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Abstract

Research in System Engineering requires a mixture of research methods. It is a
challenge to capture the various aspects in a logical flow. The research method-
ology is also a significant challenge. This presentation shows examples of past
research of visualizing the paper flow and the research methodology.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi project

philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an AUQUSt 1 6! 2025
open creation process. This document is published as intermediate or nearly mature version status: draft

to get feedback. Further distribution is allowed as long as the document remains complete

and unchanged. version: 0.4




Examples from Prize Winning Paper

Eldar Trangy won the Best Student Paper Award at
INCOSE 2014 in Las Vegas with the paper

“Reduction of Late Design Changes Through Early
Phase Need Analysis”

avalilable at nttp://gaudisite.nl/
INCOSE2014 Tran%C3%B8y Muller ReductionOfLateDesignChanges.pdf

The following slides show some of the attempts of finding
the flow for this paper by Eldar Trangy and the academic
supervisor.
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Retrospective Line of Reasoning

symptoms
cost overruns
many variation orders (VOSs)

Eldar Trangy wrote

“Reduction of Late Design Changes Through Early Phase Need Analysis”
http://gaudisite.nl/INCOSE2014_Tran%C3%B8y_Muller_ReductionOfLateDesignChanges.pdf

problem

despite SE investment
many VOs cause cost

overruns

goal

programs finish in budget
o and time

Gerrit Muller retrospectively created this Line of Reasoning

Y

solution

improve program
management process

research questions

What is a proper amount of systems engineering?

How much does the company spend on systems engineering?
How does the company benchmark with other companies?
What process change may help to reduce VOs?
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Meta Levels and Scopes by Supervisor
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Paper Flow Proposed by Supervisor

historic data
Interviews
. Analysis of missing
Wiglelis (Sl == variation =» customer
Overruns T
orders needs missing
needs
explanation analvsis of analysis of analysis
of AkSo’s Y = processes &
SE effort .
processes constraints process
allocation
expert proposal
literature benchmark interviews
and review
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The Book Plan that Eldar Made at the Start

Abstract
% page

.| Introduction

A

Industry
challenges

‘ Problem

11/2 page

4

Process challenges

% page

Method
% page

Process review

Note: in the final paper,
the Honour paper moved

Research results

4 pages 3 pages
A S

Conclusion
2 pages

-

—
-

) to the beginning and
Economic forms the frame for the
challenges entll"e paper

A

SEBoK Processes

A

AkSo processes

Qil&Gas processes

Historic data
and
interviews

My research

A

Variation order
analysis

!

A

Honours research

Expert
opinions
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Example Research Methodology

Linda L@nmo wrote the paper

“Concept Selection - Applying Pugh Matrices in the
Subsea Processing Domain”

for INCOSE 2014 in Las Vegas

avalilable at nttp://gaudisite.nl/
INCOSE2014 Lonmo_Muller_ConceptSelection.pdf

The following slide shows the visualization of the research
methodology by Linda Lanmo.
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Example Research Methodology by Linda

Literature search & review

Baseline

: Questionnaire
conversations

Pre-interviews Post-interviews

Observing

Action research/industry-as-laboratory

Study A Study B Study C
_
Time
Legend:
Part of normal Academic Interaction with
project work domain project teams

from: “Concept Selection - Applying Pugh Matrices in the Subsea Processing Domain” by Linda Lanmo
INCOSE 2014 in Las Vegas http://gaudisite.nl/INCOSE2014 Lonmo_Muller_ConceptSelection.pdf
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Example Research Method

Anders Viken wrote the paper

Case Study in Software Development”

methodology by Anders Viken.

“Creating and Applying A3 Architecture Overviews: A

for INCOSE 2018 in Washington, DC, USA
available at http://gaudisite.nl/INCOSE2018 Viken_MullerA3.pdf

The following slide shows the visualization of the research
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Example Research Method by Anders

[
Documentation Software Requirements Adjust Adjust —
issues need or issue generated requirements software
] Apply in .
Survey L perform Survey Create A3s —f}— PPy Adjust A3s -
session
A3 Store s S
Analyze L8 Analyze
X T .
survey answers 20 observations
D
Consolidate Observation | Consolidate
survey answers Template observations
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Example Book Plan that Else Dalby made

Industry Evaluation of a SW Test Framework Implemented at Unit level

. Title + authors - % page
. Abstract - % page
. Introduction - 1 page legend
o Introduction to Company
o Problem statement -> testing is costly and time consuming case
o Introduction to method -> framework with automated testing .
o Introduction to the case -> JUnit test framework system-of-interest
o Short how the original problem will be solved
o Short how the method serves the goal
e Current situation and problems -2 page
o Explain deeper the reasons why the department is interested in framework + automated testing (1 page) BOdy of .Knov.vledge
o How testing of SW is done in the department today (1 page) systems engineering method
e Research methodology -1% page

o Action research
o Industry-as-laboratory
o How I did my research => experiment + interviews + literature
o How reliable and objective are the results of my research? research method
Literature review - 1 page
o Automated testing framework domain — what has been done?
. Main body -6 pages
o JUnit testing framework (1 % page)
= How and what to test with JUnit Else Dalby's Book plan of
» How and what to test with EasyMock extension her master project in 2013
o Use of a test framework in the department (3 % pages)
= How testing of SW in the department is performed in the experiment (3/4 page)
= Observations and findings (1 % page)

3 Summary of data collected in the experiment and during interviews

= Cost and effort (1 % page)
° Analysis of data collected — Is the case "JUnit implementation" a success? Best practices, limitations, benefits, drawbacks. (How well is the problem
solved?)

o  Use of test frameworks in industry (1 pages)
= Results — Evaluation of the SE method based on analysis of the data collected from the case. (How well does the method fit and serve its goal?)
. Conclusions - 1% pages
Repeat: mention that the JUnit test framework can be recommended to the department with some restrictions
Repeat and summary from results how well the SE method fits and serves the goal of reducing cost and time of testing
Repeat and summary from results about limitations, benefits and drawbacks to the method
Reflection (1/2 page)
= Lessons learned
= Mention of how the research methodology worked out
. Future research -1/2 page
o Research to be done next is to find the error reduction rate with use of a test framework versus manual testing
o Longterm research was limited due to time constraints ,therefore it was hard to find data about how much money we can save with automated testing and how
much resources the automated test frameworks will cost us to maintain
o  Experiment with implementation of JUnit in more than one unit was limited due to effort and time constraint
. References -1 page
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Example Research Design and Verification

Erik Thygesen won the Best Student Paper Award at
INCOSE 2019 in Orlando with the paper

“Improving the information transfer between engineering
and installation; case study at AS Nymo”

avalilable at nttps://gaudisite.nl/
INCOSE2019 ThygesenEtAl InformationTransferTolnstallation.pdf
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Example Research Design Erik Thygesen

Before start

of the > Understanding Exploration Optimization Verification
investigation
L Identified ldentify Identify Explore data lepmuement L Prepare
problems stakeholders Handowver collected analysis experiment
¥ content - v for hypothesis
Prepare Discussion Gather -
Questions for Identify feedback and Execute the
interviews Information v adjust experiment
v Segments Conclude on I 1
Elaborate ¥ + main impact Prepare Analyze
expected res. Review with factor improvement results
v main mitigations suggestion v
Perform stakeholders ¥ Gather
Interviews Prepare feedback and
v Identify questionnaire adjust
Analyze results CEMEEEET v ¥
Revisions FﬁEViEi:’uf Conclude
suggestion
|dentify main v Ll
impact factors Gather Future
feedback and research
calculate NPS
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Example Research Verification Erik Thygesen

Optimization
(previous slide)

P.rep e Execute the Analyze results
» experimental For —»> . > .

. experiment (next slide)

hypothesis
Y
Statment: The Increased intuitiveness and usability of the new handover
layout will decrease the time the receiving stakeholders use to locate the
information the seek
[
(Group A) (Group B) 6 persons
- v handovers of similar
el Rl size and complexity

Answer questions
in regards to

Answer questions
in regards to new

original handower handover
_/ Notedown /
v / timespent / v
Test 2: " Test 2:
Answer questions Answer questions
in regards to new in regards to
handover | original handover
/ " Note down /
v /  timespent /° v
Gather feedback Gather feedback
. —
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