
TDDD89 - Scientific Method

Lecture 1

Introduction

Christoph Kessler

20 25

TODO 2025:

2024: Part 1 needed 42 minutes, 
part 2 lacked 2 minutes.

Cut down in part 2
(Ola’s old examples)

Info about zoom links explicit



Part I :   General Information

• Course format

• Activities

• Examination
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Part II:  Towards a great thesis

• What is a good thesis project?

• Overall thesis structure

• Thesis project types

TDDD89 TODO 2023

- F2: Not enough time for the first part, skipped "advice for later"
and still only had a short legstretching break.

- Panel: invite Olaf Hartig (well in time) - Amazon + LiU
invite Daniel Varro (LiU + startups).

Allocate more time to the panel, keep the general presentations shorter. 
Even with 3 persons the full 60 minutes were used 2022.
Wait for student feedback in Seminar 1 preparations.

- F1: 2022: 40min admin, 40min intro part 1. Almost 10min left,
but that was needed for individual questions (also many in the break).
Same 2023. Too much reading of Ola-examples in the second half.

Add group contract from Sem 1 to here.

Move "science vs engineering“ or thesis types back to F1.
Remove Ola-flum and replication, skip "Mätzchen" (e.g. persuasion image). Done 2023
Maybe add a few hard facts on methodology instead.

Admin: add clarification "know your real topic" = have got
some confirmation (from company / professor) that you can do it.
If I happen to see several singletons with the very same project in 
their thesis topic outline, I will merge them into a pair.



Part I :  General Information
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Learning Goals

• Compare and evaluate scientific and engineering methods 
in the topic area selected by each student.

• Find, summarize and reference related work and background literature.

• Critically evaluate scientific works.

• Learn about requirements, structure, format of a master thesis

– By reading guidelines and best-practices papers.

– By reading a sample master thesis.

– By writing an extended thesis project plan 
for a real or fictitious master thesis project.

• Formulate a scientific text using generally accepted standards

– Write, and critically review, a project plan for an academic study,
including method, tasks, time plan, risk analysis.

– Practice writing, and critically reviewing, text for thesis sections on 
Introduction (research questions), Background and Related work.

– Learn about proper use of academic English.

• Assess and manage ethical issues and societal aspects of science and engineering in their topic area.

• Insight into different forms, fields and career paths for professional work in computer 
science and engineering related areas, especially in research and development in an 
international context, in both industry, research organizations and academic institutions.



Organization

• Practice scientific work, writing, and project planning before starting the master's thesis project

– If you happen to already know your real master thesis project, you can work with it in the course,

– otherwise, find some thesis topic of interest to work with during the course.

– Seminar group work is mostly topic-area specific

• Focus on formulating research questions, literature review and survey of 
background and related work, and an initial description of a research method. 

• 6 lectures

– Thesis structure;    Topic selection and career paths in R&D; 
Literature search and analysis;    Academic English;  
Research methods;    English feedback, Thesis process, Outlook

• 6 seminars

– Mandatory presence

– Guiding questions with hand-in preparation before each seminar

– Group work, with feedback by group peers and by group leader

• Hybrid course:  All seminars (on Thursdays 08:15) and some lectures on distance!

– 2020, 2021, 2022, 2023:  zoom breakout rooms worked better for the document-centric group work 
than the noisy on-campus seminar rooms



Course format and staff

• 6 x 2h Lectures

• 6 x 2h Seminars

– Theme-specific groups

– Group leaders 2025: 

• Adrian Pop (Group A)

• Zeeshan Afzal (Group B)

• Federica Uccello (Group C)

• John Tinnerholm (Group D)

• Joakim Argillander (Group E)

• Szilvia Varro-Gyapay (Group F)

• Buse Atli (Group G)

• Willem Meijer (Group H)

• Roland Plaka (Group I)

• Backup: Christoph Kessler

6

• include: 2 feedback sessions 

– Feedback seminar on research 
questions, by group leaders

– Feedback lecture on Academic English 
and Stylistic Issues, with Shelley 
Torgnyson and C.K.



Lectures

1. Introduction (Christoph Kessler)

2. Introduction (cont.):                                    (C.K. and guest speakers)
Common thesis types. 
Panel: Outlook to working and career paths in academic and industry R&D

(and what the thesis topic selection may have to do with it...)    

3. Literature search and evaluation (C.K.)

4. Introduction to academic writing in English (Shelley Torgnyson)

5. Scientific methods (C.K.)

6. Feedback on academic English  (Shelley Torgnyson);
Outlook to the master thesis process   (C.K.)
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Lectures 2 and 6 given on zoom, find the lectures zoom link on Lisam for TDDD89 



Course web page
8

https://www.ida.liu.se/~TDDD89/



LISAM - Shared workspace and document submission 9

NB we use LISAM only for the shared workspace (seminars),
for sharing non-public information, and for submissions.
All instructions and other information are provided on the 
course web page.



Resources
10



Working in pairs – Find a partner 11

Seminar work (such as extended thesis plan writing) is done in pairs.
• Exception for those who already have their “real” final project 

and know they will do it alone.

No partner for the course yet?  
There is a matchmaking spreadsheet linked from the course web page



Selecting some thesis topic to work with in this course12

Also:  LiU-central database for thesis projects:
https://exjobb.liu.se

Deadline for topic submission (like lab registration): Thursday 6/11/2025

https://exjobb.liu.se/
https://www.ida.liu.se/~pelab


13Sample theses – define the group topic areas

Absolutely no idea for a 
topic? Take one of these 
– as a last resort, so you 
have something to work 
with during the course.



Choosing a closest thesis topic area / method type
from the list of sample master’s theses  
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1. Software development processes, software quality  /  Case study (1) 

2. Programming framework, parallel systems, performance /  

Design, prototype implementation (2)

3. Business software, services, software contracts  /  

Usability study, iterative development (3)

4. Machine learning, data mining, image processing  /  Experimentation (4)

5. NLP, LLMs, machine learning, data mining, databases / Experimentation

6. Security and computer networks / Evaluation (6)

7. Security and computer architecture / Experimentation

8. Algorithms, scheduling, embedded / realtime systems, metaheuristics  / 

Improvement, optimization, analysis (8)

https://www.ida.liu.se/~TDDD89/seminars/topicgroups.shtml



Getting started :
An early deadline
• By Thursday 6/11 (this week!): 

– Find a partner to work with

– Find a topic to work with

– Find the closest topic area (1-8)

– Find the closest method type (1-8)

– Submit a thesis topic outline (max. 1 page)

• File (.txt, .pdf), named “liuid001_liuid002_topic.txt”

• Tentative title and short abstract, some keywords

• Self-classification: Closest topic area(s), closest method type(s)

• Additional information: IDA vs. ISY affinity (if known); real-topic or not

• Put it in LISAM collaborative workspace folder “Thesis_topic_outlines_by_6_Nov”

• By Monday next week, you will be divided into seminar groups
based on your selected topics / research method types.

– We will then sign you up in a webreg group (A-I, see schedule in TimeEdit, seminar zoom link on Lisam) for UPG2.
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JoakimFederica JohnZeeshan

Up to 36 Seminar topic groups:  { A,...,I} x {1,...,4}
(mapping to be announced early on Monday 10/11)
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Adrian

A1A1A1A4
BB1B1B4

C1C1C1C4

B4
”Usability evaluation”

D3
”Software Security”

DD1D’D4
E1

E1E’E4

Szilvia

F
F1F F4

Jose

Breakout roomBreakout room

Zeeshan



TDDD89 Scientific Method
Examination

• UPG2 (2hp):  Preparation and participation in seminars during the course  (weekly deadlines)

– partly individually, partly per team

• UPG1 (4hp): Extended thesis plan, to be finished at the end of the course (deadline 11 January)

– per team (pair) of students

17

SE 2 FB SE 3 SE 4 SE 5 UPG2

UPG1

SE 1



Seminars 18

Seminar Read in sample thesis Write extended thesis plan

1
Introduction, 
Background+Related work / Theory

2
Introduction
incl. research questions

→ ca. 2 pages + references

FB              Feedback seminar on intro, esp. the research questions

3

Introduction incl. res. questions,  
Background, Related work

→ ca. 5 pages + references

4 Method, Results, Discussion,  
Conclusion

5

Introduction incl. res. questions, 
Background, Related work, 
Project plan  

→ ca. 8 pages + references

Submission of 
introductions 21/11
for feedback
(1) from Shelley and

Brittany on 
academic English

(2) from your group
supervisor on the
research questions

then revise for 
UPG1 submission



Seminar s  1and 4:  Reading the sample thesis
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1 2

”Are the research questions in the   

published thesis easy to find, clear 

and with a reasonable scope, as 

required by the instructions for final 

thesis reports ?” …

3

Seminar1 / Mygroup (e.g. B3) 

• Individual written preparation (in Lisam folder)
due before the seminar.

• Instructions on the course web page.



Seminar s  2, 3, 5:  Writing an extended thesis plan
+ feedback

20

1 2

Seminar2 / Mygroup

• Draft submission (Lisam folder) deadline on Mondays
• Written peer review by every other group member

(due before the seminar)
• Instructions on the course web page.



Seminars

21

Have your solution ready in Lisam.

Use screensharing.

Take notes!

ZOOM

Webcam on during seminar group work

Recording is not permitted

Avoid distractions.



General rules for group work       – Group Contract

• Participation is documented by zoom login with LiU-ID.   

• Webcam is on for everyone. No recording.

• All material needs to be available during discussions  (in group folder on Lisam).  

Use screen sharing in zoom. The group chairperson is responsible for the screen-sharing.

• Use English, at least if a non-Swedish speaking participant or seminar leader is present.

• All need to actively participate.

• Aim for equal participation. 

• The group chairperson keeps track of the time.

• Shuffle the role of the group chairperson over the seminars.

• Give clear and constructive feedback to your group peers.
Be polite. Criticize the draft / answer given, not the person(s) behind.

• Take notes! 

• If anything is unclear:  collect these issues and ask the seminar leader when visiting your room.

• Individually, submit 4-5 lines of discussion outcome to your seminar leader at the end (email).



Final submissions

23

SE 5 Revise, extend 10+ pages in total

End of HT2 January 11, 2025

via LISAM19/12



Generative AI tools?

• Not permitted in TDDD89 for any moment, 
for obvious reasons.



Workload distribution

25

Seminar Work %

1 20

2 15

3 20

4 20

5 15

Final submission 10

160h total: 
Plan your time, 
look ahead and 
read the course description document 
thoroughly



Recent changes based on course evaluation feedback

• Widely appreciated and kept since the pandemic: the hybrid format   

– Seminars in zoom breakout rooms

• Was perceived by many as better than physical seminars 
(screensharing is convenient, 

less background noise,  no need to move tables around)

– provided that one can see each other during discussions
and microphones are working properly.

– Some lectures remain virtual, too 
– helps to reduce schedule conflicts as LiU does not have enough large lecture halls

• The panel discussion was appreciated and kept in its early position (Lecture 2)  
to possibly help with the course topic selection before the deadline 7/11

• Compensation assignment for missed seminars and late preparation hand-in has been updated/clarified

• Reading Method chapter of the sample thesis moved since 2021 from Seminar 1 to Seminar 4 

– to reduce time pressure before Seminar 1 deadline

• Seminars moved from Tuesdays to Thursdays / submission deadlines moved from Sundays to Tuesdays

– Less stressful, kept also for this year

– 2025: Deadline for writing seminars (2, 3, 5) moved to Mondays → more time for peer-reviewing

• We admit singleton groups if you already know your real thesis topic and that you will do it alone.

2023: 3.94
2021: 4.0 (31 of 166)

2022: 3.86



Part 2 :  Getting Started

Towards a Great Thesis

27



What is a great thesis?

Example:

• A working, interesting application with proven and general value

– A well-described application

– of general interest

– and with a clear description of ”proven” and ”value”

28

Thesis = project results + written presentation



What is a great thesis?

• Includes an evaluation with 

• general and 

• interesting results

• that others can use 

• that others will believe

29

Thesis = project results + written presentation



What is a great thesis?

• An authoritative report

with a good focus (→ research questions!)

and results that answer the questions

through a transparent, thorough description of the process

30

Thesis = project results + written presentation



Vague requirements –
finding focus and rigor 
more important

Getting started:   Elaborate the requirements
→ find the research problem / research questions

31

”Evaluate algorithms to be 
used for image clustering”

”Find activities in sets of images”

”Determine whether clustering 
algorithms can be used to detect 
activities in sets of images”

Why?

How?

Vague requirements –
finding focus and rigor
more important than 
relevance

Precise requirement –
finding relevance
more important



Relevance vs. Rigor 32

Relevance

Rigor

A properly 
evaluated solution 
to an irrelevant 
problem

A random 
solution to a 
relevant problem

Solve a real problem 

Verify 
your
solution 

A properly evaluated 
solution to a relevant 
problem



Thesis outline

33

Why should I even read this thesis?

What have you studied here?

Can I trust you?

What is built?

What have you found?

How can we explain the results?

How can I use these results in my work?

What does this relate to?

Hourglass model for technical reports: 
Usually, most specific in the middle 

(details, technicalities)



Thesis outline
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Why should even I read this thesis?

What have you studied here?

Can I trust you?

What is built?

What have you found?

How can we explain the results?

How can I use these results in my work?

What does this relate to?

Hourglass model for technical reports: 
Usually, most specific in the middle 

(details, technicalities)

34

Abstract

Research Questions

Method

Implementation

Results

Discussion

Conclusion

Background, Related Work  /  Theory



Thesis outline
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Abstract

Research Questions

Method

Implementation

Results

Discussion

Conclusion

Background, Related Work  /  Theory
Remark:  This very generic 
thesis structure, which we 
use in this course, is not 
necessarily the best choice 
for the chapter structure and 
-titles of your thesis. 
For your final thesis, you
might find a more specific
chapter structure and titles, 
but make sure to duly cover 
all these aspects somewhere. 



More specific t hesis 
outlines may fit better
...

36

Abstract

Introduction with Research Questions

Evaluation of Aspect 1:
Method, Results, Discussion

Design and Implementation

Conclusion and Future Work

Related Work 

Background

Evaluation of Aspect 2:
Method, Results, Discussion



What is a good research question in Computer Science? 37

Question type Example question Type of answer

Means of 
development

What is the most efficient software testing method 
for a small team developing a mobile application?

Procedure

General method 
for analysis

How can one verify conformance to real-time 
constraints in a multi-threaded embedded system?

Analysis method

Specific evaluation 
of systems

When is PhoneGap more economical to use than 
NativeGoo for cross-platform mobile development?

Empirical predictive 
model based on data

Generalization or 
characterisation

Given recent results in tuning deep neural 
networks, which meta-heuristics should be used for 
exploring the parameter space?

Classification, taxonomy

Feasibility study Can one automate a car? Specific implementation, 
empirical observations

Different research questions in Software Engineering, adapted from: Mary Shaw: Writing Good Software Engineering Research Papers: 
Minitutorial. Proc. 25th International Conference on Software Engineering, ICSE '03, pages 726-736, 2003. IEEE Computer Society.



What is a good research question in Computer Science? 38

Question type Example question Type of answer

Means of 
development

What is the most efficient software testing method 
for a small team developing a mobile application?

Procedure

General method 
for analysis

How can one verify conformance to real-time 
constraints in a multi-threaded embedded system?

Analysis method

Specific evaluation 
of systems

When is PhoneGap more economical to use than 
NativeGoo for cross-platform mobile development?

Empirical predictive 
model based on data

Generalization or 
characterisation

Given recent results in tuning deep neural 
networks, which meta-heuristics should be used for 
exploring the parameter space?

Classification, taxonomy

Feasibility study Can one automate (driving) a car? Specific implementation, 
empirical observations

Different research questions in Software Engineering, adapted from: Mary Shaw: Writing Good Software Engineering Research Papers: 
Minitutorial. Proc. 25th International Conference on Software Engineering, ICSE '03, pages 726-736, 2003. IEEE Computer Society.



Towards A Great Thesis

39



I - The Problem 40

Start from a problem that 
people may be interested in 
(at least a few more than 
those who gave you your task)

→ Motivation and Aims
→ Formulate explicit

research questions



Evaluating a research question

• ”How can one construct a web application?”

• ”Is it possible to construct a mobile application for functionality X?”

• ”How can one create a usable website?”

41

By writing what has 
already been written 
many times before

Yes, there is no 
reason to believe it 
could not be done.

By adhering to 
published design 
guideline Y

Is the answer any of the following?

Then come up with a better question. ..



Arriving at interesting  research questions

• Start exploring a field:

• ”How can fuzz testing be used to find bugs in concurrent embedded 
software?”

• Then, use existing technical approaches and theoretical models:

• ”Combining with dynamic and static analysis of schedulability of 
embedded real-time systems”

• ”What is the efficiency of AFL at finding timing-related errors in 
concurrent software?”

42



The journey to a better question
43

Question Approach Objection

How can we 
automate testing?

Applying automatic generation 
of test cases 

We end up with 107 test cases, only 
some of which are necessary...

How can we select 
relevant test cases?

Applying statistical/ML 
clustering techniques

Black-box solution with no known 
accuracy, we need traceability

How can we 
automatically 
prioritise test cases?

Optimize based on historical 
records to maximise average 
percentage faults detected 
(APFD)

No weight given to critical 
functionality

What do we really 
want to optimise?

Listen, observe, collect data Requires an open mindset



The journey to a better question
44

Question Approach Objection

How can we 
automate testing?

Applying automatic generation 
of test cases 

We end up with 107 test cases, only 
some of which are necessary...

How can we select 
relevant test cases?

Applying statistical/ML 
clustering techniques

Black-box solution with no known 
accuracy, we need traceability

How can we 
automatically 
prioritize test cases?

Optimize based on historical 
records to maximize average 
percentage faults detected 
(APFD)

No weight given to critical 
functionality

What do we really 
want to optimize?

Listen, observe, collect data Requires an open mindset



2 - the Theory 45

“Theory”:
Rooting your work in your 
subject area’s scientific 
body of knowledge

→ create trust in your work

- Background
- Formalization/Modeling
- Related Work



“In God We Trust – All Others Must Bring Data!”
--- W. Edwards Deming



Convince the reader!

• In many cases, you will produce some code as part of your thesis 
project. 
This is not enough for your thesis work, though.

– Is this a relevant problem?

– Is this work based on the state-of-the-art techniques in the field?

– Does it improve or generalize over previous work? And how?

– Are all claims made proven in the thesis, or based on trustworthy sources?

• You need to convince your (critical) audience 
that you have done a great job!

• By anchoring your work in the scientific body of knowledge of your 
field



Theory
48

”There are seven dimensions of usability”

”NP-hard problems are at least as hard 
as the hardest NP problems”

Theory:  Characterization of knowledge, 
accumulated through scientific studies, 
published in peer-reviewed journals and conferences

Validation

Does it describe 
the world?

Is it proven?

Compare these two claims:
Criteria:



Modeling / Formalization

• Isolate and abstract the core problem

• Models = abstractions

– Distill and formally describe the main relevant properties of a complex real system

– Example:  Models of computation, CPU performance / energy models

– Formalization:   Key parameters,  set theory,  equations,  constraints, 
graphs,  abstract data types,  formal logic reasoning,  ...

• Empirical observations are based on expectations, 
informed by theoretical frameworks (models):

– Example:  When reading power consumption values of a modern CPU, we expect 
that it depends on the CPU’s different power states (e.g., voltage/frequency level)

• Based on observations, you can test claims made by your theory

→ Generalizability of your result beyond the concrete problem instance

49



“There is Nothing so Practical as a Good Theory”
--- Kurt Lewin, 1890-1947, social psychologist



How to convince the reader?
By using  a solid, state -of-the-art method to answer the RQs

51

In industry as well as in academia, 
well-presented working solutions 
based on widely trusted state-of-the-art techniques
are the best means of convincing the reader.

In the scientific community, we also require 
claims about solutions to be sound, 
so others can rely on them in their work. 



52Type of Method
used to obtain and 
validate results

Example scenario

Analysis I have conducted a formal analysis of my algorithm, and have 
proved that it solves the TSP in O(N2), thus proving that P=NP

Evaluation I have compared code review results with interviews and 
surveys, and found that if you test software, you are more 
likely to find faults than if you do not

Experience I report on experience with aligning architecture with code 
based on 20 years of software development for Swedish Social 
Security and have found that architectures are essentially 
useless

Example This tool can recognise location and pose, so when you enter a 
bathroom it will give you valuable advertisements on Facebook 
while sitting down.



53Type of Method 
used to obtain and 
validate results

Example scenario

Analysis I have conducted a formal analysis of my algorithm, and have 
proved that it solves the TSP in O(N2), thus proving that P=NP

Evaluation I have compared code review results with interviews and 
surveys, and found that if you test software, you are more 
likely to find faults than if you do not

Experience I report on experience with aligning software architecture with 
code based on 20 years of software development for Swedish 
Social Security and have found that software architectures are 
essentially useless

Example/Prototype This tool can recognize location and pose, so when you enter a 
bathroom it will give you valuable advertisements on Facebook 
while sitting down.



Method
54

For theses that involve creating a product / 
prototype, you need to assess the external 
or internal qualities of what you produce 
(e.g. usability, correctness, or scalability), 
using qualitative or quantitative methods.

Other types of theses that do not involve 
creating products/prototypes (e.g., 
systematic literature reviews) have their 
own established criteria for assessment.

You want to ensure that what you are 
studying does represent reality. 
This is called external validity.



Reproducible Results
55

All details about your 
assessment method need be 
carefully documented 
in the thesis
• e.g., test data sets, benchmarks, 

code, system, experimental setup

Allows others to follow the 
same setup to obtain the 
same data

→ Reproducibility increases
trust in your work.

More about Research Methods in Lecture 4 ...



Thesis s tructure and format
56

Pay attention to the structure, formatting and typesetting of your thesis, 
and start to write early. 
Few people have accurate estimates of how long it takes to write a thesis.

For theses in 
mathematics, computer 
science and engineering 

I recommend 
using LATEX.



Summary so far:

A great thesis:

57

• A working solution

• Established effects

• Great presentation

• An interesting problem

• A reliable method

• A convincing theory



To be continued in the next lecture ...

On zoom, tomorrow Tuesday 15:15 – zoom link see Lisam cooperative area

• Engineering vs. Science?

• Common thesis types at IDA/ISY

• Also: 
Panel discussion (starting at 16:00 sharp): 
Outlook to professional career paths in industrial or academic R&D 
(and what the thesis topic selection may have to do with it...)

– Important for answering preparatory questions before Seminar 1



Acknowledgements

• Some slides are based on a previous version
courtesy of Ola Leifler, IDA, Linköping University
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