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Theory Building and Validation

[1] See https://dirkriehle.com/2020/02/21/theory-building-and-validation-in-computer-science/

Incremental theory building 

Theory evaluation

 Theory validation 

Initial theory creation

Hypothesis testing

Not drawn to scale or effort involved

Theory revision

https://dirkriehle.com/2020/02/21/theory-building-and-validation-in-computer-science/


What is a Theory?



Theory Presentation & Handbook Method

© 2021 Dirk Riehle - Some Rights Reserved 4

Definitions

● Theory
● Knowledge to be used for correct prediction (and reliable outcome)

● Science
● The process of building and validating theories
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Maxwell’s Equations [1]

[1] See https://en.wikipedia.org/wiki/Maxwell%27s_equations 

https://en.wikipedia.org/wiki/Maxwell%27s_equations
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Theory Presentation using Prose [1]

[1] See Riehle, D., Capraro, M., Kips, D., & Horn, L. (2016). Inner Source in Platform-Based Product
Engineering. IEEE Transactions on Software Engineering vol. 42, no. 12 (December 2016), 1162-1177.

https://dirkriehle.com/2016/06/09/inner-source-in-platform-based-product-engineering/
https://dirkriehle.com/2016/06/09/inner-source-in-platform-based-product-engineering/
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Theory Presentation Using Cause-Effect Diagrams
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Theory Presentation Using Hypotheses



Theory Presentation & Handbook Method

© 2021 Dirk Riehle - Some Rights Reserved 9

Theory Presentation Using Research Models

Adoption of
inner source

Availability of inner
source program

Availability of
reusable components

Education on
inner source

Participation in
open source

Personal
innovativeness

H3

H1

H2

H4

H5 H6 H7 H8



Purpose of Theory Presentation
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Theory Presentation in the Scientific Process

Theory validation 

Theory
validation

Theory building

Theory
presentation

Theory
creation / revision

Theory
evaluation
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The Next Step After Theory Presentation

● Theory evaluation
● Action research
● Case study research
● ...

● Theory validation
● Controlled experiments
● Hypothesis testing surveys
● ...
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Example Research Design for Microservices Integration Theory

1. Theory creation
● Qualitative survey (→ theory)

2. Theory evaluation and revision
● Action research (→ revised theory)

3. Theory evaluation
● Multiple-case case study research



Theory Presentation & Handbook Method

© 2021 Dirk Riehle - Some Rights Reserved 14

One More Thing...



Supporting Evaluation, Validation, and Use
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The Handbook Method

1. Theory creation (and later revision)
● Creates theory using appropriate qualitative research methods, e.g. qualitative surveys

2. Theory presentation
● Presents theory in the form of “best practice” patterns handbooks

3. Theory evaluation
● Evaluates the theory using qualitative and quantitative research methods, e.g. case study research

4. Theory validation
● Validates hypotheses (e.g. patterns) using hypothesis-testing methods, e.g. controlled experiments
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Pattern Handbooks

● Handbook
● “A concise reference book covering a particular subject” (MW)

● (Current) best practice
● “A procedure that has been shown by research and experience to produce optimal results and that 

is established or proposed as a standard suitable for widespread adoption” (MW)

● Pattern
● “Each pattern describes a problem that occurs over and over [...], and then describes […] the solution to 

that problem, in such a way that you can use this solution a million times over [...]” (Alexander, 1977)
● “Something designed or used as a model for making things” (MW)
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Pattern Handbook Structure

# Content Explanation

1 Introduction Introduction to the handbook and overall scope

2 Roles and responsibilities Overview of relevant roles and responsibilities

3 Domain overview Overview of all relevant domains covered by handbook

4..n Domain For each domain, a detailed discussion

n+1 Conclusions (Optional) final words
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Example Domain Breakdown and Patterns
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Example Workflow and Patterns [1]

[1] Examples taken from Harutyunyan, N. (2019). Corporate open source governance of software supply 
chains. Dissertation, Dept. Informatik, Universität Erlangen.

https://cris.fau.de/converis/portal/Publication/227634932
https://cris.fau.de/converis/portal/Publication/227634932
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Pattern Format

# Section Explanation

1 Name A short name for the best practice

2 Main actor(s) Roles of people involved in the best practice

3 Context The (abstract) context of applicability of the best practice

4 Problem The (abstract) problem solved by the best practice

5 Solution The actual best practice and how it solves the problem

6 Maturity An indicator of maturity (proposed, evaluated, validated)
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Example Pattern to “Manage Suppliers”
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Scientific Community vs. Patterns Community

# Scientific Community Patterns Community

1 Theory creation / revision Pattern mining / discovery

2 Hypothesis (Proposed) pattern

3 Theory presentation Pattern languages, handbooks, systems, ...

4 Theory evaluation Heuristics, use of patterns

5 Theory validation Heuristics, use of patterns
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Example Research Design for the Handbook Method

Theory presentation Theory validation 

Hypothesis-
testing survey

Theory building

Pattern
handbook

Qualitative
survey

Case study 
research

Action
research

1

2

3
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Collaboration with Industry

● Theory building
● Expert interviews (qualitative surveys)
● Researcher-guided application (action research)
● Researcher-observing use (case study research)

● Theory validation
● Pattern handbook testing



What About my Publications?
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Publishing Patterns

● Patterns are not science…
● Unless they have been derived using scientific methods

● Every single pattern is a hypothesis… 
● Waiting to be tested
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Slicing Research Work

Theory building Theory validation

Theory building and hypothesis validation 1

Theory building and hypothesis validation 2

Theory building and hypothesis validation 3

...

1

2

3

n

4

[1] See https://dirkriehle.com/2018/06/28/how-to-slice-your-research-work-for-publication/ 

https://dirkriehle.com/2018/06/28/how-to-slice-your-research-work-for-publication/
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More on the Handbook Method

● Riehle, D., Harutyunyan, N., & Barcomb, A. (2020). Pattern Discovery and Validation Using 
Scientific Research Methods. Friedrich-Alexander-Universität Erlangen-Nürnberg, Dept. of 
Computer Science, Technical Reports, CS-2020-01, February 2020.

https://dirkriehle.com/2020/03/05/pattern-discovery-and-validation-using-scientific-research-methods-technical-report/
https://dirkriehle.com/2020/03/05/pattern-discovery-and-validation-using-scientific-research-methods-technical-report/


Thank you! Questions?

DR

dirk.riehle@fau.de – https://oss.cs.fau.de

dirk@riehle.org – https://dirkriehle.com – @dirkriehle

mailto:dirk.riehle@fau.de
https://oss.cs.fau.de/
mailto:dirk@riehle.org
https://dirkriehle.com/
http://twitter.com/dirkriehle
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Credits and License

● Original version
● © 2021 Dirk Riehle, some rights reserved
● Licensed under Creative Commons Attribution 4.0 International License

● Contributions
● None yet

http://creativecommons.org/licenses/by/4.0/
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Professorship of Open Source Software

● Professor of Computer Science
● For software engineering and open source software
● At the computer science department of the engineering faculty

● Previously held research positions at ...
● SAP Labs (Silicon Valley) leading the open source research group
● UBS (Swiss Bank, Zurich) leading the software engineering group

● Previously worked in development at ...
● Skyva Inc. (supply chain software, Boston) as software architect
● Bayave GmbH (on-demand business software, Berlin) as CTO


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

