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The linchpin problem in the production of digital goods

Source: XKCD PG XZ Utils

https://xkcd.com/2347/


Highlights

How does AI adoption change distributed work patterns?

Context: Maintainers of Open Source Software projects

Natural experiment: A discontinuity in GitHub’s Copilot
program to offer a free coding AI to “top maintainers”

Main results
- Task reallocation: Coding ↑, project management ↓
- Lower ability maintainers benefit more
- Effect persists for 2 years



Distributed work and the issue of expert reliance

⇒ Linchpin problem: more pronounced for public goods
- Example: free open source software (OSS) Contributor Funnel

- ≈ 50% projects rely on single maintainer (Avelino et al. 2017)
- 96% of value from 5% of developers (Hoffmann et al. 2024)

⇒ Further worsened for distributed work

⇒ Work in a distributed manner

- Digital goods produced with scarce human capital
- Heightened salience since pandemic
- Possible due to lower communication costs Details

⇒ The linchpin problem under distributed work

- By reducing communication costs on the many, we impose a
time burden on the few linchpins (e.g. experts, managers)
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A work dichotomy in the information economy

FOSS Contributor Survey (Nagle et al. (2020)
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Can technology ameliorate the linchpin problem?

⇒ New technology: Artificial Intelligence (AI) may allow us to
substitute away from the scarce resource

⇒ During open source software programming, AI can ...

... relieve developers from repetitive work

... substitute advice from other developers (Copilot)

... increase efficiencies (reduce frictions)

... improve learning



Research Question

Broadly: How does AI change the nature of distributed work?

Narrowly: (for open source software production)

1. How does AI change task allocation?
2. How can AI relax the linchpin constraint?



Going under the tip of the iceberg: the contribution

⇒ AI in many areas: Chat GPT as writing (Noy and Zhang
2023), customer support (Brynjolfsson et al. 2023), consulting
(Dell’Acqua et al. 2023), startup assistance (Otis et al. 2024)

⇒ AI in open source: GitHub Copilot programming assistance

- Correlational study (Dohmke et al. 2023)
- Experimental productivity study (Peng et al. 2023)

⇒ Our contribution

- Beyond productivity effects: nature of work
- AI impact on private provision of public goods
- Long-term causal evidence of AI from a real-world scenario

⇒ Natural experiment: Copilot AI on GitHub for top developer

- Work activities from OSS platform GitHub
- Local treatment effects via regression discontinuity design
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The GitHub Platform

⇒ The de facto hub for collaborative OSS development

- Founded in April 2008
- allows for the private provision of public good
- time-stamped history of coding

⇒ Granular data on distributed work with others on

- coding and
- project management



The GitHub Platform: Coding
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The GitHub Platform: Project Management



Instititutional setting: the GitHub Copilot AI

Copilot Generative AI

LLM to assist programmers to code faster, solve problems more
quickly, and learn code that they previously did not know.

⇒ AI built by OpenAI and Microsoft/GitHub

⇒ Based on models underlying ChatGPT

- Here: Generative Pre-trained Transformer 3 series (GPT-3)

⇒ LLM. Next Word Prediction (Text Completion).

- Next Code Prediction (Code Completion)
- Programmers obtain code-snippets while coding

Back



GitHub Copilot: Artificial Intelligence in Action

Details
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GitHub Copilot AI deployment timeline



GitHub Copilot AI deployment timeline



GitHub Copilot AI deployment timeline



GitHub Copilot AI deployment timeline



GitHub Copilot top maintainer natural experiment

⇒ GitHub Goal:Reward top open source maintainer

⇒ Provide free access to Copilot AI for top X maintainers

⇒ Internal ranking (Ri ) at project (repository) level

Eligible =

{
AI Free Access for Top Maintainer, if Ri < 0.

else, if Ri ≥ 0.

⇒ Identical maintainer just above and below the threshold



No manipulation of the top maintainer ranking
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Identification: regression discontinuity design

Baseline Model

Yit = α0 + α11Eligibleit + α2Rit + α3Eligibleit × Rit + ϵit

s.t.

Y = {Copilot,Activity} (First stage, ITT)

k = {i , p} (Individual, Project)

Identifying Assumption

Outcomes change at the threshold due to AI only



Open and Proprietary GitHub Data

⇒ Maintainers (i) observed over time (t)

- Task Allocation

Yit =
(cumulative activity x)it

(total cumulative activity)it

where x ∈ {coding, project management}
- Copilot usage
- Top maintainer ranking

⇒ Balanced maintainer-week panel

- Over 187k maintainers with 6 mill. observations
- Final sample: 6,885 maintainers with 269,546 obs.

Descriptive Statistics Restrictions

⇒ Other: project level outcomes



Copilot AI usage increases for free access rankings

Table Dynamics
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Coding increases for free access rankings
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Project management drops for free access rankings
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Copilot treatment effects on the compliers

⇒ Ever-Uptake increases by 6.14 pp.

Coding Project Management

ITT 2SLS ITT 2SLS

1(Eligible) / Uptake 0.0537*** 0.8904*** -0.1002*** -1.7311***
(0.002) (0.048) (0.002) (0.082)

Baseline 0.4345*** 0.2728*** 0.3972*** 0.7130***
(0.001) (0.010) (0.001) (0.018)

N 269,546 269,546 269,546 269,546

⇒ Coding increases by 90 pp. for compliers

⇒ Project Management drops by 170 pp. for compliers



Individual level coding effects
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Individual level project management effects
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Dynamic effects of free-access AI on coding
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Dynamic effects of free-access AI on project management
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Low ability programmers code more

Distributional effects



Low ability programmers code more

Distributional effects



Low ability programmers reduce project management more

Distributional effects
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Robustness

Individual Level
⇒ No manipulation. No Knowledge of Ranking Ycombinator GitHub

⇒ No manipulation. Empirical Evidence Histogram McCrary Test

⇒ No other intervention. Smoothness of covariates Figures

⇒ Stability. Polynomial (Degree 1 & 2) Polynomial: Table

⇒ Stability. Kernel (Uniform, triangle) Kernel: Table

⇒ Stability. Bandwidth (MSE, CER) Bandwidth: Table

Project Level
⇒ Consistent with individual level Project Level

⇒ No manipulation. See above
⇒ No other intervention. Smoothness of covariates
⇒ Stability. Polynomial (Degree 1 & 2)
⇒ Stability. Kernel (Uniform, triangle)
⇒ Stability. Bandwidth (MSE, CER)

Other Residual Back of the envelope



Conclusion

⇒ We place emphasis on nature of work instead of productivity

⇒ We exploit a natural experiment in AI adoption

- Causal interpretation
- 2 years of AI use in real-world setting

⇒ Generative AI changes work processes by

- ↑ coding, ↓ project management
- Treatment effect remain after 2 years
- Helping lower ability maintainers more

⇒ Generative AI can

- positively impact the public good (e.g.open source software)
- mitigate the linchpin problem in the distributed work context!



Thank you!

⇒ Manuel Hoffmann

⇒ mhoffmann@hbs.edu
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