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Interaction
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My Background
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My Background
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• Ranked among the top 1%
universities worldwide
• Member of the Group of Eight, 

Australia’s coalition of world-
leading research-intensive 
universities
• School of Computer Science is 

ranked among the top 100 
worldwide

Adelaide is ranked among
ten most liveable cities

in the world
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My Background
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Expertise
Development

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

2018

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


Disclaimer
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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
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How to structure all those 
expertise-related aspects?
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Which factors influence expertise 
development over time?
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How are experience and expertise related?



Definitions

An expert is someone “with the special skill or
knowledge representing mastery of a 
particular subject”
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Expertise are „the characteristics, skills, and 
knowledge that distinguish experts from 
novices and less experienced people.“

K. Anders Ericsson 
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How to structure the characteristics, 
skills, knowledge, and experience that 
distinguish expert software developers?



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



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

Expertise and Expert Performance”



Final Conceptual Theory
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Conceptual Theory?
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Building Theories in Software Engineering
Dag I.K. Sjøberg, Tore Dybå, Bente C.D. Anda, and Jo E. Hannay
in Guide to Advanced Empirical Software Engineering (2008).



Final Conceptual Theory
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Knowledge
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• Knowledge is a “permanent structure of information stored in 
memory” (Robillard, 1995)

• Developer’s knowledge base considered (most) important 
factor influencing performance (Curtis, 1984)

• Studies suggest that this knowledge base is “highly language 
dependent”, but experts also have “abstract, transferable
knowledge and skills” (Sonnentag et al., 2006)

• “Semantic” vs. “syntactical” knowledge (Shneiderman and Mayer, 1978)



Knowledge
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An “intimate knowledge of 
the design and philosophy of 
the language”

Knowledge about “paradigms […], data 
structures, algorithms, computational 
complexity, and design patterns”
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Context Switch



23Dr. Sebastian Baltes – Expertise in Software Development



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]

h
tt

p
:/

/t
h

ec
o

n
ve

rs
at

io
n

.c
o

m
/w

h
y-

u
n

iv
er

si
ti

es
-c

an
t-

b
e-

ex
p

ec
te

d
-t

o
-p

o
lic

e-
co

p
yr

ig
h

t-
in

fr
in

g
em

en
t-

8
26

77



28Dr. Sebastian Baltes – Expertise in Software Developmenthttps://stackoverflow.com/a/3145655 h
tt

p
s:

//
g

it
h

u
b

.c
o

m
/p

ac
o

sa
l/

o
w

n
m

d
m

/b
lo

b
/m

as
te

r/
sr

c/
co

m
/p

ac
o

sa
l/

m
d

m
/M

yL
o

ca
ti

o
n

.ja
va

https://stackoverflow.com/a/3145655
https://github.com/pacosal/ownmdm/blob/master/src/com/pacosal/mdm/MyLocation.java


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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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

31Dr. Sebastian Baltes – Expertise in Software Development



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.

33Dr. Sebastian Baltes – Expertise in Software Development

Code Plagiarism



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
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Context Switch



Experience
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• Many participants mentioned not only the quantity, but also 
the quality of experience

Having shipped „a significant 
amount of code to production 
or to a customer“

Having built „everything from small 
projects to enterprise projects“



Final 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“
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Which factors influence expertise 
development over time?



Final Conceptual Theory
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Individual Di!erences: Motivation
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• 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.”



Final 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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Final 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
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• (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 an important sources for 
feedback



Final Conceptual Theory
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Final Conceptual Theory

49Dr. Sebastian Baltes – Expertise in Software Development



Performance
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Scope of this work:

• We do not treat performance as a dependent variable that 
we try to explain for individual tasks

• We consider different performance monitoring approaches 
to be a means for feedback and self-reflection

Long-term goal:

• Build variance theory for explaining and predicting the 
development of expertise



Performance
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• Participants described di!erent properties of expert’s source 
code (well-structured, readable, maintainable, etc.)

„Everyone can write […] code which a 
machine can read and process but the key 
lies in writing concise and understandable 
code which […] people who have never 
used that piece of code before [can read].“



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 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.’’
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How are experience and expertise related?



Experience vs. Expertise
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• Self-assessment with semantic differential (novice to 
expert) and Dreyfus expertise model

• More experienced developers adjusted their ratings 
when context was provided, less experienced not
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Takeaways



Summary for Developers
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• See which attributes other developers assign to experts

• Learn which behaviors may lead to becoming a better software 
developer:

• Deliberate practice
• Have challenging goals
• Build or maintain a supportive work environment

(also for others)
• Ask for feedback from peers
• Reflect about what one knows and what not



Summary for Employers
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• Learn what (de)motivates their employees:
• Main motivation: problem solving
• Main demotivation: non-challenging work

• Ideas on how to build supportive work environment 
supporting self-improvement of sta!:

• Good mix of continuity and change in software development 
process

• Communicate clear visions, directions, and goals
• Reward high-quality work wherever possible
• Revisit information sharing in company
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@s_baltes
Dr. Sebastian Baltes expertise.sbaltes.com

Data and scripts available on Zenodo


