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Software Developers’ Work Habits and Expertise

Empirical Studies on Sketching, Code Plagiarism, 
and Expertise Development
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Why Study Developers’ Work Habits?

Sebastian Baltes – Software Developers' Work Habits and Expertise

“For me, thoroughly analyzing and understanding 
the state-of-practice is an essential first step 
towards improving how software is being 
developed. Too often, decisions are still rather 
opinion-based than data-informed.”
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Evidence-based Practice  through Practice-based Evidence



Goal of my PhD Research
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Observe
Describe
Explain

Software 
Developers’ 
Work Habits

) Expand knowledge

Communicate findings 
back to practitioners

Derive requirements for 
better tool support

Identify possible process 
improvements
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A habit is a „settled tendency 
or usual manner of behavior“

https://www.merriam-webster.com/dictionary/habit

Habits?

Personal habits Work habits

https://www.merriam-webster.com/dictionary/habit


Studied Habits
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Sketching

Code Plagiarism

Expertise Development
2013



Overview of this Talk
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Sketching

Code Plagiarism

Expertise Development
2013

1
2

3

1 2 3



3

Overview of this Talk
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Sketching

Code Plagiarism

Expertise Development
2013
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Sketching



Research Questions

Questions:
How and why do software practitioners use sketches 
and diagrams?
How are they related to source code?
How can we provide better tool support?

Approach:
Field study, online survey, lab study, formative tool 
evaluations
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Sketching
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Sketching

https://empirical-software.engineering/projects/sketches/

https://empirical-software.engineering/projects/sketches/
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Sketching
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Sketching

https://www.youtube.com/watch?v=mG6xCiQpS80

https://www.youtube.com/watch?v=mG6xCiQpS80
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Sketching

• Follow-up study: What has changed since the widespread 
adoption of smartphones and tablets?

• SketchLink: Get feedback from Microsoft developers, 
port to Visual Studio, evaluate

• Graphic Facilitation: Explore use cases within Microsoft, 
use preliminary results from interviews
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Overview of this Talk
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Sketching

Code Plagiarism

Expertise Development
2013
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Expertise Development
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Expertise
Development

https://empirical-software.engineering/projects/expertise/

2018

https://empirical-software.engineering/projects/expertise/


Software Development Expertise?
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Implementing 
new features

Testing

Debugging

Algorithms & 
Data structures

Communication



Algorithms & 
Data structures

Software Development Expertise?
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Implementing 
new features

Testing

Debugging

Communication



Research Questions

Questions:
How to structure all those expertise-related aspects?
Which factors influence expertise development over 
time?

Approach:
Iterative theory building
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Expertise
Development



Research Design
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• Induction: 335 online survey participants in total
• Deduction: Main source “Cambridge Handbook of

Expertise and Expert Performance”



Our Expertise Model

• Task-specific (e.g., writing code, debugging, testing)

• Focuses on individual developers
• Process view (repetition of tasks)

• Notion of transferable knowledge and 
experience from related fields or tasks
• Continuum instead of discrete expertise steps
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novice

expert
expert

novice



Conceptual Theory
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Conceptual Theory
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Conceptual Theory
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Tasks
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• Asked participants to name the three most important tasks
that a software development expert should be good at

• Most frequently mentioned:
1. Designing a software architecture
2. Writing source code
3. Analyzing and understanding

requirements

• Other mentioned tasks: Testing,
Communicating, Debugging

“Architecting the 
software in a way that 
allows flexibility in 
project requirements 
and future applications 
of the components“



Conceptual Theory

29Sebastian Baltes – Software Developers' Work Habits and Expertise



Individual Differences: Motivation

30Sebastian Baltes – Software Developers' Work Habits and Expertise

• Related work describes how individual differences affect 
expertise development

• Mental abilities and personality are relatively stable
• Motivation can change over time

• Many participants intrinsically motivated:
• Problem solving
• Seeing a high-quality solution
• Creating something new
• Helping others

“The initial design is fun, 
but what really is more 
rewarding is refactoring.”



Conceptual Theory
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Task Context
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• Work environment
(office, coworkers, customers etc.)

• Project constraints
(external dependencies, time, etc.)

• Can either foster or hinder expertise dev.
• We asked: What can employers do?

1. Encourage learning
(training courses, library, monetary incentives)

2. Encourage experimentation
(side projects, being open to new ideas/technologies)

3. Improve information exchange
(facilitate meetings, rotating between teams/projects)

4. Grant freedom
(less time pressure)
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Conceptual Theory
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Deliberate Practice
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• Having more experience does not automatically
lead to better performance (Ericsson et al., 1993)

• Performance may even decrease over time (Feltovich, 2006)

• Length of experience only weak correlate of job performance 
(Ericsson, 2006)

• Deliberate practice: „Prolonged efforts to improve 
performance while negotiating motivational and external 
constraints“ (Ericsson et al., 1993)



Deliberate Practice: Self-Reflection

35Sebastian Baltes – Software Developers' Work Habits and Expertise

• (Self-)reflection and feedback important to monitor
progress towards goal achievement (Locke and Latham, 1990)

• “[T]he more channels of accurate and helpful feedback
we have access to, the better we are likely to perform.”
(Tourish and Hargie, 2003)

• Mentors, teachers, and peers are important sources for 
feedback

• Feedback influences motivation



Conceptual Theory
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Conceptual Theory
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Performance Decline
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• Goal: Identify factors hindering expertise development

• 41.5% of participants observed a significant performance 
decline over time (for themselves or others)

• Reasons:
• Demotivation
• Changes in the work environment
• Age-related decline
• Changes in attitude
• Shifting towards other tasks

“I perceived an increasing 
procrastination in me and 
in my colleagues, by 
working on the same tasks 
over a relatively long time 
[...] without innovation and 
environment changes.”



Age-Related Performance Decline
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“For myself, it’s mostly the effects of 
aging on the brain. At age 66, I can’t 
hold as much information in short-
term memory, for example. [...] I can 
compensate for a lot of that by writing 
simpler functions with clean interfaces. 
The results are still good, but my 
productivity is much slower than 
when I was younger.”

software architect, age 66 software developer, age 60

“Programming ability is based on 
desire to achieve. In the early 
years, it is a sort of competition. 
[…] I found that I lost a significant 
amount of my focus as I became 
40, and started using drugs such 
as ritalin to enhance my abilities. 
This is pretty common among 
older programmers.’’



Summary for Researchers
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Researchers can…
• Use our theory to design studies on expertise development

(first operationalizations described in the paper)

• Adopt our theory building approach
• Consider our results when asking for expertise self-assessments

(task-specific view, context important, explicitly mention characteristics of experts)



Summary for Developers
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Developers can…
• Learn what other developers expect from experts and

mentors
• Learn which behaviors may lead to becoming an expert

• Deliberate practice
• Having challenging goals
• Building and maintaining a supportive work environment
• Asking for feedback from peers
• Explicitly reflecting about what one knows and what not



Summary for Employers
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Employers can…
• Learn what (de)motivates employees and thus hinders

expertise development
• problem solving vs. non-challenging work

• Reflect on ideas to build a work environment supporting
self-improvement of their staff:
• Good mix of continuity and change in processes
• Communicating clear visions, directions, and goals
• Rewarding high-quality work wherever possible
• Revisiting information sharing in company
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Expertise
Development

• Study: Identify specific challenges that older developers face to 
prevent such experienced knowledge workers from dropping out 
of software development

• Study: Further investigate role of feedback and team changes in 
expertise development

• Study: Investigate expertise development and ageing from a 
sociological perspective (team expertise, discourse analysis)



Overview of this Talk
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Sketching

Code Plagiarism

Expertise Development
2013
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Code Plagiarism
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Code Plagiarism

https://empirical-software.engineering/projects/snippets/

https://empirical-software.engineering/projects/snippets/


Question for the Audience I

Who admits regularly copying non-trivial code 
snippets from Stack Overflow?
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Question for the Audience II

Who knew that all content on Stack Overflow is 
licensed under CC BY-SA?
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Attribution Share-alike

"You must give 
appropriate credit
[…] and indicate if 
changes were made."

“If you […] build upon 
the material, you must 
distribute your 
contributions under 
the same license as 
the original.”



Results from our Online Surveys

• 46% of the participants admitted copying code from 
Stack Overflow without attribution

• 75% did not know that content on SO is licensed 
under CC BY-SA

• 67% did not know that attribution is required
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à Lack of awareness



Background

“Well, but these snippets are rather trivial and not 
protected by copyright.”
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•Not all code snippets on Stack Overflow are copyrightable

• “A snippet that is more than one or two lines of standard 
function calls would typically be creative enough for 
copyright” [Engelfriet 2016]

• But no “international standard for originality”
[Creative Commons 2017b]
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Stack Overflow Code in the OpenJDK
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https://bugs.openjdk.java.net/browse/JDK-8170860

https://bugs.openjdk.java.net/browse/JDK-8170860


… and in Microsoft GitHub Repos
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“But do Stack Overflow authors care about attribution?”
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Permissive Licenses

• Permit using the licensed source 
code in proprietary software 
without publishing changes or 
the derived work

• Examples: MIT, Apache, and BSD 
license families

Copyleft Licenses

• Requires either modifications to 
the licensed content or the 
complete derived work to be 
published under the same or a 
compatible license (share-alike)

• Examples (weak copyleft): 
Mozilla/Eclipse Public Licenses

• Examples (viral copyleft): GNU 
General Public Licenses, Creative 
Commons Share-Alike Licenses 
(e.g., CC BY-SA)

Implications of Stack Overflow’s License
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Enforceability of Copyleft Licenses
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• Courts in the US and Europe ruled that open source licenses 
are enforceable contracts

• Authors are able to sue when terms such as the share-alike 
requirement are violated:
• Interdict distribution of derived work
• Claim monetary damages

• USA: DMCA takedown notices for allegedly infringed copyright
• Example: https://github.com/github/dmca

• Risk in mergers and acquisitions of companies
• Example: FSF vs. Cisco lawsuit

https://github.com/github/dmca


Research Question

Question:
How frequently is code from Stack Overflow posts 
used in public GitHub projects without the required 
attribution?

Approach:
Triangulate an estimate for the attribution ratio using 
three different methods.
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Code Plagiarism



Method 1: Regular Expressions
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Exemplary Regex
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https://stackoverflow.com/a/3758880

https://stackoverflow.com/a/3758880


Results
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Method 2: Code Clone Detector
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• Goal: Use code clone detector to find clones of a sample of 
Stack Overflow snippets in a sample of GitHub projects

• Why samples?
• Code clone detection is

computationally expensive

• Which snippets and projects to select?
• Random samples: Many toy projects

on GitHub and many irrelevant snippets
on Stack Overflow

• Purposive sampling: Limited generalizability



GitHub Project Sample
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• Focus on popular GitHub projects
• High precision in selecting “engineered” software projects
• Greater (potential) impact of licensing issues

[Munaiah et al. 2017]

Sample size: 
3,000 / 2,313 



Stack Overflow Snippet Samples
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• Non-trivial snippets retrieved from 100 most frequently referenced 
answers (n=111)

• Non-trivial snippets retrieved from answers referenced in GitHub 
projects (n=137)

• External sources: Only three snippets available under a more 
permissive license than CC BY-SA

Stop100
<latexit sha1_base64="uGj6oJzAK9I6tww+qYCQQeb2JGc=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARXJUZEXRZdOOyor1AOwyZNNOGZpIhOSPWoU/ixoUibn0Ud76NaTsLbf0h8PGfczgnf5QKbsDzvp2V1bX1jc3SVnl7Z3ev4u4ftIzKNGVNqoTSnYgYJrhkTeAgWCfVjCSRYO1odD2ttx+YNlzJexinLEjIQPKYUwLWCt3KXdgD9gg5qNT3vEnoVr2aNxNeBr+AKirUCN2vXl/RLGESqCDGdH0vhSAnGjgVbFLuZYalhI7IgHUtSpIwE+Szwyf4xDp9HCttnwQ8c39P5CQxZpxEtjMhMDSLtan5X62bQXwZ5FymGTBJ54viTGBQeJoC7nPNKIixBUI1t7diOiSaULBZlW0I/uKXl6F1VvMt355X61dFHCV0hI7RKfLRBaqjG9RATURRhp7RK3pznpwX5935mLeuOMXMIfoj5/MHdLWS8A==</latexit><latexit sha1_base64="uGj6oJzAK9I6tww+qYCQQeb2JGc=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARXJUZEXRZdOOyor1AOwyZNNOGZpIhOSPWoU/ixoUibn0Ud76NaTsLbf0h8PGfczgnf5QKbsDzvp2V1bX1jc3SVnl7Z3ev4u4ftIzKNGVNqoTSnYgYJrhkTeAgWCfVjCSRYO1odD2ttx+YNlzJexinLEjIQPKYUwLWCt3KXdgD9gg5qNT3vEnoVr2aNxNeBr+AKirUCN2vXl/RLGESqCDGdH0vhSAnGjgVbFLuZYalhI7IgHUtSpIwE+Szwyf4xDp9HCttnwQ8c39P5CQxZpxEtjMhMDSLtan5X62bQXwZ5FymGTBJ54viTGBQeJoC7nPNKIixBUI1t7diOiSaULBZlW0I/uKXl6F1VvMt355X61dFHCV0hI7RKfLRBaqjG9RATURRhp7RK3pznpwX5935mLeuOMXMIfoj5/MHdLWS8A==</latexit><latexit sha1_base64="uGj6oJzAK9I6tww+qYCQQeb2JGc=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARXJUZEXRZdOOyor1AOwyZNNOGZpIhOSPWoU/ixoUibn0Ud76NaTsLbf0h8PGfczgnf5QKbsDzvp2V1bX1jc3SVnl7Z3ev4u4ftIzKNGVNqoTSnYgYJrhkTeAgWCfVjCSRYO1odD2ttx+YNlzJexinLEjIQPKYUwLWCt3KXdgD9gg5qNT3vEnoVr2aNxNeBr+AKirUCN2vXl/RLGESqCDGdH0vhSAnGjgVbFLuZYalhI7IgHUtSpIwE+Szwyf4xDp9HCttnwQ8c39P5CQxZpxEtjMhMDSLtan5X62bQXwZ5FymGTBJ54viTGBQeJoC7nPNKIixBUI1t7diOiSaULBZlW0I/uKXl6F1VvMt355X61dFHCV0hI7RKfLRBaqjG9RATURRhp7RK3pznpwX5935mLeuOMXMIfoj5/MHdLWS8A==</latexit><latexit sha1_base64="uGj6oJzAK9I6tww+qYCQQeb2JGc=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARXJUZEXRZdOOyor1AOwyZNNOGZpIhOSPWoU/ixoUibn0Ud76NaTsLbf0h8PGfczgnf5QKbsDzvp2V1bX1jc3SVnl7Z3ev4u4ftIzKNGVNqoTSnYgYJrhkTeAgWCfVjCSRYO1odD2ttx+YNlzJexinLEjIQPKYUwLWCt3KXdgD9gg5qNT3vEnoVr2aNxNeBr+AKirUCN2vXl/RLGESqCDGdH0vhSAnGjgVbFLuZYalhI7IgHUtSpIwE+Szwyf4xDp9HCttnwQ8c39P5CQxZpxEtjMhMDSLtan5X62bQXwZ5FymGTBJ54viTGBQeJoC7nPNKIixBUI1t7diOiSaULBZlW0I/uKXl6F1VvMt355X61dFHCV0hI7RKfLRBaqjG9RATURRhp7RK3pznpwX5935mLeuOMXMIfoj5/MHdLWS8A==</latexit>

)

Sgh
<latexit sha1_base64="trskkqDPYpJnUUvc3AHjFDn7OFk=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFY0dZCGspmu2mXbnbD7kQsoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5QKbtDzvp3Syura+kZ5s7K1vbO7V90/aBuVacpaVAmlOxExTHDJWshRsE6qGUkiwR6i0fW0/vDItOFK3uM4ZWFCBpLHnBK0VnDX6yJ7wnwwnPSqNa/uzeQug19ADQo1e9Wvbl/RLGESqSDGBL6XYpgTjZwKNql0M8NSQkdkwAKLkiTMhPls5Yl7Yp2+Gyttn0R35v6eyElizDiJbGdCcGgWa1Pzv1qQYXwZ5lymGTJJ5x/FmXBRudP73T7XjKIYWyBUc7urS4dEE4o2pYoNwV88eRnaZ3Xf8u15rXFVxFGGIziGU/DhAhpwA01oAQUFz/AKbw46L8678zFvLTnFzCH8kfP5A7FLkYI=</latexit><latexit sha1_base64="trskkqDPYpJnUUvc3AHjFDn7OFk=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFY0dZCGspmu2mXbnbD7kQsoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5QKbtDzvp3Syura+kZ5s7K1vbO7V90/aBuVacpaVAmlOxExTHDJWshRsE6qGUkiwR6i0fW0/vDItOFK3uM4ZWFCBpLHnBK0VnDX6yJ7wnwwnPSqNa/uzeQug19ADQo1e9Wvbl/RLGESqSDGBL6XYpgTjZwKNql0M8NSQkdkwAKLkiTMhPls5Yl7Yp2+Gyttn0R35v6eyElizDiJbGdCcGgWa1Pzv1qQYXwZ5lymGTJJ5x/FmXBRudP73T7XjKIYWyBUc7urS4dEE4o2pYoNwV88eRnaZ3Xf8u15rXFVxFGGIziGU/DhAhpwA01oAQUFz/AKbw46L8678zFvLTnFzCH8kfP5A7FLkYI=</latexit><latexit sha1_base64="trskkqDPYpJnUUvc3AHjFDn7OFk=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFY0dZCGspmu2mXbnbD7kQsoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5QKbtDzvp3Syura+kZ5s7K1vbO7V90/aBuVacpaVAmlOxExTHDJWshRsE6qGUkiwR6i0fW0/vDItOFK3uM4ZWFCBpLHnBK0VnDX6yJ7wnwwnPSqNa/uzeQug19ADQo1e9Wvbl/RLGESqSDGBL6XYpgTjZwKNql0M8NSQkdkwAKLkiTMhPls5Yl7Yp2+Gyttn0R35v6eyElizDiJbGdCcGgWa1Pzv1qQYXwZ5lymGTJJ5x/FmXBRudP73T7XjKIYWyBUc7urS4dEE4o2pYoNwV88eRnaZ3Xf8u15rXFVxFGGIziGU/DhAhpwA01oAQUFz/AKbw46L8678zFvLTnFzCH8kfP5A7FLkYI=</latexit><latexit sha1_base64="trskkqDPYpJnUUvc3AHjFDn7OFk=">AAAB8nicbZBNS8NAEIYn9avWr6pHL8EieCqJCHosevFY0dZCGspmu2mXbnbD7kQsoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5QKbtDzvp3Syura+kZ5s7K1vbO7V90/aBuVacpaVAmlOxExTHDJWshRsE6qGUkiwR6i0fW0/vDItOFK3uM4ZWFCBpLHnBK0VnDX6yJ7wnwwnPSqNa/uzeQug19ADQo1e9Wvbl/RLGESqSDGBL6XYpgTjZwKNql0M8NSQkdkwAKLkiTMhPls5Yl7Yp2+Gyttn0R35v6eyElizDiJbGdCcGgWa1Pzv1qQYXwZ5lymGTJJ5x/FmXBRudP73T7XjKIYWyBUc7urS4dEE4o2pYoNwV88eRnaZ3Xf8u15rXFVxFGGIziGU/DhAhpwA01oAQUFz/AKbw46L8678zFvLTnFzCH8kfP5A7FLkYI=</latexit>

)



Code Clone Detector Calibration
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Comparison of CPD configurations
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Results

65Sebastian Baltes – Software Developers' Work Habits and Expertise



Method 3: Exact Matches
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• Goal: Address shortcomings of Method 1 and 2
• Increase sample sizes
• Exclude snippets available on external sources
• Systematically exclude short snippets

• Select as many projects and snippets as possible
and search for (almost) exact matches



Method 3: Exact Matches
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21m answers

ü Question tagged java or 
android

ü Answer score ≥ 10
ü Code block ≥ 6 NLOC 29k snippets from 

24k answers

10,358
matches

Normalization and 
substring search

209m files in 
4.1m projects

ü Project is not a fork, has ≥ 5 
Java files and ≥ 1 watcher(s)

ü File has ending .java has ≥
68 NLOC (Q3) 1.7m Java files 

in 64k projects



Details: Filtering of GitHub Projects

68Sebastian Baltes – Software Developers' Work Habits and Expertise



Details: Filtering of Stack Overflow Snippets
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Proxies for 
originality



Method 3: Filtering of Matches
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10,358
matches

ü Use heuristic to detect 
and exclude matches 
in mirrors of JDK and 
Android source code 1,379

matches
ü Manually analyze answers, 

exclude snippets that are too 
trivial, incomplete, or copied 
from an external source 

ü Use               API to remove 
matches where commit 
adding snippet is older than 
answer on Stack Overflow

1,369
matches

Check if attributed 
(URL to answer or 

corresponding question)

Only 7.6%
attributed



Attribution

Attribution ratio:
•Method 1 (regular expressions): 23 %
•Method 2 (code clone detector): 24 %
•Method 3 (exact matches): 8 %

Conservative estimate:
• Attribution ratio ≤ 25%
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Share-alike

Only 2% of all analyzed repositories (all methods) 
containing code from Stack Overflow attributed
its source and used a compatible license (not CC 
BY-SA, but GPL 3.0).
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Method 1 Method 2 Method 3



Reaching out to Developers
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•Contacted owners of GitHub projects containing 
copies of Stack Overflow snippets

• 75% not aware of CC BY-SA licensing
(see slide about online surveys)

•Many thankful responses
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Code Plagiarism

• Study: Investigate code reuse from online resources within Microsoft 
(Stack Overflow, tutorials, official documentation resources, etc.)

• Tool support: Support maintainability of copied snippets by 
automatically adding links to sources, integration into CI tools

• Education: Help developers understand complex licensing situations
(not only for complete libraries but also for individual snippets)
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MSR 2018/19

sotorrent.org
Dataset available on Zenodo and BigQuery
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Mining Stack 
Overflow

• Study: Analyze communication and edit patterns
related to code on Stack Overflow, identify buggy snippet versions

• Study: Analyze links to better understand Stack Overflow’s role in 
the ecosystem of documentation resources

• Tool: Clones within Stack Overflow affect maintainability
of code snippets, may indicate duplicate posts. Not clear
yet which tool support is desired by the community
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Sketching

Code Plagiarism

Expertise Development
2013

Methodology

Issues in Sampling 
Software Developers

Regular Expressions

Interdisciplinary Research

Constructing Urban 
Tourism Space Digitally

Continuous Integration
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Evidence-based Practice
through

Practice-based Evidence


