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We annotated 800 datasets of job offers and resumes in four languages (English, French, Italian, and Portuguese)
using O*NET- and HEXACO-based guidelines, resulting in 21 soft skill categories. These annotated datasets were then
used to train BERT-based multilingual models for soft skill extraction.
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Summary Annotation Framework

e Applicant Tracking Systems (ATS) often focused on hard skills, neglecting e HR researchers created annotation quidelines based on O*NET
soft skills which are essential in candidate selection. taxonomy and HEXACOQO personality inventory.

e Soft skills: behavioral and social abilities that people tend to develop through e Soft skills were identified in jobs and resumes using the following criteria:

social interactions. These are challenging to identify and often overlooked.
1]

e We compare soft skills, hard skills and occupations in shape and meaning
highlighting their sources of variability.
Social Skills Thinking Skills Personality Traits
(Coordination, (Problem Solving, (Independence,
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O*NET/HEXACO

Annotations context Document type Data-dependent based annotation
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Contribution #3:

: L _ Annotation and Detection Examples
Soft Skill Extraction in the Wild Annotation (Resume, OUrs)

e 10,000+ annotations (in-house and state-of-the-art) for soft skills o [UifeIVs and [{ale)tlelalii¥ll person with good inventive
e Supervised system for token classification using a span-based approach. uliigns and doelelinil|peleen with geee INIEiE

o independent (concept) — being action oriented (phrase, span) Annotation (Jobs, Ours)

e Use of BERT-based multilingual model (uncased) and fine-tuned it using 2l ; Io::ow vera angl written instructions e ae to worE quict:y an concise:y uner pressure
: _ itten instructi t | |
our manually annotated skill datasets and state-of-the-art labels. 5 follow [ and [IITIERIEITENE be able to [l fe[T] and el under pressure

e Comparative evaluation of soft skills (left) vs hard skills (right)
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Annotation (Jobs, Sayfullina):
e be a national provider of [[gle(s]el=Iale[lali sector complex healthcare
be a national provider of [[ae/=isi=islel=1q11 sector complex healthcare
(not a skill)
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Table 1. Soft Skills Table 2. Hard Skills

Semantic Analysis

e We analyze the semantic similarity between soft skills in different contexts using SBERT embeddings and the t-SNE algorithm.
gF What does it mean? Similar data points are grouped in similar locations, clusters show entities that are potentially equivalent within the sample of documents.

L ]
® ® ®
i Resumes ® el o ® Resumes cidad Resumes O
75+ 4 Job Offers A oo % o & ® 4 Job Offers reled L ny 4 Job Offers (-
() " PN X o/ e ShngA\
“© 40 - o s  %%aa gt %30.‘ ° @2 &g A% ‘L“‘S{Q Ay, LoAay .m\. . O
A 2 <0 ofede ® (©e® 9, ® 4% Py ) 40 - D) A'9@? W) A) AN,
A )‘o’..?A‘ s "oy L UUFS "QA,\.@ @ a‘!‘ A (.. l.’. AL o, NS ‘e ® [2) o ’5". 3 n 0® A
¢ Jo- e o 9%y Ve oele® R Y M 2% | ‘Grye —
50 Uy g o afs lei, D VS e NEe e A I Nl A ©
i e ® o%™A A O 002, 8y % ) I S o —_—
3 S @©®an 09 = 208 %5 o' = ® . o% 2y g = 15} ——
3 & '5‘.’ :1.3):.0 e .’..‘ 2 o g ® "o o 2 :A’.) ARA 0%‘;.."0.‘0 Ve - .32 D4 J\
p b4 %, A Y
08, Hard Skill IR SLTRERPLLY S s W, £
A Al 2 % = @ . @ A N\ N o
\ X ~0:% ) . P o 20+ . | R A‘.ar"“’a\.(ﬁ - %5 ¢ Y WL 20 w®A  ALhs Y e " I “depene ()
e s® 2% g0 109, 5. oM. 05 1> @0 e n e SUTv® 68 o @A o0 & o ¥:vwe AR deya A A L TS 0 N &
257 SOOSs 1 SR XS 2@5® = {((0)3 ‘.*.J il e %o g {‘5@‘)‘:. e®, .,.fa’.‘\ o . Py R v ® ,"q‘i"u e oz.‘\g\ - 3N S%e wy © S
; o 9% °. % " e @GPV a0 ° 8%e® % o " o . v ° " L (A e A Y—
o a0 G o .20 3% A T G A I O A N B ‘e ‘5 % w?® o ® )]
s ¥ ® Ae A A @D 20 Q N ey @& _ M (20 ° - ) 4
o a [ 2o A L9} @200 20 e 080" AC s @ @ oy L C N A\
c ° S 0 o5 c o Gy 0 % ©, s & 957390 ¢ & n A 2. COYOSI) c D2 A 09 o @ y A
2 “ @y .5 YYo=, © - o @, 0e¥ NS o= 0.0 ®o¢ s~ @ \® @ 2 ¢ e 1S5V = (-
(o] L ) e%eca @2 © (®) Q% % o0p, ® a o N R PP o0 @e% S0 558 o /A ¢ (d . A Ay~ A @
P s T » () O L) . @ o7 (@) e€Soi N o ) A A e <
w0 AR e f..f‘g"."r'&.@g’ ® W H ﬁ;},.‘.‘:’;“."‘?. 0® ¥} o ./A.;f":) 3‘?‘?..). % ,S,;sg,o:qﬁ:. o &® o020 59 o w0 ; :o’.:’h" 22—:‘:‘ e@® . %204 .J.p Y 50% 9,_’5’: o A O
c (A7 ST Y, 9.0.9°%9 ‘Y0 T 0.~ \ c GO ® £ o "0 . 2 ‘O Ne® @o Og ©'w0ge c O, 000 % Nga®ly M ¢ eV @ o 9%.9 opi gt ‘e o A oy O
Qe 208 (09,0 5987 ~ “SVe P 0% .. 00 ° & >y © @ e iegh o050 Se ® 0% e Son Y 7 A A e A e @@ A
Q % e OV¢,0 80 ,50¢,8" O 5 O (A o ap®a®d ©® © ® S o2 & Lie oi'ee 0 2e¢ Q o L 8000 "0 o0 o L » e ag A ° 0,(®) —
(oA ) ANe@S(@ 4 OO N v 4 @ _ ¢, a - 1OV @Y @ ® [5) @ ‘\‘i A Se® 3 (O ) ® 99 o L Py AL @ ® ~ 9, A OSY ®
£ @ 003%e~ 8002055 Wi 4 £ ©%%4*° &, 0@ . "0.0e°® O o "4 @ %Wee e £ od sty 0% @ ,,%% 5 » AS OISk i 2L e®
= e, 28, //® OB AT ) = ® e 18 o800 20 00 R 2 %° o o — S L@ A % ie, OIS ) i ® o '
: o) » 202 ) 4854 @94 o “ad 0ge®iT? o A @ sed) o L) e - % 0" 807N Sap ona qogp 0y ¥ e o)
[a) \ ', 9! Oage @O SC= (a] .‘A @@, X ) 9 2%e A OCRd AL ] (] \ " o & 00 O ov® v . AJAL0S
LA TN 0 X 77 5 Dy ©0 A AU\ 2 A zg @5 ® e o A_O 09 @ e &, &9 N
220 BV 0/ OTe® 0o N /e N TN 0. €39 o (9% e .0 0% O 0L, 9.9 @ o .9 & b O ¥ Y Oi\'g A o
—25 - o N Ve E0s GNAT & ) N iOay 0’59 ® » T\ D ¢ A ® 00. 0, o/ o .~ o > 7\ e ® Py ® A T,
P ) TRt o P 2 ) @S A ORO 9@ @ 4 [ O @) [ 484N YA ; L AN A0 A [
AN QR ONG, T\, @ X 0’0 %= oo %> o0 0o 2 , %0 OV Sy 2 a, A a © AR A0 5 v ® @ L 260
o @, N L0, =0 - . @ O O Tet.e8 0 0 o @y VSO co 4 ieY 0)g?® =20 1 (LD LY [ oY neweo,2E (@)
% 2O, 0 9@ © —20 - AO, (Y'Y LA o @4 Ly re I¥ ] ve ole P A0 o A ce®
o8 ,Tere 9. 9e%0 * % A A ; X %, v o L S i L o8 Agh @ (q\|
XD & 1/ £ D0 g PY @D gy O o:0 200 | N A.;..') (LN } ®) e ﬁ"’. AY
.05\ 090 2R 00 Y7 @0~ o ® o Co ea'o o, P °. N ® 4G
, 08 @ e %3 ) W 24 a 7\ %9 g 1O ® ® © © 484 2 0 \ ° [(
i 2906 8® 5o %% Cozy 160 o0tie® 00 5% €9 oe A% AR eA e 0.5.(0 & e 00" @, Ade nd o
-50 RISy ASOINTCG 7 rs O 1270 ®0 oliel WEP 4, @Y G000 © % 0 T 0% L% Nepee Y ey e &)
AN NS o, @ O 00s N e 0 F Tl CPR LI e - % on® :‘5‘{.:»5., ° to o
949 STANSYA 7o ( D@ 0> oy PY S o YO0 % o S @ —_ - (AN p
LI Ly A’ @ 89 ook [ (O D () @ X [ A 4 \/\
LAY “'35961.0‘ jo‘f:"\g% °* ~ —40 - ) ® ® i oo oe B 0 o sbes xe® ©
[ 220 PR e CA° @ «hee 930 09 @ Voo &
~751 YA & se8Pe © . e #al ) B O
s,’\\ 384 \ - .‘3(‘\. '6’ - [ ] f. i —
- !6.4’. 'K'A'. ® a \ "'q‘ri .
T T T T T T T T T T T T T T T T - _I
Contribution #1: —-100 -50 0 50 100 -60 -40 =20 0 20 40 60 -40 -20 20 40 O
Variabilit Dimension 1 Dimension 1 . Dimension 1 (O]
y Occupation Cluster S
1] - Ll - n L] Ll n
Analysis Figure 1. T-SNE Hard Skills Figure 2. T-SNE Occupations Skills Figure 3. T-SNE Soft Skills

Artificial Intelligence for Society




