Contents

Preface ... XV
INtroduction ... ————— xvii
Chapter 1: The Clockwork Universe .........cccccviiriiininnninnninnnnnnnns 1
1.1 Weather or NOot .......oooiiiiiiii e 2
1.2 Aboutthischapter ........ccoooii 3
1.3 The mechanistic worldview ............ccccoeiiiiii . 4
1.4 Crisis management and mechanistic change .................... 8
1.5 Behavioral change management ..............cccccceiiiniiiinnnen. 11
1.6 Cracks in the CloCKWOrK ........ccoooiiiiiiiiiiiii e 14
1.6.1 Inability to predict the results of our changes....... 15

1.6.2 Teflonchange ............cocooeii 15

1.6.3 Non-repeatability of results ..............cccoiiiinis 16

1.6.4 Old organizational structures .............................. 16

1.6.5 Complexity of change ........ccccoeeviiiiiiiiiiiiiiie, 16

1.6.6  The cure can be worse than the disease ............ 17

1.6.7 The wall of measurability ...........ccccooiiiiiiiiiinnnn. 17

1.6.8 Chickensand eggs .......cccceeeeieiiiiiiiieiiieeeeeeeee, 18

1.7 SUMMANY oo 19
1.8 Wheretogofromhere ........cccooviiiiiiiiiiiiiie, 20
1.9 Suggested furtherreading .........cccooeeeiiiiiiiiiiii, 20
Chapter 2: A New Worldview .........cccceeviiiiiiiiiciiccenrcenrnensnnnnnn, 21
2.1 Acrisis Of perception .........cccccvvvvviiiiiiiiiiiiis 22
2.2 About this chapter .......cccoocoeiiiiiiii e 23
2.3 The systems WOrldVIEW ..........ccccuuiiieiiieiiiiiiiiieieee e 24
2.3.1  The systems VIEW ........ccccviiieiiiiiiiiiiiiiieeeee e 24

2.3.2 Living SyStems ......cccoooiiiiiiiiiii e 27

2.4 Need for deeper understanding .............oevvvevvviiviiiiviinnnnnnn, 40
2.4.1 Building the perfect machine ............................... 41

242 The costof the machine ...........ccoccoiiieeeeenininn, 43

24.3 Adifferentpath ......coooooiiiiiiiii, 43

2.5 SUMMAIY ..eiiiiiiiiiie e 46
2.6 Wheretogofromhere ...........ooccooiiiiiiiiiiiiiiiieee 48
2.7 Suggested further reading .........cccoeeeeeieiiiiiiiiee 49



vi

Table of Contents

Chapter 3: The Systems Thinking Language .........cccccceveennnnnn. 51
3.1 Learning the language of the systems thinker .................. 52
3.2 About this chapter ........ccooooiiiii 54
3.3 Why create causal loop diagrams? ..............ccccceeeein. 56

3.4

3.5

3.6
3.7
3.8

3.3.1  Causal loop diagramming helps us uncover
our tacit mental models of how systems

(o] 0= = | (= Y 57
3.3.2 Causal loop diagramming helps us see

dynamic complexity ........ccoccuveeeieineiiiiiiiieeeeeennn 58
3.3.3 Causal loop diagramming helps us uncover

“fuzzy” dynamics of a current situation ................ 58

3.3.4 Causal loop diagramming helps us examine

chronic, recurring problems from a systems

point of VIEW ... 59
3.3.5 Causal loop diagramming helps us build

quality computer-based models, simulators,

and learning laboratories ..........cccccooeeviviiiiiceeenn. 60
3.3.6  Causal loop diagramming helps us identify

where and how we can best change system

bEhaVIOr ..oovviieeei e, 60
Causal loop: the sentence construct ..........cccccvvvvvviiivnnnnnes 61
3.4.1  Domino thinking .........oevveiiiiii 62
3.4.2 Causal loop thinkKing .........eeeveiiiiiiiiiiiiiiiiiiiiiiiiienes 64
Guidelines for naming and relating variables ................... 67
3.5.1  Give variables names that indicate what is

quantifiable ... 68
3.5.2  Select variables that change over time ............... 68
3.5.3 Name variables as NOUNS .........ccccceeeviieciiieiieeennn, 69

3.5.4 Note whether the cause variable as a
“same” and “opposite” relationships with the

effect variable ..........ccccciiii 69
3.5.5 Use positive or neutral language when

naming variables ...........ccccoceeiiiii 71
3.5.6 Use intermediate variables to clarify

uncertain relationships ........ccccoiiiiiinn, 72
3.5.7 Use “thought bubbles” to improve the

meaning of relationships .....................col 74
3.5.8 Identify both positive and negative effects

between variables ... 75
SUMMAIY .oiiiiiiiiiiiiiiiiiiii i a—a e aaaraaaaaaaaaaa 77
Wheretogofromhere .............cooooi 78

Suggested further reading ..........cccccvvvvviiiiiiiiiiiiiiins 78



Table of Contents Vi

Chapter 4: Causal LOOPS .....ccccocciiiiiiiiiiriirrrrrrrrrrrss s 79
4.1 The building blocks of systems thinking ............ccccccoon. 80
4.2 About this chapter ... 80
4.3 Balancing loops — stability and self-regulation ................. 81

4.3.1  Work intensity dynamic ..........cccceeiiiiiiiniiiiennennnn. 85

4.3.2 Staff level dynamicC ..., 86

4.4 Reinforcing loops — growth and decline ........ccccccoeeeeeee. 87

441 Company caste system ..........ccccceei 89

4.4.2 Software Crisis .......ccccccevieeiiii 90

4.4.3 Relating work intensity to software errors ........... 91

4.4.4 Delivering software ..........ccccoiieeiiiiiiiiiieeeeen 93

445 Theory Xand Theory Y .....ccoooooiiiiiiiiiiiiiiineeinns 94

4.5 Delays, delays, delays .........cccoooiiiiiiiiiiiiniieee 98
4.51 Delays cause people to over-reacting to

observed conditions ........cccoeeeiiiiiieeee 99

4.5.2 Peopleactasifdataiscurrent .......................... 102

4.5.3 Delays inhibitlearning .........cc..ccovveviiiiiiiiiieeeeenns 103

4.6 Combining loops to create greater meaning .................. 104

4.6.1 Balancing project schedules and costs ............. 105

4.6.2 Project commitment process .........cccccccveeeeeenenn. 107

4.7 SUMMATY ..eiiiiiiiiieeeieiiee e e e e e e eeeeeeeeaan 115

4.8 Wheretogofromhere ... 116

4.9 Suggested further reading ........oooovvviiiiiiiiiiiiiii 116

Chapter 5: A New Look at the Classic Stories in

Software Engineering ........ccccovviiiimmmmnnnssssnnss s 117
5.1 Naturallaws of asystem ............ccccciiiiiiiiiiiiiiieee, 118

5.1.1  All systems have natural laws ...............cccuuueee. 119
5.1.2 Natural laws establish the consequences of

(o8] =T (o] 1 S 119
5.1.3 Natural laws are inviolate .............cccccceeinnnnnnne. 119
5.1.4 We can delay the consequences of a

system’s natural laws, but not forever ............... 119

5.2
5.3

5.1.5 Our limited understanding of system
dynamics inhibits our ability to discover the

natural laws that are in effect ...........cccccoeoevnl 120
5.1.6 Delays inhibit learning ........cccccccvviiiiiiiiiiiininnnnnnn. 120
About this chapter ... 121
Drifting Goals archetype .........cccccoiiiiiiiiiiiie 122
B.3.1  Structure ....oooeveiiie 122
5.3.2 Behaviorovertime ........cccocooiiiiiiiiiiiiiiiiiiieee, 124

5.3.3 Examples in software engineering .................... 125



viii Table of Contents
5.3.4  Strategies for resolving situations created by

this archetype ........cccoviii e 129

5.4 Fixes that Fail archetype .........ccccooiiiiiiiii 131

541 SHUCIUrE .....ooviiiiiiie e 131

5.4.2 Behavior overtime .......cccccccvevvviviveviveeiiiiiiinninnns 132

5.4.3 Examples in software engineering .................... 133
5.4.4  Strategies for resolving situations created by

this archetype ........eeiiiiiiiic 136

5.5 Shifting the Burden archetype ..........cocciiiiiiiiiiiiniiiee. 138

551 Structure ... 139

5.5.2 Behaviorovertime .........cccoooiiiiiiiiiiiiies 140

5.5.3 Examples in software engineering .................... 141
5.5.4  Strategies for resolving situations created by

this archetype ........ceiiiiiiii . 144
5.6 Success to the Successful archetype — Pygmalion at

WOIK o 145

5.6.1  StruCture ..o 146

5.6.2 Behavior overtime ........cccoccvvvvvviviviviviiiiiiiinnninnns 147

5.6.3 Examples in software engineering .................... 148
5.6.4 Strategies for resolving situations created by

this archetype ... 151

5.7 Limits to Growth archetype .........ccccccoiiiiiiiiiis 152

571 SHUCIUIE ..ooeeiiiiiiieeees 153

5.7.2 Behaviorovertime ..........ccccccoiiiiiiiiiieiiiinnninns 153

5.7.3 Examples in software engineering .................... 154
5.7.4  Strategies for resolving situations created by

this archetype ........oeeiiiiiii e, 159

5.8 SUMMAIY ..ooiiiiiiii e 160

5.9 Wheretogofromhere .......cccooviiiiiiiiiiiiiiiie 161

5.10 Suggested furtherreading ... 163
Chapter 6: Constructing Causal Loop Diagrams (CLDs)

to Learn About Current Situations .............ccceviemmnniniciiinne 165

6.1 The traditional software development landscape ........... 166

6.2 About this chapter ... 167

6.3 Requirements for a diagramming method ...................... 168

6.4 The diagramming ProCess .......ccccevvveeerreerriiiiiieeeeeeeennnnnnn, 169

6.4.1  Phase 1: Understand the situation ................... 171

6.4.2 Phase 2: Create a BOT graph .........cccceeeeeernnns 174

6.4.3 Phase 3: Diagram .......cccccccooiiiiiiiiiiies 178

6.4.4 Phase 4: Check results .........cccccooriiiiiiiniiinnnnns 180

6.5 EXample SCeNArio .......cccceviiiiiiiiiiiiiee e 181

6.5.1 Iteration 1: The production process ................... 181



Table of Contents ix

6.5.2 Iteration 2: Effects of defects on the

pProduction ProCess .......cccccevveeeveeeiieeeeeeeeeeeeeeeeenn, 194
6.5.3 lIteration 3: Introduction of process

improvement ..........ccvciiiiiiei e 201
6.6 Diagramming dos and don’tS .........cccccceviiiiiiiiiiieneennnnne 208
6.7 SUMMAIY ..oeiiiiiiiiiieiie e 210
6.8 Wheretogofromhere ...........cccooviiiiiiiiiiiiiiiieeee, 211
6.9 Suggested furtherreading ... 211

Chapter 7: Using Causal Loop Diagrams (CLDs) for
Intervention ... —————— 213
7.1 The whole picture ...........cooevviiiiiiieeeeeeee, 214
7.2 About this chapter ... 215
7.3 Systems-based intervention strategies ...............c.......... 216
7.3.1  Break linKs ..o 217
7.3.2  AdAIINKS ..ooveiiiiiieie e 218
7.3.3 Shorten delays ......cccccooeeiiiiiiiiiiiiiiiceiceeeeee e, 219
7.3.4 Reverse Vicious CYClesS ...........cccuuvummuuuninneiinnnnnnss 220
7.3.5  AREr poliCies ......ccccvvvueimueiiiiiiiiiiiiiiiiieees 221
7.4 Modifications to the diagramming process .........cccc........ 222
7.4.1  Phase 1: Understand the situation .................... 222
7.4.2 Phase 2: Create a BOT graph ........ccceeeeeeiinnnns 224
7.4.3 Phase 3:Intervene .........ccccccoeeiiiiiiiiinnns 226
7.4.4 Phase 4: Checkresults .........cccooeciiiiieeeeeennnnns 229
7.5 Example scenario ........ccccoeiiiiiii 230
7.5.1 lterations 1 and 2: Diagramming the System .... 231
7.5.2 lteration 3: The Intervention ............ccccccccnnnnee. 242
7.6 Intervention dos and don’ts ..........ccccceiiiiie, 253
7.7 SUMMACY oot e e e 255
7.8 Wheretogofromhere ........cccooiiiiiiiiiiiiieee 257
7.9 Suggested furtherreading ..............ccoooiii 258
Appendix A — Diagramming Method Process .......ccccccceeeeees 259
References ... 265
INAEX .. 271



Figures

Chapter 1: The Clockwork Universe

Figure 1.1:

Figure 1.2:
Figure 1.3:

Arnaldo Pomodoro’s “Spheres within

Sphere” at Trinity College, Dublin ..................... 6
Event-based problem-solution focus................. 9
Patterns of behavior-based problem-

SOIUtioN fOCUS ...coveiiiiieeee e 12

Chapter 2: A New Worldview

Figure 2.1:
Figure 2.2:

Systems-based problem-solution focus .......... 26
Nonlinear relationship of schedule
pressure to productivity .........ccccceeeeiiiieinieinnnnn. 34

Chapter 3: The Systems Thinking Language

Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:
Figure 3.5:

Figure 3.6:

Figure 3.7:
Figure 3.8:

Figure 3.9:

Figure 3.10:
Figure 3.11:
Figure 3.12:
Figure 3.13:
Figure 3.14:
Figure 3.15:

Figure 3.16:

Living system dynamics ...........ccccceeeeevniininnnn. 56
Domino thinking’s “chain” of events ................ 62
Cause-and-effect diagram example ................ 64
Simple causal 100p ..........eevvvivviiiiiriiiiiiiiiiiniians 65
Completing a feedback loop in the

fishbone diagram example .............................. 66
Production level problem in causal loop

SITUCIUIE ..o, 67
Two kinds of relationships............ccoeeeeeeeiennn. 70
Linear and nonlinear “Same”

relationships between variables ..................... 70
Linear and nonlinear “Opposite”

relationships between variables....................... 71
Negative Naming .......ccccoviiiiiiiiiiiieeeee 71
Positive naming ... 72
Work intensity affects on productivity (1) ........ 73
Work intensity affects on productivity (2) ........ 73
Work intensity affects on productivity (3) ........ 73
Two kinds of relationships with thought

bUbDIES ... 75

Work intensity having both positive and
negative effects on productivity ...................... 76



List of Figures Xi
Figure 3.17: How staffing level have positive and
negative effects on productivity ....................... 76
Chapter 4: Causal Loops
Figure 4.1: Template and BOT graph for a balancing
o To o T 83
Figure 4.2: Furnace thermostat control ..............ccccvveeeeee. 83
Figure 4.3: Meeting a project schedule by adjusting
WOrK intenSity......oooeevviiiicie e 85
Figure 4.4: Meeting a project schedule by adding
more staff ... 86
Figure 4.5: Template and BOT graph for a
reinforcing 100P .......vvvvieiieie e 88
Figure 4.6: Population growth...........ccccciiiiiiiiiiiins 89
Figure 4.7: Company caste system........ccccoeeeeeieeiieeieeennnnn. 90
Figure 4.8: Will the software crisis ever end? .................. 91
Figure 4.9: Effects of work intensity on software
defeCtS ... 92
Figure 4.10: Knowing when to deliver the software.............. 94
Figure 4.11: Theory Xand Theory Y ......cccccoviiiiiiieenneennnne 95
Figure 4.12: Simulating delays in a drunk driver
steering a vehicle ... 100
Figure 4.13: Delays in meeting a project deadline by
adding staff.......cooooioiii 101
Figure 4.14: Balancing project cost and schedule
Lo T 1V - T 106
Figure 4.15: Domino commitment process...........ccccuuee.e. 108
Figure 4.16: Project commitment cycle ...............cccoeeennee. 109
Figure 4.17: Achieving project goals ..........ccccccevvieeiiennnen. 110
Figure 4.18: Project commitment process..........ccccccoeenee 111
Chapter 5: A New Look at the Classic Stories in
Software Engineering
Figure 5.1: Drifting Goals archetype structure................. 123
Figure 5.2: BOT graph for the Drifting Goals
archetype.....oocci 124
Figure 5.3: Eroding process adherence ...........ccccoceeeeeees 126
Figure 5.4: Drifting software quality goals ....................... 128
Figure 5.5: Fixes that Fail archetype structure ................ 132



Xii List of Figures
Figure 5.6: BOT graph for the Fixes that Fail
archetype......ooooiiiiii e 132
Figure 5.7: Adding staff to a late project............ccceeeeeeen. 134
Figure 5.8: The unreasonable schedule.......................... 135
Figure 5.9: Legacy software systems...........cccccceviinnnne. 136
Figure 5.10: Shifting the Burden archetype structure......... 140
Figure 5.11: BOT graph for Shifting the Burden
archetype....co v 141
Figure 5.12: Addiction to heroics.........ccceeveveiiiiiiiiiiiiieeee. 142
Figure 5.13: Pressure to produce...........ccccevvviieieeeeeeeennnn, 143
Figure 5.14: Success to the Successful archetype
SIrUCIUIE .., 147
Figure 5.15: BOT graph for the Success to the
Successful archetype ........ccccccceiinnnnnne. 148
Figure 5.16: Product development versus process
improvement.........cccccceeei i, 149
Figure 5.17: Starving product lines..........ccccevvvviiiiiiinnnnnnn. 151
Figure 5.18: Limits to Growth archetype structure............. 153
Figure 5.19: BOT graph for the Limits to Growth
arChetype. ... .ue e 154
Figure 5.20: Search for defects ..., 155
Figure 5.21: Development resource constraint.................. 156
Figure 5.22: Process improvement paradoX...................... 158
Chapter 6: Constructing Causal Loop Diagrams (CLDs)
to Learn About Current Situations
Figure 6.1: The four phases to evolving a causal
ToTo] o Jo [ F=To =1 o AU 171
Figure 6.2: Example Behavior over Time (BOT)
GrapPh o 177
Figure 6.3: Scope documMeENt .........ceeviiiiiiiiiiiiiiieeeeee e 183
Figure 6.4: BOT graph #1 for the CAMBER project ........ 187
Figure 6.5: Senior management’s mental model............. 188
Figure 6.6: Profitability growth cycle...........ccccccoiiinnnnn. 189
Figure 6.7: Limits to profitability growth............................ 192
Figure 6.8: BOT graph #2....ccoovvvveeiiieiieeeiieeeeeeeeeeeeeeeee, 196
Figure 6.9: Defects inhibit production growth .................. 197
Figure 6.10: Defect growth cycles .........ooovvvvvieviiivvieeennneee, 199
Figure 6.11: BOT graph #3....coovvviieiiieeieeeeeeeeeeeeeeeeeeeeee, 203
Figure 6.12: Process improvement effect on

production growth............ccoeeciiiiieiiininns 204



List of Figures Xiii

Figure 6.13: Process improvement effect on defect
(=Yo [1 o (o] o 1S 205
Figure 6.14: Limits to process improvement...................... 207

Chapter 7: Using Causal Loop Diagrams (CLDs) for
Intervention

Figure 7.1: Views of a situation .............cccccceiiiniinnnen. 215
Figure 7.2: Effects of pressure to be productive on

sound engineering practices ............ccccvuveen. 220
Figure 7.3: Scope document ...........ceeeeiiiiiiiiiiiiee e 232
Figure 7.4: Initial BOT graph for the GoDB program....... 235
Figure 7.5: Linking key variables .............ccccocviiiiiiiininnnnes 236
Figure 7.6: R1 - Ballooning system-level test time .......... 237
Figure 7.7: R2 - Eroding time to fix defects .................... 238
Figure 7.8: R3 - Eroding confidence in product

QUANIEY - 239
Figure 7.9: B1 and B2 - Pressure release valves............. 240
Figure 7.10: R4 - Backfire on the pressure release

VAIVES ..o 241
Figure 7.11: GoDB program interface diagram ................. 243
Figure 7.12: Revised BOT graph with projected trends..... 245
Figure 7.13: Desired dynamic structure.............ccccuvvvuneeeee 251



Xiv List of Tables

Tables

Chapter 2: A New Worldview
Table 2.1: Example system hierarchies .................... 25

Chapter 6: Constructing Causal Loop Diagrams
(CLDs) to Learn About Current Situations
Table 6.1: Zortek CAMBER project storyline........... 185

Chapter 7: Using Causal Loop Diagrams (CLDs) for
Intervention
Table 7.1: GoDB storyline.........coovveeeiiiiieiiieei, 233
Table 7.2: Intervention traceability matrix................ 250



