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221 FRI-72] BAHA A AR = A T HoJE7} sl e] HEkE 9ots
I AshE A28 YHo2 weAe] B4, AT, A &857] AlRskar Qi) £3,
2-2}917913-3(Online Job Postings, ©]3} OJPs)= 1852 k% 25 A7t 2 1 A
o)
]1:%_

O.N

o

¢

S et % gVl Wtk BE TAFIWE Lele] Lokt RS ohlAE A3 o

& UARF EALE BN DY 07, Y T AL AT B0l 7
SAAD 915, OfFse] HIAE dolef® Rgalel AU LFIAE AL TN A0
Ast] ghe

O

13& AFI TR} 1857 MRE B QA 2H& 5 Al sl 9

2 iR A, A B0 Z12 AR FEuo] 18Teh 3 duAel o
FET BRET AAES AFT 5 Atk 7% Aslel B g, £, % B} Lo
el 5450 Wale W/ £He1 o|E EReln EEsels AURUAs A4
So] £& WolF7|E @) Ag) B BASTATIY o)dA L AR ERa
e e FAE BLHOE VST AT & A S FA BUE o) FAY
2 29 % ok 53, ME B831 B2E E4(Text

7| A18k5(Machine Learning, ©]&}
Analytics)-> AE7FHE9] EHQl A Ao o&EstA] oA E tiFe] ARE UE F v
s 5 AA TS 7FssHAl gtk

£ Q7 9] ZUWork-Nen)o] OIPs Bl2E Flo]el g BAlsjel, 7]20] A uaAE
2ugAnge] PLDLAJER KECOZ ABRFIIE A28S T3k AL 2
Hog Jtk WHERORE 7Pg Aol BAE B4 /1M Fefid(deep learning) 2
2 A G H2 ML AUANAE BAE BH PUELS 73 70 3E BZolA AFA
A geid Bl wash glrk & ATl Ped Bae A8% Ze O aE
dlolele] tha Aelo} Ael o] Hojubr] melgich

B po] 7L 2ol 4 OPsE T3 ATl B3 AW ATE Helsha, 340
A AT P BEE HolE S avl@ 430N B ATE BT, 55l
a0k} AR, AAHE AN,

II. OJPsE &-83 &R A3 A3 A4
Aol A 0] B14E B2E FolEo)A] ofu] Y= ARE FEFHe AL o|HME 2

-2k AAA7)7] Slel oA BelE Asststd e AAb 23] = A 2(Electronic Recruit
Process)& Al ¥ste Hl T2 AREH AT 22, FHZ &0, 7+<1-8-22(Job Postings or Job
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Vacancies)7} AL-852] 5T 5 dAY FollA & igshy] wedl =AY e
Ao &gF 3 Tk

OJPsE &g3l= 7|9 ATEL UFE U7|dolA TheEoE AdEFAAE &8
k= Wh2olth 92 S0, Acemoglu et al.(2020), Deming & Noray(2020), Burke et
al.(2020), Das et al.(2020), Hershbein & Kahn(2018) & ®1771¢19] BGT(Burning Glass
Technologies)7} A &-dh= OlPse} A AYIAES 8ot 2 W sHo 2E 7
A Hl&{task-share)®] SE1A WES wAet3ith Calanca et al.(2019)9] AT% F=¢] &
2l IR Ale] EQ1 Adzunda(https://www.adzuna.com)Z5-E OJPs o] <} 297] 2]
HEFE QA =8 AlFobr SHS getshs A& a8tk 288, BGTu
Adzunda®l 22 RIZE719E2 OlPse] HlolEH & &-8ato] o|gA A& wFstal At
Ae=Ad ajAe At Al= FN8HA ¥ 2THGnehm & Clematide, 2020).

12, OJPse] 4™ (job titles)o]ut 2] F-7]<&(job descriptions)d} 2+ Hl~E e 2]
o[E]E ML W o2 HA43ld, 7|& AJEFAA | A= AFEC] AEH7] AZs)
39k #H AFES A Aol GE Dol

Turrell et al.(2019), Hoang et al. (2018), Colombo, Mercorio & Mezzanzanica(2019) 5-&
Ab=8] 221l dAkE] v Ate] E9] OJPs HlolHE &-8-8kal, WAIA & (explicit-rules) =
d*, Linear SVC, LDA, Perceptron 53 22 dg]E 58 AREsle] #13a HolHE
EFAYEFAI 2RO R BRshs dagES sk

QA AT E2lo] olugt AR 713 2o A OIPsE 7]1& A QEFAA ol A o)
#2 A7} olelE] the University of Milano-Bicocca 178 ©] Cedefop European Agency
o] z91-& o}, ket WolMIS(a labor market intelligence system for classifying web job
vacancies)©|th. ols= EU Ao 281l 72 Afo]EoA] OPsE 3kl A1 3 A Y &7
A A 1ISCO(nternational Standard Classification of Occupations)ol] w2} OJPsE E-F3h= Al
2ot WolMISe] W&} 7 o) sk zpAM|$k M-S Boselli et al.(2018a, 2018b,
2017)¢} Marrara et al.(2017)e)] 2 A|A[=o] Itk EU o]€]¢] =7l teiA e AR &
T5°] o] FoA 1 Utk Xu et al.2017)+ F=olA AH E75 #g tiF = OJPs TaA
JCTCUob posting Corpus for Text Classification) 2 T-=3sh= Alge] A HA 2] o2, OJPs
£ 7129 F3Ho] AYEFAA 2 CGCOPeople’s Republic of China Grand Classification of
Occupations)oll SAAISFATE of7]o CNN, LSTM, GRU(gated recurrent unit) 52 =]}
2dE ARSI

42 So} geid 7ue] YaelZo] OFse] YR F 58S HolFt Ao
o]

by

¢

© AV BT WAL 54 =uole] §ol5S B PEltaxonomy)E BElel MAE B 75
Yo Fol 2219l FAF MM AHH UA Gl AHetn, ol J1E AYLRAAC] Vst ¥
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™

AZ5 1 At} Gnehm & Clematide(2020), Tamburri, Van Den Heuvel & Garriga(2020), Choi
, Kim & Lee(2020) 5-& Held 7|9 =<l LSTM, BERT 29 5-& &8sl 29 B/
%S FA WAk ok Gnehm & Clematide(2020)-S BERT 2&-S ALg-alo] i
Het= dnld(contextualized embedding)2] o1&+ o]Hg H2-& % e A
(multi-task models)e] HAE S AFH oz WA &, S 1t Hald 7
wdl BERT-CRFE 283+ A3 A7} 91%0l G3lda, shte] mdlelA 2A(34 &
Z2), A1 S, BE)715Q S-S T sk A3HER(oint dassification)
WH(a multi-tasking BERT text classifien) & €83t £2 45 ¥ F IS BT
t}. Tamburri, Van Den Heuvel & Garriga(2020)% BERT 228 AF8-8ka] 80% o] 4+e] A8t
T2 A AAZ] AFRE RoFSa, Chol, Kim & Lee(2020)% Bi-LSTM(Long Short Term
Memory)®} Bi_LSTM attention =28 AF8-5lo] QIEYl 2] AFo] ERQI Careerbuilder] OJPs
5 54 A% 9= EFsth

kol A 7]1E2] A9 ATl FEZF Bdtoly AERAN 7| Z2JATHET - Av)
73 2020; @432 - 3], 2020). HZ ML 715 83t AYS Ao ® EFdhe Al
gl th3t AT-E0] AEH 1 tt Tl OJPsE E-83P7| Rt 32 EA1 Auo] XA}
o] HXE 2555 &8sk Aotk ol A7 A3 FstE T e A8 £of 4
T-=0] tiF-tol, A-s3slE A QEFAA AAol #Aalo] JorBTk ML darg]se] A%
B7pE Q752 497 Btk ol 9785 902D A= Held 71wke] LSTM,
BERT 25 A8tk HolA #4ls 7HAE vhsith 94 902D+ BAAY AT
ALl ARJAI7| 2ZA A A AFEC] S/ H2E H|o|E* o] Bi-LSTM}
BERT 2d& #-galith ¢34 - A3 Q020% EAAY A A7 S S88te] Py
7o 2 AF A EFVIE TR 7S ZE7) HoH A5E /A3 AFEskE 4k
BR dugEES A 79, CNN, LSTM, CNN-LSTM 59 A%< #rie dx
CNN-LSTMo] £& A5S Hl Zo=Z Hrisisith

o

st

*
Mo
12
o
R
)
ol

Hde sl EF 4% A|HA 2hH(token level sequence labeling) 2 Q13119
H3H(text zoning)E st FRIFTILE FRI st AUS ST

ol Aol JAFFEZRAL HojEoA = ZF ZiQlo] FAFStL Qe dut A
Ao} A 2 A9, s AFAAIY] AFYUIE 59 HlolEet AR

Lt 52 285y, AGATIERAIIN = AFGAIY o]F, AdUE, &8 &5
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E D OJPsE &4

g 71E AT 4

7= o4 - X} OJPs =4 J|H 24 4 g
Turrell et al.(2019) Reed.co.uk TF-IDF d TR oS
o] 7} Hoang et al. (2018) CareerBuilder SVM CHS 8lolg 27/
ol ol E{ ChinaHR, Zhaopin CNN, LSTM
_ Xu et al.(2017 ’ ’ ’ ’ JCTC #+=
g2 u et al2017) 51job GRU T
Colombo, Mercorio &
S Ilybi. SVM A =8 mpet
Mezzanzanica(2019) Wolybieom =8 &
7|2 3
B Boselli et al. EU Chekst
PN LMI
0T | oma 2018, 2017 | Ealelmmsols | gaplw sg | M TS
Gnehm & Swiss Job Market BERT A, kA,
Clematide(2020) Monitor, SIMM V| sHEF
.'::!|E1 ';' Tamburri, Van Den Hae N "
il Heuvel & il i BERT Y= FAILH
H 7ol OJP;
AT Garriga(2020) | °
Choi, Kim & _
’ i i— Xooiste =
Lee(2020) CareerBuilder Bi-LSTM S R e
e EEIN BI_LSTM
A™ L 2|(2021 - ’ ANSEHAER
2y * 20 NGB EEIN BERT } B
oA _ XA D= A} CNN, LSTM
Eh- 21514 (202 _ ’ ' ASAHARFT
T 144(2020) AR H T A} CNN-LSTM } i

Z & om =
gk Ak o] A ] 2ol A %‘j&f& ANES BAF Yok &
F AZ"E 58k AT Elx 3
Bi-LSTM¥} KoBERT 2&-& 1185559

< Wrhi R A} gk 9ed 7R =
7] $lsliA=

ok

dTe 2T

=
eel el gne Mg

2d d2u|Ee] mA %A o
B ot HolEE 8T 4 ) Wil Hed Hgahe b el e Aee B

HlelE o]
vjotalal BFe= WY
811 2~(Public Employment Service) 7?1-7-2] Afo]EXI
2 Az 2 AR 9ade] 2l

ork-Net

P A gsfor Ak £

O]j]
o

[e)
A
lFal

. A+ 4

ELEEK)
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oS, job title)o] MG A Eell, )3 TsiA 2 ATl v HR(HF71<, job
description)o] B 5ol BIAE FHj 2 ZotE o ok & AlM= 7] 4
I AF7€ 92E ARE AL AFE st dn FRleaels a7 EE 44
U geol] tiek 57120 AR ZFE o] QlojA oleg MsER E83iith Held 7l
HE 287 M F7 ATt Ber s FAo, A Aledoly 4
&85 ARE & A FAS ast] Ol A= ARE ARSI 1999-2001,
2009-2011, 2019-20219 9] 97 W= A2E BE31Ach wld o Wuk A ole] Aaz
& 89 qho] o] FRIFaL wlojelolt). £l AHgE ARelA Y E2ET} AT
AU AFHET} FHo YA e AR ARIES ALlEith

Y=o 2ElTRlEaL HelHdE oln] g=al82YR-FKECO) AlA UJr% A
FE7F BAIE gk HadlelMe AAH o2 TR AL Qs AU Ad LA EREE
of w2k, 7o) FAFI AN AYEFIEE AR AHsta 1%—*%1«1 g
AdFAREol AAFA R A F8ka k. & AFelA= o] AEE BHtarged o= 8kl
TRAFD ARG 2F7]&(ob description) 5 F 7K HAE HolHE 54
(Features)* © & AM3}oI(CE 2> oA F2) AE85 49 ‘ﬂ 1‘@ = ?635&5}. At #
FTEFol A Hed 2lo] HEHY o] & ATEFIIE 2 A
A e et FdEael AFAES o F Qo & AT W— =
(KEQQ) 2E-R(3-digihs 71202 B45140). 1999-2021'd 1t 2 %Olrﬂolaoﬂ 1367
o] Aol xg o vk & A7 A= ZAhe] FRlTa dAkelE 136709 AF 5l
Mol Ao Ak A AR FAL S 758 Zlolth

A= FlFarells AFAdR of9ld A4F Hi =
T2 Sl o] HE E4o] A= Zlo] AFE dSehs H =wc] 2 Zlo|n A%
Aol Frhatodct dlzidh 9f 29 Ak o] 78‘% AAALRAN A AATE =
sof Qlene dAl FAol 3 MAEs AAREA7 AL HE
A~ A= E%}%l*; S FUTE 7F En olgd MlAE HolH e Ao R 2East
TR 7155S AASE, E8olstop word) AIA, 2319 A7} & wol 9 &x
A, SrEAt ﬂhﬂ s dlole] AA2E ddsfof At o7k EZ 3} 2o
AeE AT ol 71AQ] ZADFo|KoNLPy)oll A Al gdh= Fh=o]

‘Okt” & ARE3ITh ©AE] | 92E ele G Dol AA= glck

Fﬂ\ir&

* MLO|A] target2 =ZSIH, 2fo]2(label)ol2til e &I}, featurew 315 U o555 & ©Elojg o] £ W4
(240} F2=)g oujgit) feature TJAIO] attributed: oj7l AIREZ|E stk Almsi
(Supervised Learning) 7]9to] BIAE B2t ¢o|E 9] feature?l target(label) Alo]9] WA S =z 5}
L Zlog B 4 9lt}; H]X|E8H5(Unupervised Learning) target ¢lo] Features@h 7A|1 22| AFH
st Hoz B 2 9}

T OA— o
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=

FEsE BHE FH AYRFA2Y TFEol B

AT

Tokenizerg ©]-gstd A2 AT o] EZSL & A7olA AHgsH € 2d]l
Bi-LSTM3%} BERTel| €71 Zdel| 2l7dwde] shel Anld 2l o]o(embedding layer)oll Fig
ot g e e 248 BAstL TolE Alolo] BAIE aHstY, 7 TolE HE R
HAIZIT 2 ATl = 100709) A= | HE = el HE =2 istd do]E
Tl o] E(training data) 80%<} S| olE(test data) 20%= WHHA E&staL, T
oJEfell Bi-LSTM3} BERT 71"< 283 RlEare] AYEFIE=E WiAdshs dads
A EFAZEDS AR o5 HAFHOIHE 7 AL o] darglFo]

B33l9EA A%S ot

“

it

V. a7 23

B Aol A= B-LSTM E2-& ZA) dglofgol] -4 283}, mdlo] ST g Hrisa
I, YF HolHE AFHE FY HEE FE31e] Bi-LSTM¥} KoBERT 29| 455 H
7V Rz} sit) 94 Bi-LSTM 292 4714] dEejo] dlo|glol] &g Rkt AA)| wo] 1
9] 80%= FHdlo]El(train data), LA 20%= 7=wlolEl(test data)2 AH&-3+SIth

242 thed] A57]E 92ENRS 7R 1 AT AES EF
sh= Ao, 7 WA 2 AWy A RlF e AEEYH)E 92E JHE

3 TEFoll &8shs Bdolth Al MiA) B F 71| §2E W) 3 s
I A 22 vgtolHE FYshs 2ot vpAeto 2 ] WA RS 919 A Bd
T= gy 3ol gAEo] e AGART o Sk o3]S AMESHES AP A S
2 Agkste] F1FaL HlolEle] LSTMS #-8-3h= Edo|tt.

4
i
ol
ol
2
)
ofN
Shd

Model-1 : A& 7|&
Model-2 : A& 71& + FAFIAEHZHH)
Model-3 : A& 7|& + FRIFIAEFGY) + AS53FFAZD, FHIHFAZD

Model-4 : Model3 + KECO A gAA o= AlA gl & F01Z710) A L3 7y

$A, 919 vl 71 mEle] A5-S A3 (accuracy) 2 Hlw ke AR Ao (F 4, <FE
o). * A T= A AREE F Aol o gk enlE o =e] HE-2, AA| KECO
13671 Aol thaiiA Fol|l aoF gholot, 2y Rio] g AERHS Bl ALgg =
Lo vla| A FRJIFI AF-S F7I2 Byt 2d29] o] A o T2 AL T &
otk m, ma2e RH3e] e oA R Hld ZloR vehgth

+ 2 dolEle] o 1/100 $Fo2 MELoIEE W5} Ao & vl B Holee] o
SIME mele Ags) wolo} AEEO AY #AR B4E Soptx gt
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s}e3 A4 a7 vEolH R 718k o] EIk 24 e Ao BuEt,

A o BAE A WolE BE AMACR FANZ T IA

o] vl8) o EFSh & 5 Gtk ASHo|HEwel B8] Hole =} of 1004
o] 9]

EJ(8007HE &l FUstd< wl 5ol T FobA, thek 8L7% &l 4
B3k AFRFASE AL 5 Ak
<& 4> Bi_directional LSTM®] A& = vlal (FE to]E)
e =d dlo|[H # 35 ololH
loss accuracy val_loss val_accuracy
ZEy 0.8780 0.7657 1.8282 0.6402
k=) 0.3001 0.9141 1.5307 0.7153
DE3 0.2683 0.9237 1.5415 0.7124
ZEg 0.9687 0.7268 1.1863 0.6884

2021 lolE|e) 5% W oF 8% s)e] HolEE AR AT

<3 5> Bi_directional LSTM A%58]x (AAH o] o]&)

= dlo|g ZE ool
T2

loss accuracy val_loss val_accuracy
oEN 1.2266 0.6932 1.3601 0.6713
ZED 0.5561 0.8443 0.6858 0.8169
LR= ] 0.7283 0.8015 0.7631 0.7936

F F 8007 7R o] A wlolHE o] &7 A} w0l Ate]z2rt 7M BEldE= 712 AFHIL AR ofE Y A=A

okolo.
5 AW

mebA], B ATl A8 Bi-L.STM3} KoBert 2@9] 35S H7kskr] 9, 25
I} FAFTAE(A LGS &83sta, a3yl I3y Asr) A4 w5A3]
HAYAF HEx = wEsH] Fethes 1L sk, AFER 30007]4 7 TS A3
o mdlo] EYskE WS At mdle] 4%-S ket 2o] H|5E precision,
recall, f1-score, accuracy A|3E"=Z 7153t

* precision(JUE)et 2&o| Truegtil #5st A FolA AAZ True?l 79| v]&S 2jOjst
0, recallAj&@-&)olzt AA| TrueQl A FollA EG‘OI True® c&3%h 79| vl &, fl -scores
precisiony} recall®] xstHEdo|t}t. fl-scorex= GO|EQ] Zfo]Eo] B4 1LAY T 2O
g A BIHE & 9lon, 4sg shuY RAIR BT & 211 zebgate AHETg
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™

=] (bi-directional LSTM(1)-2 71331 A& G 2EQ} A 57|&w H2ES gt
shte] AR QIEo 2 AMR3E Aoln, RalX(bi-directional LSTM2)= 741231 A2 ©)
2EQ} ARAY HAES Ffdte] 247} Q1o g AMERE Reojt) RE3e- RElfof AL
= dlelEl E%éa—i = (Transformer model)-& 283+ Zlo|m, B4 22 to]E o
KOBERT =& 283k Aol
o <E 6>+ FHF 3W7H2019-2021W) A= RES 71X 3L 71 Aot} AEHE 3
N FZste] T2 T HFUolH = oF 405 AolH, dF 23
ol AHE EAIEE AR 37 e BES FE3t H837] dil
&3 A a8A & Aol & A7t YERAE dTh
-4 Bi-LSTM(2) Eil-"/l 735 AL =T} 0.622 YERY SkellA] A vlolHE Z8aiA &
A3 0.8200 BlsiA & W& Holtk tlo|E 9] 47} 45 AYdEe HofAl= AoE &
9}11}. skH Bi-LSTM UH]EEE}—— KoBERT Edo] Atja o & 1] & AHIEE HaojFEr)
KoBERT ®99] Heex= ¢F (.75 58 Uehdlth AFsshd 2AYGE/7] A8olM= H<
M Heldrinke] BERT Bdo] £& Ass BT 210 Uehit

=
Es

mS‘., l"-\lI

°

BT

PN

<& 6y Bi_directional LSTM¥} Transformer A5 H7} A&

T2 M| S AFEE precision recall f1-score accuracy

macro avg. 0.55 0.51 0.52

Bi_LSTM(1) 0.58
weighted avg. 0.60 0.58 0.58
macro avg. 0.62 0.59 0.60

Bi_LSTM(2) 0.62
weighted avg. 0.63 0.62 0.62
macro avg. 0.67 0.62 0.63

Transformer 0.66
weighted avg. 0.66 0.66 0.66
macro avg. 0.74 0.73 0.73

KoBERT 0.75
weighted avg. 0.75 0.75 0.75

F: 2019-2021'3 dlolE el A HFHERE 30007]9) BE-S FE5t] L-EUTh AT olE F= oF d0R7folH, A HF
3,0007H0l wlEst= AlElw EARC

2ol ulsiA At u

159 2271 Zefiste HE(bias)e £¢ 4 A A=tz (accuracy)
trueE truedlil o|&sH 2ot

oflzt falseg falseetil o535t ZI7HA] &dlst= 7idolch.
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Lo

Bi-LSTM 225 483l A}, 8005t 7<) th+t= tlo|HE &8 49 °F 0.82 &2
A& S(accuracy)E HAF= ASE YERT ARA &8ss HEAHA = @A
g 13U I vlo]E7t ofAle Aol gk SE3E 7)< (description)o] o] Fo A A
& ok AE 1B, 281 H2 AYEE e oEt A7E0] B4 4Folv A
ol A w27 A7 A, Aot 8] B AL ofddha ddkEth

A3 dlolE7t AFHEE FRIFaL FollA AArE Atk A, I8l diyf= dHolEf o
HHdS HesrloleE AFE A &3] AdHolge= H 58 s, FFEE 34
N B2 F2E 94 F 714 & 483 247, Bi-LSTM2 0.62, KoBERT+= 0.75 4
To] =S Yepdth byl AFHEE B 49, fl-score7t BASAFTELS 052 w2
ArE e 3, Se3A, #EA) AR 5 9 AE AL & AeE
UERA AL Stk o]+ AEAYLTE 2 F7]e0] A gHe] #HeH FeEe 558 719 E
£ Wol x3star 7] Wiw}l Zew Ade:
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code f1_score precision recall
305 A 2FAL 0.99 0.99 0.99 600
301 O|AL BRO|AL 2 X| IOl A} 0.97 0.97 0.96 110
303 kAL 2 ShoFA} 0.97 0.98 0.97 A
550 =& MU[A BAFK} 0.97 0.95 0.99 600
306 QIJE-_'?IA}-XE bR 2EAL 0.96 0.95 097 600
412 J|R 2 odE METE 0.96 0.95 097 315
302 %‘—SIAP 0.94 0.94 0.94 18
304 2tS AL 0.94 0.92 0.96 600
511 0]8 Mu|Agl 0.94 0.94 0.94 600
512 22 e S oAl MH[AY 0.94 0.95 0.93 248
222 HE AR 0.93 0.93 0.94 600
32 2828 AR 092 0.91 093 600
561 Ha-gkod gl JHAL MH| AR 0.92 0.90 0.93 600
213 TR WAt 0.91 0.92 0.91 553
413 SHO{| AL ARA - T | 22 22| AL 0.91 0.90 0.92 424
823 [ = —’F—ZF_%J 0.91 0.90 0.93 600
871 oA e RS 1 == D [ 0.91 0.89 0.93 600
902 s ALS OAW 0.91 0.87 0.96 600
904 o ALK} 0.91 0.88 0.94 600
157 AMESZe 7|=A 2 AIFY 0.90 0.87 0.94 600
411 271 ST} 0.90 0.92 0.89 284
812 =52 Hu| 0.90 0.91 0.89 600
521 03l MH|A 0.89 0.90 0.88 425
611 S8 AMEHE 3 B0l 0.89 0.85 0.93 193
307 H7A-o|7 ZAIX} 0.88 0.91 0.85 600
416 A=-Hsh-uks ME2It 0.88 0.85 0.91 600
623 =0/ S| =2(Fe el S0|AE 0.88 0.86 0.90 600
881 QUL T | Al AR A | Z=EFE 0.88 0.87 0.89 600
523 SHRAM M| AR 0.87 0.85 0.90 520
613 e ot 0.86 0.87 0.85 600
704 AMd M= T7|H 2H 0.86 0.87 0.85 600
825 e = L= | 0.86 0.84 0.87 600
231 APS| S X|AL 31 AFERA} 0.85 0.87 0.83 600
862 T EA AL ZHTEAL B R S AL 0.85 0.82 0.89 600
883 7t =8 E M=l 0.85 0.83 0.88 600
414 2ol MEIHETE o= A 2f) 0.84 0.84 0.84 237
420 AZ X2 Z2|oo|Md BAKAL 0.84 0.84 0.85 600
542 Ad[¥ 0.84 0.83 0.84 600
616 o2 A& 2 o E 0.84 0.83 0.84 600
864 Mz, 71EF M7-ols 7| H =AY 0.84 0.84 0.83 387
133 AZEQ|o] 7R} 0.83 0.82 0.83 600
155 o L{X|- 2tA S st 7|=XF 2 Al 0.83 0.83 0.82 600
13 M ZMH[A 22| X} 0.82 0.83 0.80 600
158 g gy - Aed oM 1| k| T =k} 0.82 0.80 0.84 600
531 FUE 2 E2[AL 0.82 0.81 0.84 600
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541 Z5-Hob ZALRL 0.82 0.83 0.81 600
703 B 2= 0.82 0.80 0.83 600
853 st FA =5 0.82 0.81 0.83 600
110 Sl&E-Ats|mpst A9 0.81 0.81 0.81 258
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824 SH¥ 0.80 0.82 0.79 600
851 M7-stetE s ER =AH 0.80 0.79 0.81 600
882 SM-EH=Z-F0| YMT|A == 0.80 0.79 0.80 600
884 Sog & HIFEMSH 0.80 0.80 0.81 93
27 3| A-gel AR 0.79 0.78 0.79 600
135 HEH MET} 0.79 0.74 0.84 126
156 Mrasst ZIsA & Al 0.79 0.80 0.78 105
705 ZIEt M JlsHGE==ZE 0.79 0.80 0.78 302
122 Myaist A7 AR 0.78 0.76 0.80 475
214 w27z s ZAt 0.78 0.77 0.80 600
232 ESUA R T[EF ALE| SR SARR 0.78 0.77 0.79 600
415 Clxto| 4 0.78 0.77 0.79 600
417 w2tz 712X & oA 0.77 0.76 0.77 187
23 SA-AME-EE dE7t 0.76 0.79 0.73 121
621 37| MEFEE ZEAL Y BEAL 0.76 0.71 0.81 88
622 ASA 28 0.76 0.82 0.70 600
815 Azl A 8RR A 0.76 0.74 0.78 454
872 AME IS JIs¥ 0.76 0.76 0.77 600
901 = Mul BALRE 0.76 0.74 0.78 600
31 =828 d&7t 0.75 0.72 0.78 82
22 Ay QAL METt 0.74 0.72 0.75 333
841 HESAUIT| dAl-2l | 0.74 0.77 0.71 600
221 HE M=t 0.73 0.83 0.66 58
233 AAX S T|E B SAAL 0.73 0.80 0.67 6
215 et 3 J|EF WK BAAL 0.72 0.73 0.72 600
814 -tk M| AR 0.72 0.72 0.72 600
524 LAY MH[ AR 0.71 0.69 0.72 141
817 2E5EH| TR 0.71 0.69 0.74 600
140 HE-E=3st 7|aX & Al 0.70 0.65 0.75 600
612 dde A AESIMe 0.70 0.64 0.77 600
624 Bl el & J|EF & SAHAE 0.70 0.64 0.76 600
813 =8 & SHIA =2 0.70 0.66 0.75 600
24 FO-TALAET|E - #AD|E MEot 0.69 0.67 0.71 600
25 HE- 33 4 AR 0.69 0.65 0.73 600
159 HMEA S 7IE Y-8 S 39t 7 0.69 0.68 0.71 600
212 Stul WAt 0.69 0.71 0.67 404
562 g -Fxze 3 JIE ME|A e B 0.69 0.74 0.66 600
863 o= Mz=g ¢ ¥ 0.69 0.72 0.66 178
873 AE IS 7A=Y 0.69 0.67 0.72 600
826 HIE M E YT (A =2t 0.68 0.71 0.65 600




Heldslu E2E RS B YYRFAZY T B3 AT
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152 S5 ME2SZS 7|=A 2 A 0.67 0.71 0.63 240
833 - AR =AY 0.67 0.67 0.68 176
131 ZFEstES 0 SAIF S T|EXt 0.66 0.66 0.66 297
614 272 A4 Y ¢ gM HE AR 0.66 0.63 0.68 600
701 A47x 7Is¥ 0.66 0.68 0.64 600
832 2 HAE 717] A2l 0.66 0.67 0.65 600
852 u2-Z2tAE 3 e E YA |A 0.66 0.65 0.67 600
885 otv|-Zhk 3 JIEF M= BALAL 0.66 0.66 0.66 600
olslelel nelzRd o 7/
11 Tololsd 0.64 0.62 0.66 32
151 JIA-ERFIS 7R 2 AlEH 0.64 0.61 0.67 600
706 AM M2 e AL 0.64 0.69 0.59 600
834 MI|- ™A Mu| =& 0.64 0.65 0.62 600
617 wE 3 JEF mhol tHe S ARAL 0.63 0.65 0.61 600
702 Azord 7s¥ 0.63 0.63 0.63 600
816 7|H =B (RS M) 0.63 0.63 0.63 600
14 0| & o3l -=uh-SA-ZH[ Hapt 0.62 0.64 0.59 600
211 s w3 ZAt 0.62 0.89 0.47 34
JIAEs] dx-Hel
811 (2axt| Hel 0.62 0.62 0.62 600
12 dY-dG-as8 24 22X 0.61 0.62 0.59 600
836 M7 HA EEMHE =EH 0.61 0.59 0.62 600
905 N Z= Ehe SAERL 0.60 0.68 0.53 600
28 FH 2S5 ULEE AR 0.59 0.56 0.62 600
Holel UEeT o Al
134 oof x= 0.59 0.58 0.60 600
153 7| HAZe 7|=A & Al 0.57 0.56 0.59 600
615 ol S ALKt 0.57 0.56 0.59 600
903 A SAHKt 0.55 0.60 0.50 117
132 ZAFEHAIAE MET} 0.53 0.59 0.48 222
240 Az gk 3 e 0.53 1.00 0.36 11
835 MI|- MR BEHE MAT|[H =2 0.53 0.57 0.49 600
29 O - DM AMEEA M- AR E X 0.48 0.48 0.47 600
821 F5H&HA J(A-Mu| ==H 0.48 0.52 0.45 600
16 AM = 2K =M o0 22| Xt 0.47 0.50 0.46 600
15 A Eol- 25 22X 0.44 0.50 0.40 600
121 Atodmpst A 2 AIEA 0.43 0.57 0.34 103
26 BRI AT 0.41 0.47 0.37 600
136 S WESE TH| T|AL 0.38 0.67 0.26 23
33 =828 ¥ 0.31 0.55 0.21 28
890 M= Ehe BARKL 0.21 0.28 0.17 600
21 HE-s3d8E W27t 0.04 0.20 0.02 48
250 =2l 0.00 0.00 0.00 2
522 37| ek Ax AMSZR 0.00 0.00 0.00 9

- 176 —



PN 2HR7E I3 A A6d 45

D = ==

SHF - AnEQ020). ALF AT AdFANLR] 78 Sl B A7 HAAE T
7|14 FARE THCE. Ul-ﬂ?zli%%]%‘ §3]7], 4(1), 71-100.

24% - AE5(2020). Y] Hd=nIBEol %—"d T A Aol g =allE 3t
o] AHaA. ﬂi"“i%‘ﬂ%"éﬁ}ﬁlﬂ 4(1), 23-50.

3 - 43142020, e 71 e EE A ?Sl'?:% s 2d v, oy A

B/Qfﬂ ﬂ?ﬁVﬂ w5, 21(1), 516-518.

T =8Y - o33 - 3 - P33 H202D. Y 71HE E87 ARAY As A

9 /‘]Z:Eé!, Fe@3AI =T A, 12(4), 23-30.

Acemoglu, D., Autor, D., Hazell, J., & Restrepo, P.(2020). Al and jobs: Evidence from
online vacancies (No. w28257). National Bureau of Economic Research.

Boselli, R., Cesarini, M., Marrara, S., Mercorio, F., Mezzanzanica, M., Pasi, G., & Viviani,
M.(20182). WoLMIS: a labor market intelligence system for classifying web job
vacancies. Journal of Intelligent Information Systems, 51(3), 477-502.

Boselli, R., Cesarini, M., Mercorio, F., & Mezzanzanica, M.(2018b). Classifying online job
advertisements through machine learning. Future Generation Computer Systems, 86,
319-328.

Boselli, R., Cesarini, M., Mercorio, F., & Mezzanzanica, M.(2017). Using machine learning
for labour market intelligence. In Joint European Conference on Machine Learning
and Knowledge Discovery in Database, Italy: Springer, Cham.

Burke, M. A., Sasser, A., Sadighi, S., Sederberg, R. B., & Taska, B.(2020). Ao longer
qualified? Changes in the supply and demand for skills within occupations. Working
Papers, Boston: Federal Reserve Bank of Boston.

Calanca, F., Sayfullina, L., Minkus, L., Wagner, C., & Malmi, E.(2019). Responsible team
players wanted: an analysis of soft skill requirements in job advertisements. EPJ Data
Science, 8(1), 1-20.

Choi, I. H., Kim, Y. S., & Lee, C. K.(2020). A Study of the Classification of IT Jobs Using
LSTM and LIME. In The 9th International Conference on Smart Media and

- 177 —



Yo gaE BY

o

58 AQuRA2E TE B AT

™

Applications, Jeju:Association for Computing Machinery.

Colombo, E., Mercorio, F., & Mezzanzanica, M.(2019). Al meets labor market: Exploring
the link between automation and skills. Information Economics and Policy, 47, 27-37.

Das, S., Steffen, S., Reddy, P., Brynjolfsson, E., & Fleming, M.(2020). Forecasting
Task-Shares and Characterizing Occupational Change across Industry Sectors. In
Harvard CRCS Workshop on Al for Social Good, Cambridge: CRCS.

Deming, D. J., & Noray, K. (2020). Earnings dynamics, changing job skills, and STEM
careers. The Quarterly Journal of Economics, 135(4), 1965-2005.

Gnehm, A. S., & Clematide, S.(2020). 7ext zoning and classification for job advertisements
in German, French and English. In Proceedings of the Fourth Workshop on Natural
Language Processing and Computational Social Science. Online: Association for
Computational Linguistics.

Hershbein, B., & Kahn, L. B.(2018). Do recessions accelerate routine-hiased technological
change? Evidence from vacancy postings. American Economic Review, 108(7),
1737-72.

Hoang, P., Mahoney, T., Javed, F., & McNair, M. (2018). Large-scale occupational skills
normalization for online recruitment. Al Magazine, 39(1), 5-14.

Marrara, S., Pasi, G., Viviani, M., Cesarini, M., Mercorio, F., Mezzanzanica, M., &
Pappagallo, M.(2017). A language modelling approach for discovering novel labour
market occupations from the web. In Proceedings of the International Conference on
Web Intelligence, Leipzig: Association for Computing Machiner.

Tamburri, D. A., Van Den Heuvel, W. J., & Garriga, M.(2020). DataOps for societal
ntelligence: A data pipeline for labor market skills extraction and matching. In 2020
IEEE 21st International Conference on Information Reuse and Integration for Data
Science(IRD), Las Vegas: IEEE.

Turrell, A., Speigner, B. J., Djumalieva, J., Copple, D., & Thurgood, J.(2019). Transforming
naturally occurring text data into economic statistics: The case of online job vacancy
postings. National Bureau of Economic Research, WP No. w25837.

Xu, H., Gu, C, Zhou, H., Kou, S., & Zhang, J.(2017). JCTC: A Large Job posting Corpus
for Text Classification. arXiv preprint arXiv:1705.06123.

- 178 —



AR 2P E G A A6 45

<ABSTRACT>

A study of the establishment of a job classification system
with deep learning—based online job posting text analysis

Chang, Jiyeun®, Sim, Jiwhan**, Jeong, Jun Ho*** Cheon, Byung You****

The purpose of this study is to create a classification model that can identify the type
of job by using online job posting text data and evaluate the performance of the model.
By applying the latest deep learning machine learmning method to Work—-Net online job
postings(OJPs) text data, it is to automatically determine the occupat ional code of the
OJPs. Considering the research trends shifting from a rule-based model to an artificial
neural network model, and the merit of handling large—scale online job posting materials
and the contextual meaning of text well, the latest models of artificial neural networks,
Bi-LSTM and KoBERT models, were applied. As a result of applying the model to 8
million text data of employment insurance Work—Net job posting data from 1999 to 2001,
matching accuracy of 0.62 to 0.82 was achieved. The result is not very high performance,
but it is generally judged to be a model that can determine the occupation. In particular,
high accuracy was achieved in professions where job descriptions were specific and
precise. Although it is not yet perfect for practical use, it is expected that the
performance of the automatic occupational classification system will improve in the future
when recruitment practices into the job—type labor market change and more precise data
pre—processing and model applications are made.

Keywords : Deep Learning, Machine Learning, LSTM, BERT, Online Job Posting, job
classification
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