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Research Blueprint 
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Software 
knowledge

sharing

Empiricism,
analytics and 
RecSys for SE

Data- and Human-Centered Software Systems

Sof tware and Requirements Engineering

AI 
Engineering 

 User- and 
value-driven 

software 
design



My experience with PhD projects
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3 7 6 9 2

Done TUM Done UHH Failed Ongoing Starting

1. Own PhD in 2010

2. More than two dozens PhD students (direct supervisor)

🇸🇪  🇩🇪   🇦🇹   🇺🇸  🇬🇧   🇦🇺  🇮🇹    
3. PhD theses reviewer or examiner around the globe



Disclaimer: 
Almost all my experience is on 
Empirical Software Engineering
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What is empirical research?
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Observation

+

Data

The “new standard” in the SE/CS

Systematic



Other research approaches
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Mathematical, 
formal

AnalyticalEngineering 
and design

Anecdotic

SuperDuper

Super1

MustBe1 MustBe2

Super2

MustBe3

∧α
α≥√∞



Goals of empirical studies
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A. Explore

Understand phenomena 
and identify problems

B. Evaluate

Check and improve 
hypotheses, measure impact



Research strategies

17

1. Qualitative

Both are important. If you want to excel, combine!

2. Quantitative 



BOTH QUALITATIVE AND 
QUANTITATIVE ARE 
IMPORTANT
If you want to excel, combine!
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Quick dive into 
selected methods

19



Interviews
• Include open questions

• Goes in depth (what and why)

• Are rather…

• Subjective

• Exploratory

• Involve users!
20



INTERVIEW GUIDELINES [..]
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Interview guideline

• Prepare questions and first drafts
• Use Templates!

• Iterate
•Make dry runs
• Do not influence subjects
• Stay in scope
• Listen actively and suggest ideas

22



1. Prepare and structure questions 
use templates…



2. Iterate and make a make dry runs!

24



3. Do not influence your subjects!

25

• By explicitly or 
implicitly stating how 
they should answer 
• In the way you pose 

the questions



4. Tighten scope 
and help subjects 
to focus!

26



6. Spend 60 to 
90 minutes for 
one session!

27

How many subjects do you need?



Most difficult part: analysis!

28



Questionnaires

Are rather…

• Subjective

• Quantitative

• Evaluative 

Involve MANY users
29



QUESTIONNAIRE 
GUIDELINES [..]

30



Iterate and make a make dry runs!

31



Describe your objective!
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Make it short (max 15 minutes)!



Perfection your questions!

3. Match questions with answers 

4. Think about the outliers

2. Put the least important last!

1. Remove unclear questions!



5. Exclude non-serious subjects!

• Filter incomplete answers?

• Use “check” questions

• Remove "noise answers”

• Random order of the questions and answers

•…. 35



6. Carefully think about incentives

36

4. Show the 
importance of 
your research

2. Raffle 
gifts 

1. Share results 
(information and tools)

3. Offer 
dedicated 
analysis



Use Likert or semantic scales!
 When I am trying to understand other’s code

I need to know...  Never/ 
Rarely  

Seldom 
 monthly 

Often 
 weekly 

Usually 
  daily 

I don’t 
know 

What was the coder’s intention as he wrote this      

Problems encountered due to missing knowledge Frequency
 Never Often - Usually

Count  (%)
Mode

Fixing a bug          (70,1%) Usually

1333

1267

1154

747 Often

Reusing a component           (69,8%) Often

1153

 1135

1035 Often

791 Often

681 Seldom

Understanding other s code (e.g. for review or documentation)           (59,6%) Often

1190

1025 Often

733 Seldom

677 Seldom

538 Seldom

Implementing a feature           (59,0%) Often

948

862 Often

   839

829 Often

717 Seldom

667 Often

f 

Whether

**

**

**

**

Problems encountered due to missing knowledge Frequency
 Never Often - Usually

Count  (%)
Mode

Fixing a bug          (70,1%) Usually

1333

1267

1154

747 Often

Reusing a component           (69,8%) Often

1153

 1135

1035 Often

791 Often

681 Seldom

Understanding other s code (e.g. for review or documentation)           (59,6%) Often

1190

1025 Often

733 Seldom

677 Seldom

538 Seldom

Implementing a feature           (59,0%) Often

948

862 Often

   839

829 Often

717 Seldom

667 Often

f 

Whether

**

**

**

**



Run statistical tests to remove 
random results!



9. Focus on quasi-experimentation instead 
of summative statistics! 

39

Problems encountered due to missing knowledge Frequency
 Never Often - Usually

Count  (%)
Mode

Fixing a bug          (70,1%) Usually

1333

1267

1154

747 Often

Reusing a component           (69,8%) Often

1153

 1135

1035 Often

791 Often

681 Seldom

Understanding other s code (e.g. for review or documentation)           (59,6%) Often

1190

1025 Often

733 Seldom

677 Seldom

538 Seldom

Implementing a feature           (59,0%) Often

948

862 Often

   839

829 Often

717 Seldom

667 Often

f 

Whether

**

**

**

**

Problems encountered due to missing knowledge Frequency
 Never Often - Usually

Count  (%)
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Fixing a bug          (70,1%) Usually

1333

1267

1154

747 Often

Reusing a component           (69,8%) Often

1153

 1135

1035 Often

791 Often

681 Seldom

Understanding other s code (e.g. for review or documentation)           (59,6%) Often

1190

1025 Often

733 Seldom

677 Seldom

538 Seldom

Implementing a feature           (59,0%) Often

948

862 Often

   839

829 Often

717 Seldom

667 Often

f 

Whether

**

**

**

**

0-2 years 

16% 

3-5 years 

25% 

6-10 years 30% 

>10 years 

28% 

Small
1-5 employees

35% 

Large
>500  employees

37% 

Medium
50-500 employees

 28% 

Both 

 27% 

Private
Closed Source 

 66% Public
Open Source 

 7% 

1-7 people 

 71% 

8-15 people 
 5% 

16-30 people 
 23% 

>30 people 
 1% 

(A) Development Experience (B) Size of Employer (C) Types of Projects (D) Collaborators Count incl. Team



Observation
Is rather… 

• Objective

• Quali-/quantitative

• Exploratory

With users and >1 researchers!

40



OBSERVATION GUIDELINES [..]

41



1. Observe less but in realistic 
environment

42
How many subjects do we need?



2. Use an observation template!

43

On the Comprehension of Program Comprehension 36:5

Table II. Excerpt from the Observation Protocol of Participant P5 (Observational Study)

Daytime Relative time Observation/ Quote Postponed questions

... ... ... ...

10:19 00:27 Read Jira ticket

Comment: “this sounds like the ticket from yesterday”

What information

considered?

10:20 00:28 Refresh source code repository
10:24 00:32 Publish code to local Tomcat

10:26 00:34 Debug code in local Tomcat Why debugging?

10:28 00:36 Open web application in browser and enter text into
form fields

10:29 00:37 Change configuration in XML file content.xml

Exclamation: “not this complicated xml file again”

How known what to

change?

10:30 00:38 Publish changes to local Tomcat
10:31 00:39 Debug local Tomcat

... ... ... ...

A single observation session lasted for 45 minutes, leaving another 45 minutes for
the interview. We did not want to spend more than 90 minutes because concentra-
tion of both observed developer and observer decreases over time. In each session, one
participant was observed and interviewed by one observer.

2.2.2. Online Survey. The survey focused on knowledge consumed and produced in soft-
ware comprehension. Starting from the findings of several recent studies [Ko et al.
2007; Sillito et al. 2008; Fritz and Murphy 2010], we assumed that knowledge needs
vary with the development task, such as developing new code, understanding legacy
code, reusing components, or fixing a bug. Therefore, we first asked developers about
their knowledge needs in particular situations. Moreover, there are several ways to
access and share this knowledge, for example, via personal communication or Inter-
net forums. We therefore studied which channels are used to access and share knowl-
edge about software. Finally, developers might face problems to access the knowledge
needed to comprehend software, for instance, searching and identifying information
might be inefficient or the accessed information incomplete or incorrect. Therefore, we
studied the frequency of particular problems during accessing and sharing knowledge.

In the survey, we were interested in the subjective assessments of the importance
of particular knowledge needs, channels, and problems based on the experience of de-
velopers. Since different people might have different definitions for importance, we
decided to measure the importance by the frequency of occurrence. We used a seman-
tic differential scale [Rosnow and Rosenthal 2007] to assess frequencies of knowledge
needs, channels usage, and problems faced. Respondents could choose one of the follow-
ing scale options: never/rarely, seldom/monthly, often/weekly, usually/daily, or “I don’t
know”. Figure 1 shows an example of the questions and the scale used.

 
When I am trying to understand other’s code
I need to know...  Never/ 

Rarely  
Seldom 
 monthly 

Often 
 weekly 

Usually 
  daily 

I don’t 
know 

What was the coder’s intention as he wrote this      

Fig. 1. Example of closed questions and semantic scale used in the online survey.

In total, the survey had 19 questions with fixed-choice items and took about 15 min-
utes to answer. The survey form was available in English and German2. We invite
the reader to use the form for surveying the knowledge exchange practices in their
organizations and comparing the results with ours.

2The survey form and data can be downloaded from http://www.teamweaver.org/KOMA_Survey/

ACM Transactions on Software Engineering and Methodology, Vol. 9, No. 4, Article 36, Pub. date: March 2012.

Prepare codes for observations!



Report Only on What you Observe 
[at Least Twice]!

44

3. Report only what 
you observe 

at least twice!



4. Talk about your observation in 
peer debriefing

45

• This helps to identify the 

relevant observations and 

to group observation

• Avoid talking to subjects 

during observation



MASTER AND COMBINE 
EMPIRICAL METHODS FOR 
IMPACT

46

Some examples from my research career so far



Mining Informal Knowledge
(Developers’ Blogs and App Reviews)

[MSR’11, EMSE’13, MSR’14, RE’15, RE’15…]
47



Regular expressions &
statistical analysis

LDA Topic Modeling

Sequential Pattern 
Mining

Data Analysis PhaseData Preparation Phase

Map bloggers and 
committers

Blog
Posts

Commit
History

Blog Usage

Blog Content

Blogging 
Integration

Query code 
repository

Query blog 
aggregator

Select community

48



Review blog instances

Method to analyze the blog content

49
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doi.org/10.1145/1985441.1985461

Image created with Stable Diffusion 2.1

Read more… 

51

https://doi.org/10.1145/1985441.1985461


Mining API Documentation
52[TSE’13, MSR’14, FSE’19, ICSME’22]

doi.org/10.1109/TSE.2013.12

https://doi.org/10.1109/TSE.2013.12


API reference documentation is an important 
source of knowledge

53



Proportion of knowledge type by 
documentation unit

Functionality Concepts       Directive Purpose Quality Control Structure Patterns Examples Environment References Non-info

Java

.NET

Knowledge types

R
a

ti
o
 o

f 
u

n
it
s
 w

it
h
 t

y
p

e

0
.0

0
. 2

0
.4

0
.6
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Read more… 

doi.org/10.1109/TSE.2013.12

55

https://doi.org/10.1109/TSE.2013.12


3. Mining 
Pull Requests 
for 
Testability 

[Reich and Maalej, ICSE’23]



Motivating example: create constructor

github/virtual-imaging-platform/pull_request_52

Test code

Production code

57



MANUAL ANALYSIS 

§ PRs categorized as 
§ Changes in production code only to 

improve testability
§ Same as above + features/bugfixes (incl. 

refactoring for test)
§ Changes are irrelevant for testability 

(changes, bugfixes, refactorings in test 
code…)

§ Testability-relevant PRs can contain one or 
more testability refactoring patterns

58



TESTABILITY 
REFACTORING 
PATTERNS IN PRS

Pattern name # %

P1. extract_method_for_override 51 22.2

P2. extract_method_for_invocation 39 17.0

P3. widen_access_for_invocation 35 15.2

P4. extract_class_for_invocation 29 12.6

P5. add_constructor_param 25 10.9

P6. extract_class_for_override 15 6.5

P7. create_constructor 10 4.3

P8. widen_access_for_override 9 3.9

P9. override_system_time 4 1.7

P10.extract_attribute_for_assertion 3 1.3

Total 230 100

59
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61

Start

End

Questions

Methods

Data 
Collection

Data 
Analysis



Lessons learned

• Research is not linear

• Data science is not a merely 
quantitative discipline (but also 
qualitative)

• Integrating multiple sources of data 
makes a big difference

62



A PhD journey 
is more than a 
research 
challenge

63



1. IT’S A 
MARATHON, 
NOT A SPRINT
Prepare yourself, be patient, 
and keep your speed!

64



What is this?

65A Face!

Nose Hair

Mouth

Ear



Let’s try again!

66

An Inuit
Entering a Cave!

Elbow 
Head

Coat

Arm



2. IT’S 
YOUR PHD
Shape it, enjoy it, but 
know when you are done!

67



3. CONTENT & 
PRESENTATION: 
ABOUT 50/50
Boost your presentation, 
communication and writing skills!

68



69



The “golden triangle” of a good 
presentation

70

Presentation

Media (Slides)

Content

Soft Skills



4. YOUR PHD WILL NOT 
SOLVE THE WORLD 
HUNGER PROBLEM

Start by exploring the whole field. But focus as fast and as much 
as possible. 

71



One last thing…  



CONNECTING 
THE DOTS
Trust in yourself and your context, 
that the dots will connect. 

73



You can't connect the dots looking 
forward; you can only connect them 

looking backwards […]

Steve Jobs

So, you have to trust that the dots 
will somehow connect in your future.


