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EXECUTIVE SUMMARY

A Study on the Estimation of
Job Substitution Probability According to
Digitalization

Hui-Dae Park - Ki-Youl Lee - Hyong-Mo Jeon - Seung-Wan Ryu

1. Purpose

» The primary purpose of this study is to analyze the possibility
of replacement (replaceability) of an individual job family
resulting from technological development represented by the 4™
Industrial Resolution, contributing to the stability of the labor
market. This analysis was considered given the fact that digital

transformation has different effects on the labor market.

- A job family at high risk of substitution is identified based on
the estimated replaceability of each job.

- This study gives rise to indicator whereby a preemptive response
such as retraining and outplacement is required by identifying
a job family at high risk of substitution through estimation job
replaceability.

- By understanding job characteristics of a job family at low risk

of substitution, this study is able to establish a human resource

Vii



training plan, which enables timely supply of workforce required

by the era of the 4™ Industrial Revolution.

2. Methodology and Feature

1) Methodology

» This study utilized a principal component analysis, which is an

unsupervised learning methodology of machine learning in an

effort to estimate the employment substitution rate by job.

» Dimension reduction and feature extraction were used to
analyze major properties primarily targeting high-dimensional
data.

- This statistical methodology was utilized to transform high-
dimensional data to nonlinear low-dimensional data for
discovery of a new orthogonal basis while maintaining the
maximum distribution of high-dimensional data.

» After extracting variables based on the analysis of major

properties, this study carried out logistics regression to estimate

the probability of replacement for each job analyzed.

» Logistic regression methodology is a widely used approach

where dependent variables are categorical capable of

forecasting the probability of a specific event to take place.

- When dependent variables are qualitative variables in

categorical forms, logistics regression analysis shows higher

viii



EXECUTIVE SUMMARY

goodness-of-fit than linear logistic regression analysis,
predicting values within the range of 0 to 1, which corresponds

with the definition of probability.

» The number of jobs considered in this study was a total of 665,
80 jobs of which were labelled as to whether the job could be

substituted or not.

» There are 202 job characteristics per each job covered in this

study, and data on job characteristics were integrated with the

information of whether a specific job could be replaced or not.

- After generating a training data set from 80 job characteristics
with job labels, this study extracted variables that best explained

the relationship between job labelling and job characteristics.

- After identifying the relationship between the extracted
variables and job replaceability, this study derived the possibility
of substitution with job characteristics without the label on

whether a job could be replaced or not.

2) Feature

» This study bears its significance in extracting a variety of policy
implications by identifying the possibility of job replacement for
those engaging in the oceans and fisheries industry. This process
also includes comparison with other industries after estimating
job replaceability based on job capacities necessary to perform

a job.

- The representation of job replaceability in the form of

probability allows intuitive understanding, while contributing to



setting up a direction for retraining and further education by

identifying easily replaceable job characteristics.

3. Results

1) Summary

» Overall, technological development will replace approximately
49% of jobs on average. Since the value of the 1st quantile was
6% and the 3rd quantile was 95%, however, job replacement

turned out to be extremely polarized.

» The number of jobs analyzed in this study that related to oceans

and fisheries was 19 and the job replaceability was 49% on

average, which was very similar to that of overall jobs.

» Given that the 1% quantile was 11% and 3" quantile was 97%
of the jobs related to oceans and fisheries, the difference
between jobs turned out to be extremely large, which was similar

to that of overall jobs.

- Those working as ship sailors and cabin crews should prepare
against frictional unemployment, while the government should

immediately establish relevant policy including retraining plans.

- Characteristics of jobs considered extremely low risk of
replacement included a working environment which required
low physical activity as well as low exposure to risks. In addition,
these jobs require advanced levels of knowledge and

comprehensive cognitive ability.
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2) Policy suggestions and relevant activities

» Diverse human resource training programs have been

implemented in Korea's oceans and fisheries sector, but fall far

short of training programs based on job characteristics.

» As technological innovation is rapidly accelerating in the future,
the necessity of reeducation will be represented in all age
groups. Moreover, the demand for reeducation programs will

grow resulting from industrial change.

» Strengthening the reeducation of the existing workforce requires
an understanding of current level of labor capacity and capacity
demand together with the supply of education programs
customized to each jobs and the utilization of online/offline dual

instructions.

3) Expected benefits including policy contribution

»In order to make more accurate estimations on the
replaceability of jobs in the oceans and fisheries sector following
the digitization, it is necessary to carry out an analysis based
on job characteristics. Hence, the analysis on job characteristics

relevant to oceans and fisheries should precede first.

» When nurturing professional workforce in the oceans and
fisheries sector, this study can be utilized as basic data for
training more specialized and future-oriented human resource
by reflecting job characteristics relevant to the 4™ Industrial

Revolution.
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o UiEt 8% 24 57 Acw ®elth Fl&wgo] Het A5
Z7H9 o7IAIZE Bl Bo}ols AExe} Au] F7HE olol A
B3l Hobo A7} 2A F74E Aolek. vl i WA

A % A =
Fe 2425 B4, a7 5 de A2 VIedER s

N

(K& 2-2) #A=x).

<E 2_2> HEFE FYA J-(_'Inor oo M E, %

ot BRI ot 52

e 2016E 7IEHY SHY JIEMY SMEY s-UiE

A 26,235 28,099 28217 1,863 1,982 119
2efRt 331 321 332 -10 2 12
H27t I 2 SAAL 5323 6,167 6,754 844 1,431 587
AFS AR 4519 4904 4979 384 460 76
MHE[ASALAY 2,815 3,160 3,194 345 378 33
OIS AAF 3088 3206 2971 117 -7 -234
SHOHY SBSAA} 1,199 9561 957 | 249 243 6
7l H HE T ISSAMAL 2,36b 2,397 @ 2,458 33 94 61
R, 7|1 AZE S AESAAL 3,168 3340 3,161 182 -7 -189
S RSAA 3,437 3,653 3421 217 -16 -233

A= DE-s85(2018), "2016~2030 44t AAEHO| M2 Q142 MY p. 9

H2HE 2018 gt=2| ZAUHE(2019) - et 8HYH A

o

A

ol
i
=l
oo

B

Y2 2001 FE =] AFAAoM dEHow g
T 94 A4, 44, dFeded, 7R, A5, S 3
AAATY, A4-Ed 52 AR SHESIH. 2018 A AR
AAAE AV A= 431 AR B 7]eo] ol A= ARl

w
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AFA 52 42 AFEH AHE 71 d#Esh= 7|&olgtal & &
Aok AA SEA S Hyloly B4 RO ARgsh= H[E40]
16.5%018 A3 AF&SH= HSL 7.6%E UERdth =8 FE Y
o] A ER 7|F02 AFA 5 AFE 7FF Wol AREst= A+
o AR W ISt 7]&A(28.8%) 0.2 YEMTE It o2 d&
CAFQ1 -l AL 2 2](19.0%), AY AFE 28 - E8 2 (18.3%) £2o&
wrorrH(HE 2-3) FF)

(B 2-3) (228 oZX|s M M Bl %
FEREE] NESIRIS 7HE AR XIE AlgEt

HA|(18,176FE) 83.b 8.9 7.6
AY M2 -28 BHX 81.6 95 838
x| gl ast 7| 71.2 16.0 12.8
WS HE AS|=X| ZEH- AYE Y 20| 835 95 7.0
HZA- 912X 87.8 6.2 6.0
& CIXIOl- s AT XE| 81.0 10.5 8.5
012013y 28 SA|- ZAH|- HAE| 89.1 6.4 45
- Ot 28 - L& X 85.5 7.0 7.5
AA - ZHZ 2 98.3 1.0 0.7
MR|-HH| - AAE] 22 40 38
o= RS 94.4 3.0 2.6

A2 202 ER(2019), 72018 20| ZEE, p. 114

4) X0 M3z HIZ2 718 AIS5l= HIgd A AE5h= Higel &
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2. 9iHioje 24

dldlo]E B4 43 A4 Aefo] AFA%G 5 thFet 7%l
5 4 Sl HlolHE Alssiette AollA ml% Sastt. AA
SEA T HHlolE £42 A5 AREste Hl&o] 19.3%01% A
AREShE BlE2 4.8%2 UEHH T a8 A9 A} HERE
NFOR ATAS ARE 71 ol AHgste AP A78 4 F
St 7142 (33.8%) 0. & UERgTh Itk o g2 AR AL -F8-HY
Z(28.3%), A& -tIRol-HbE AX = Z](21.8%), WS HE AS|EX
A2 4 290.0% ©02 UERtH@E 2-4) F%)
(B 2-4) HEFE 400y 24 M8 H ol 9
=R MEM| U 7HE A8E A= AEY

T#|(18,176H) 80.7 145 4.8
Y A58 28 7.7 20.4 7.9
x| gl Z5t 7|&E| 66.2 25.4 8.4
UL -HE AB|2X|- A AR U HO| 80.1 15.1 4.9
HAH- 92X 83.2 13.2 3.5
Ol% CIXtQl- Bl AR X 78.2 16.2 5.6
0IE-0dl-4t-34- 3o - A% 93.0 5.3 1.6
- Il - 28 - LA X 89.8 8.4 1.8
FaS RPN RN 97.9 1.1 1.0
AX|-gH|- L 93.2 5.5 1.3
S8 0le%| 95.4 3.3 1.3
Xtz $EI2HEA(2019), 2018 FR2 ML, p. 118

3. Al=2IEY

AFZQIE YL AHBo] AA 9 XA 5

dolelg +4sk Ao, BT & Y 7]
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AA 84 T A=dEUs A5l ARSeh= Hl&ol 10.9%019 A
F AR SHE He2 3.4% et EH8ER Y0 AYHER
g 71E0R AEAHUS 7P ol AHgae A A7E 4 F
st 713 (16.3% 28 Yeth g2 2e de HARl S 2
E22(15.0%), B9 A8 EEA(12.2%), L5 HE AFSIEA]
B a7 3 2R1(10.9%) =28 YERT(E 2-5 H=F).
H 2-5) 2R AFSQIEL g T ciof: %
HUM2F A8 e 7B A8 AF ALSH

H((18,176H) 89.1 7.5 3.4
B3-AF 28 22X 87.8 9.0 3.2
Az o2& T|aE 83.7 11.5 4.8
us HE LS ZH A & 20 89.0 7.9 3.0
292X 92.8 5.4 1.8
Ofl& - CIRFQI - Hiss ALK 85.0 9.5 5.5
0|8 O34t A ZH| - HAX 92.9 4.6 25
Y mf- 2H 24 92.9 4.2 2.9
HM 72 96.3 2.9 0.8
ERRCLI R 92.9 48 2.3
S5 0ZH 95.4 2.6 2.0

_I

A2 S=2I2AMER(2019), 72018 5H=20| ZAE, p. 120

4. Xts2t 2%

5o} 2R Aol wEHoR Aesol she QRS 2yl
B4l sk A ojnldeh AxY YamgolA F2 A 8E,
489t ASH o7 ANL Y. AEH 2ES 5o A1gs
L g0l 3.6%01m AF AGIHE M 1.0%2 Uehdth e
71t 485 Szol sty @ 4 vk AEue R
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HASet =R Ee
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AR MESIR| 2 7B MBS A=E ARSE!
T#|(18,176H) 9.4 2.6 1.0
dG-AF -8 22 98.0 1.5 0.5
AT A Z8 7= 93.8 46 1.6
W=-HE-ARSA|-ZE- LA 2 O 97.6 2.0 04
H2H-9=X 95.7 3.0 1.3
Ol ARl & AR 97.0 2.2 0.8
01203l -s4t-3A - ZH|- FAZ 99.6 0.4 0.0
Y- M- 28 252 98.0 1.5 0.5
4 -M=A 99.0 0.8 0.1
AX|-ZH| L 94.5 3.6 1.9
a0y 98.3 0.7 1.0
X2 SRIEHL(2019), 2018 FH=o] XYL, p. 123
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AR A ZA AL thd A FjolA] S =il
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_]E[n_ 2_8> 10L|L=| §_ %Xl'al %7} x—!OI:I-'(é!-‘CI?'I 107H) |:_r0|: % %1
=i WFGH AT)  BF SgAHE | SEA S
Z250|n 433 93.3 30
40\ HEY
(017ks, 20/B|ALIH) 412 879 33
QIZX|S FSI} 410 86.7 30
NEI P 410 83.9 31
EE R 4.06 87.1 31
S LEN 4.00 93.3 30
QOI7kE AL B 70l 3.94 83.9 31
HM2EA 3.90 86.7 30
2ura M2IH(10l
olciof 2= HER) 590 833 %
HEAF 3.87 80.0 30
XiE: $EILHE(2019), 2018 3122 MYHE,, p. 140
(H2-9) 103 & YX}2| ZA ZA2! 107H) CIof: %,
sjoiel BEGEAD) B sTNuE  SEA+
RX|7| %t 157 83.3 30
01 2 Bl 157 90.0 30
si2 ML 163 93.3 30
Y BEEEIN 167 80.0 30
o8 AR AELET H2) 1.70 9.7 30
Eo 173 83.3 30
12 7|2x 1.77 86.7 30
29l R U MK
xg% f 1.80 80.0 30
) 1.81 86.7 30
ASstn WH Y wzt 1.81 90.3 31
X2: BENEHL(2019), 12018 BH20| MAFE, p. 141



H2d esAd & 2 [y

H3FE o+ MY

nXug Q4 WIS wetsfof gt
Aol AHQl A7 = F8 kAT, 55| Fi7bsd1et AA
51T 2 vt B Fasith dWE o R PAHelt e
A A AT} 5P| |HA HojHh HA QA
BAEEO] 75 v 15M15E 64X17HA] Q] RIFEE oJu]stal
o] oAM= Tt 154] o4 AFE Qu|gttt. OECDOfA=
5] T2 AMEol, $=r9] A= 5o AHE A
U Aol whet HE== IHo] 2 FASEAT
Al ol/de] BAZFsRIT FollA FAEES oA of
o] 7hsst Aot ojm| HATH A+ TS ou|TH(aHE 2-5)
F2). 8% AL A7 Ha, 55| PirHslT dahe 771
= 2 10089 =91 1<) #st
=] A gGEC]
£ Zo] ozt =8 EH

=
xo fr
i
b

d

=2
o
il 2
= (T oJ:,
b 4o Wy -
d @ o i m
o o, oN ol
A
O o I
i S o o ¢
W o,
Oi-m jﬂ: o N
% FU H roll
I ] =’
T o &
> Ti; M ol
o
e
3o, =

=
u)
HL
O,
oy o
E
N
o
Ll
N
(@)
u)
2
N
o
55
Mo
b
=)
i
_O|L
i)
(@)
(@)
u)

\
N
o

4> o o
fo
B o
re
g

it b
)
g, M
=2
4z
oX,
iy
rO
of
o
o
=}
22l
L

m
_>‘~_1,
2
3=}
;:
o
1o
AN
rir
)
Ay
=2
u)
o,
>
e
rE
i)
o
il



w9 Zastet.

(J3 2-5) ZHESUT JEHE 2F

SYRHOZ 1A1ZH O U A
-aanEmMﬂou+ﬂs$aﬂééun

OlAltsx'I
AHESUF
ES 7|2I_:_ AIO-I;(|.
. - Lz Siz e
2F 154 Ot @it
(=82} 97) ~ 20}
- 71t
NS :ég(ﬁﬁlﬂ%?l:ﬂ. YAIEH, FHLS 2t A7)
L ibizof
-3 9|(HYEdl, TSEH|, 2 of7|, HAS. 7IEl §)
Az SHE

FH10] AARAFRIT S0l AlA] AR QI S0]9} v w e B gt
= 201219 73.4%9] 8= AL A&A 0= shgstal glom 20670
= 45-4%7} %l o Oﬂéﬂ Sict. At el %7} Z7lee 27k of

'

=]
>
oX,
i&
1_.
ol
ﬁ\L
o
o
F>
4
rr
18
N
x
N,
Q
ro
lj\l
ﬁ
ﬁ
-
S

15t ek e OL%L%L}.B] %ﬁ% 9}7} e 02 43
itk §31 1% A7} 3L6%p %
steiek. ol A7 it Hlﬁ ) 95 A B A
AOR & 5 AHCIH 26 B

38



H2d esAd & 2 [y

(O3 2-6) eh=at MA Q| Q-7

100%
80% H65H of
60%
H15-644
40%
20% 0-144
124
0%
201944 20674 20194 20674
<Ml Al> <gt=>

A= 2019 HHATELFAS SIS MAt e=9f 2713 H HY, p. 12

=Lo,

(I8 2-7) eh=1t MA|2| WMAHRIS 14| X0

(el - %)
m -
73.4(12) oo e HAH
— 2
70 -
.ao"O'--.-o *tecnne
| 65.6('14 feteeee0
60 S 61.7(67)
so 4 56.3('40)
w0 | 45.4(67)
30 T T T T T T T T T
'70 '80 'ap '00 '10 '20 '30 '40 '50 '60 '67
A= 20198 M RATFELEFAE Bgst AL st=2| el7aiat 3 MY, p. 15
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o= J7hste] 2067d00l= oF 46%= Q19| ARt 7Pk Rt =

Qg A" Aoz HIITH(IY 2-8) HX).

39




(O3 2-8) et=t MiAIQ] DI F+4H| 50|

(22l : %)
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8 @99 2go= A4S HAE 1T AR89 AR A
A BAY 4= Qlo] Hrf st FgstA 24T 4 Stk &
g X" A% 5 7R A o] A== Alo] oyt £
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H o

o] Basleh, F71H 0% Teishor T AL MY thAle]
of Al94 9 Azaolct. EA] A4 X Ay olBE AE @
T whet 71 awEe] A% @ Ao HReo] FaES
A Bt B3 Ade) A iR s t2A 42 5 9

B A7oAE ol AWAS Busty] fistel et Bopol
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2 7A=Y A giAl =S UEd EXE BdHoR
AHgstel Hot i@ os FASH

1. XYL AlAH

2 AFNA ARES AR SR EHE oA A4 H e RSt
= SHR A B (KNOW: Korea Network for Occupations and
Workers) xHxl x]- }_/\]—_E_' /\]._Q_s].o:l q. 6]—;{-;(104;6 HX =] _/,\_15]1?_151 -
S7HA] A ARl A= A, FY, B8 A, A, 28 5 +4
—9] oArEZgol Hast 7|2 ARE ASSH| Hste] h=9 Hi®
A 299 AP QL 8, ALl S tjoFst AEE AR5 AT
okl Qlt}. SHAAAY R E v O*Net(Occupational Information
Network)o)}2 #lx]u}]5}o] 2001151"7—51 ZASte] F#stal Sl o
FAYYE = AF2Y FH oA (www.wokr.go.kr)E &3l °l-& 7Fs
Sheh. Rb=al-8 Ho] ”HLq ZARSHe] 24l AFHHEE A3 &
Ho|x]of| Z7NSkL Ut} 2018W S=A PP E FAIA = =AY
AR A &Y 811782 2018¥ SH=al-8- & JEF(KECO: Korea
Employment Classification of Occupations) All&-5& 2 /‘ﬂ/\ﬂ_v T
T7HA aEsto] RARY gl AR Wi F8 RAYY
= A7gsto] gt Eopof| s & ¢ 22 2AE Al¥skL QL
< 5EY] AAA A A AHEA (E 3-DI A

Ol

5) St 12 H 20 A 2hslist 20184 SH=20| RIH M| M2, 20194 67 7|& 800717} He &
HEEE MiZot AT

6) O*Net(Occupational Information Network)2 Sl T1&IX} 7| & 0124 It ME7 Pt Oj=
X POl EME OfohEt o~ U 48 7EK| 2 HOJ7t Ql= HIO|EH|O|AO|H, Of= LoSZ0i|Af X
&} e|sk Qo
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H 3-1) SBEYE T} 18]
CH BITEIIYE TN S EXEIEL
145} K& RHRIXE RA}
(73071 =% 25,550%H)

15Xt S KHEIXE AL

(7367H |4 of 24,288%)

16X} ke XHE(XE AL

2016 (RHEIX} ZAF - 6397H =/ 19,827)
(UBtBEt= - 927} X2 1,006%)

17X A JYEIXE ZAL

2014

2015

Udt R Ets
2017 (6327 =2 20,688%) - 147 AlFEIA =T

X |
po1g 18X A XEXEAL SEEEE

(6007 2121 18,176H)

AFHYRA AL 19 o4 S Axo] FAG AHAES 4
oz 9YRe WRAY, JRHA 5 AL ARG gE AES
S 2] A9 A

UA SelolN TR F AU EEFES At} NYFEEA
B2 AL T BT AR 2A} WS otk HA
A2 Fjel Belz TR REZES Wk AdA TgloldE
FRVGAYEFRY ARRE 71208 2 4T 3090] 24k o)
A AAA SR ZABAL el Bl A, A R 5
2 wstel YW SuE ELS Hdo] EA(Snow-balling? W

FRAYHRAA AT Y AP AL S U

7) AP0 2RO 12 E HEt5| L 4 91 AL CHAXKIONA| FZ0| 012ig BR0IAIR 5= Y0
Lt MB0= AR O| CHIAIS HESH0 AR TS 0| SHALE St Hiet S92 7 B2
HHYAE ATHSI=Z of0] RIS S2171TA] ZALRIC
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“Examining the automatability of a wide range of tasks”.

8) Frey and Osborne(2017),
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9) Frey and Osborne(2017), “Can the tasks of this job be sufficiently specified, conditional
on the availability of big data, to be performed by state of the art computer—controlled
equipment”.

10) Frey and Osborne(2017). 2YS $t= PO 2 H2k6H0] THE BA|= (BE 1)0] KAISKALCE
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(H 4-6) 2X|AEl 3|12 1}

Deviance Residuals:

Min 10 Median 30 Max

-2.10825 -0.26231 -0.02488 0.18234 2.11443
Coefficients:

Estimate Std. Error z value PrOzl)
(Intercept) 0.0006 0.5816 0.001 0.9991
PC1 0.5234*** 0.1540 3.398 0.0006
PC2 0.2506* 0.1184 2.116 0.0343
PC3 0.2581 0.1689 1.528 0.1264
PC4 0.0543 0.2096 0.259 0.7953

Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 " 0.1 *" 1
(Dispersion parameter for binomial family taken to be 1)
Null deviance: 80.336 on 57 degrees of freedom
Residual deviance: 25.083 on 53 degrees of freedom
AIC: 35.083

Number of Fisher Scoring iterations: 7

Rz KX 5

Deviance Residualse &40] AREH HE I=X|of o] Yoo
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