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>>> AI in the Office and the Factory

* Data: nearly all commercial AI software developed in Brazil

* programmer provided information in the technology used

* intended use of the software

* 1983 to 2023: includes LLMs but most applications are predictive AI 1

* Fact: AI is used in management and production
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>>> AI in the Office and the Factory

* Office:

* AI decreases employment and hollow-out the wage distribution

=⇒ Consistent with automation
(Acemoglu and Restrepo 2019, Webb 2020, Aum and Shin 2025, Hui et al. 2023, Hampole et al. 2025)

* Factory:

* AI increases employment of young, low-education, and low-ability workers

* increases wages at the bottom but decrease them at the top

* effect larger for occupations related to machine operation

=⇒ Consistent with capital deepening + deskilling
(Brynjolfsson et al. 2025, Peng et al. 2023, Kanazawa et al. 2022, McElheran et al. 2025, Alam et al. 2024, Marr and Ward 2019)

* Reconcile the different findings in the literature
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>>> Example: AI for Predictive Maintenance

* How predictive maintenance AI affects employment:

* Factory:

=⇒ machine downtime ↓, TFP ↑, employment ↑ (Benhanifia et al. 2025, Schmitz 2005)

* Office:

* Automates maintenance planning, report generation, and inventory control

=⇒ employment ↓
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>>> Administrative Software Registry

* Copyright protection to source code of computer programs since 1980s

* Registration at the Nat. Inst. of Industrial Property (NIIP)

* Protects the code, not the idea

* Charges and fines for piracy

* Provides proof of ownership:

* Piracy takedown requests, litigation, government procurement, signaling

* Developers use to signal experience
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>>> Cases of Source Code Theft are Common
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>>> Administrative Software Registry

* Copyright protection to source code of computer programs since 1980s

* Registration at the Nat. Inst. of Industrial Property (NIIP)

* Protects the code, not the idea

* Provides proof of ownership:

* Piracy takedown requests, litigation, government procurement

* firms and programmers use it to signal experience
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>>> Broad Coverage:

96% of Software Firms have Registration

* In 2016, among software firms with more than two years:

* 96% had at least one software registration

* Employment-weighted: 99.9%
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>>> Example of Software Registration

[2. Data]$ _ [10/36]



>>> Registration Contain Software Title
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>>> Registration Contain Area in Which the Software is Used
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>>> Registration Contain Technology Used
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>>> Data

* All software registrations from 1985 to 2023;

* limit sample to those classified as AI

* Labor market outcomes (2003-2022):

* administrative matched employer-employee dataset
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>>> Statistics of AI Software
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>>> AI is Used in the Office and the Factory
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>>> What Does a Production AI Do?

* Find AI applications in the production engineering literature

* Use LLM to classify AI into those different applications

* Most common AI Applications:

* 40% are Manufacturing Execution Systems (MES)/Enterprise Resource Planning

(ERP)
(Chen et al. 2006, Capgemini 2020, Shojaeinasab et al. 2022)

* 20% is quality control
(Ghelani et al. 2024, Tariq et al. 2024, Elsafty et al. 2024, Shi et al. 2023)-
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>>> Tbit's Quality Control AI
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>>> Empirics
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>>> Empirical Model

* Main empirical model

yo,t = βAI Exposureo,t + µo + µt +X ′
o,tθ + ϵo,t

where

* yo,t is a labor market outcome for occupation o in year t, such as employment

* occupation o: 6-digits; 2,600 occupations

* time t: 2003-2022
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>>> Empirical Model

* Main empirical model

yo,t = βAI Exposureo,t + µo + µt +X ′
o,tθ + ϵo,t

where

* AI Exposureo,t text similarity between tasks performed by occupation o and AI

software developed up to year t

* measures overlap between tasks performed by occupation o and AI software

* Follows Kogan et al. (2023), de Souza and Li (2023), and Webb (2020)
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* Main empirical model

yo,t = βAI Exposureo,t + µo + µt +X ′
o,tθ + ϵo,t
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>>> Empirical Model

* Main empirical model

yo,t = βAI Exposureo,t + µo + µt +X ′
o,tθ + ϵo,t

where

* Xo,t: one-digit occupation-year fixed effect, U.S. patent-based AI exposure

measure (Webb, 2020), lag of yo,t
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>>> Instrument: Heterogeneous Exposure to Decrease in AI Dev. Cost

* Exogenous variation: changes in the cost of creating software

Popularity Programming Language in the U.S. ↑

=⇒ Libraries, Resources, and Community ↑

=⇒ Cost of AI Software in Brazil ↓

* Heterogeneous exposure across occupations from language specialization

* legacy code (Meyerovich and Rabkin,2013)

* technical characteristics (Rabah et al.,2010)
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>>> Example: Cobol & R

COBOL
* Developed in 1959. Basis of financial system.

* 80% of in-person transactions use COBOL

* popularity↓, community↓, difficulty hiring

* Relatively more costly to develop AI software

for banking automation

=⇒ Banking workers relatively less exposed to AI

R

* Developed in 1990s for statistics

* Tiobe Index: 15th most popular language

* Relatively less costly to develop AI software

for report generation

=⇒ Archivists relatively more exposed to AI
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>>> Lagged Resources for a Programming Language in the US

* Measure of easiness to develop AI software targeting occupation o in year t:

AI Ease-of-Devo,t =

∑
l,p

Resources in USl,t−2

× Specializationl,p × AI Exposurep,o,t−2

NlNp

* Resources in USl,t−2: number of pages in Google.com for programming language l
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>>> Specialization of a Programming Language in a Tech. Class

* Measure of easiness to develop AI software targeting occupation o in year t:

AI Ease-of-Devo,t =

∑
l,p

Resources in USl,t−2 × Specializationl,p

× AI Exposurep,o,t−2

NlNp

* Specializationl,p: how common programming language l is used in technical field p

Specializationl,p =
Stack Overflow posts tagging language l and tech class p

Stack Overflow posts tagging language l

[4. AI Exposure]$ _ [19/36]



>>> Specialization of a Programming Language in a Tech. Class

[4. AI Exposure]$ _ [20/36]



>>> Specialization of a Programming Language in a Tech. Class

[4. AI Exposure]$ _ [20/36]



>>> Specialization of a Programming Language in a Tech. Class

* Measure of easiness to develop AI software targeting occupation o in year t:
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>>> Average Exposure of Occupations to AI in each Class

* Measure of easiness to develop AI software targeting occupation o in year t:

AI Ease-of-Devo,t =

∑
l,p

Resources in USl,t−2 × Specializationl,p × AI Exposurep,o,t−2

NlNp

* AI Exposurep,o,t−2: average text-similarity between AI software developed up to 2 years

ago, in application p, and occupation o
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>>> Average Over Language and Technical Class

* Measure of easiness to develop AI software targeting occupation o in year t:

AI Ease-of-Devo,t =
∑
l,p

Resources in USl,t−2 × Specializationl,p × AI Exposurep,o,t−2

NlNp
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>>> Instrument

* Measure of easiness to develop AI software targeting occupation o in year t:

AI Ease-of-Devo,t =
∑
l,p

Resources in USl,t−2 × Specializationl,p × AI Exposurep,o,t−2

NlNp

* Instrument:

AI Ease-of-Dev IVo,t =
t∑

s=2003

AI Ease-of-Devo,s

* Identification Assumption (Goldsmith-Pinkham et al, 2020):

* Parallel trends between occupations with high- and low- AI Exposurep,o,t−2
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>>> Results: AI Increases Employment of
Low-Skilled Workers
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>>> AI Increases Employment of Low-Skilled Workers

(1) (2) (3) (4) (5)

log(Employment) log(Employment) log(Employment) log(Employment) log(Employment)

AI Exposure −0.0229*** −0.0194*** −0.0202*** −0.0158** −0.0177***

(0.00600) (0.00722) (0.00624) (0.00622) (0.00631)

N 45,336 45,336 45,119 45,336 45,119

Fix Effects Interacted with Year:

1-Digit Occ. - ✓ ✓ - -

Main Sector - - ✓ - ✓

2-Digits Occ. - - - ✓ ✓

[5. Results: AI Increases Employment of Low-Skilled Workers]$ _ [23/36]



>>> AI Increases Employment of Low-Skilled Workers

Figure: Dynamic Effect of AI on Employment
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>>> Employment Growth Correlates with the AI Boom

(a) Occ. More Exposed Had Larger Growth

(b) AI Development Boomed in 2010s
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>>> Employment Growth Correlates with the AI Boom

(a) Occ. More Exposed Had Larger Growth (b) AI Development Boomed in 2010s
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>>> AI Changes the Composition of Workers

Table: AI Increases Employment of Younger and Less Skilled Workers

(1) (2) (3)

log(Age) log(Yrs. Education) log(Experience)

AI Exposure −0.00498*** −0.00658*** −0.0199***

(0.00112) (0.00113) (0.00591)

N 45,336 45,332 45,336
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>>> AI Decreases Average Wages

Table: AI Lowers Wages and Inequality Due the Entry of Low-Ability Workers

(1)

(2) (3) (4)

log(Wage)

Ability Wage Residual log(Std. Wage)

AI Exposure −0.0229***

−0.0196*** −0.00493* −0.0345***

(0.00380)

(0.00401) (0.00286) (0.00992)

N 45,336

19,885 19,885 45,208
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>>> AI Brings In Low-Ability Workers

Table: AI Lowers Wages and Inequality Due the Entry of Low-Ability Workers

(1) (2)

(3) (4)

log(Wage) Ability

Wage Residual log(Std. Wage)

AI Exposure −0.0229*** −0.0196***

−0.00493* −0.0345***

(0.00380) (0.00401)

(0.00286) (0.00992)

N 45,336 19,885

19,885 45,208
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>>> After Controlling for Composition, AI Increases Wages

Table: AI Lowers Wages and Inequality Due the Entry of Low-Ability Workers

(1) (2) (3)

(4)

log(Wage) Ability Wage Residual

log(Std. Wage)

AI Exposure −0.0229*** −0.0196*** −0.00493*

−0.0345***

(0.00380) (0.00401) (0.00286)

(0.00992)

N 45,336 19,885 19,885

45,208
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>>> AI Decreases Inequality Within Occupations

Table: AI Lowers Wages and Inequality Due the Entry of Low-Ability Workers

(1) (2) (3) (4)

log(Wage) Ability Wage Residual log(Std. Wage)

AI Exposure −0.0229*** −0.0196*** −0.00493* −0.0345***

(0.00380) (0.00401) (0.00286) (0.00992)

N 45,336 19,885 19,885 45,208
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>>> AI Decreases Wages at the Top of the Wage Distribution

Figure: Effect of AI in Different Within-Occupation Wage Deciles
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>>> Results: AI Shrinks the Office and
Expands the Factory
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>>> AI Increases Employment of Production Workers

Figure: Effect of AI on Employment of Different Occupations
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>>> AI Decreases Employment of Administrative Workers

Figure: Effect of AI on Employment of Different Occupations
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>>> No Effect on Professionals

Figure: Effect of AI on Employment of Different Occupations
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>>> AI Has Larger Employment Effects in Machine-Operating Jobs

yo,t = β1AI Exposureo,t + β2AI Exposureo,t × Io {Task}+ µo + µt +X ′
o,tθ + ϵo,t
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>>> What You Learned Today:
* Production:

* AI increases employment of low-ability workers

* AI increases wages at the bottom but decrease them at the top

* The effect is larger for occupations related to machine operation

* Story: capital deepening + deskilling

* Consistent with experimental evidence + AI use in production
(Bresnahan 2021, Agrawal et al. 2019, McElheran et al. 2025, Autor 2024, Brynjolfsson et al. 2025, Peng et al. 2023, Kanazawa et
al. 2022, Alam et al. 2024)

* Office:

* AI decreases employment

* Story: Automation
(Acemoglu and Restrepo 2019, Webb 2020, Aum and Shin 2025, Hui et al. 2023, Hampole et al. 2025)
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>>> 2001: a space odyssey
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>>> AI Take Over
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>>> 2022: a brazilian odyssey
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>>> Real AI: Provide Information =⇒ Employment ↑
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