
Prof. Dr. Sebastian Baltes

Software Engineering Research
Beyond the AI Hype



Sebastian Baltes

Research Focus: Software Analytics (when I talk to practitioners) or 
Empirical Software Engineering (when I talk to academics).
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“Hi, my name is Sebastian and I’m a pracademic”

Sebastian Baltes - Software Engineering Research Beyond the AI Hype
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https://arxiv.org/abs/2406.08369

https://arxiv.org/abs/2406.08369
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(1) Software Engineering (SE) ≫ Programming
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(2) AI “solves” Programming ⇏ AI “solves” SE

(3) Agentic AI is a Software Systems Innovation

(4) We Need More Solid Empirical Evidence



Current Discourse on AI for SE
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Who knows this man?

Boris Cherny
Creator of Claude Code
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“Coding Is Solved”
https://youtu.be/SlGRN8jh2RI
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Well, but Software Engineering isn’t
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Well, but Software Engineering isn’t

0.009 × 90 days = 0.81 days = 19.44 hours = 1,166.4 minutes
à 12.96 minutes per day*

*Of course, the actual duration and frequency varies (see https://pulsetic.com/status/claude/).

https://status.claude.com/

https://pulsetic.com/status/claude/
https://status.claude.com/
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Well, but Software Engineering isn’t

0.009 × 90 days = 0.81 days = 19.44 hours = 1,166.4 minutes
à 12.96 minutes per day*

*Of course, the actual duration and frequency varies (see https://pulsetic.com/status/claude/).
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https://x.com/bcherny/status/2064136590667256229

https://pulsetic.com/status/claude/
https://status.claude.com/
https://x.com/bcherny/status/2064136590667256229


12Sebastian Baltes - Software Engineering Research Beyond the AI Hype

https://www.theregister.com/software/2026/04/27/cursor-opus-agent-snuffs-
out-startups-production-database/5224442

https://fortune.com/2025/07/23/ai-coding-tool-replit-wiped-database-called-it-a-catastrophic-failure/ https://securityonline.info/cve-2025-48757-lovables-row-level-security-
breakdown-exposes-sensitive-data-across-hundreds-of-projects/

https://www.businessinsider.com/uber-coo-andrew-macdonald-ai-token-spending-harder-justify-2026-5
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Generative AI Tools for Software Development
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Editor-integrated 
and chat-based AI 

assistants for 
software 

development.

GenAI-
centric IDEs

“Agentic” AI 
assistants

Sebastian Baltes - Software Engineering Research Beyond the AI Hype

https://www.youtube.com/watch?v=LR04bU_yV5k


What is Software Engineering?
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Let’s start with what it isn’t
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Who knows this man?

Andrej Karpathy
Co-founder of OpenAI

https://i.gadgets360cdn.com
/large/andrej_karpathy_linkedin_1779260511441.jpg

https://i.gadgets360cdn.com/large/andrej_karpathy_linkedin_1779260511441.jpg
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Vibe Coding

https://x.com/karpathy/status/1886192184808149383

“There’s a new kind of 
coding I call vibe coding 
[…] where you […] forget 
that the code even exists.”

“I just see stuff, say stuff, 
run stuff, and copy paste 
stuff, and it mostly works.”

https://x.com/karpathy/status/1886192184808149383
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Where Vibe Coding Works: Small Projects
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Where Vibe Coding Works: Small Projects
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Where It Doesn’t Work: Publicly Deployed Software

https://www.wired.com/story/thousands-of-vibe-coded-apps-expose-corporate-and-personal-data-on-the-open-web/
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1. […] start with a technical design document.
2. Design review before […] development […].
3. If you pass review, […] more documentation

on each subsystem.
4. Backlog development and sprint planning.
5. Software development […] We use test-driven development, so I have 

the AI coding agent write the tests first for the feature I’m going to build.
6. Code […] review. We have a two-dev approval process before code can 

get merged into main. AI is […] assisting with the review.
7. Test in staging. If staging is good to go, we push to prod.
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“Vibe Coding” at FAANG

https://www.reddit.com/r/vibecoding/comments/1myakhd/how_we_vibe_code_at_a_faang/

* Facebook (Meta), Apple, Amazon, Netflix, and Google (Alphabet)

https://www.reddit.com/r/vibecoding/comments/1myakhd/how_we_vibe_code_at_a_faang/
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Vibe Coding and the SDLC
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SDLC: Software Development Life Cycle

https://imgflip.com/i/9zk6ku


What is the Software Development Life Cycle 
(SDLC)?
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Who knows this woman?

Margaret Hamilton
Led Software Development of 
NASA's Apollo Guidance Computer 
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https://upload.wikimedia.org/wikipedia/commons/d/db/Margaret_Hamilton_-_restoration.jpg
https://upload.wikimedia.org/wikipedia/commons/d/db/Margaret_Hamilton_-_restoration.jpg
https://upload.wikimedia.org/wikipedia/commons/d/db/Margaret_Hamilton_-_restoration.jpg
https://en.wikipedia.org/wiki/NASA


Origin of the Term “Software Engineering”

NATO Software Engineering Conference
(1968/69)

Margaret Hamilton
(1965-1969)

Anthony G. Oettinger
(1966)
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http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
https://www.computer.org/publications/tech-news/events/what-to-know-about-the-scientist-who-invented-the-term-software-engineering
https://bertrandmeyer.com/2013/04/04/the-origin-of-software-engineering/


“Software Engineering” as a Discipline (~1968)
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“Software Crisis”:
• Software was inefficient and difficult 

to maintain.
• It often did not meet the specified 

requirements.
• It was sometimes not delivered.
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Call to action:
“We know how to build hardware, now 
we must study how to build software.”

http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
http://homepages.cs.ncl.ac.uk/brian.randell/NATO/N1968/index.html


1968 NATO SE Conference Report: The SDLC
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http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
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The SDLC, aka “Top-Down Vibe Coding”

https://refactoring.fm/p/vibe-coding-workflows

https://refactoring.fm/p/vibe-coding-workflows
https://refactoring.fm/p/vibe-coding-workflows
https://refactoring.fm/p/vibe-coding-workflows
https://refactoring.fm/p/vibe-coding-workflows
https://refactoring.fm/p/vibe-coding-workflows
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The SDLC and Agentic AI

https://github.com/addyosmani/agent-skills

https://github.com/addyosmani/agent-skills
https://github.com/addyosmani/agent-skills
https://github.com/addyosmani/agent-skills


Software Engineering: Definition

“Software engineering is the systematic application of scientific 
and technological knowledge, methods, and experience…
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…to the design, implementation, testing, maintenance, operation, 
and documentation of software…

…with a particular focus on automation.”
(adapted from ISO/IEC 2382:2015)



Software Engineering: Definition

“Software engineering is the systematic application of scientific 
and technological knowledge, methods, and experience…
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…to the design, implementation, testing, maintenance, operation, 
and documentation of software…

…with a particular focus on automation.”
(adapted from ISO/IEC 2382:2015)



SE Has Never Been Just About Coding!
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“DevOps”

Programming
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Software Engineering
Sebastian Baltes - Software Engineering Research Beyond the AI Hype

http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF
http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF


(1) Software Engineering (SE) ≫ Programming
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(2) AI “solves” Programming ⇏ AI “solves” SE

(3) Agentic AI is a Software Systems Innovation

(4) We Need More Solid Empirical Evidence



“A study of more than 450 engineers at Microsoft in 2025 
showed developers spend only 14 percent of their time 
writing code, reflecting what has been found in studies 
over the years.”
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Myths on Software Engineering and GenAI

https://spawn-queue.acm.org/doi/10.1145/3807963

Myth 1: Developers Spend Most of Their Time Writing Code

https://spawn-queue.acm.org/doi/10.1145/3807963
https://spawn-queue.acm.org/doi/10.1145/3807963
https://spawn-queue.acm.org/doi/10.1145/3807963


https://www.mckinsey.com/industries/technology-media-and-telecommunications/
our-insights/yes-you-can-measure-software-developer-productivity#/



https://link.springer.com/book/10.1007/978-1-4842-4221-6
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“State of the Art” in Software Engineering as of 2019
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https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6
https://link.springer.com/book/10.1007/978-1-4842-4221-6


Public Discourse about SE
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Agentic AI Assistants
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Generative Artificial Intelligence (GenAI) Tools
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The quality of the 
context provided 
as part of the 
prompts is crucial.

https://upload.wikimedia.org/wikipedia/commons/1/16/GenAI_Agent.png
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Agentic Coding Assistants

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent

Software EngineeringAI/ML

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
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Example: Tool Use

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent

D: Deterministic
ND: Non-deterministic

ND ND
D

D

D

D

DD NDND

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent


TL;DR
We’ve moved from model innovation to systems innovation

44Sebastian Baltes - Software Engineering Research Beyond the AI Hype



(1) Software Engineering (SE) ≫ Programming
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(2) AI “solves” Programming ⇏ AI “solves” SE

(3) Agentic AI is a Software Systems Innovation

(4) We Need More Solid Empirical Evidence



Benchmarking AI Tools for SE
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• Benchmarks are a central aspect of vendors’ marketing.

• Most benchmarks are open, but the models are closed. 
(“Open” usually means open weight, not open training data.)

• Benchmark contamination is one of many problems.

• Another problem is that benchmarks rarely define the 
construct they intend to measure (functional correctness, security, 
reliability, etc.) and why the chosen operationalization is valid.
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Benchmarking AI Tools

https://arxiv.org/pdf/2504.20879
https://arxiv.org/pdf/2410.16186

https://arxiv.org/pdf/2504.20879
https://arxiv.org/pdf/2410.16186
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Benchmarks: HumanEval

def is_palindrome(text: str):
    """
    Checks if given string is a palindrome
    >>> is_palindrome('')
    True
    >>> is_palindrome('aba')
    True
    [...]

def is_palindrome(text: str):
    for i in range(len(text)):
        if text[i] != text[len(text)-1-i]:
            return False
    return True

assert is_palindrome('')      == True
assert is_palindrome('aba')   == True
assert is_palindrome('aaaaa') == True
assert is_palindrome('zbcd')  == False
assert is_palindrome('xywyx') == True
assert is_palindrome('xywyz') == False
assert is_palindrome('xywzx') == False

Prompt:

Canonical Solution:

https://github.com/openai/human-eval/

Tests:

https://github.com/openai/human-eval/
https://github.com/openai/human-eval/
https://github.com/openai/human-eval/
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Benchmarks: HumanEval

where:
• n is the total number of samples generated per prompt (with n≥k),
• c is the number of correct samples among n, and
• k is the number of attempts considered, drawn from the n 

generated samples without replacement.

Check an LLM-generated solution by validating that the 
generated code is executable and passes the tests. 
Usually, several (n) candidate solutions are generated.

pass@k estimates the probability 
that at least one of k generated 

candidate solutions for a fixed task 
passes the benchmark’s tests.
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Benchmarks: HumanEval

Marketing in June 2024

Operationalization

pass@k estimates the probability 
that at least one of k generated 

candidate solutions for a fixed task 
passes the benchmark’s tests.

• Just Python.
• Just pure functions.
• No modules.
• No existing codebase.
• No debugging.
• No non-functional 

properties.

Construct
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Benchmarks: HumanEval

Marketing in June 2024

Construct Operationalization

pass@k estimates the probability 
that at least one of k generated 

candidate solutions for a fixed task 
passes the benchmark’s tests.

• Just Python.
• Just pure functions.
• No modules.
• No existing codebase.
• No debugging.
• No non-functional 

properties.Construct
validity?!

Generated with ChatGPT (GPT-5.5)
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Benchmarks: HumanEval

Marketing in June 2024

Construct Operationalization

pass@k estimates the probability 
that at least one of k generated 

candidate solutions for a fixed task 
passes the benchmark’s tests.

• Just Python.
• Just pure functions.
• No modules.
• No existing codebase.
• No debugging.
• No non-functional 

properties.Construct
validity?!

https://openreview.net/pdf?id=dQs1srLmGN

Generated with ChatGPT (GPT-5.5)

https://openreview.net/pdf?id=dQs1srLmGN
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Benchmarks: HumanEval

• HumanEval contained several 
incorrect “canonical” solutions.

• Only 10 assertions per problem on 
average, not enough to accurately 
assess the correctness of solutions. 

“[…] continued pre-training on a 
dataset containing even a single 
epoch of the test split for 
HumanEval boosted scores from 
74.4% to 89.0%, highlighting the 
danger of data contamination.”

https://arxiv.org/pdf/2403.05530

https://arxiv.org/abs/2305.01210

https://arxiv.org/pdf/2403.05530
https://arxiv.org/abs/2305.01210
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Benchmarks: HumanEval

• HumanEval contained several 
incorrect “canonical” solutions.

• Only 10 assertions per problem on 
average, not enough to accurately 
assess the correctness of solutions. 

“[…] continued pre-training on a 
dataset containing even a single 
epoch of the test split for 
HumanEval boosted scores from 
74.4% to 89.0%, highlighting the 
danger of data contamination.”

https://arxiv.org/pdf/2403.05530

https://arxiv.org/abs/2305.01210

https://openai.com/index/separating-signal-from-noise-coding-evaluations/

https://arxiv.org/pdf/2403.05530
https://arxiv.org/abs/2305.01210
https://openai.com/index/separating-signal-from-noise-coding-evaluations/
https://openai.com/index/separating-signal-from-noise-coding-evaluations/
https://openai.com/index/separating-signal-from-noise-coding-evaluations/
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https://openai.com/index/separating-signal-from-noise-coding-evaluations/
https://openai.com/index/separating-signal-from-noise-coding-evaluations/
https://openai.com/index/separating-signal-from-noise-coding-evaluations/
https://openai.com/index/separating-signal-from-noise-coding-evaluations/
https://openai.com/index/separating-signal-from-noise-coding-evaluations/


Newer Benchmarks, Same Problems
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Open Benchmarks for Closed Models

https://knowyourmeme.com/memes/obama-awards-obama-a-medal
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(1) Software Engineering (SE) ≫ Programming
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(2) AI “solves” Programming ⇏ AI “solves” SE

(3) Agentic AI is a Software Systems Innovation

(4) We Need More Solid Empirical Evidence



Problem: We don’t even know the “simple” things yet…
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Agentic Coding Assistants

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent

Software EngineeringAI/ML

Many degrees of freedom.
Unclear which features improve 
downstream performance, and 

which might degrade it.

https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent
https://magazine.sebastianraschka.com/p/components-of-a-coding-agent


https://assets.empirical-software.engineering/pdf/saner26-flakiness-test-code.pdf
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https://assets.empirical-software.engineering/pdf/aiware26-agents-configuration.pdf

https://assets.empirical-software.engineering/pdf/esem26-build-vs-buy.pdf

https://assets.empirical-software.engineering/pdf/jaws26-llm-misconceptions.pdf

https://assets.empirical-software.engineering/pdf/tse26-trust-ai.pdf
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Selected Empirical Studies

61Sebastian Baltes - Software Engineering Research Beyond the AI Hype



Research Methods: Overview
• Online Surveys: Capture developers’ experiences (e.g., 

perceived productivity) or their desires and concerns (e.g., 
regarding AI-supported development) using self-reports.

• Usage Data Analyses: Analyze real-world usage of tools 
(e.g., GitHub Copilot).

• Controlled Experiments: Try to assess the impact of 
”treatments” such as the availability of GenAI tools, usually 
on relatively small isolated tasks (e.g., in consulting or 
software development).

• Quasi-experimental Time Series Analyses: Based on 
available data, divide time into before/after AI usage and 
analyze differences (on the level of projects, teams, individual developers).
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https://dl.acm.org/doi/10.1145/3633453
https://dl.acm.org/doi/10.1145/3675416
https://dl.acm.org/doi/10.1145/3675416
https://dl.acm.org/doi/10.1145/3675416
https://dl.acm.org/doi/pdf/10.1145/3633453
https://www.hbs.edu/ris/download.aspx?name=24-013.pdf
https://arxiv.org/abs/2410.12944
https://cmustrudel.github.io/papers/msr2026he.pdf
https://uplevelteam.com/blog/ai-tools-in-software-development


Research Methods: (Incomplete) Overview
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Research Methods: There’s more…

• Theory Building based on interviews (e.g., on how 
developers interact with code-generating tools).

• Comparative Studies that are not necessarily controlled 
experiments with random assignment (e.g., comparing 
human and AI-generated solutions of algorithmic tasks).

• …
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Desires/Concerns: Survey at Microsoft

• Publication:
July 2024 (peer-reviewed)
• Data collection:

April 2023
• Participants:

791 software developers
• Response time: ~10 min
• Incentive: Win a gift card.

https://dl.acm.org/doi/10.1145/3675416
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https://dl.acm.org/doi/10.1145/3675416


Desires/Concerns: Survey at Microsoft

“To me it seems more like a gimmick. In 
order for me to let something […] 
refactoring code that is used in 
production services impacting millions 
of our customers, it would need to 
prove itself over a long period of 
time, and that at the very least seems 
too far away in the future.”
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Perception and Usage Data:

https://dl.acm.org/doi/10.1145/3633453
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• Publication:
March 2024 (peer-reviewed)
• Data Collection:

Feb-Mar 2022
• Participants:

2,047 Copilot users
• Goal:

Correlating usage data and 
survey responses.
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Perception and Usage Data:
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Self-reports: Correlation Study Across 3 Companies

https://ieeexplore.ieee.org/document/8643844

“Our results suggest that the factors that 
most strongly correlate with self-rated 
productivity were non-technical factors, 
such as job enthusiasm, peer support for 
new ideas, and receiving useful feedback 
about job performance. […] our results also 
suggest that software developers’ self-rated 
productivity is more strongly related to 
task variety and ability to work remotely.”

69

• Publication:
February 2019 (peer-reviewed)
• Participants:

622 software developers at
Microsoft, ABB, National Instruments

Sebastian Baltes - Software Engineering Research Beyond the AI Hype
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Self-reports: Correlation Study Across 3 Companies
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Comparative Study:                    Report

• Publication:
September 2024
(report)
• Data Collection:

Jan-Apr 2023 vs. Jan-April 2024
• Participants:

800 developers
• Goal:

Comparing development 
metrics before/after 
introduction of Copilot

• Metrics:
• PR cycle time: no significant change
• Bug rate:* 41% increase with Copilot
• Working outside standard hours: 

Decreased for both groups
                  * unclear how measured

https://uplevelteam.com/blog/ai-tools-in-software-development
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• Publication:
September 2024 (preprint)
• Data Collection:

Sep 22-May 23 (Microsoft)
Jul 23-Dec 23 (Accenture)
Sep 23 (Anonymous Company)
• Participants:

1,746 developers (Microsoft)
320 (Accenture)
3,054 (Anonymous Company)
• Study Setup:

Microsoft/Accenture:
Control vs. treatment groups
A. Company:
Focus on staggered roll-out
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Controlled Experiment: Impact on Dev Activity

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4945566
Sebastian Baltes - Software Engineering Research Beyond the AI Hype
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Controlled Experiment: Impact on Dev Activity

Metrics:
• #Pull Requests
• #Commits
• #Builds
• Build Success Rate

** difference statistically significant
Sebastian Baltes - Software Engineering Research Beyond the AI Hype



Discussion

Really?

74

Metrics:
• #Pull Requests à not controlled for size, complexity, etc.
• #Commits à not controlled for size, complexity, etc. 
• #Builds à highest difference of all metrics, what does this tell us?
• Build Success Rate à decreased
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Is “more” code always better?

https://x.com/AdamTornhill/status/1729592297887502611
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-2000 Lines of Code

Sebastian Baltes - Software Engineering Research Beyond the AI Hype
https://www.folklore.org/Negative_2000_Lines_Of_Code.html

https://www.folklore.org/Negative_2000_Lines_Of_Code.html


• AI assistants do affect software development activity.
(exact impact on productivity is unclear)

• Too many studies focus on self-assessed 
productivity alone.
(known to mainly reflect non-technical aspects)

• Too few longitudinal studies.

• Too few studies with a more holistic view on 
software development.
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Summary
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Back to the Consulting Industry…

78Sebastian Baltes - Software Engineering Research Beyond the AI Hype



Controlled Experiments: Boston Consulting Group

https://www.hbs.edu/ris/download.aspx?name=24-013.pdf
79

• Publication:
September 2023
(preprint)
• Data collection:

April 2023
• Participants:

758 BCG consultants
• Experiment duration:

5 hours

• Treatments:
GPT-4 and GPT-4 plus prompt 
engineering introduction.

• Performance:
Assessed by two human graders.

• Incentive:
Best participants received gift in 
recognition as part of their 
performance review.

Sebastian Baltes - Software Engineering Research Beyond the AI Hype

https://www.hbs.edu/ris/download.aspx?name=24-013.pdf
https://www.hbs.edu/ris/download.aspx?name=24-013.pdf
https://www.hbs.edu/ris/download.aspx?name=24-013.pdf


Controlled Experiments: Boston Consulting Group

“For each one of a set of 18 realistic 
consulting tasks within the frontier of 
AI capabilities, consultants using AI 
were significantly more productive 
(they completed 12.2% more tasks on 
average, and completed tasks 25.1% 
more quickly), and produced 
significantly higher quality results 
(more than 40% higher quality 
compared to a control group).”
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Controlled Experiments: Boston Consulting Group
“You are working for a footwear company in the unit developing new 
products. Your boss asked you to present an idea for a new product at the 
next manager’s meetings. Please, respond to the questions below.
1. Generate ideas for a new shoe aimed at a specific market or sport that is 

underserved. Be creative, and give at least 10 ideas.
2. Pick the best idea, and explain why, so that your boss and other managers 

can understand your thinking.
3. Describe a potential prototype shoe in vivid detail in one paragraph (3-4 

sentences).
4. Come up with a list of steps needed to launch the product. Be concise but 

comprehensive.
5. Come up with a name for the product: consider at least 4 names, write 

them down, and explain the one you picked.
…”
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How can we study GenAI adoption
in open-source projects?
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Longitudinal Quasi-Experimental Designs
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observed

counterfactual?

the effect

intervention



Scenario: An organization enables an AI coding assistant for some 
teams in July 2025 (à treatment). Did it change throughput?
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Examples

1 Before vs. after
Treated teams only

13.0 vs. 17.5

+4.5
PRs per dev per month

Confounded by time. Q3 
also brought a new build 
pipeline and the end of a 
release freeze. The trend 
was already rising 
independent of the tool 
rollout.

2 Treated vs. control
After the rollout only

12.5 vs. 17.5

+5.0
PRs per dev er month

Confounded by team 
selection. The teams that 
opted in to use the AI tool 
were already shipping 
faster than other teams in 
June, i.e., before tool 
adoption.
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Problem: What’s the proper counterfactual to compare with?
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Longitudinal Quasi-Experimental Designs

1 Interrupted time series
“time-series experiment”, usually analyzed 
by segmented regression

effect

Needs: one group, ~8–12 observations both before/after
Counterfactual: that group's own pre-trend, extended 
past the rollout

Assumes: the pre-trend would have continued
Confounder: anything else that happened between 
before and after

2 Difference-in-differences
non-equivalent control-group design, usually 
analyzed by interaction regression

Needs: two groups; one measurement before and one 
after is enough
Counterfactual: the treated teams, had they moved 
like the control

Assumes: parallel trends: without rollout, both groups 
change alike
Confounder: groups that were already diverging
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Estimator: fit a line before and after; compare level and 
slope

effect

confounding event (e.g., freeze)

Estimator: start at treated rollout level; add the 
control’s gain

Campbell, D. T. & Stanley, J. C. (1966). Experimental and 
Quasi-Experimental Designs for Research. Rand McNally.

Wagner, A. K., Soumerai, S. B., Zhang, F. & Ross-Degnan, 
D. (2002). Segmented regression analysis of interrupted 
time series studies in medication use research. Journal of 
Clinical Pharmacy and Therapeutics 27(4), 299–309.

When do both 
approaches agree?

https://archive.org/details/experimentalquas00camp
https://doi.org/10.1046/j.1365-2710.2002.00430.x
https://doi.org/10.1046/j.1365-2710.2002.00430.x
https://doi.org/10.1046/j.1365-2710.2002.00430.x
https://doi.org/10.1046/j.1365-2710.2002.00430.x


Mean number of PRs merged per developer per month, averaged over 
the six months either side of the rollout (2 groups x 2 periods).
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Difference-in-Differences: Example

Before (Jan–Jun) After (Jul–Dec) Difference

Treated teams
24 teams, adopted in July 13.0 17.5 +4.5
Control teams
31 teams, did not adopt 10.0 12.5 +2.5

Difference of 
differences 4.5   −   2.5   = +2.0

95% CI   0.5  to  3.5 Vi
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The teams that adopted gained 2.0 more PRs per developer per month 
than they would have, had they tracked the teams that did not adopt.
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Difference-in-Differences: Example
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rollout →
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Difference-in-Differences: Linear Regression
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Treated (adopted in July) Control (did not adopt) Counterfactual (unobserved)

rollout →

β₁ = 3.0
β₂ = 2.5

β₃ = 2.0

10.0 + 3.0 + 2.5 + 2.0 = 17.5
(mean value of treated teams after rollout) 

β₃ is the 
difference in 
differences

β₀ = 10

Why do we 
need this?
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Difference-in-Differences: Linear Regression
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Treated (adopted in July) Control (did not adopt) Counterfactual (unobserved)

rollout →

merged PRs/developer/month, for team i in month t.

1 of team i treated, 0 otherwise.

0 for Jan–Jun, 1 for Jul–Dec.

linear 
regressions

1 only of treated and Jul–Dec. 
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What to measure over time?

90

Time

?

?

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8011057/   https://doi.org/10.1002/0470013192.bsa312 
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https://doi.org/10.1002/0470013192.bsa312
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https://cmustrudel.github.io/papers/msr2026he.pdf

Difference-in-Differences: Example

It’s actually more complicated than this because the 
authors needed to model a staggered rollout.

https://cmustrudel.github.io/papers/msr2026he.pdf


General Limitation of Quantitative Measures

”…not everything that can be counted counts, 
and not everything that counts can be 
counted.”
William Bruce Cameron: Informal Sociology, a casual introduction to sociological thinking, p. 13, (1963).
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What Can We Measure in a Software Project?

• Process-related measures:
• Utilized resources (people, time, money, etc.).
• Number of issues detected during code review.

• People-related measures:
• Perceived productivity and wellbeing of team members.
• Time spent on different tasks (self-reports or log data).

• Product-related measures:
• Size (LOC, #classes/modules/services, etc.).
• Code Complexity.
• Code Readability.
• Code Quality (coverage, technical debt, etc.).
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Measurement?

“Measurement is the empirical, objective assign-
ment of numbers, according to a rule derived from 
a model or theory, to attributes of objects or 
events with the intent of describing them.”
Kaner and Bond: Software Engineering Metrics (2004)
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https://kaner.com/pdfs/metrics2004.pdf


Measurement

• Measurement: Mapping from studied object to a scale, e.g.:

• Scale types / levels of measurement (“Skalenniveau”):
• Nominal (sex, gender).
• Ordinal (minor, …, major).
• Interval (temp. °C).
• Ratio (temp. K, height).

• Example from SE: LOC as a measurement for program size.

• Metrology: Science of measurement.
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Measure (“Maß”) vs. Metric (“Metrik”)?

• Multiple, sometimes contrary, definitions exist.
• NIST: “We use measure for more concrete or objective attributes 

and metric for more abstract, higher-level, or somewhat sub-
jective attributes.“
• Measurement:

• Directly observable quantitative values.
• Fundamental building blocks of metrics.

• Metrics:
• Derived from one or more measurements by interpreting and 

combining them.
• Capture more abstract concepts such as “quality” or “productivity”.
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Measure vs. Metric: Example

• Target Metric: Software Quality

• Measurements:
• Code Coverage   [0.0, 1.0]
• Availability (e.g., of a cloud service) last month   [0.0, 1.0]
• SUS from quarterly user survey   [0.0, 1.0]

• Metric: 0.2*Coverage + 0.4*Availability+ 0.4*SUS   [0.0, 1.0]

• Unclear to what degree that metric measures the broad 
abstract concept of “software quality.”

Further reading:
https://arxiv.org/pdf/2603.16012v1 

(slightly different notion of metric/measure than we use)

https://arxiv.org/pdf/2603.16012v1


Software Metrics
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Warning

• Most software metrics are controversial.

• They are often defined based on plausibility arguments and 
are rarely rigorously validated.

• Size of codebase dominates many metrics.

• Example: Evidence indicates that cyclomatic complexity (a 
popular metric) is merely a proxy for program size.
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https://www.leshatton.org/Documents/TAIC2008-29-08-2008.pdf


The GitClear Report

https://gitclear-public.s3.us-west-2.amazonaws.com/
Coding-on-Copilot-2024-Developer-Research.pdf
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“Code suggestion algorithms are 
incentivized to propose suggest-
ions most likely to be accepted. 
Code maintainers are incentivized 
to minimize the amount of code 
that needs to be read (i.e., to 
understand how to adapt an 
existing system).”

https://x.com/AdamTornhill/status/1729592297887502611
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GitClear Report
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Do not jump to calculating statistics too fast!
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We could not replicate this result…

https://assets.empirical-software.engineering/pdf/tse26-genai-usage.pdf
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Why Are Inaccurate Metrics Problematic?

Management:
“You can't control what you can't measure.”
DeMarco, Tom: Controlling Software Projects. In Management Measurement & Estimation (1982), p. 3.

Common Sense:
“When a measure becomes a target, it 
ceases to be a good measure.”
Strathern, Marilyn: Improving ratings: audit in the British University system. In European Review. 5 (3), p. 305–321. (1997);
based on Goodhart, Charles: Problems of Monetary Management: The U.K. Experience. In Courakis, Anthony S. (ed.). 
Inflation, Depression, and Economic Policy in the West. (1975, published in 1981).
Known as “Goodhart’s Law.”
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https://systemsguild.eu/tom-demarco
https://systemsguild.eu/tom-demarco
https://systemsguild.eu/tom-demarco
https://www.youtube.com/watch?v=mhNOVuFwIjo
https://www.youtube.com/watch?v=AcQYFP4PwFs


Tom DeMarco’s Reflections

Management:
“You can't control what you can't measure.”
DeMarco, Tom: Controlling Software Projects. In Management Measurement & Estimation (1982), p. 3.
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Tom DeMarco in 2009
https://www.infoq.com/news/2009/08/demarc
o-software-engineering-/
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• Rather than spending time running more
and more self-report studies, we should spend time 
thinking about study designs beyond self-reports.

• Software metrics are a complex topic, but we as 
researchers can and should educate readers to 
critically reflect on published results.
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Summary
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The Future of Software Engineering?

Ironies of Automation (Lisanne Bainbridge, 1983):
“[...] severe problems are caused by automating most 
of the work, while the human operator is responsible 
for tasks that can't be automated. Thus, operators 
will not practice skills as part of their ongoing 
work. Their work now also includes exhausting 
monitoring tasks. Thus, rather than needing less 
training, operators need to be trained more to be 
ready for the rare but crucial interventions.”
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https://en.wikipedia.org/wiki/Ironies_of_Automation


Prof. Dr. Sebastian Baltesempirical-software.engineering



Appendix
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What Do Companies Measure?
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What Do Companies Measure?

111Sebastian Baltes - Software Engineering Research Beyond the AI Hype



DORA Metrics

https://newsletter.pragmaticengineer.com/p/measuring-developer-productivity

• Measuring effort as a proxy for 
productivity is usually a bad idea.
(e.g., work time, number of commits, etc.)

• Focus on outcomes or impact.
• DORA metrics do that, however:
• Lack of scientific empirical 

validation of those metrics.
• They focus on very specific forms 

of outcomes and impacts.
• They focus on parts of the process 

that highly depend on (automated) 
tooling.
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https://cloud.google.com/blog/products/devops-sre/dora-2022-accelerate-state-of-devops-report-now-out
https://newsletter.pragmaticengineer.com/p/measuring-developer-productivity
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DORA, SPACE, and DevEx
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https://newsletter.pragmaticengineer.com/p/developer-productivity-a-new-framework
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DORA, SPACE, and DevEx
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https://dl.acm.org/doi/10.1145/3595878
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https://dl.acm.org/doi/10.1145/3595878
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The GitClear Report

https://gitclear-public.s3.us-west-2.amazonaws.com/Coding-on-Copilot-2024-Developer-Research.pdf
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