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Hi, my name is Sebastian and I’m a pracademic*
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* https://en.wikipedia.org/wiki/Pracademic

https://en.wikipedia.org/wiki/Pracademic


A Brief History of Software Engineering

Prof. Dr. Sebastian Baltes - Evidence over Opinion: An Empirical Approach to Software Engineering



Origin of the term “Software Engineering”
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NATO Software Engineering Conference
(1968)

Margaret Hamilton
(1965-1969)

Anthony G Oettinger
(1966)



The 1968 NATO SE Conference Report
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http://homepages.cs.ncl.ac.uk/brian.randell/NATO/nato1968.PDF


A lot has changed since the 1960s
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AWS Lambda

Amazon Aurora

1966: Apollo guidance computer

2024: Embedded systems still 
relevant, but way more application 
domains and abstractions of hardware 
and software.



While many of the fundamental concepts
introduced in the first years of software 

engineering are still valid, the application 
domains, stakeholders, tools, 

infrastructure, and processes today are 
more diverse than ever before. 
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Disciplinary Boundaries of Software Engineering



Disciplinary Boundaries of Software Engineering

With a traditional view emphasizing software engineering’s 
roots in computer and systems engineering many questions 
of modern software development cannot be answered.

Examples:
• How can we develop visual programming environments without 

knowledge of cognition?
• How can we study pair or mob programming without a deep 

understanding of verbal and non-verbal communication?
• How can we fully grasp the implications of AI-generated code 

without understanding copyright legislation and software licenses?
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Personal Observations

1. Many problems relevant in the software industry are
rooted in software engineering but often have an 
interdisciplinary angle.

2. To impact industry, academia needs to provide actionable 
recommendations addressing problems rooted in 
practitioners’ actual needs.

3. Empirical research methods are essential for identifying 
such problems (problem space) and corroborating
recommendations/proposed solutions with empirical 
evidence (solution space).
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Empirical Software Engineering

2008: “Ten years ago, it was rare to see a conference or journal 
article about a software development tool or process that had 
empirical data to back up the claims. Today, in contrast, it is 
becoming more and more common […].”
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2020: “[…] it has become clear that empirical studies are a 
fundamental component of software engineering research and 
practice […].”
https://www.springer.com/journal/10664/aims-and-scope

https://link.springer.com/book/10.1007/978-1-84800-044-5

https://www.springer.com/journal/10664/aims-and-scope
https://link.springer.com/book/10.1007/978-1-84800-044-5
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Institutionalized Boundaries

https://commons.wikimedia.org/wiki/File:St_John%27s_College_Chapel_Court,_Cambridge,_UK_-_Diliff.jpg


Institutionalized Boundaries
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Research Practice

”If you were using MDSE* for 
building your mobile app, you’d 
see huge quality improvements, 
see papers x, y, z.” 

”Have you heard about things 
like time-to-market and quickly 
responding to customer 
feedback? We’re not building 
safety-critical software.” 

* https://softwareengineering.stackexchange.com/q/288569

https://softwareengineering.stackexchange.com/q/288569


Institutionalized Boundaries
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Research Practice

”If you were using MDSE* for 
building your mobile app, you’d 
see huge quality improvements, 
see papers x, y, z.” 

”Have you heard about things 
like time-to-market and quickly 
responding to customer 
feedback? We’re not building 
safety-critical software.” 

Issue in practice:
Hype-driven Software Engineering 

* https://softwareengineering.stackexchange.com/q/288569

https://softwareengineering.stackexchange.com/q/288569
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https://www.mckinsey.com/industries/technology-media-and-telecommunications/
our-insights/yes-you-can-measure-software-developer-productivity

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

https://ubt-se.github.io/teaching/semesters/23-24_ws/seminar/productivity.html

https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/yes-you-can-measure-software-developer-productivity
https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/yes-you-can-measure-software-developer-productivity
https://ubt-se.github.io/teaching/semesters/23-24_ws/seminar/productivity.html


Institutionalized Boundaries
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Research Practice

”If you were using MDSE* for 
building your mobile app, you’d 
see huge quality improvements, 
see papers x, y, z.” 

”Have you heard about things 
like time-to-market and quickly 
responding to customer 
feedback? We’re not building 
safety-critical software.” 

* https://softwareengineering.stackexchange.com/q/288569

https://softwareengineering.stackexchange.com/q/288569


Institutionalized Boundaries

Prof. Dr. Sebastian Baltes - Evidence over Opinion: An Empirical Approach to Software Engineering

Research Practice

informs

informs



Institutionalized Boundaries
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Implications for researchers:

1) Strong understanding of state of 
practice is essential.

2) To reach this understanding, we 
need to utilize diverse empirical 
research methods and learn from 
other disciplines.

3) To advance evidence-based practice, 
we need to invest effort into 
communicating findings/potential 
solutions back to practitioners.

Research Practice

informs

informs



An Example from Industry: Tech Stack Harmonization

Paraphrased excerpt from a status report to the SAP CTO:

• Context: SAP has a wide range of languages, tools, and 
infrastructure (“technology stacks”) being used to build, test, and 
deploy products and services.

• Problem: Maintaining too heterogenous tech stacks is expensive 
and inefficient, it also increases the company’s attack surface.

• Progress:
• Derived a layered tech stack model based on interviews and a survey.
• Used that model to build a data mining pipeline and dashboard for 

visualizing core tech stack aspects.
• Discussed findings with product teams after a live demo.
• Developed proposal for <CONFIDENTIAL>.
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1. Strong understanding 
of state of practice.

2. Diverse empirical 
research methods.

3. Communicating 
findings back.

4. Solution based on 
research results.



An Example from Industry: Tech Stack Harmonization
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An Example from Industry: Service Dependencies 
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https://empirical-software.engineering/publications/
#vissoft23-service-dependency-viz

https://empirical-software.engineering/publications/
https://empirical-software.engineering/publications/


My framework for
Empirical Software Engineering Research 
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Empirical Software Engineering

Empirical Research

Software Engineering
Stakeholders, Processes, Tools

Interdisciplinarity

Empirically 
understanding 
problem space

Developing 
solution

Empirically
  validating
    solution 

1

23
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Remainder of this talk

Empirical Research

Software Engineering
Stakeholders, Processes, Tools

Interdisciplinarity

Empirically 
understanding 
problem space

Developing 
solution

Empirically
  validating
    solution 

1

23
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Empirical Research

Software Engineering
Stakeholders, Processes, Tools

Interdisciplinarity

Empirically 
understanding 
problem space

Developing 
solution

Empirically
  validating
    solution 

1

23

Remainder of this talk

Sketching

FSE ‘14, ESEM ’15,
VISSOFT '17
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Empirical Research

Software Engineering
Stakeholders, Processes, Tools

Interdisciplinarity

Empirically 
understanding 
problem space

Developing 
solution

Empirically
  validating
    solution 

1

23

Remainder of this talk

Sketching Code Plagiarism

FSE ‘14, ESEM ’15,
VISSOFT '17

EMSE ‘18, MSR ‘18,
MSR ’19, ICSE ‘20
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Empirical Research

Software Engineering
Stakeholders, Processes, Tools

Interdisciplinarity

Empirically 
understanding 
problem space

Developing 
solution

Empirically
  validating
    solution 

1

23

Sketching

Remainder of this talk

Code Plagiarism

Pandemic 
Programming

FSE ‘14, ESEM ’15,
VISSOFT '17

EMSE ‘18, MSR ‘18,
MSR ’19, ICSE ‘20

EMSE ‘20



Impact beyond SE
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Pandemic
Programming
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Empirical Research

Software Engineering
Stakeholders, Processes, Tools

Interdisciplinarity

Empirically 
understanding 
problem space

Developing 
solution

Empirically
  validating
    solution 

1

23

Sketching

FSE ‘14, ESEM ’15,
VISSOFT '17

Remainder of this talk

Code Plagiarism

EMSE ‘18, MSR ‘18,
MSR ’19, ICSE ‘20

Pandemic 
Programming

EMSE ‘20

Timeout 
Flakiness

HANA

ICSE ‘24
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Sketching

Publications:
FSE 2014, FSE 2014 Tool, ESEM 2015, VISSOFT 2017



Research Design

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?

Methods:
Field study, interviews, lab study, online survey, 
formative tool evaluations.
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Sketching



Prof. Dr. Sebastian Baltes - Evidence over Opinion: An Empirical Approach to Software Engineering

Sketching Results

Online survey with 394 
participants from 32 
countries, asking for last 
sketch/diagram created.
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Sketching

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

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

A startup recently gaining traction 
went a step further

https://www.crunchbase.com/organization/swimm


Summary

Prof. Dr. Sebastian Baltes - Evidence over Opinion: An Empirical Approach to Software Engineering

Sketching

Mixed-methods 
approach including lab 
and field studies, online 
survey, tool evaluations.

Incorporated related 
work from psychology 
on the positive effects 
of sketching.

Thorough description of 
state of practice, tool 
prototype in response 
to identified needs.
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Code Plagiarism

Publications:
EMSE 2018, MSR 2018, MSR 2019 MC, ICSE 2020 NIER
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https://christianheilmann.com/2015/07/17/the-full-stackoverflow-developer/

https://twitter.com/ThePracticalDev/status/705825638851149824

https://christianheilmann.com/2015/07/17/the-full-stackoverflow-developer/
https://twitter.com/ThePracticalDev/status/705825638851149824


Stack Overflow License

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 contri-
butions under the same 
license as the original.”

Code Plagiarism



Research Design

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

Method:
Triangulation of an estimate for the attribution ratio 
using three different data mining approaches.
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Code Plagiarism



Background

“Well, but these snippets are rather trivial 
and not protected by copyright.”
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•Not all snippets on Stack Overflow copyrightable, but 
some experts argue that the threshold is low.
[Engelfriet 2016]

•No “international standard for originality”.
[Creative Commons 2017b]

•CC BY-SA is a viral copyleft license, affecting all 
modifications and derived works.
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Triangulated Attribution Ratio
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1. Exploratory study

2. Code clone detector study

3. Exact matches study

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

Code Plagiarism

<latexit sha1_base64="Qc5aX9R29/pwIkJShlJ9Gl2qpJM="></latexit>

r̄attr =
|Cso|

|Cso [ Cdup|

We used popularity and length of the snippets as a 
proxy for originality and checked external availability.



Attribution

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

Conservative estimate:
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Code Plagiarism

<latexit sha1_base64="51SkgcAUnXfJwDC+uymEtepmTnk=">AAACA3icbVC7SgNBFJ31GeNrVbDQZjAErMJuBLURQmwsEzAPyC5hdjKbDJl9MHNXDEvAxl+xEVHE1s4vsLPxW5w8Ck08cOFwzr3ce48XC67Asr6MhcWl5ZXVzFp2fWNza9vc2a2rKJGU1WgkItn0iGKCh6wGHARrxpKRwBOs4fUvR37jhknFo/AaBjFzA9INuc8pAS21zQPHIzKVw7YD7BZSAiCH+AIXT5x828xZBWsMPE/sKcmV9qvf/Kn8UWmbn04noknAQqCCKNWyrRjclEjgVLBh1kkUiwntky5raRqSgCk3Hf8wxHmtdLAfSV0h4LH6eyIlgVKDwNOdAYGemvVG4n9eKwH/3E15GCfAQjpZ5CcCQ4RHgeAOl4yCGGhCqOT6Vkx7RBIKOrasDsGefXme1IsF+7RgVXUaZTRBBh2iI3SMbHSGSugKVVANUXSHHtAzejHujUfj1XibtC4Y05k99AfG+w8r25ri</latexit>

r̄attr = 23%
<latexit sha1_base64="CVNTOBk4Amad1QvSk/cOrAAOxSU=">AAACA3icbVC7SgNBFJ31GeNrVbDQZjAErMJuELURQmwsEzAPyC5hdjKbDJl9MHNXDEvAxl+xEVHE1s4vsLPxW5w8Ck08cOFwzr3ce48XC67Asr6MhcWl5ZXVzFp2fWNza9vc2a2rKJGU1WgkItn0iGKCh6wGHARrxpKRwBOs4fUvR37jhknFo/AaBjFzA9INuc8pAS21zQPHIzKVw7YD7BZSAiCH+AIXT5x828xZBWsMPE/sKcmV9qvf/Kn8UWmbn04noknAQqCCKNWyrRjclEjgVLBh1kkUiwntky5raRqSgCk3Hf8wxHmtdLAfSV0h4LH6eyIlgVKDwNOdAYGemvVG4n9eKwH/3E15GCfAQjpZ5CcCQ4RHgeAOl4yCGGhCqOT6Vkx7RBIKOrasDsGefXme1IsF+7RgVXUaZTRBBh2iI3SMbHSGSugKVVANUXSHHtAzejHujUfj1XibtC4Y05k99AfG+w8tYZrj</latexit>

r̄attr = 24%
<latexit sha1_base64="cdlp2spQ5p73xAgSVSIh4oOLeDA=">AAACAnicbVC7SgNBFJ2Nrxhfq4IgNoMhYBV2LTSNEGJjmYB5QHYJs5PZZMjsg5m7YliCjb9iI6iIraVfYGfjtzh5FJp44MLhnHu59x4vFlyBZX0ZmaXlldW17HpuY3Nre8fc3WuoKJGU1WkkItnyiGKCh6wOHARrxZKRwBOs6Q0ux37zhknFo/AahjFzA9ILuc8pAS11zEPHIzKVo44D7BZSAiBH+AKXnELHzFtFawK8SOwZyZcPat/8qfJR7ZifTjeiScBCoIIo1batGNyUSOBUsFHOSRSLCR2QHmtrGpKAKTedvDDCBa10sR9JXSHgifp7IiWBUsPA050Bgb6a98bif147Ab/kpjyME2AhnS7yE4EhwuM8cJdLRkEMNSFUcn0rpn0iCQWdWk6HYM+/vEgap0X7rGjVdBoVNEUWHaFjdIJsdI7K6ApVUR1RdIce0DN6Me6NR+PVeJu2ZozZzD76A+P9B7kumqs=</latexit>

r̄attr = 8%

<latexit sha1_base64="3R1KxPATFIPjsxfPv6Iz0xgzr1Y=">AAACBXicbVC7SgNBFJ2Nrxhfq4KNFoMhYBV2Az5K0cYyAaNCNoTZyd1kyOyDmbtiWLax8VdsUihia+MX2Nn4LU4SC18HLhzOuZd77/ETKTQ6zrtVmJmdm18oLpaWlldW1+z1jQsdp4pDk8cyVlc+0yBFBE0UKOEqUcBCX8KlPzgd+5fXoLSIo3McJtAOWS8SgeAMjdSxdzyfqUzlHQ/hBjOGqHLqSaC1fa/SsctO1ZmA/iXuFykfbzU+xOjktd6x37xuzNMQIuSSad1ynQTbGVMouIS85KUaEsYHrActQyMWgm5nky9yWjFKlwaxMhUhnajfJzIWaj0MfdMZMuzr395Y/M9rpRgctTMRJSlCxKeLglRSjOk4EtoVCjjKoSGMK2FupbzPFONogiuZENzfL/8lF7Wqe1B1GiaNEzJFkWyTXbJHXHJIjskZqZMm4eSW3JMH8mjdWSPryXqethasr5lN8gPWyyf7kpvo</latexit>

r̄attr  25%



Share-alike

Only 2% of all analyzed repositories (methods 1-3) 
containing code from Stack Overflow attributed
its source and used a compatible license.
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Code Plagiarism



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

• 75% not aware of CC BY-SA licensing.

•Many thankful responses.

Code Plagiarism



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


Reaching out to Developers
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Code Plagiarism



Summary
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Triangulation using 
three data mining 
approaches, online 
survey, (qualit. analysis). 

Research on worldwide 
copyright and licensing 
legislation, exemplary 
court cases.

Quantification of code 
plagiarism in open-source 
projects, feasibility of 
detection, outreach.

Code Plagiarism



Industry Relevance
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• Initial idea: building a tool integrated into CI/CD.

• Nowadays: Snippet scanning is supported by 
commercial tools, but usually deactivated due to 
false positives.

• Especially since the US Executive Order 14028 in 
2021, companies have invested in automatically 
creating Software Bill of Materials (SBOMs).

• However, SBOMs still only cover reuse on the 
level of libraries and frameworks. 

Code Plagiarism

https://community.synopsys.com/s/article/Black-Duck-Discovering-Open-Source-Snippets
https://community.synopsys.com/s/article/Black-Duck-Discovering-Open-Source-Snippets
https://www.nist.gov/itl/executive-order-14028-improving-nations-cybersecurity


One Project Became Two
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Evolution

https://stackoverflow.com/posts/5445161/revisions

Text block 
(local id 1)

Text block
(local id 3)

Code block
(local id 2)

https://stackoverflow.com/posts/5445161/revisions
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Post Block Matching: Example

... https://stackoverflow.com/q/13064858

https://stackoverflow.com/q/13064858
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Post Block Matching: Example

T1

C1

T3

C3

T‘1

T2

T3

C2

T2

T3

C1

C2

...

modified

new

new

... ?
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Post Block Matching: Predecessor Selection Strategy

• If post block has only one possible 
successor and this possible 
successor has only one possible 
predecessor, no strategy required

• Otherwise, consider the context

• Then, try to set remaining post 
blocks using position (min. local id distance)

• Sometimes exact matches are not 
the correct predecessor
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Post Block Matching: Performance

Text:
manhattanFourGramNormalized 
Threshold: 0.17
TPR:  0.99
FPR:  0.14
Matthews Corr.: 0.86 

Code:
winnowingFourGramDiceNormalized 
Threshold: 0.23
TPR:  0.99
FPR:  0.07
Matthews Corr.: 0.92

Fork m
e on GitHub

https://github.com/sotorrent/posthistory-extractor

https://github.com/sotorrent/posthistory-extractor
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SOTorrent

• Among other features, the dataset provides the version 
history of Stack Overflow content on the level of 
individual text or code blocks

• Was official mining challenge of MSR 2019

sotorrent.org
Dataset available on Zenodo
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Timeout Flakiness

Publication:
ICSE 2024 SEIP

HANA
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Common Flakiness Definition
Timeout Flakiness

HANA

“A test can be considered flaky when it exhibits 
both passing and failing results for the same code.” 
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Context
Timeout Flakiness

HANA

• Flaky tests interfere with CI/CD.

• SAP HANA is a large industrial DBMS with long-running system tests.

• Flaky failures impede automatic test run assessment and merging.

• Standard strategy: restart flaky tests.

• Configurable “max duration” (timeout values)
to prevent stuck tests from blocking resources,
but this can cause flaky test executions.

• We found that 99% of CI runs are affected
by flaky failures (à costs, delay).
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Research Questions
Timeout Flakiness

HANA

RQ1: What level of test flakiness do we observe in SAP HANA's system 
tests and what can we identify as a major contributing factor?

RQ2: What impact does increasing timeout values have on test 
flakiness in context of SAP HANA?

RQ3: How do developers commonly adjust timeout values in the 
context of SAP HANA?

RQ4: To what degree can we optimize the timeout values with 
respect to their average test execution costs?
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Research Approach
Timeout Flakiness

HANA
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Conclusion
Timeout Flakiness

HANA

• Flakiness definition is of little practical use, because 
the test flakiness rate converges to 1.

• Timeout values can cause additional costs.

• Cost-optimal timeout values can increase efficiency.

• Baseline approach with a fixed global timeout 
currently being implemented at SAP.



Summary
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Quantitative analysis of 
historical data, 
simulations based on 
tailored dataset.

Formulation of the 
optimization problem 
based on related work 
from the AI/ML.

Quantification of impact 
of timeouts on test 
flakiness, development of 
cost-optimal approach.

Timeout Flakiness

HANA



Back to our previous topic…
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Research Practicevs.



The issues of applied SE research in industry

• Constantly changing (business) priorities.

• Hard to internally “sell” projects with potential long-term 
benefits requiring short-term investment/exploration.

• Importance of (early) quantification of business impact via 
KPIs (key performance indicators) makes foundational 
research difficult.
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…are an opportunity for academia

When doing research in close collaboration with industry, 
academic researchers can work on the topics that:

• Are promising, but do not (yet) have an immediate business value.

• Require considerable investment in exploring the problem space
without an immediate quantifiable business impact.

• Require deep understanding of the broad spectrum of empirical 
software engineering methods.

• Require a systematic screening of related (academic) work on a 
topic to replicate or extend it.
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Industry-relevant 
Empirical Software 

Engineering Research

Prof. Dr. Sebastian Baltesempirical-software.engineering



Software Engineering @ UBT
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• Lecture in Summer Semester 2024:
• “Software Engineering” (Bachelor)

• New courses planned for upcoming semesters:
• “Advanced Software Engineering” (Bachelor/Master)
• “Software Analytics” (Master)

• Interested in software engineering research?
• Bachelor/Master theses
• Openings for PhD positions
• Please reach out to me in case you’re interested!


