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Abstract

We investigate the potential implications of Generative Pre-trained Transformer (GPT) models and
related technologies on the U.S. labor market. Using a new rubric, we assess occupations based on their
correspondence with GPT capabilities, incorporating both human expertise and classifications from GPT-4.
Our findings indicate that approximately 80% of the U.S. workforce could have at least 10% of their work
tasks affected by the introduction of GPTs, while around 19% of workers may see at least 50% of their
tasks impacted. The influence spans all wage levels, with higher-income jobs potentially facing greater
exposure. Notably, the impact is not limited to industries with higher recent productivity growth. We
conclude that Generative Pre-trained Transformers exhibit characteristics of general-purpose technologies
(GPTs), suggesting that as these models could have notable economic, social, and policy implications.

https://arxiv.org/abs/2303.10130
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These GGPTs are different

» GPTs for Generative Pre-trained Transformers

* GPTs for General-Purpose Technologies
— [leYaTHbIN CTAaHOK
- [lapoBowu gBuraTtesnb

 XapakTepHo gnsa GPTs:
— LWMPOKOEe NMPOHNKHOBEHNE

— TMOCTOSAHHOE yJly4lleHune
- reHepauuns OOMNOJIHALWMNX NHHOBALINIA



| palleae

* BblTawmm Bce geatenibHOCTU N3 O*NET
* OueHuM neAaTeNbHOCTM MO SKOHOMUKN BpeMeHn C LLM

- Jlioan. He cka>keM CKOJIbKO U KTO. DTO MalUUHAEHWUHT, 6po.
- ChatGPT-4 (Mbl nonpoboBann aBa pa3a, BTOPON BaM HE HY>XEH)
* [locyntaem noporun a, B, y

* [lpuBaA>XeM OaHHble 3aHATOCTU OT BLS

* [locTpoum perpeccuio Ha geMmorpadpumn

- He Bannaonpysa. 210 EAapTa SKOHOMETPUKa, gpyr.
* Profit



ol Bl Biae l2na Yenoee o

Computer Systems Engineers/Architects
15-1299.08

o BrightOutIookl [E Updated 2023

Design and develop solutions to complex applications problems, system administration issues, or network concerns. Perform systems management and integration
functions.

sample of reported job titles: Electronic Data Interchange System Developer (EDI System Developer), Information Technology Architect (IT Architect), Network and
Infrastructure Engineer, Network Engineer, Solutions Architect, Systems Architect, Systems Consultant, Systems Engineer

Summary = Details  Custom  § EasyRead § Veterans  { Espanol

Occupation-Specific Information

Tasks
v 5 of 28 displayed

© Verify stability, interoperability, portability, security, or scalability of system architecture.

© Develop system engineering, software engineering, system integration, or distributed system architectures.

© Collaborate with engineers or software developers to select appropriate design solutions or ensure the compatibility of system components.
© Identify system data, hardware, or software components required to meet user needs.

[+

Communicate with staff or clients to understand specific system requirements.

https://www.onetonline.org/
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Summary

Quick Facts: Computer Network Architects
21 Medenrer © <
Typical Entry-Level Education (7] Bachelor's degree
Work Experience in a Related Occupation @ 5 years or more
On-the-job Training & Mone
Number of Jobs, 2021 & 174,800
Job Outlook, 2021-31 @ 4% (As fast as average)
Employment Change, 2021-31 7] 7,500

What Computer Network Architects Do

Computer network architects design and build data communication networks, including local area networks (LANs), wide area networks (WANs), and Intranets.

https://www.bls.gov/ooh/


https://www.bls.gov/ooh/

Pa3zobbeM Ha 3a0a4dy

Task ID  Occupation Title DWAs Task Description
14675  Computer Systems Monitor computer system performance Monitor system operation to detect potential
Engineers/Architects  to ensure proper operation. problems.
18310  Acute Care Nurses Operate diagnostic or therapeutic Set up, operate, or monitor invasive
medical instruments or equipment. equipment and devices, such as colostomy or
Prepare medical supplies or equipment tracheotomy equipment, mechanical
for use. ventilators, catheters, gastrointestinal tubes,
and central lines.
4668.0  Gambling Cage Execute sales or other financial Cash checks and process credit card advances
Workers fransactons. for patrons.
15709  Online Merchants Execute sales or other financial Deliver e-mail confirmation of completed
transactions. transactions and shipment.
6529  Kindergarten - Involve parent volunteers and older students in
Teachers, Except children’s activities to facilitate involvement
Special Education in focused, complex play.
6568  Elementary School - Involve parent volunteers and older students in

Teachers, Except
Special Education

children’s activities to facilitate involvement
in focused, complex play.




Mbl HE3aMEeH M bl

* [1O/IHOCTbIO YesloBeKa 3aMeHUTb TPYOHO

 Ho ecnmn 3amMeHnTb 50% paboTbl KaKON-TO Npodeccumn
HEWNPOHKOW, OHa CUJIbHO N3MEHUTCH

* Nckannm — rge MoXxXHo 3aMeHnTb 50%
* [lopor BblibpaH NpPoOnN3BOJILHO



P lUjie. SOEOMME Bloe el

sure overview

No exposure (EO) if:

* there is no or minimal reduction in the time required to complete the activity or task
while maintaining equivalent quality or

* using any combination of the capabilities described in accordance with the below criteria
would decrease the quality of the activity/task output.

Direct exposure (E1) if:

» using solely the theoretical LLM or GPT-4 described via ChatGPT or the OpenAl
playground can decrease the time required to complete the DWA or task by at least half
(50%).

LLM+ Exposed (E2) if:

* access to the LLM alone would not reduce the time required to complete the activity/task
by at least half, but

*» additional software could be developed on to the LLM that could reduce the time it takes
to complete the specific activity/task with quality by at least half. Among these systems,
we count access to image generation systems. El

“In practice, as can be seen in the full rubric in we categorize access to image capabilities separately
(E3) to facilitate annotation, though we combine E2 and E3 for all analyses.




KOMaHOa /i Oen

* YT0-TO ANg NpyMepa pa3MeTuan aBTopbl

 OcTanbHoe oueHuBann pasMmeTdnkm OpenAl.
BepoATHO, TOT CaMbIN «KOJIILEHTP Ha PUANNMINHAX>.

 PasmeTudumkm who have extensively reviewed GPT
outputs as part of OpenAl’s alignment work

 Kosm4yecTtBo 1 geMorpapunsa pa3mMeT4nkoB He
PaCKpbIBalOTCA, NOTOMY 4TO 3TO OpenAl



fon e TEDMIHaTO00E

« GPT-4 c AByM4d BapunaHTaMy NoaBOAOOK.
« B cTaTbe ncnosib3oBasiaCb TOJILKO O4Ha.

 BTopasa ona 6bonee paHHen sepcun GPT4 «pnana
NOXOXXUIN pe3ynbTaT», NMOABOAKA HE paCcKpPbIBAaeTCH.
[ToTomMy 4TO OpenAl.



Eoce Led0 2B 0EHD 1 ClleRE 0

« [Ons Ka)X4oro poAa 3aHATUIN OLEHWUN

* a-%3anay El
— KOHCepBaTMBHaA OLEHKA

* B-%3apma4y E1l + 0,5 * % 3ana4y E2
— BepoATHasdA OUEeHKa

* YV-%3anadv E1l + % 3apay E2

- ONTMMNCTNYHAA OUEHKa



Do) (2o Flefoekien e e

Human a Interpreters and Translators 76.5
Survey Researchers 75.0
Poets, Lyricists and Creative Writers 68.8
Animal Scientists 66.7
Public Relations Specialists 66.7
Human 8 Survey Researchers 84.4
Writers and Authors 82.5
Interpreters and Translators 82.4
Public Relations Specialists 80.6
Animal Scientists 77.8
Human { Mathematicians 100.0
Tax Preparers 100.0
Financial Quantitative Analysts 100.0
Writers and Authors 100.0
Web and Digital Interface Designers 100.0

Humans labeled 15 occupations as "fully exposed.”



PODOOThI YBONAT KJIEPKOB

Model & Mathematicians 100.0
Correspondence Clerks 95.2
Blockchain Engineers 94.1
Court Reporters and Simultaneous Captioners 929
Proofreaders and Copy Markers 90.9
Model g Mathematicians 100.0
Blockchain Engineers 97.1
Court Reporters and Simultaneous Captioners 96.4
Proofreaders and Copy Markers 95.5
Correspondence Clerks 95.2
Model Accountants and Auditors 100.0
News Analysts, Reporters, and Journalists 100.0
Legal Secretaries and Administrative Assistants 100.0
Clinical Data Managers 100.0
Climate Change Policy Analysts 100.0

The model labeled 86 occupations as "fully exposed."”



Occupations Without Any Exposed Tasks

* Cenbxo3paboyne

« MexaHuKkwn

 Ctpountenn

* MOHTa)XXHUKWN

« OTOeno4YHUKNn
 OdumumaHThl, MOBapa M NOCYy40MOUNKM
« CnopTCMeHbI



Ba>KHble HaBblkKW anoxuy GPT

o g s
(std err) (std err) (std err)
Constant 0072wk S]] 2 (0. 30wk
(0011 (0.011) (0.057)
Active Listening (0. 128%* 02 ]4#wx (.44 gk
(0.047) (0.043) (0.027)
Mathematics (), |27 0161 #+* (). TR TH#*
(0.026) (0.021) (0.049)
Reading Comprehension 0. 153wk 0470w (346w
(0.041) (0.037) (0.017)
Science IR -0 23w (346w
(0.014) (0.012) (0.017)
Speaking -0.028 0.1 33 % (). 294wk
(0.039) (0.033) (0.042)
Writing 0. 368k 0467 Hw* (. 566%
(0.042) (0.037) (0.047)
Active Learning -, |57 -0.065%% 0.028
(0.027) (0.024) (0.032)
Critical Thinking ST -0 [DpE -0, 129%*
(0.036) (0.033) (0.042)
Learning Strategies -0.072* -0, 2008 %% (.34 %H*
(0.028) (0.025) (0.034)
Monitoring 0067+ (0 14O (232w
(0.023) 0.0207) (0.026)
Programming 0637wk 0.G23Hkw (). GO G #
(0.030) (0.022) (0.024)



coef stderr z P> |z] [0.025 0.975]

const 0.1814  0.014 12509 0.000 0.153 0.210
women 0.0961 0016 6.017 0.000 0065 0.127
black -0.0794  0.066 -1.204 0.229 -0209 0.050
asian 0.2231 0.083 2.674 0.008 0.060 0.387
hispanic -0.3934  0.040 -9.811 0.000 -0472 -0.315

Table 11: Demographic Differences in Exposure




b e RlE e RTOVIKE, Ll

Job  Preparation Education Example Occupations Median | Tot H M H M H M
Zone Required Required Income | Emp a a P B 4 '4
(000)
1 None or little High school diploma  Food preparation workers, | $30,230 | 13,100 371 384 645 597| 9.19 8.11
(0-3 months) or GED (optional) dishwashers, floor sanders
2 Some (3-12 High school diploma  Orderlies, customer $38.215 | 73,962 7.03 11.8§ 15.74 19.54 24.45 27.19
months) service representatives,
tellers
3 Medium (1-2 Vocational school, Electricians, barbers, 54,815 37.881 11.28 13.72 26.08 32.17 40.88 50.62
years) on-the-job training, medical assistants
or associate’s degree
4 Considerable Bachelor’s degree Database administrators, $77,345 | 56,833 22.68 17.87 46.78 51.30 70.87 84.78
(2-4 years) graphic designers, cost
estimators
5 Extensive (4+ Master’s degree or Pharmacists, lawyers, $81.980 | 21,221 22.81 1336 43.11 44.64 6341 7592

years)

higher

astronomers




Oby4veHne Ha pabo4yeM MecTe

Med(Med) Inc  Emp(000s) | Hae Ma | HB MB | HL M/Z
None $77.440 90,776 | 0.20 0.16 | 042 046 | 0.63 0.76
Apprenticeship $55,995 3066 | 0.01 0.02 | 0,04 006 | 007 0.10
Internship/residency §77,110 3063 | 0.16 0.06 | 036 038 | 055 0.71
Short-term on-the-job training $33,370 66,234 | 0.11  0.15 | 021 025 | 032 0.34
Moderate-term on-the-job training $46,880 31,285 | 0.09 0.12 | 021 025 | 032  0.38
Long-term on-the-job training $48,925 5070 | 0.08 0.10 | 0.18 022 | 028 0.33

Mean exposure scores for occupations, grouped by level of on-the-job training required
to attain competency in the job. Alongside exposure scores, we display the median of
median annual income for each occupation, as well as the total number of workers in
each group, in thousands.



#Exposure Rupric

 Bo3bmeM camyio MowHY LLM oT OpenAl. lNMpnHnMmaeT
Ha Bxo4 0o 2000 cnos (8k TokeHOB?)

 He 3HaeT HOBOCTeW (3HaHWUA yCTapesn Ha ron).

« [locagunm cpenHero rno ymeHusam paboTHMKa oenaTb
0oOblYHbIe 019 Hero 3agaudn.

 [lyCcTb y Hero ecTtb goctyn K LLM n Bcem gpyrumm
HY>XHbIM 015 00bIYHOM pPaboThl MporpaMmmMmam u
xenesy.



#Exposure Rupric

* [MoXanyncrta, oTHeCUTE OaHHYI0 3adady K 0OOHOW 13
HU>XernepedncrieHHbIX pybpuk.

« «CpaBHMUMOE Ka4eCTBO» O3HA4aeT, YTO CTOPOHHUN
HabnonaTenb He NONMET, caeflaHa n paboTa ¢ LLM
nnn 6es Heeé.

* Ecnun Bbl HE MOXETe OUEHUTb, CKOJIbKO BPEMEHN
TpebyeTca oNga peweHns 3ajgadn, pemnTte —
NPUMEHNMbI 1IN pacCMaTPUBaAEMbIE NHCTPYMEHTHI K
6oNbLINHCTBY NoA3amay pacCMaTpMBaeMOW 3adaun.



#E1 — Direct Exposure

MomeTbTe 3aga4vy Kak E1, ecnm npamon goctyn K LLM MoXXeT yMeHbLWNTb
TpyLo3aTpaTbl KAK MUHUMYM HAMOJIOBUHY. DTO BKJIlOYaeT 3a4a4dn, cBoasALLMeCs K:

-~ HaMNWCcaHuio 1N NpeobpasoBaHNIO TEKCTA U KOAa COMrIAaCHO CNOXKHbIM MHCTPYKLUAM

- pefakTMPOBAHUIO CYLLECTBYIOLWEro TeKCTa Wan Koda corsiacHoO cneumpunkaumnm
- HanucaHuio Koga, KOTOpbIA NOMOraeT pewwnTb 3a4avy

- rnepeBoAy MexXAay A3blkaMu

- CyMMapusauuun OOKYMEeHTOB cpefHero pa3sMepa

- npeanocTaBsieHN0 0bpaTHOM CBA3M NO OOKYMEHTaM

- OTBETY Ha BOMPOCHI 0 AOKYMEHTEe

- reHepauunm BOMNPOCOB K AOKYMEHTY

— HanucaHMIo BOMPOCOB K NHTEPBbLIO Uan 0630py

- HanwucaHuio N OTBETY Ha email, BKJilo4ada y4acTue B neperoBopax B NMCbMeHHOM Buae
- BeOEeHM IO 3aMeToK

- noAaroToBke oby4atowmx maTepunanos (obuwme 3HaHMA)

- MNpeanocTaB/IEHNIO CMPABOK B MMCbMEHHOW UK YCTHON hopMe



#E2 - By LLM-powered app

NMomeTbTe 3ana4y Kak E2, ecnn goctyn K LLM cam no cebe He yMeHbLUNT
Tpyho3aTpaTbl HAMOJIOBUHY, HO JIErKO NpeacTaBUTb AOMOJIHUTESIbHbIN
COMT, KOTOPbLIN AOMNOJHNT BO3MOXHOCTU LLM B Hy>XHOW CcTeneHun. 3T1o
BKJ1lOYaeT 3a4a4u, ceogduimecs K

CyMMapunsaumnnm n OTBETY Ha BOMPOCblI O AOKYMEHTaX AJIMHHEE 2000 cnos

NONTYYEHUIO CBEXEWN MHPOPMALIMN N3 UHTEPHETA U UCMNOJIb30BaHUIO NX BMeCTe C
LLM

MONCKY BO BHYTPEHHUX AaHHbIX OpraHuM3aunm

NCMOJIb30BaHNIO BbICOKOCMELNANN3NPOBAHHbBIX OTPAC/IEBbLIX 3HAHWN
reHepauun peKoMeHaaUnin Ha OCHOBE AaHHbIX WX MUCbMEHHOI0 BBOAA
aHaIN3Yy TeKCTa A1 NoAAepP XKW MPUHATUS peLleHni

noaroToBke oby4aloLmMx MaTepranos (BbICOKOCMELNanN3npoBaHHbIE 3HAHWS)
NpenoCTaBNAEHNIO KOHCYIbTauun no npobiemam

noaaep>XaHuto U HAaMOJIHEHMIO CNIOXXHbIX 6a3 AaHHbIX



#E3 — Glven Image capabllities

[TyCTb Yy BaCc eCcTb AoCTyn K LLM n K cucteme, Kotopasd MoOXXeT
BUOETb, NOANUCbLIBaTb N co3aaBaTb U3obpakeHusa (n LLM
MOXXET ee UCnosib3oBaTh). CuctemMa He MoXXeT paboTaTb C
BUOEO N HE MOXKET noJiydaTb AeTasibHY MHpopMauuio C
n30bpa>keHnm — TOYHbIN pa3mMep, Hanpumep. Mogenb MoXXeT
onpenenatb 06beKTbl Ha N30OpPa>KeHUn, HO HE MOXKET
N3BJIEKATb OTHOLLEHNA Mexxay obbekTaMu. [NomMeTbTe 3aaa4y
Kak E3, ecqin 3TO NOMOXXeT 3Ha4YNTeJSIbHO CHU3NTb
TpyLo3aTpaThl. [lpuMeps.l:

- YTeHwne TekcTa n3 PDF
- CKaHupoBaHmne nsobpakeHumn
- Co3pgaHue nnu pegakTuposaHmne n3obpa>keHnim rno MHCTPYKL NN



#EO — No Exposure

[floMmeTbTe 3agadvy Kak EO, ecnm oHa He onncaHa Bhille.

Hanpwumep, 3ana4du, Tpedyouwme

— MHOro B3aMOOeNCTBUN MeXay NoabMu

~ TOYHOW OLEeHKW

-~ BWU3YyaJZIbHOro0 OCMOTpPa pe3ysbTaTa

- TpebyloT pyK nnm xoabowl

- KOppeKuun BBOAa ANA NPUHATUA (PUHANBHOIO peLleHns

Hanpumep, oka3biBalowme 6onblloe BJANSHUE Ha XU3Hb U
brarononyyune nogen

Nnn y>xe xopoLlo pewaemble 6e3 LLM



Folll=0 @Frechen

* Occupation: Inspectors, Testers, Sorters, Samplers, and
Weighers

« Task: Adjust, clean, or repair products or processing
equipment to correct defects found during inspections.

* Label (EO/E1/E2/E3): EO

« Explanation: The model does not have access to any kind
of physicality, and more than half of the task (adjusting,
cleaning and repairing equipment) described requires
hands or other embodiment.



[IpMep: y4yeHbin B CS

* Occupation: Computer and Information Research Scientists

« Task: Apply theoretical expertise and innovation to create
or apply new technology, such as adapting principles for
applying computers to new uses.

* Label (EO/E1/E2/E3): E1

- Explanation: The model can learn theoretical expertise
during training as part of its general knowledge base, and
the principles to adapt can be captured in the text input to
the model.



Polcd amvilME/CToE T o0

« Activity: Schedule dining reservations
* Label (EO/E1/E2/E3): E2

 Explanation: Automation technology already exists for
this (e.g. Resy) and it’s unclear what an LLM offers on
top of using that technology (no-diff). That said, you
could build something that allows you to ask the LLM
to make a reservation on Resy for you



YTO-TO Mbl HACYMTanNWU

« A fundamental limitation of our approach lies in the
subjectivity of the labeling.

* In our study, we employ annotators who are familiar with the
GPT models’ capabilities.

 However, this group is not occupationally diverse, potentially
leading to biased judgments regarding GPTs’ reliability and
effectiveness in performing tasks within unfamiliar
occupations.

« Itis likely best to interpret these measures as relative
measures, e.g. an occupation with an estimated 0.6 exposure
should likely be interpreted as just much more exposed than
one with 0.1 exposure.
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https://arxiv.org/abs/1902.09608

JIvooy 1 MallHBbI

* BbIrnaouT Kak napanokc CUMMNCoHa

Occupation Level Exposure Task Level Exposure
Human GPT-4 Human GPT-4
mean std mean @ std mean std mean  std
a 014 014 0.14 0.16 a 015 036 0.14 035
B 030 021 034 022 B 031 037 035 035

{ 046 030 055 034 047 050 056 050



L aflee

 ECTb xopowunin KnaccugpukaTop BUOOB OeATEeNIbHOCTHU
 HenpoHkun KoHcepBaTuBHee aoaen (Mnm HeT)

 Yem b6osiblle 3apnsiaTa, TeM bbiCTpee 3aMeHAT

« Kputunyeckoe MbllneHmne byaet UeHNTbCSA

« [Inga npenckasaHMda 00N NCMOJ1Ib30Basiv JIMHENHYIO perpeccuto
« MegnaHa MegunaHbl 4NA NoAarpynn pa3Horo pasmMepa

 Ecnm B KOMaHOe 3KOHOMeTPUCT N ML-LLNK, MOXXHO He
cobnonatb 0ObIYan HU SKOHOMETPUKUN, HN ML

* Jlync ®oHcm B 6€30MacHOCTH



Cnanabl TyT
[} dkolodezev
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