dependent Variable=Real Wage Change Rate

Model 1 Model 2 Model 3
Estimation method FEM FEM+IVE HTE
0.008 -0.060 0.008
Robotics adoption+
(0.008) (0.047) (0.008)
Al adoption+ 0.002 0.056™* 0.002
adoption
e 0.007) 0.027) (0.007)
0.000™** 0.000™** 0.000
Real sales (Billion Won)
(0.000) (0.000) (0.000)
E ) -0.013 -0.014 -0.006*
ort ratio
port Tt 0.017) 0.017) (0.004)
0.199* 0.200%** 0.044*+*
Ratio of regular workers
(0.022) (0.022) (0.009)
0.015 0.013 0.020%**
Ratio of female workers
(0.020) (0.021) (0.004)
0.004 0.004 0.001
Outsourcing+
(0.003) (0.003) (0.002)
-0.003 -0.004 -0.000
New business initiatives+
(0.007) (0.007) (0.005)
-0.002 -0.003 -0.002
Strategic alliances+
(0.004) (0.004) (0.003)
Performance-based salary 0.005 0.005 -0.000
system+ (0.005) (0.005) (0.002)
N hnology adoption+ ~0.0037
ew technology adoption
gy acop (0.001)
0.001
Patent ownership+
(0.002)
-0.003 -0.003 -0.002
Year dummy 2018+
(0.003) (0.003) (0.003)
0.004* 0.004 0.005**
Year dummy 2019+
(0.002) (0.002) (0.002)
-0.028*** -0.029*** -0.029%**
Year dummy 2020+
(0.003) (0.003) (0.003)
-0.007** -0.007*** -0.007**
Year dummy 2021+
(0.003) (0.003) (0.003)
-0.175%* -0.176™* 0.023
Constant
(0.023) (0.023) (0.018)
Industry dummies+ Excluded Excluded Included
Observations 36.882 36,882 36,882

Notes: ***, ** * denote statistical significance at the 1%, 5%, and 10% levels, respectively. + indicates
that the variable is a dummy variable. The figures in parentheses are robust standard errors.
FEM = Fixed effects model, IVE = Instrumental variables estimation, HTE = Hausman-Taylor estimator
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(Table 8) Estimation Results: Analysis Using Data from a Subset of Companies

Model 1 Model 2
Dependent variable Employment change rate| Real wage change rate
A. Companies with 300+ employees
-0.042%** 0.035™**
Robot adoption
(0.010) (0.011)
0.016** 0.004
Al adoption
(0.008) (0.009)
Year and industry dummies Included Included
Observations 7,116 7,116
B. Companies within industries that have experience adopting both robots and Al
-0.020™** 0.006
Robot adoption
(0.008) (0.008)
0.002 0.004
Al adoption
(0.007) (0.007)
Year and industry dummies Included Included
Observations 24,893 24,893

Notes: *** ** * denote statistical significance at the 1%, 5%, and 10% levels,
respectively. Control variables are the same as in Tables 6 and 7. The
figures in parentheses are robust standard errors. Hausman-Taylor
estimator is used.

T 0.035% HF3] 2 ke 23 glel, 23 =9 7199 4YYF 3718l 1]
=9 71Qunt BFHOE 3.5% HUvHe ol AR oY FPNH, 7
ool 23 = B A Eoeh A 3
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(Table 9) Estimation Results: Cases Where the Sample is Expanded or

Reduced

Model 1

Model 2

Dependent variable

Employment change rate

Real wage change rate

A. Using all observations

-0.032** 0.019
Robot adoption

(0.015) (0.025)

0.003 -0.022
Al adoption

(0.018) (0.085)
Year and industry dummies Included Included
Observations 40,935 40,925

B. Excluding observations where the changes in employment and real wages are 75%

or higher
-0.019** 0.012
Robot adoption
(0.008) (0.009)
0.010 0.005
Al adoption
(0.007) (0.008)
Year and industry dummies Included Included
Observations 38,657 38,657

C. Excluding observations where the changes in employment and real wages are 25%

or higher

-0.007 0.000
Robot adoption

(0.005) (0.006)

0.002 0.000
Al adoption

(0.004) (0.005)
Year and industry dummies Included Included
Observations 30,824 30,824

Notes: *** ** * denote statistical significance at the 1%, 5%, and 10% levels,
respectively. Control variables are the same as in Tables 6 and 7. The

figures
estimator is used.

in parentheses

are robust

standard errors.

Hausman-Taylor
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(Table 10) Estimation Results: Analysis Using Level Values Instead of Change

Rates
Model 1 Model 2 Model 3
Estimation method FEM FEM+IVE HTE
A. Dependent variable=ln(Employment)
-0.006 -0.139** -0.005
Robot adoption
(0.009) (0.055) (0.009)
0.021%** 0.1271%** 0.023%**
Al adoption
(0.007) (0.034) (0.008)
Year dummies Included Included Included
Industry dummies Excluded Excluded Included
Observations 36,882 36,882 36,882
B. Dependent variable=In(Real wage)
0.001 -0.087* 0.001
Robot adoption
(0.007) (0.052) (0.008)
0.000 0.049 0.002
Al adoption
(0.008) (0.035) (0.008)
Year dummies Included Included Included
Industry dummies Excluded Excluded Included
Observations 36,882 36,882 36,882

Notes: *** ** * denote statistical significance at the 1%, 5%, and 10% levels,
respectively. The figures in parentheses are robust standard errors.

Fixed effects model, IV = Instrumental variables estimation,
Hausman-Taylor estimator

FEM
HTE
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SHARE (Table 6)3H= @] (Table 10)9] A4 25 =Y o

1y 25 A9t A4 7948 s, AsAs =Y

= BE BN SAKCE [olsity. A T, SEHTE

%

dAd=S = AATE EAH 2 HesiA] ehtt= (Table
1009 54 A= (Table 7)Y AFE ARUs|ET
(Table 10)9] 4 ZAdt= A4 Wigds Pz sl v 24
e A Ao WEde 1EFH dEdeS 293le S8 209 shA|
ghdtdi 2 gy AdYgo] WEdd ¥FE vE sk ez A o
S%o] YRS 7hedE Ak I 9ol =i e H85HA] ®L
W8 "erE sk Hl dlolE 9l AloF A A i tigt =TS
TAshE 2ol HA] oot d®E =] APdso] AL&FI 4Adw ¥
sk $5UeE AT dole ol 22 vid: Sle Aew ddd. S5
HeE Holke Y Adrll g F old Zlor AHsteA Adiel leus &
T fojg 9 45 ¢ F5 At 87

2 A7 SARF2 ARAE HuieE SAISE
o mAle dAaTes FEE Ee AdERE o
A2& A 719e AxAdT A

=]
T gl
A|AlskaL At 14) {Appendix Table)< Et} AlESH] SES 7|& /N AFdE=R



68 TH=2¥ ML TEENHL M0 HM2S (2024.6)

Mg AAE BHIAE AAGE EudsE A5 (Table 6) % (Table 7)3%
22 sAsES R

183 Wakgo] =Y FISlo] e 2.0% ST AAAT WlES 1.7%
SR Aoz Uehgh ook g, AxY REOIN AFALY =9 m

[e]
U, AHAY FEollM 253 A =Y ade AR gEsiA &

o =

o)
L oo H rr o o o o

Heslx] et} obZ# (Appendix Table)Oll
ZAY Awmo] 7|z8) /E AGEE A&, S5
Hol sjFots FAR S5 FAT £,15 ol A AA| A 2 e
H S-S AXbela I 1§ H]F0] 2017~20214 7|7 5 duiyt APEAE
oj&t}. (Appendix Table)o] WEW, ‘ZEI} QAT A5 =Y A HA A
2017~2021¥ 717t & A&H 11§ HSS 3.8%p S7Her wHdo] 5% 11§
HS2 3.6%p A o] HEEANE Aes) 7ol S5 dAEE
Aths =5AE F=3t /M AR ol A& HRlrh SHA|v 7 A
2 Mg A vFo] AAT FeE HA] o ‘=AY g3t 7

o] AdEE g YEhd Ttk WA & )itk

R

R

ﬂl

~

14) A2A3 Au|AGY] 2L 5AH 9] SH=ERAAERA 7|23t A& E0], AH|AYL BAHNA
S ERAGET A AH|AGo R Fost 1670 &R 71+ AAE, G~U)e2 AAFFom F3 A4
A3t FEZE FAFES AT

15) 92015} Autor and Dorn(2013)9] |- x EFAAHS £85 63} =R PER
(KSCO: Korean Standard Classification of Occupations) 28%F FEZ ek I5E RS
TF-EaE Stk AEF2015)00 71x8) B A= 6&F KSCO ZEE 74 KSCO T wfjAd)] #3x
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(Table 11) Estimation Results: Other Robustness Checks
Model 1 Model 2

Dependent variable

Employment change rate

Real wage change rate

Al. Using data from manufacturing companies

-0.029™** 0.017*
Robot adoption
(0.009) (0.009)
-0.006 -0.003
Al adoption
(0.009) 0.011)
Year and industry dummies Included Included
Observations 20,414 20,414
A2. Using data from service sector companies
-0.003 -0.017
Robot adoption
(0.012) (0.015)
0.010 0.006
Al adoption
(0.008) (0.009)
Year and industry dummies Included Included
Observations 14,997 14,997
B. Excluding companies that had already adopted robots or Al in 2017
-0.019** 0.016
Robot adoption
(0.009) (0.010)
0.006 0.003
Al adoption
(0.008) (0.009)
Year and industry dummies Included Included
Observations 29,080 29,080
C. Using strictly exogenous control variables
-0.016** 0.007
Robot adoption
(0.007) (0.008)
0.009 -0.006
Al adoption
(0.006) (0.006)
Year and industry dummies Included Included
Observations 36,883 36,883
Notes: *** ** * denote statistical significance at the 1%, 5%, and 10% levels,

respectively. Control variables are the same as in Tables 6 and 7. The

figures
estimator is used.

in parentheses

are robust standard

errors. Hausman-Taylor
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Empirical Analysis of the Effect of Automation
Technology Adoption in South Korean

Companies on Employment and Wages

Sora Jeong, Nakil Sung"

Recently, there has been renewed concern about the rapid spread of
robots and artificial intelligence, raising fears that automation technology
will replace human labor. This study analyzes the effects of the adoption
of robots and artificial intelligence on employment and real wages in
domestic companies over the period from 2017 to 2021, using data from
the Statistics Korea's Survey of Business Activities. The results indicate
that the employment growth rate of companies adopting robots was, on
average, about 2% lower than that of other companies, confirming the
labor-replacing effect of robots. In contrast, the effect of robot adoption
on the growth rate of real wages was not statistically unambiguous. Although
it cannot be ruled out that artificial intelligence may have increased the
employment and real wage growth rates, this was not statistically clear
as well. When the analysis was narrowed down to large companies with
a workforce of 300 or more, the effects of the adoption of robots and
artificial intelligence became more pronounced, confirming both the larger
labor-replacing effect of robots and the positive effect on the growth rate

of real wages. Based on these results, this study provides policy implications.
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