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Tasks and technology
The age of uncertainty is ahead of us because:

e traditional technology (robots, computers) may substitute only
routine tasks (Autor et al., 2003).

® new technology (Al) may substitute also non-routine tasks
(Acemoglu et al., 2022; Brynjolfsson et al., 2021; Webb, 2019).

| deliberately focus on skills (tasks) rather than occupations because:

® skills and their combination are central how technological change
affects wages and inequalities (Acemoglu and Restrepo, 2022;
Bennett et al., 2022).

® occupations are just complex bundles of skills (that changes over
time) (Arntz et al., 2016; Deming and Kahn, 2018; Autor et al.,
2024)

. in order to explore the skills-earnings association along with the
skills-exposure to automation association in the Slovak online labor
market.
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Data

Online job vacancies (0JV) sourced from Profesia (2022)
® 350,000 online OJVs
® posted between January 1, 2022, and December 31, 2022
® approximately 21,000 distinct firms
Data are available for
® the description of job posting
e offered wage (and range)
® occupation code (4-digit level)
® industry (1-digit level)

® education requirements, region, benefits, type of contract,
workplace etc.
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Empirical specification (i)

log(wojv.j) = Bo + BrekV + 0o + Vi + wt + €ojuj

Wojy monthly wage in online job vacancy j, vis a 1 x K features
vector, where K is count intensity in each number of skills
conceptual categories; d, is fixed effect for each broader
occupational group o defined at the 1-digit level; ; is fixed effect
industry; w; is month fixed effect; and e, is the error term.
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Log(Monthly Wage)
Ols WS OlS WS OlS WS OlS WS
[ @) 3) ) (5) (6) U] (8)
Social skills 003" 003 002 00 00" 001" 00 001
(000)  (000)  (001)  (000)  (0.00)  (000)  (0.00)  (0.00)
Cognitive skills (narow 003" 003" 001" 001"  00I' 001" 001 001"

(000)  (000)  (000)  (000)  (0.00)  (000)  (0.00)  (0.00)

Character skills 002" 002 00" 001 00 00 00 001

(000)  (000)  (0.00)  (000)  (0.00)  (000)  (0.00)  (0.00)
Hand-foot-eye coordina-  -001 001 000 000 000 000 000  -0.00
tion skills

(000)  (001)  (000)  (000)  (0.00)  (000)  (0.00)  (0.00)

Finger dexterity skills 000 000 000 000 00 00 00 001"
(001)  (001)  (001)  (001)  (0.00)  (000)  (0.00)  (0.00)
Software-specific skils 006" 005 001  00' 001 00"  001*  00L*

(©01)  (001)  (000) (000) (000) (000)  (000)  (0.00)
People management 0.05* 0.05* 0.03 0.03 0.03 0.03 003 003"

skills
(001)  (001)  (0.00)  (000)  (0.00)  (000)  (0.00)  (0.00)
Witing skills 003* 003 002"  002° 001 001 00l 001
(001)  (001)  (001)  (001)  (001)  (001)  (001)  (001)
Customer service skills 000 000 00l 001 000 000 000 000
(001)  (001)  (001)  (000)  (000)  (000)  (0.00)  (0.00)
Physical skills oor 001 oo 000 000 000 000
(001)  (001) (001  (001)  (001)  (001)  (001)  (001)
Financial skills 006" 007" 004 0047 003" 003 003" 003"
©01) (001 (001  (001)  (000)  (001)  (000)  (0.01)
Machine Learning and Al 0.07° 008 004" 004 004 004" 004 004"
(002)  (001)  (0.00)  (000)  (0.00)  (000)  (0.00)  (0.00)
Project  management  006°  006' 003 003 002"  002f 002  002*
skills
(001)  (001) (001  (0o1)  (001)  (001)  (001)  (001)
Language skills 000 001 002 002 000 000 000 001
(001)  (001) (001  (001)  (001)  (001)  (001)  (001)
Computer general skils ~ -005¢  -0.05* 002 002 003" 003" 003 003"
©02)  (002) (001  (001) (001 (001  (001)  (0.01)
Constant 696" 6957 703" 7027 703 703 703" 703"
(005)  (004)  (000) (000)  (000)  (000)  (0.00)  (0.00)
Broad  occupational v v v v v v
groups FE
Industries FE v v v v v v
Other contrals v v v v
Month FE v v
N 337805 337895 336822 336822 326553 326553 326553 326553
Adj. R 025 025 044 044 063 063 063 064
R2 within 025 025 006 006 005 005 005 005
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Exposure to automation
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Empirical specification (ii)

Aut, OJV,J = o + BkeKV + 0o + Vi + Wt + Eojvj

Auty, ; = Bo+BrexV+iex (v - Social Skills)+cZj+0o+7i+wr+eojv

Skills group’;j‘,’j = Bo + B1F] + cZj+ 6o + i + Wt + Eoju

Autg;, i represents the standardized exposure to automation
technology 7 for ISCO-08 occupation o at the 4-digit level (unit
groups). v is a 1 x K features vector, where K is count intensity in
each number of skills conceptual categories; d, is fixed effect for
each broader occupational group o defined at the 1-digit level; v; is
fixed effect industry; w; is month fixed effect; Z; is the vector of

controls; and €, is the error term.



Motivation Data and methods Results Conclusions
o] 0000000 @0000 000

Automation and skills

Social skills * o

Cognitive skills (narrow sense) °

Character skills e
Hand-foot-eye coordination skill - &
Finger dexterity skills
Software-specific skills 4
People management skills | o
Writing skills %=
Customer service skills
Physical skill 3

Financial skills 4
Machine learning and AT skills
Project management skills

Language skills

Computer general skills o —

@ AT and ML exposure
@ Software exposure
@ Robotics exposure

o = = =), Z[= DA



Motivation
o]

Data and methods

Results

0000000 0@000
Exposre 1o Al g ML Expose 0 sovare_ Expos 0 robotes
o s o e oW
LTI R TR W}
E=pF ow oo oo oo 0w ool
o) w) @ ooy @) o)
ot sl (rarrow s om om0 00 o 000
oy @) e ey @) Qe
[E—— o 0w om om0 o
o @) e ooy @) e
Hand ooty coodntion sis oo oo eor  oor  om oot
©o) o) e oy oy (oo
[Lr— o o om  om  om  ow
oy oy o) om0 @)
Sofare specic sl T N L 4
©o) oy o) oy o) (oo
Peoie managemens sl o0 0w oo 00 ;000
©oy ey o) o) @ o)
Witig sl o0 0w 0@ om 0w ox
02 @) @ oo 0o o)
Customer snice st @ 0w 0@ o om0
0@ o) @@ ooy @ e
Physca skl T T T T
©o) o) @ oo 0@ o)
Financi kil oo oo oo oo oo oost
@) @ @ om0 o)
Macin Leaming s Al ke oos oot 00 oo ooy ow
O @) @  pm  ©m) o)
[ —— oo o  ow  o®  o;m o0
@) @) 0@ om0 o)
Langage skt o0 o ow oo 0 ot
00 0@ 0@ om0 0o
Computer gone skl o o om0 0@ 0w
oy ew) @) om e e
Copie sl (sanow serse] x Socil 000 000 000 000 0 000
et
) (0o)  om) ooy ©m) (0w
Crarscter s St sl om 0w o0 00 0 000
) 0w om0y ©m ()
Voot connfration il ¢ Socsl 000 000 000 000 000 000
e
O w) o) o) @@ (o)
Fingr oty sl x Soclsils om om0 oo o om0
©®  ©w)  ©m o)  ©m (o)
Sofvare techrc xSl skl om o 0w om0 o
©®  w)  @m) ooy ©m (o)
Prope mamsgerert sl Socslks 000 000 0w 00 om0 om0
O 00 ) (o) () (00
Wetig il Socil e o0 oo oo oo ;o0
©o) oy ey oy oy (oo
Customer sncs s Socil ke oo oo oo o0 om oo
O 0w ©m) ooy @) @)
Pryscal sl ¢ Socal sl omom  ome 0t 0@ 0w
O ew) @) ooy @) e
Finaocil kil x Soci skl om om om0 ome oo
o ow)  Gw ooy @) (o)
Machine Lewing and ALkl ¢ Socsl 000 0O 00 oor  om  om
e
0 o) ) () oy (000
Project mamgoment s Socil sk 000 00l 000 0w oo o0l
o) oy Qo ey oy (o
Linpuage s x Socil s om om0 om  om oo
O w) o) oy oy (o
Compute g sl ¢ Socl sl 000 000 000 000 0 00
o @) e ooy @) @an
Comtant om0 ot oat  oxe  oae
©®  w)  ©m) oo ©m (0w
Brosd oceupstors groupsIndstrie, ¢ v PR A
Manth FE a1 Othr canrte
W T T T T
RS o o 0w  ow 0w  ow
[m]

Conclusions
000

DA



Motivation
o]

Data and methods

Results

Conclusions

0000000 00e00 [e]e]e}
Skills demand
Social  Cognitive Character Hand-  Finger  Software- People  Writing  Customer Physical  Financial Machine Project  Language Computer
skl skills skl footeye dexterity specific man-  skils  sewice skils  skils  leaming man-  skils general
coordina- skills  skills  agement shils and Al agement skills
tion skill skills skills — skils
&) @ 3 4) 0] ©) @ ® O] (10) (11) (12) 13 (14) (15)
Panel A - 50th percentile
Aland MU exposed firms -0.019" 0165 0027 0039™ 0037 0045 0032 0005 0002  0007" 0000 0008 0008"  0006™  0.017°"
(0004)  (0008) (0003) (0.004)  (0.003) (0.004) (0004)  (0001)  (0.003)  (0.001)  (0.002)  (0.001)  (0.001)  (0.001)  (0.001)
Constant 0630 1669 0409 0508 036" 0380  0514% 0073 0250 004" 0117 00437 0063 0028 0061
(0.003)  (0005) (0002)  (0.002) (0.002) (0.002) (0003 (0.001)  (0.002)  (0.001)  (0.001)  (0001)  (0.001)  (0.001)  (0.001)
R 0243 0444 0179 0131 0143 0345 0251 0095 0174 0053 0155 _ 0163 009 0087 _ 0126
Software exposed firms  0.03¢* 018 0059° 0020 0047 0055 0062 0004 0032 0005 0002 0001 0012 001"  0015™
(0004)  (0008) (0003) (0004) (0.003) (0.003) (0004)  (0001)  (0003) (0.001)  (0.002)  (0001)  (0001)  (0.001)  (0.001)
(0.005)  (0010)  (0004)  (0.004)  (0.003) (0.004) (0005)  (0001)  (0.003) (0.001) (0.002) (0002)  (0.001)  (0.001)  (0.001)
Constant 0604 1657 0394  05I7% 0361 0375  0499" 0073 0242 0042 017" 0046™ 0061 0026% 0062
(0.003) (0005 (0002) (0002) (0.002) (0.002) (0003 (0001)  (0.002)  (0.001)  (0.001)  (0001)  (0.001)  (0.001)  (0.001)
R 0243 0444 0180 0131 0144 0345 0251 0095 0175 0052 0155 0163 0098 0087 0126
Robotics exposed firms 0062 0220 0.058" 0069 0040 0043 006" 0005 0015 0006 0006~ 0003 0014 0012 002"
(0004)  (0008) (0003) (0.004) (0.003) (0.004) (0004) (0001)  (0.003) (0.001)  (0.002) (0001)  (0.001)  (0.001)  (0.001)
Constant 0501 L64IT 0394 0493 0360 0381 0500 0073 0250 0042 014" 00457 0060 002" 0058
(0003)  (0005) (0002) (0.002) (0.002) (0.002) (0003) (0001)  (0.002)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
R 0243 0444 0180 0132 0144 0345 0251 0095 0174 _ 0052 0155 _ 0163 0098 0088 0127
Panel B - 90th percentile
Aland MU exposed firms 008" -0184" 0099 -0.086™ 0069 -0051 0108 -0030" -0.003 0013 00157 -0008" -0005" -0.006™ -0.007"
(0005)  (0010) (0004)  (0005)  (0.004)  (0.004)  (0.005) (0.001)  (0004)  (0001)  (0.002)  (0.001)  (0.001)  (0.001)  (0.002)
Constant 0631 L77IT 0434 0537 0392 0408™ 0542 00787 0258" 0046 0119 00477 0066”0032  0070"
(0002)  (0004) (0001)  (0002)  (0.001)  (0.00)  (0.002) (0001)  (0001)  (0000)  (0.001)  (0.001)  (0.000)  (0.000)  (0.001)
R 0243 0444 0179 0131 0144 035 0251 0095 0174 0052 015 0163 009 0087 012
Software exposed firms 0017 0057 0021 0050 0042 0033 0040 002" 002" 0005 0002 0002 0002 0007 -0.015"
(0.006)  (0015)  (0005)  (0.005)  (0.005)  (0.005) (0.006)  (0.002)  (0.004)  (0.002) (0.002) (0002)  (0.002)  (0.001)  (0.002)
Constant 0623 1744 0425 0533 0389  0406™ 05357 0077 0255 0045 0117 0.046™ 0067 0032 0071
(0002)  (0003) (0001) (0002) (0.001)  (0.001) (0002) (0001)  (0.001)  (0.000)  (0.001)  (0.001)  (0.000)  (0.000)  (0.001)
R 0243 0443 0179 0131 0143 0345 0251 0095 0174 0052 0155 0163 0098 0087 0126
Robotics exposed firms ~ -0.088"  -0240°" 0097 0.079" 0075 0058 0135 0026 0000 0014 0014 -0010 -0007" -0.006™ 0,004
(0005)  (0010) (0004) (0.005) (0.004) (0.004) (0005)  (0002)  (0.004)  (0.001)  (0.002) (0001)  (0.001)  (0.001)  (0.002)
Constant 0631 LT7TT 0434 0536 0393 0408™ 05457 0078 0258"  0046™ 0119  0.048" 00667 0032 0069
(0002)  (0004)  (0001) (0.002)  (0.001) (0.001) (0002) (0001)  (0.001)  (0.000)  (0.001)  (0.001)  (0.000)  (0.000)  (0.001)
Broad  occupational v’ v v v v v v v v v v v v v v
groups, Industries
Month FE and Other
controls
R 0243 0444 0180 0131 0144 0345 0252 009 0174 0053 0155 0163 0098 0087 0126
N 304141 344141 344141 34141 344141 344141 344141 344141 344141 344141 344141 34441 34141 344141 344141

Table: Relationship between skill demand (in counts) and mostly exposed firms belonging to the 50th percentil and higher (Panel A) and the 90th percentile and higher (Panel B) of firms labor demand exposure to Al, machine learning, softviare,

and robotics technology. Controls include region of work, workplace type, temporary work agencies, type of contract, and minimurm education level. Robust standard errors are in parentheses. Note: ++ p < 0.01; » p < 0.05; + p < 0.10.

[m]

R

b
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|dentification strategy

ATE} = E[Y/ (1) - ¥/ (0)]

Decile(Aut]') ; Decile(Aut]") DeC|Ie(AutT)

Aut]

Xj

Figure: Directed acyclic graph of the treatment assignment in the identification
strategy. The model controls for vacancy characteristics X; and decile-level
exposure to alternative automation technologies—Decile(Aut?') and
Decile(Aut?" )—while excluding Decile(Aut?) to avoid bad control bias.
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Table: Average Treatment Effects of Skill Presence on Automation Exposure to Technology 7. Firm's labor demand exposure to automation
technologies 7/ and " decile, broad occupational group (ISCO-1d), industry (NACE-1d), region, and minimal education level included as controls.

Data and methods Results
0000000 [e]e]e]e] ]
ATEAland ML ATESoftware AT ERobotics
Social skills 0.018** 0.030** 0.011%*
(0.002) (0.003) (0.003)
Cogpnitive skills (narrow) 0.000 0.008* -0.021%*
(0.003) (0.003) (0.004)
Character skills 0.008** 0.022%* 0.017**
(0.003) (0.003) (0.003)
Hand-foot-eye coordination skills -0.023** -0.025%* -0.021**
(0.002) (0.002) (0.003)
Finger dexterity skills 0.005+ 0.010%* 0.011%*
(0.003) (0.003) (0.003)
Software-specific skills -0.046%* -0.030%* -0.070**
(0.006) (0.006) (0.007)
People management skills -0.018** 0.001 -0.029%*
(0.003) (0.003) (0.004)
Writing skills -0.029* 0.008 -0.003
(0.014) (0.015) (0.016)
Customer service skills 0.030** 0.049** 0.040**
(0.004) (0.004) (0.005)
Physical skills -0.029+ -0.023 -0.025
(0.015) (0.017) (0.020)
Financial skills -0.054%* -0.040%* -0.068**
(0.009) (0.009) (0.010)
Machine Learning and Al skills -0.052 -0.030 -0.042
(0.033) (0.031) (0.041)
Project management skills -0.023* 0.000 -0.004
(0.009) (0.010) (0.010)
Language skills -0.029 -0.024 -0.052%
(0.019) (0.022) (0.022)
Computer general skills -0.003 0.029 0.013
(0.019) (0.020) (0.019)
N 324,377 316,508 316,508

Robust standard errors are in the parentheses. ** p<0.01, * p<0.05, + p<0.1

Conclusions
000



Motivation Data and methods Results Conclusions
o] 0000000 00000 @00

Conclusions

® Examined skill groups offering a premium or penalty in the
online labor market and their link to automation exposure.

® Al, machine learning, social, and management skills show the
highest premium; physical, writing, and customer service skills
show none or negative.

® Manual (e.g. hand-eye coordination), abstract (e.g. software
use) skills reduce automation exposure; routine (e.g. customer
service), social (e.g. teamwork), and character skills (e.g.
reliability) are linked to higher exposure.
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Thank you for your attention!

https://tomasoles.github.io/home/
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Word clouds by ISCO Major Groups. Figure displays word clouds representing up to 100 skills within
each ISCO major occupational group. The size of each skill corresponds to its relative frequency within
the group. Skills are in lemmatized form, and stopwords have been removed. Source: Profesia data.
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model from a random sample of 1500 skills on average per major group. Topics are labeled based on 10
representative documents of each topic group using an API call to ChatGPT 3.5 Turbo. Source
Profesia data.
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Labelling keywords for each technology

® Robots [robot*Vmechatroni(c|cs)Vcyber-
physicalVVsystem\ computer\VvisionVcontrol systemsVsensor]

® Software [softwareValgorithmVcomputer programVdata
structure]

o Artificial Intelligence [artificial intelligenceVmachine
learningVneural networkVdeep learning]
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Skill demand in the Slovak online labor market

Table: Summary statistics of wages, exposure to automation technologies and counts of
skills conceptual categories

count mean std min  25% 50% 75%  max

Log(Monthly Wage) 337903 7.10 040 -230 6.80 7.03 731 9.16
Robots exposure 335734 0.19 101 -3.81 -041 021 1.05 1.65
Software exposure 335734 035 0.85 -3.41 0.08 0.34 097 1.63
Al and Machine Learning exposure 335734 027 086 -3.01 -0.01 040 089 170
Social skills 355845 0.65 1.12 0.00 0.00 0.00 1.00 20.00
Cognitive skills (narrow sense) 355845 1.83 265 0.00 0.00 1.00 200 35.00
Character skills 355845 0.44 0.85 0.00 0.00 0.00 1.00 13.00
Hand-foot-eye coordination skills 355845 054 0.89 0.00 0.00 0.00 1.00 10.00
Finger-dexterity skills 355845 0.40 0.79 0.00 0.00 0.00 1.00 13.00
Software (specific) skills and technical support 355845 0.43 1.04 0.00 0.00 0.00 0.00 14.00
People management skills 355845 055 1.09 0.00 0.00 0.00 1.00 18.00
Writing skills 355845 0.08 0.31 0.00 0.00 0.00 0.00 8.00
Customer service skills 355845 0.27 0.65 0.00 0.00 0.00 0.00 11.00
Physical skills 355845 0.05 0.23 0.00 0.00 0.00 0.00 6.00
Financial skills 355845 0.12 041 0.00 0.00 0.0 0.00 9.00
Machine Learning and Al skills 355845 0.06 0.34 0.00 0.00 0.00 0.00 9.00
Project management skills 355845 0.07 0.29 0.00 0.00 0.00 0.00 6.00
Language skills 355845 0.03 0.24 0.00 0.00 0.00 0.00 8.00

Computer (general) skills 355845 0.07 029 0.00 0.00 0.00 0.00 4.00
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Log(Monthly Wage)

Primary Sector  Secondary Sector  Private Services  Public & Social
Services
1) ] (3) “@) (5) (6) [l (8)

Social skill 006 003 003 001" 002 001" 001 002

(002) (001) (001 (000) (001)  (000) (0.01)  (0.00)
Cognitive skils (narow ~ 0.04° 003 00*  001* 001" 001" 001  -001
sense)

(001)  (001) (000) (000)  (000)  (000) (0.01)  (001)
Character skills 002 003 003 002 00 00I' 000 000

(002) (002 (001 (001) (000)  (000) (0.01)  (001)
Hand-foot-eye coordina- 001 003" 000 001 000 000 002 -001
tion skills

(001)  (001) (001) (000) (000)  (000)  (0.01)  (0.01)

Finger dexterity skills 003 002 000 001 000 001 002 003
(001) (001 (001 (001  (001)  (000) (0.02)  (002)
Software-specifc skils 003 001 000 001 001  001' 002  -000

(002)  (001) (001 (001)  (000)  (000) (0.02)  (001)
People  management 002 000 002 0027 003" 003" 003  003%

sills
(002) (002 (001 (000) (000)  (000) (0.01)  (001)
Witing skills 013 010 006" 004 002 000 00l 002
(012) (006 (002) (002) (001)  (001) (0.03) (002)
Customer service skills 001 002 004 003 001 000 001  -001
(003) (004 (002) (001) (001)  (000) (0.01)  (001)
Physical skills 005 000 001 001 001 000  -004  -004
(003) (004 (001 (001) (001)  (001) (010)  (0.06)
Financial skills 002 000 004 004T 004 003 012 009
(005)  (007)  (0.02) (00  (001)  (001) (007) (004
Machine Leaning and Al -0.18 006 005 005 003" 004" 011" 007
shills
(007)  (006) (005) (003) (001)  (000) (0.04)  (0.04)
Project  management 002 001 004 00 003 002 001 000
sills
(005) (004) (001 (001) (001)  (001) (0.01)  (001)
Language skills 003 007 0M* 002 001 000 012 010
(012) (009 (005) (002) (001)  (001) (0.08)  (0.04)
Computer general skills 009 004 001 000  -002 -003"  -003  -000
(003) (003 (003) (002) (001)  (001) (0.04)  (003)
Constant 698" 700" 696" 696 703 704" 712 71
(01)  (001) (001 (000) (001)  (000) (0.01)  (001)
Broad  occupational v v v v v v v
groups FE
Industries FE v v v v v v v v
Other controls v v v v
Month FE v v v v
N 1084 1032 66114 65914 250204 249223 10138 10058
Adj. 2 017 051 03 060 047 064 025 056
R? vithin 004 002 003 003 008 005 002 003
=] F = = = Dae
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