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Purpose / Content of Paper
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Initial investigation / assessment of the effectiveness and usefulness of 
the Difficulty Assessment Tool (DAT) developed by the INCOSE Complex 
Systems WG to help choose appropriate heuristics for complex situations
• Complex Systems WG selected 67 Principles and Heuristics relevant 

to complex systems, and developed the DAT to prioritize which most 
relevant 

• We choose eight (existing) case studies to try to validate the tool
• Applied the DAT – in five separate assessment teams (using problem 

description of case study only)
• Correlated results from the separate teams 
• Checked the relevance of the DAT recommended Complexity 

Principles and Heuristics (knowing outcome from case study) 
• Made recommendations for further assessment of the DAT
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Investigation Methodology
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Eight Case Studies
Developing World Incubators Foot and Mouth

Fuel Vent Valve Product Lines
Scott & Amundsen Steam Blast

Supplier Relationships Turbine Tip Clearance

Assessors read 
Background

Assessors perform DAT Assessment

Assessors 
read 
Outcome

A B C D E Score
12 12 12 12 12 10
F F F F 8
16 16 16 16 16 7

Principle 1 Principle 1 Principle 1 Principle 1 Principle 1 6
Principle 3 Principle 3 Principle 3 6
Principle 10 Principle 10Principle 10Principle 10 6

8 8 8 6
Principle 2 Principle 2 Principle 2 4
Principle 6 Principle 6 4
Principle 8 Principle 8 4

11 11 4
13 13 4
22 22 4

34 34 4
Principle 7 Principle 7 3

21 21 21 3
33 33 3

B 2
E 2

G 2
3 2
4 2
6 2

9 9 9 2
10 2

14 2
24 2

25 2
31 2
C4 2

C15 2
Principle 9 Principle 9 1

7 1
19 19 1

117

Heuristic Usefulness - Developing World Incubators

A B C D E Score
E E E E -2
31 31 31 31 -2

C10 C10 -2
C9 -1
C11 -1
C13 -1

Principle 3 0
Principle 4 0

Principle 5 Principle 5 Principle 5 Principle 5 Principle 5 0
4 4 4 4 1
5 5 5 5 1
7 7 7 7 1
3 3 3 3 2

-4

Heuristic Usefulness - Developing World Incubators

Assessors 
perform 
Heuristic 
Usefulness
Assessment
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Heuristics
41 “complex” heuristics used in the initial case 
study screening & incorporated in the DAT tool

• Group 1 Top-down heuristics: The group of 7 
Heuristics, A to G, were developed by considering 
founding principles of complexity and their 
implications for how to reduce or handle complexity.

• Group 2: Initial bottom-up heuristics; This group of 18 
(1-18) heuristics were processed or inspired from 
searching the INCOSE Fellows heuristics database of 
600+ heuristics using “complex” and “complexity” as 
search terms

• Group 3: Additional bottom-up heuristics: This group 
of 16 (19-34) heuristics were processed or inspired by 
searching the INCOSE Fellows heuristics database of 
600+ heuristics using 32 search terms that were 
closely related to complex and complexity.

10 principles and 16  additional “complicated” 
heuristics added in the DAT tool  

• Principles: A group of 10 principles developed by 
the “Bridge” team 

• “Complicated” heuristics: A group of 16 (C1 - C16) 
heuristics were processed or inspired from 
searching the INCOSE Fellows heuristics database 
of 600+ heuristics using a number of search terms 
that were related to complicated and 
complicatedness but were equally applicable to 
complex and complexity

www.incose.org/symp2024 #INCOSEIS 72-6 July 2024
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Heuristics
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Group # Description CSS?* DAT?** CC? ***

Group 1 7 Top-down heuristics: The group of 7 Heuristics, A to G, were 
developed by considering founding principles of complexity and 
their implications for how to reduce or handle complexity.

Yes Yes Blue

Group 2 18 Initial bottom-up heuristics; This group of 18 (1-18) heuristics were 
processed or inspired from searching the INCOSE Fellows 
heuristics database of 600+ heuristics using “complex” and 
“complexity” as search terms

Yes Yes Amber

Group 3 16 Additional bottom-up heuristics: This group of 16 (19-34) 
heuristics were processed or inspired by searching the INCOSE 
Fellows heuristics database of 600+ heuristics using 32 search 
terms that were closely related to complex and complexity.

Yes Yes Green

Principles 10 Based on the Principles established in the Bridge Study No Yes Black
Complicated 16 Complicated System Heuristics that are equally applicable to 

complex systems were added to the 41 Complexity Heuristics
No Yes Grey

* Case Study Selection exercise         ** Included in the Difficulty Assessment Tool (DAT)    *** Color Code
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Difficulty Assessment Tool
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Case Studies
• Richard Beasley and Andy Pickard 

reviewed Rolls-Royce papers presented at 

INCOSE Symposia

• 33 potential case studies were identified

• The case studies were scored against the 

41 Complex Systems Heuristics (groups 1 

through 3)

• From these, 8 were selected based on 

coverage of the Heuristics and suitability 

for describing “Problem” and “Outcome”

• Problem and Outcome statements were 

written for these 8 selected Case Studies

www.incose.org/symp2024 #INCOSEIS 102-6 July 2024

Case Study When A B C D E F G 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 Count
Combustor Casing Design for Environment IS 2008 Y Y 2
Detection of Software Flaws IS 2010 Y Y 2
Learned Hand Probabilistic Calculus IS 2011 Y Y Y 3
Handling Bleed Valve IS 2011 Y Y Y Y 4
Modulating Air System IS 2011 Y Y Y 3
Aircraft Carrier Power Supply IS 2011 ? Y Y 2
Standard Requirements Models IS 2012 Y Y 2
Incremental Software Builds IS 2012 Y Y 2
Steam Blast IS 2012 Y Y Y Y 4
Detection of Software Flaws IS 2013 Y Y 2
Systems Engineering Competency Model IS 2013 Y Y 2
Do you understand the interfaces?* IS 2014 Y Y Y Y Y 5
Change the component or the system?* IS 2014 Y Y Y Y Y Y Y Y 8
Scott and Amundsen - consequence of failed test! IS 2014 Y Y Y Y 4
Graves Model IS 2015 Y Y Y 3
Detection of Software Flaws IS 2015 Y Y 2
Process steps and order IS 2015 Y 1
Foot and Mouth in the UK IS 2015 Y Y Y Y 4
UK Financial Crises IS 2015 Y 1
Sweet Spot - Implementing SE in a Company IS 2016 ? Y Y Y Y 4
Project Performance in a Company IS 2018 Y 1
Walkie-Talkie Building IS 2018 Y Y Y Y 4
Heroic Failure IS 2019 Y Y Y 3
Supplier Relationships IS 2019 Y Y Y Y Y 5
Traps for Innovation IS 2020 ? Y Y Y Y Y Y 6
Developing World Incubators IS 2020 Y Y Y 3
FADECs and Product Lines IS 2020 Y Y Y Y Y Y Y Y Y 9
Piston Engine Igniters* IS 2020 Y Y Y 3
Fuel Metering Unit* IS 2020 Y Y Y 3
Vent Valve* IS 2020 Y Y Y Y 4
Permanent Magnet Alternators* IS 2020 Y Y Y 3
Disc Spin Testing IS 2021 Y Y ? 2
Secondary Air System - Coupling IS 2022 Y Y Y Y Y 5
* = Best Paper example 1 10 2 0 3 1 5 6 4 0 4 4 7 1 3 1 2 5 0 5 5 3 4 0 1 5 3 3 5 4 0 4 1 1 1 0 1 3 1 1 1

Missing Heuristics: 15%

Heuristic

Case Study When A B C D E F G 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 Count
Steam Blast IS 2012 Y Y Y Y 4
Change the component or the system?* IS 2014 Y Y Y Y Y Y Y Y 8
Scott and Amundsen - consequence of failed test! IS 2014 Y Y Y Y 4
Foot and Mouth in the UK IS 2015 Y Y Y Y 4
Supplier Relationships IS 2019 Y Y Y Y Y 5
Third World Incubators IS 2020 Y Y Y 3
FADECs and Product Lines IS 2020 Y Y Y Y Y Y Y Y Y 9
Vent Valve* IS 2020 Y Y Y Y 4

1 3 1 0 0 0 2 0 1 0 2 2 4 1 1 1 0 2 0 3 3 1 1 0 1 2 0 0 0 2 0 1 0 1 1 0 1 1 0 1 1
* = Best Paper example Missing Heuristics: 37%

Heuristic
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Case Studies

www.incose.org/symp2024 #INCOSEIS 112-6 July 2024

RB



Case Studies
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Developing World Incubators                 Foot and Mouth                                    Fuel Vent Valve   
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Case Studies
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Product Lines                                  Scott and Amundsen                          Steam Blast   

Clone and Own Product Lines

Application 1 
Version 1

Application 1 
Version 2

Application 1 
Version 3

Application 2 
Version 1

Application 2 
Version 2

Change

Reuse
Product Line 

Version 1
Application 1 

Version 1

Product Line 
Version 2

Application 1 
Version 2

Application 2 
Version 1

Product Line 
Version 3

Application 1 
Version 3

Application 2 
Version 2

m
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Case Studies
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Supplier Relationships                                                Turbine Tip Clearance   
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Limitations of the Analysis
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Limitation Impact Opportunity
# of Assessments Only 5 assessments of each Case Study Perform additional assessments.

Capture rationale for scoring of the DAT 
elements and add this to the analysis

# in Assessment Team Only 2 team assessments; 3 were individual 
assessments. Too few to be able to 
separate out the impact of assessment 
team size

Encourage more multi-participant 
teams to perform assessments

Familiarity One team was more familiar with the case 
studies and was working with hindsight

Encourage more teams and individuals 
to perform assessments

Interpretation Two of the case studies are reflections of 
events rather than classic Systems 
Engineering activities; the questions in the 
DAT had to be interpreted

Potential to update the DAT to address 
“event” based assessments

Bias Bias in the case studies selected based on 
the ability to describe them

Add more Case Studies to assess (see 
Addendum B for an example)
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Assessment Method 1: Comparison of the sum 
of the weightings
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Assessment Method 2: Comparison of the 
Highest Weightings
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Assessment Method 3: Match – Mismatch 
Analysis
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A A - B B B - A C A - C C - A B - C C - B D A - D D - A B - D D - B C - D D - C E A - E E - A B - E E - B C - E E - C D - E E - D
13 A - B E B - A Principle 1 A - C C - A B - C C - B 8 A - D D - A B - D D - B C - D D - C 12 A - E E - A B - E E - B C - E E - C D - E E - D

Principle 1 A - B C4 B - A Principle 10 A - C C - A B - C C - B F A - D D - A B - D D - B C - D D - C 10 A - E E - A B - E E - B C - E E - C D - E E - D
Principle 10 A - B 13 B - A Principle 2 A - C C - A B - C C - B 21 A - D D - A B - D D - B C - D D - C 24 A - E E - A B - E E - B C - E E - C D - E E - D
Principle 2 A - B 14 B - A Principle 3 A - C C - A B - C C - B 16 A - D D - A B - D D - B C - D D - C 33 A - E E - A B - E E - B C - E E - C D - E E - D
Principle 3 A - B 16 B - A Principle 6 A - C C - A B - C C - B 12 A - D D - A B - D D - B C - D D - C 19 A - E E - A B - E E - B C - E E - C D - E E - D
Principle 6 A - B F B - A Principle 7 A - C C - A B - C C - B Principle 1 A - D D - A B - D D - B C - D D - C 9 A - E E - A B - E E - B C - E E - C D - E E - D
Principle 7 A - B 3 B - A Principle 8 A - C C - A B - C C - B Principle 10 A - D D - A B - D D - B C - D D - C 16 A - E E - A B - E E - B C - E E - C D - E E - D
Principle 8 A - B 4 B - A Principle 9 A - C C - A B - C C - B Principle 2 A - D D - A B - D D - B C - D D - C 21 A - E E - A B - E E - B C - E E - C D - E E - D
Principle 9 A - B 9 B - A 8 A - C C - A B - C C - B Principle 3 A - D D - A B - D D - B C - D D - C F A - E E - A B - E E - B C - E E - C D - E E - D

F A - B 6 B - A 21 A - C C - A B - C C - B Principle 6 A - D D - A B - D D - B C - D D - C 11 A - E E - A B - E E - B C - E E - C D - E E - D
16 A - B 7 B - A 19 A - C C - A B - C C - B Principle 7 A - D D - A B - D D - B C - D D - C 34 A - E E - A B - E E - B C - E E - C D - E E - D
12 A - B 12 B - A 16 A - C C - A B - C C - B Principle 8 A - D D - A B - D D - B C - D D - C 8 A - E E - A B - E E - B C - E E - C D - E E - D
9 A - B 25 B - A G A - C C - A B - C C - B Principle 9 A - D D - A B - D D - B C - D D - C B A - E E - A B - E E - B C - E E - C D - E E - D
22 A - B 31 B - A 12 A - C C - A B - C C - B 10 A - D D - A B - D D - B C - D D - C Principle 1 A - E E - A B - E E - B C - E E - C D - E E - D
11 A - B Principle 1 B - A 22 A - C C - A B - C C - B 24 A - D D - A B - D D - B C - D D - C Principle 10 A - E E - A B - E E - B C - E E - C D - E E - D

A A - B B B - A C A - C C - A B - C C - B D A - D D - A B - D D - B C - D D - C E A - E E - A B - E E - B C - E E - C D - E E - D
3 A - B Principle 3 B - A 3 A - C C - A B - C C - B 3 A - D D - A B - D D - B C - D D - C 3 A - E E - A B - E E - B C - E E - C D - E E - D
31 A - B Principle 4 B - A 31 A - C C - A B - C C - B 31 A - D D - A B - D D - B C - D D - C 31 A - E E - A B - E E - B C - E E - C D - E E - D
4 A - B C13 B - A 4 A - C C - A B - C C - B 4 A - D D - A B - D D - B C - D D - C 4 A - E E - A B - E E - B C - E E - C D - E E - D
5 A - B C10 B - A 5 A - C C - A B - C C - B 5 A - D D - A B - D D - B C - D D - C 5 A - E E - A B - E E - B C - E E - C D - E E - D
7 A - B C11 B - A 7 A - C C - A B - C C - B 7 A - D D - A B - D D - B C - D D - C 7 A - E E - A B - E E - B C - E E - C D - E E - D
E A - B C9 B - A E A - C C - A B - C C - B E A - D D - A B - D D - B C - D D - C E A - E E - A B - E E - B C - E E - C D - E E - D

Principle 5 A - B Principle 5 B - A Principle 5 A - C C - A B - C C - B Principle 5 A - D D - A B - D D - B C - D D - C Principle 5 A - E E - A B - E E - B C - E E - C D - E E - D

A vs B A vs C B vs C A vs D B vs D C vs D A vs E B vs E C vs E D vs E
Top 6 10 2 11 4 12 7 5 6 9

Bottom 1 7 1 7 1 7 7 1 7 7
Contra 6 0 6 0 6 0 0 5 0 0

No Match 9 5 13 4 11 3 8 11 9 6
Total 22 22 22 22 22 22 22 22 22 22
Score 1 17 -3 18 -1 19 14 1 13 16
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Case Study

Count of Match (top 15 and bottom 7) and Mis-Match

B vs A Match -
Mismatch
C vs A Match -
Mismatch
C vs B Match -
Mismatch
D vs A Match -
Mismatch
D vs B Match -
Mismatch
D vs C Match -
Mismatch
E vs A Match -
Mismatch
E vs B Match -
Mismatch
E vs C Match -
Mismatch
E vs D Match -
Mismatch

Example Match – Mismatch Matrix for
 Developing World Incubators
The score is Σ(matches) – Σ(mismatches)
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Case Study

Sum of the Delta in the Rankings between Assessors, by Case Study

B to A

C to A

C to B

D to A

D to B

D to C

E to A

E to B

E to C

E to D

Assessment Method 4: Sum of Delta 
(Rankings) between Assessor Pairs
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A B C D E
Principle 1 1 9 1 C3 1 C3 1 9 1
Principle 10 2 16 2 13 2 Principle 1 2 21 2
Principle 2 3 12 3 22 3 Principle 10 3 16 3
Principle 3 4 13 4 Principle 1 4 Principle 2 4 12 4
Principle 6 5 33 5 Principle 10 5 Principle 3 5 13 5
Principle 7 6 21 6 Principle 2 6 Principle 6 6 11 6
Principle 8 7 Principle 1 7 Principle 3 7 Principle 7 7 33 7
Principle 9 8 Principle 10 8 Principle 6 8 Principle 8 8 F 8

C3 9 Principle 2 9 Principle 7 9 Principle 9 9 Principle 1 9
13 10 Principle 3 10 Principle 8 10 22 10 Principle 10 10
22 11 Principle 6 11 Principle 9 11 G 11 Principle 2 11
G 12 Principle 7 12 C2 12 2 12 Principle 3 12
16 13 Principle 8 13 G 13 28 13 Principle 6 13
28 14 Principle 9 14 16 14 19 14 Principle 7 14
12 15 10 15 C15 15 C2 15 Principle 8 15
F 16 24 16 12 16 33 16 Principle 9 16
B 17 G 17 B 17 9 17 19 17

C12 18 22 18 21 18 12 18 10 18
C2 19 11 19 C1 19 13 19 24 19
33 20 F 20 33 20 21 20 22 20
2 21 34 21 C12 21 C15 21 G 21

C1 22 19 22 19 22 Principle 4 22 B 22
9 23 8 23 28 23 10 23 8 23

C16 24 B 24 C16 24 24 24 34 24
Principle 4 25 2 25 34 25 16 25 28 25

C15 26 C3 26 F 26 C14 26 2 26
11 27 C1 27 C4 27 B 27 C15 27
10 28 C15 28 2 28 34 28 14 28
24 29 C12 29 10 29 C11 29 C1 29

C11 30 28 30 24 30 C1 30 6 30
21 31 C16 31 9 31 C12 31 20 31
34 32 6 32 8 32 C16 32 C16 32
C4 33 14 33 11 33 C4 33 Principle 4 33
C9 34 C2 34 C11 34 C6 34 25 34
C8 35 20 35 C5 35 F 35 C4 35
C5 36 Principle 4 36 Principle 4 36 C5 36 C3 36
14 37 C14 37 C8 37 11 37 C12 37
19 38 17 38 C7 38 6 38 C14 38
C7 39 26 39 C6 39 26 39 17 39
C6 40 29 40 14 40 29 40 26 40
6 41 A 41 6 41 A 41 29 41
8 42 C9 42 26 42 17 42 A 42
26 43 C4 43 29 43 8 43 D 43
29 44 25 44 A 44 20 44 C5 44
A 45 D 45 20 45 D 45 C2 45

C14 46 C11 46 C9 46 C9 46 C11 46
17 47 C5 47 17 47 C8 47 C9 47
25 48 C7 48 C14 48 C7 48 C6 48
20 49 C6 49 25 49 14 49 C8 49
D 50 C8 50 D 50 25 50 30 50

C13 51 30 51 C13 51 15 51 15 51
30 52 15 52 30 52 C13 52 1 52
15 53 32 53 15 53 30 53 C7 53
32 54 1 54 32 54 32 54 32 54
1 55 C13 55 1 55 1 55 C13 55
C 56 18 56 18 56 18 56 C 56

C10 57 C 57 C 57 C 57 18 57
18 58 23 58 23 58 23 58 23 58
23 59 27 59 27 59 C10 59 27 59
27 60 C10 60 C10 60 27 60 C10 60
3 61 3 61 3 61 3 61 3 61
31 62 31 62 31 62 31 62 31 62
4 63 4 63 4 63 4 63 4 63
5 64 5 64 5 64 5 64 5 64
7 65 7 65 7 65 7 65 7 65
E 66 E 66 E 66 E 66 E 66

Principle 5 67 Principle 5 67 Principle 5 67 Principle 5 67 Principle 5 67

Foot and Mouth B to A Gap C to A gap C to B Gap
Vlookup B - A Gap Abs Vlookup C - A Gap Abs Vlookup C - B Gap Abs

23 22 22 9 8 8 26 25 25
13 11 11 10 8 8 4 2 2
15 12 12 11 8 8 18 15 15
10 6 6 1 -3 3 7 3 3
20 15 15 2 -3 3 8 3 3
31 25 25 3 -3 3 9 3 3
1 -6 6 4 -3 3 10 3 3
2 -6 6 5 -3 3 11 3 3
3 -6 6 6 -3 3 12 3 3
4 -6 6 7 -3 3 13 3 3
5 -6 6 8 -3 3 14 3 3
6 -6 6 19 7 7 34 22 22
7 -6 6 12 -1 1 17 4 4
8 -6 6 13 -1 1 2 -12 12

28 13 13 26 11 11 28 13 13
29 13 13 15 -1 1 3 -13 13
12 -5 5 17 0 0 24 7 7
11 -7 7 31 13 13 6 -12 12
27 8 8 22 3 3 27 8 8
16 -4 4 20 0 0 5 -15 15
32 11 11 18 -3 3 29 8 8
38 16 16 38 16 16 22 0 0
42 19 19 14 -9 9 30 7 7
17 -7 7 24 0 0 31 7 7
21 -4 4 32 7 7 21 -4 4
9 -17 17 16 -10 10 20 -6 6

22 -5 5 33 6 6 43 16 16
26 -2 2 21 -7 7 25 -3 3
18 -11 11 28 -1 1 15 -14 14
14 -16 16 29 -1 1 16 -14 14
24 -7 7 23 -8 8 1 -30 30
41 9 9 42 10 10 23 -9 9
37 4 4 27 -6 6 19 -14 14
19 -15 15 30 -4 4 46 12 12
49 14 14 36 1 1 47 12 12
25 -11 11 25 -11 11 36 0 0
46 9 9 35 -2 2 50 13 13
47 9 9 39 1 1 48 10 10
43 4 4 40 1 1 49 10 10
44 4 4 37 -3 3 33 -7 7
45 4 4 41 0 0 32 -9 9
34 -8 8 43 1 1 39 -3 3
33 -10 10 44 1 1 40 -3 3
48 4 4 45 1 1 41 -3 3
50 5 5 49 4 4 35 -10 10
30 -16 16 34 -12 12 42 -4 4
36 -11 11 47 0 0 38 -9 9
39 -9 9 46 -2 2 37 -11 11
40 -9 9 48 -1 1 44 -5 5
35 -15 15 50 0 0 45 -5 5
52 1 1 51 0 0 55 4 4
53 1 1 52 0 0 51 -1 1
54 1 1 53 0 0 52 -1 1
55 1 1 54 0 0 53 -1 1
51 -4 4 55 0 0 54 -1 1
58 2 2 58 2 2 56 0 0
56 -1 1 56 -1 1 57 0 0
59 1 1 59 1 1 58 0 0
60 1 1 60 1 1 59 0 0
57 -3 3 57 -3 3 60 0 0
61 0 0 61 0 0 61 0 0
62 0 0 62 0 0 62 0 0
63 0 0 63 0 0 63 0 0
64 0 0 64 0 0 64 0 0
65 0 0 65 0 0 65 0 0
66 0 0 66 0 0 66 0 0
67 0 0 67 0 0 67 0 0

B to A C to A C to B
490 222 438
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Heuristics Relevance Assessment
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A B C D E Score A B C D E Score A B C D E Score A B C D E Score
12 12 12 12 12 10 Principle 10:Principle 10:Principle 10:Principle 10:Principle 10: 10 Principle 10 Principle 10 Principle 10 Principle 10 8 Principle 2 Principle 2 Principle 2 Principle 2 8
F F F F 8 Principle 6 Principle 6 Principle 6 Principle 6 Principle 6 9 13 13 13 13 8 Principle 7 Principle 7 Principle 7 Principle 7 8
16 16 16 16 16 7 Principle 8 Principle 8 Principle 8 Principle 8 Principle 8 9 22 22 22 22 8 13 13 13 13 13 8

Principle 1 Principle 1 Principle 1 Principle 1 Principle 1 6 12 12 12 12 12 9 Principle 6 Principle 6 Principle 6 Principle 6 7 Principle 10Principle 10Principle 10Principle 10 7
Principle 3 Principle 3 Principle 3 6 Principle 1 Principle 1 Principle 1 Principle 1 Principle 1 8 9 9 9 9 9 6 G G G G 7
Principle 10 Principle 10Principle 10Principle 10 6 Principle 2 Principle 2 Principle 2 Principle 2 Principle 2 8 G G G 5 Principle 1 Principle 1 Principle 1 Principle 1 6

8 8 8 6 Principle 3 Principle 3 Principle 3 Principle 3 Principle 3 8 Principle 1 Principle 1 4 Principle 8 Principle 8 Principle 8 6
Principle 2 Principle 2 Principle 2 4 Principle 9 Principle 9 Principle 9 Principle 9 8 Principle 2 Principle 2 4 22 22 22 22 6
Principle 6 Principle 6 4 G G G G 8 Principle 7 Principle 7 4 Principle 6 Principle 6 Principle 6 Principle 6 5
Principle 8 Principle 8 4 16 16 16 16 8 Principle 8 Principle 8 4 C3 C3 C3 C3 5

11 11 4 22 22 22 22 8 31 31 4 12 12 4
13 13 4 Principle 7 Principle 7 Principle 7 Principle 7 Principle 7 7 C1 C1 4 16 16 4
22 22 4 C3 C3 C3 5 C3 C3 C3 4 33 33 4

34 34 4 B B 4 Principle 3 Principle 3 3 Principle 3 Principle 3 Principle 3 3
Principle 7 Principle 7 3 C2 C2 4 6 6 3 Principle 9 Principle 9 Principle 9 3

21 21 21 3 F F 3 7 7 3 9 9 3
33 33 3 13 13 13 13 3 12 12 3 C2 C2 C2 3

B 2 28 28 3 C5 C5 3 C14 C14 3
E 2 9 9 9 2 E E 2 C 2

G 2 10 2 F 2 2 2
3 2 11 2 2 2 3 2
4 2 19 2 10 2 4 2
6 2 21 21 21 2 16 16 2 5 2

9 9 9 2 24 2 24 2 6 2
10 2 33 33 33 2 C7 2 7 2

14 2 C15 2 C11 2 15 2
24 2 2 1 8 1 19 2

25 2 C12 1 14 1 21 2
31 2 30 1 24 2
C4 2 33 1 28 2

C15 2 C4 1 31 2
Principle 9 Principle 9 1 Principle 9 Principle 9 0 C1 2

7 1 3 3 0 D 1
19 19 1 4 4 0 E 1

21 -1 10 1
34 -1 C4 1

C2 -1 C5 1
C6 -1

117 140 103 125

A B C D E Score A B C D E Score A B C D E Score A B C D E Score
Principle 9 Principle 9 Principle 9 Principle 9 Principle 9 10 Principle 6 Principle 6 Principle 6 Principle 6 Principle 6 10 Principle 2 Principle 2 Principle 2 Principle 2 8 Principle 10Principle 10Principle 10Principle 10 8

22 22 22 22 22 10 Principle 10Principle 10Principle 10 Principle 10 8 Principle 3 Principle 3 Principle 3 Principle 3 8 13 13 13 13 13 8
Principle 3 Principle 3 Principle 3 Principle 3 Principle 3 9 9 9 9 9 8 Principle 7 Principle 7 Principle 7 Principle 7 8 Principle 2 Principle 2 Principle 2 6
Principle 10Principle 10Principle 10Principle 10Principle 10 9 33 33 33 33 8 Principle 8 Principle 8 Principle 8 Principle 8 8 Principle 6 Principle 6 Principle 6 6
Principle 1 Principle 1 Principle 1 Principle 1 Principle 1 8 10 10 10 6 Principle 10 Principle 10 Principle 10 Principle 10 8 22 22 22 6
Principle 8 Principle 8 Principle 8 Principle 8 Principle 8 8 24 24 24 6 Principle 6 Principle 6 Principle 6 Principle 6 7 Principle 1 Principle 1 Principle 1 5

16 16 16 16 8 31 31 31 6 16 16 16 16 7 16 16 16 16 5
21 21 21 21 8 6 6 6 5 Principle 1 Principle 1 Principle 1 Principle 1 6 33 33 33 5

Principle 2 Principle 2 Principle 2 Principle 2 Principle 2 7 13 13 13 13 5 Principle 9 Principle 9 Principle 9 Principle 9 6 Principle 3 Principle 3 Principle 3 4
Principle 6 Principle 6 Principle 6 Principle 6 Principle 6 7 16 16 16 5 12 12 12 12 6 Principle 9 Principle 9 4

12 12 12 12 7 Principle 1 Principle 1 4 9 9 9 9 5 7 7 4
33 33 33 6 Principle 2 Principle 2 4 22 22 22 5 10 10 4

G G G 5 Principle 3 Principle 3 4 19 19 4 11 11 4
Principle 7 Principle 7 Principle 7 Principle 7 Principle 7 4 Principle 9 Principle 9 4 21 21 21 4 14 14 4

13 13 13 13 4 7 7 4 C3 C3 4 24 24 4
8 8 3 12 12 12 4 13 13 3 Principle 8 Principle 8 Principle 8 3

19 19 3 Principle 8 Principle 8 3 33 33 33 3 G G 3
C3 C3 3 3 3 3 G 2 3 3 3

9 2 4 4 3 2 2 4 4 3
10 2 14 14 3 8 2 6 6 3
24 2 22 22 22 3 10 1 12 12 12 12 3

C1 2 C4 C4 3 24 1 21 21 3
C2 2 C 2 34 1 Principle 7 Principle 7 Principle 7 2
C11 2 F 2 15 2

F 1 1 2 20 2
Principle 4 -1 15 2 31 2

17 2 C1 2
18 2 C2 2

19 2 C3 C3 2
34 2 C4 2

C2 2 E E 1
C3 2 9 9 9 9 9 1

Principle 7 Principle 7 1 30 1
E 1 1
8 1

21 1
C1 -1

131 132 109 118

Heuristic Usefulness - Developing World Incubators Heuristic Usefulness - Foot and Mouth Heuristic Usefulness - Fuel Vent Valve Heuristic Usefulness - Product Lines

Heuristic Usefulness - Scott and Amundsen Heuristic Usefulness - Steam Blast Heuristic Usefulness - Supplier Relations Heuristic Usefulness - Turbine Blade Tip

Top Scoring - Product Lines Total:  Top Scoring - Developing World Indicators Total:  Top Scoring - Foot and Mouth Total:  Top Scoring - Fuel Vent Valve Total:  

Top Scoring - Steam Vent Total:  Top Scoring - Supplier Relationships Total:  Top Scoring - Scott and Amundsen Total:  Top Scoring - Turbine Tip Clearance Total:  

A B C D E Score A B C D E Score A B C D E Score A B C D E Score
E E E E -2 Principle 5 Principle 5 Principle 5 Principle 5 Principle 5 -2 Principle 5 Principle 5 Principle 5 Principle 5 Principle 5 -3 Principle 5 Principle 5 Principle 5 Principle 5 Principle 5 -4
31 31 31 31 -2 7 7 7 7 7 -2 C13 C13 -2 5 5 5 -2

C10 C10 -2 E E E E E -1 3 3 3 -1 7 7 7 -2
C9 -1 31 31 31 31 31 0 4 4 4 -1 31 31 31 -2
C11 -1 4 4 4 4 4 2 7 7 7 -1 Principle 3 Principle 3 -1
C13 -1 3 3 3 3 3 4 31 31 31 -1 Principle 4 Principle 4 -1

Principle 3 0 5 5 5 5 5 4 Principle 3 Principle 3 1 C11 C11 0
Principle 4 0 Principle 4 Principle 4 1 E E E 1

Principle 5 Principle 5 Principle 5 Principle 5 Principle 5 0 C10 C10 C10 -1 3 3 3 1
4 4 4 4 1 C11 C11 3 C9 C9 1
5 5 5 5 1 5 5 5 2 C10 C10 1
7 7 7 7 1 C9 C9 2 4 4 4 3
3 3 3 3 2 E E E 3 C13 C13 3

-4 5 2 -2

A B C D E Score A B C D E Score A B C D E Score A B C D E Score
7 7 7 7 7 -2 Principle 3 Principle 3 -1 3 3 3 3 3 -2 Principle 5 Principle 5 Principle 5 Principle 5 Principle 5 -1

C10 -1 3 3 -1 7 7 7 7 7 -1 C9 C9 -1
Principle 5 Principle 5 Principle 5 Principle 5 Principle 5 0 E E E 0 31 31 31 31 31 -1 C10 C10 -1

23 2 F 0 Principle 5 Principle 5 Principle 5 Principle 5 Principle 5 0 C13 C13 -1
3 3 3 3 3 3 4 4 4 0 4 4 4 4 4 0 Principle 3 Principle 3 0
4 4 4 4 4 3 5 5 5 0 5 5 5 5 5 3 Principle 4 Principle 4 0
31 31 31 31 31 4 7 7 0 E E E E E 6 E E E 0
5 5 5 5 5 6 8 0 7 7 7 0
E E E E E 8 31 31 0 3 3 3 1

C5 0 4 4 4 1
C9 C9 C9 0 31 31 31 1

Principle 4 Principle 4 Principle 4 1 C11 C11 1
C10 C10 1 5 5 5 3
C13 C13 1

Principle 5 Principle 5 Principle 5 Principle 5 3
C11 C11 3

23 7 5 3

Heuristic Usefulness - Scott and Amundsen Heuristic Usefulness - Steam Blast Heuristic Usefulness - Supplier Relations Heuristic Usefulness - Turbine Blade Tip

Lowest Scoring - Developing World Indicators Total:  Lowest Scoring - Foot and Mouth     Total:  Lowest Scoring - Fuel Vent Valve     Total:  Lowest Scoring - Product Lines    Total:  

Heuristic Usefulness - Developing World Incubators Heuristic Usefulness - Foot and Mouth Heuristic Usefulness - Fuel Vent Valve Heuristic Usefulness - Product Lines

Lowest Scoring - Turbine Tip Clearance  Score:  Lowest Scoring - Scott and Amundsen     Total:  Lowest Scoring - Steam Blast      Total:  Lowest Scoring - Supplier Relationships Score:  

Highest Scoring Heuristics                       Lowest Scoring Heuristics
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Highest Scoring Heuristics - Relevance to the Case Study

Not Relevant
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Very Relevant

14.3%

26.9%

14.3%
20.0%

41.2%

20.0%
14.8%

23.1%

19.0%

19.2%

28.6% 16.0%

23.5%

32.0%
37.0%

30.8%

66.7%

53.8% 57.1%
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Case Studies – Complex or Complicated?
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Average Rank Order Position of Heuristics C1 to C16

Assessor A

Assessor B

Assessor C

Assessor D

Assessor E

Lower score for these "Complicated" Heuristics
might imply the problem is more "complicated" 
than "complex". There are no really low scores
(These heuristics C1 to C16 typically were
scored for relevancy in the DAT in the lower 
half of the 67 heuristics), suggesting the case
studies are more "Complex" than "Complicated"

Heuristics C1 to C16 were 
selected for their applicability 
to both Complex and 
Complicated Systems. 
The DAT results showed that 
the scatter between 
assessments did not allow 
the rank order of these 
heuristics to distinguish 
between “complex” and 
“complicated” case studies

AP



Observations
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Observation
You have to be careful in interpreting the DAT – there seems to be an inbuilt assumption that change is bad, but 
there are situations where the inability to change is the problem.
Fixing or avoiding problems can require significant change (to Organization, Process or Technology), but change 
is hard, and it is difficult to assess the impact of changes, but if you do not change, you continue with the problem. 
Definition of Stupidity – Knowing what to do but not doing it (vs Definition of Madness – doing the same thing and 
expecting a different result).
DAT questions cannot cover everything, particularly different perspectives on the system.
Difficulty in doing the case studies is the timeline, mainly what was known when looking with the benefit of 
hindsight.
Note the issue of a change in one part of a system affecting the assumptions made elsewhere, e.g. both Foot and 
Mouth (changes to abattoir locations and size invalidated transmission assumptions), and Turbine Tip Clearance 
(change in turbine component changed the key attribute concern in the interface between combustor and turbine 
sub-systems).
Principle 5 applies to the DAT itself - because in the end, this model is only recommending, and reality tells you 
which heuristics apply.

RB



Conclusions
• “Match – Mismatch Analysis” and “Sum of Delta between Ranking by Assessors” seem to 

show the most promise for differentiating between types of system issues, but further 
investigation is needed.

• Team Assessments (Assessors A and C) seem to show more consistency that Individual 
Assessments (Assessors B, D and E). The study has insufficient assessments to draw a 
statistically relevant view of Team vs. Individual assessments, but it is hypothesized that the 
discussion and rationale development in a team environment should produce a more 
consistent outcome. Just using the tool in a team discussion may be more valuable than 
the output of the tool!

• There is some consistency in the identification of the most relevant heuristics for all case 
studies for the five assessments. This gives support to the use of the DAT to provide good 
recommendations at the start of the development of a complex system

• There is less consistency in the identification of the least relevant heuristics. This may not 
be an issue in the relevance or applicability of the DAT
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Conclusions – Future Work
• To arrange for other teams of various sizes to assess the eight case studies to see if team 

size is a differentiator.
• To identify additional Case Studies (Appendix B is Problem Statement for an additional 

example).
• To investigate the nature of the situation (Simple, Complicated, Complex or Chaotic) for 

each of the Case Studies to see if this has any bearing on the different assessment scores 
and the consistency of the scores. For example, the Foot and Mouth case study has 
previously been reported as being a Chaotic situation (Kemp et al, 2015, Table 13, F12)

• Apply the DAT tool to new, real-life problems, apply the recommended Heuristics, and upon 
completion of the work, assess how useful and applicable the recommended Heuristics 
were (there is activity in the Working Group looking at this).

• To apply additional analytical approaches (e.g. Large Language Models and Big Data 
Analytics) to address the subjectivity associated with humans using the DAT tool (in itself a 
complex system) and/or to improve the DAT tool.
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Questions?
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Please contact us if you would be prepared to assess the eight case studies, 
either as an individual assessor or (preferred) to perform a team assessment. 
We need your help!!!

Please let us know if you have case studies that you would like to add to the 
analysis. This is not a heavy burden – just a description of the problem 
(background) and outcome. The hard part is summarizing the case study in an 
understandable form in a couple of pages. Remember the Churchill story – 
that was a long speech – yes, I didn’t have time to make it shorter!

Please also let us know if you would like to use the DAT GNOSIS tool to 
assess a current problem, receive Heuristics advice and provide feedback 
about the value of the advice provided by the tool.

AP
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