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Who AM I?
 Goal Systems International (Senior Partner)

 Author of several books

Bill Dettmer
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What we’re going to talk about…

 A quick review of systems thinking and constraint management
principles (:05 minutes)

 Questions and Answers about the June WebEx session
( :10 min)

 Introduction to the Logical Thinking Process (:40 min)
 How it fits in with systems thinking/constraint management
 The five logical tools

 Q & A ( :05 minutes)

 A couple of simple exercises ( :25 minutes)
 Evaporating Cloud (conflict resolution)
 Negative Branch (“law of unintended consequences”)

 “Last chance” Q & A ( :05 minutes)

…over the next hour
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What is the Systems Approach?
Based on THREE concepts…

Holistic thinking (No part of the system is “an island”)

The whole is not the sum of its parts
 Interactions—interdependencies—among components are as important,

or more important, than the performance of the components themselves
 The whole system can’t be managed effectively by suboptimizing

Avoiding Suboptimization
 Not all components are “created equal”
 Some may accept inefficiencies so that more critical components can

succeed
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REAL systems can be
VERY complicated…
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The Concept of System Constraints

Systems are analogous to CHAINS
Every chain has ONE weakest link

A part that limits what the whole chain can do
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Weakest Link…An Opportunity

If the weakest link (constraint) limits the
system’s potential the most…

…then if it can be improved, it should also provide
the best opportunity to MAXIMIZE

system performance
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Types of Constraints
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THIS factor is usually

behind obvious problems
in other areas
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The Five Focusing Steps
for System Improvement

1. Identify the constraint
2. Exploit the constraint
3. Subordinate everything else
4. Elevate the constraint
5. Go back to step 1

Goal Systems International
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SYSTEMSYSTEM

OUTPUTSINPUTS

Feedback loop
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Questions…

…on what I’ve covered so far,
or on anything that mentioned

in our June session?

Goal Systems International
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Impacts
of

Decisions…

…can be
far-reaching

Financial
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“The chief cause of problems
is…solutions!”

—Sevareid’s Law

Financial
Office

Human
Resources Engineering

Production

Marketing
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Wurtzburg Corporation
A notional example

 Sales slightly declining for two years

 Expenses up, profits down for three straight years

 Long backlogs in production

 Difficulties in retaining qualified production operators

 Few customers
 All long term
 18+ months to develop new ones

 Two biggest customers (55% of revenue) leaving in six months
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What’s Wurtzburg’s Problem?

Could these diverse problems be connected?

If so, which one is the critical root cause of all the
others?

How would we go
about finding out?
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Policy Constraints

Underlie almost all other kinds

A conscious decision on how business will or will not be
done

Maybe discretionary or imposed
We decide
The law requires…

An unconscious acceptance of historical practices
 “This is the way we’ve always done it…” or
 “We don’t do things that way.”
Thinking “inside the box”
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Wurtzburg Corporation

 “We are a metal-stamping company.”
 Reason given for not investing in laser-cutting technology

 “We can only satisfy customers (to our standards)
within 100 miles.”
 Reason given for not extending target marketing area

Goal Systems International
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These are Wurtzburg’s self-imposed policies…

They were SYSTEM CONSTRAINTS.
They were not immediately obvious,

and the company did not understand their full impact.
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How do we…

 Identify and manage system constraints that are:
 Not physical (not visible)?

 Not easily measurable?

 Apply to more than just manufacturing systems?

 Pervade the organization (complex interdependency)?

Analyze complex system interactions?
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The Logical Thinking Process

A set of FIVE logic trees

A set of EIGHT rules that govern logical connections

Provides the answers to the only three questions
managers ever need to know…
WHAT to change?
What to change TO?
HOW to make the change happen?
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The Rules of Logic
(Categories of Legitimate Reservation)

1. CLARITY
2. ENTITY EXISTENCE
3. CAUSALITY EXISTENCE
4. CAUSE INSUFFICIENCY
5. ADDITIONAL CAUSE
6. CAUSE-EFFECT REVERSAL
7. PREDICTED EFFECT EXISTENCE
8. TAUTOLOGY (circular logic)
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The Logic Trees

Intermediate Objectives (IO) Map
What SHOULD we be trying to accomplish?

Current Reality Tree (CRT)
What’s happening that we don’t like?
What are the critical root causes?

Evaporating Cloud (EC)
What conflict inhibits problem solution?
What do we do about it?

Future Reality Tree (FRT)
How do we know the solution will work?

Prerequisite Trees (PRT)
How do we implement solutions?
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Intermediate (IO) Objectives Map

Establishes:
Overall system goal
Critical Success Factors

(CSF)
Necessary Conditions (NC)

Determines the standard
of performance required
of the system
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Current Reality Tree (CRT)
Identifies measurable

deviations from the IO Map

Traces an unbroken chain of
cause-effect back to critical
root causes
Usually includes the system

constraint

Identifies the fewest factors
guaranteed to deliver
maximum benefit to the
system
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Evaporating Cloud (EC)

Change usually elicits
“pushback” from someone
Somebody wants to leave the

status quo alone

Affords the possibility of a
“win” for both sides

Helps develop a third
alternative to satisfy the
requirements of both sides
 “Injection”
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Future Reality Tree (FRT)

Ideas are NOT
solutions
Will they work?
Will they cause more

problems than they
solve?

FRT logically projects
outcomes of proposed
ideas before resources
are committed

Goal Systems International
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Prerequisite Tree (PRT)

How to make change
happen successfully?
What are the non-

negotiable component
tasks?

What obstacles must be
overcome (and how)?

PRT creates a sequenced
implementation activity
network

Goal Systems International
24
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The
“Big Picture”

 The FRT shows how
changes unfold
 Automatically, like

dominoes falling

 The PRTs provide the
detailed execution
process
 Discrete action required

(Intermediate Objectives)

Goal Systems International
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The Source…
(Publication date: August 28, 2007)
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Thinking Process Symbology
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Categories of Legitimate Reservation
Let’s look at these in a little more detail…

1. Clarity
2. Entity Existence
3. Causality Existence
4. Cause Insufficiency
5. Additional Cause
6. Cause-Effect Reversal
7. Predicted Effect Existence
8. Tautology (circular logic)
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Categories of Legitimate Reservation
Clarity, Entity Existence, Causality Existence

1. CLARITY – The complete
understanding of what has been said.

2. ENTITY EXISTENCE – A valid,
complete expression of a single idea.

3. CAUSALITY EXISTENCE – A direct,
unavoidable causal connection

Goal Systems International
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The production
process is bad.

What does “bad” mean?

Water runs uphill.

Is this really true?

Examples

The driver
falls asleep.

The car’s
engine stops.

If…

…then…
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Categories of Legitimate Reservation
Cause Insufficiency, Additional Cause

4. CAUSE INSUFFICIENCY – Two or
more contributing causes required

5. ADDITIONAL CAUSE – A separate,
independent cause of the same effect

Goal Systems International
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Examples

If…

…then…

We have
ignition.

We have a fire.

We have
fuel. ?????

…and… (What’s
missing?)

A tornado
hits.

The house is
destroyed.

We have an
earthquake.If…

…then…

If…
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Categories of Legitimate Reservation
Cause-Effect Reversal, Predicted Effect Existence

6. CAUSE-EFFECT REVERSAL – The
cause is really the effect, and vice-
versa

7. PREDICTED EFFECT EXISTENCE –
A separate, independent effect
attributable to the same cause

Goal Systems International 31

Examples

If…

…then…

I have pain in my
lower right side.

I have
appendicitis.

Unemployment
rises.

The economy
is in recession.

My house
doesn’t sell.

?

If…

…then… …then…

© Goal Systems International, 2007
All rights reserved
© Goal Systems International, 2007
All rights reserved

Categories of Legitimate Reservation
Tautology

8. TAUTOLOGY (circular logic) – The existence of the effect is offered
as the rationale for the causal relationship

Goal Systems International
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Example

I sleep with
a cross.

Vampires stay away
from me at night.

I wear garlic
around my neck.

If…

…then…

…and…

Q: “How do you know the
garlic and cross are the
causes?”

A: “You don’t see any
vampires, do you…?”
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The Five Logic Trees
Let’s look at these in a little more detail…

Intermediate Objectives (IO) Map

Current Reality Tree (CRT)

Evaporating Cloud (EC)

Future Reality Tree (FRT)
Negative Branch (NB)

Prerequisite Tree (PRT)

Goal Systems International
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Constructing the Logic Trees
Time required…

Throwing manpower at it only helps up to
a point
 Two are better and faster than one
 Three are slightly worse than one
More than three slows the pace to “glacial”

Goal Systems International
34

My observation is that whenever one person is found
adequate to the discharge of a duty by close application
thereto, it is worse executed by two persons, and scarcely
done at all if three or more are employed therein.

—George Washington
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Intermediate Objectives (IO) Map
Reflects the ultimate desired system outcomes

Goal (as defined by the owners of the system)
Critical Success Factors (3-5 key terminal outcomes)
Necessary Conditions (key supporting intermediate results)

Time to construct: 30 – 90 minutes
Remember George Washington’s admonition!

Goal Systems International
35
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Intermediate Objectives (IO) Map
(Example)

Goal Systems International
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Goal

Critical Success
Factors (CSF)

Necessary
Conditions

(NC)

The IT
Corporation
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Current Reality Tree (CRT)

A “snapshot” of reality—NOW!

Undesirable Effects (UDE) at the top
Specific, verifiable statement of deviation between CSF

(from IO Map) and what is happening NOW

Critical Root Causes (CRC) at the bottom
Usually a policy or practice that motivates action within the

system

Continuous chain of cause and effect connecting the
UDE with the CRC

Goal Systems International
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Current Reality Tree (CRT)
 CRT indicates sequence, not

time

 The example shown here is
very simple

 The CRT you have in your
handout materials (the
Challenger accident) required
14 years to unfold

 Time to construct: 2-4 hours or
more
 Complexity-dependent

Goal Systems International
38
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Evaporating Cloud (EC)

Used to resolve conflict or contention

Normally used when proposed change elicits “push-
back”

Structures and displays opposing positions for easier
resolution

Seeks a “win-win” third alternative
Referred to as an “injection”

Goal Systems International
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Evaporating Cloud (EC)
 Objective of the EC is

normally the system goal

 Each Requirement is
normally a critical success
factor
 Conditions/outcomes of

specific actions

 Each Prerequisite is the
action (or policy) perceived
to satisfy the Requirement

 Time required to construct:
15 -30 minutes

Goal Systems International
40

Underlying principles of the Evaporating Cloud

Requirements are non-negotiable (“win-win”)
“There is more than one way to skin a cat”

(GOAL of the
system)

(Critical Success
Factor #2)

(Critical Success
Factor #1)

(Conflict)



8/2/2007

21

© Goal Systems International, 2007
All rights reserved
© Goal Systems International, 2007
All rights reserved

Evaporating Cloud (EC)
The keys to conflict resolution…

Assumptions underlie each side of the conflict
Assumptions are “hidden” (not obvious)
One or more assumptions are invalid

Each side desires to see the conflict resolved

Solutions (“injections”) often require “outside-the-box”
thinking

Goal Systems International
41
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Evaporating Cloud
(EC)

The completed analysis

 Invalid assumptions
highlighted by “”

 Prerequisites P2
replaced

 Injections ensure
satisfaction of R1 and
R2

Goal Systems International
42
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Future Reality Tree (FRT)
A projection of what the future would look like if change

is introduced

A means of “paper” (logic) testing whether proposed
changes will actually deliver the desired results
Opposite of the Undesirable Effects
Satisfaction of the Critical Success Factors (IO Map)

Safeguards against the unwarranted expenditure of
resources in a failed effort
 If you can’t prove it logically, “go back to the drawing board”

Time required: 2-3 hours (complexity-dependent)

Goal Systems International
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Future Reality Tree (FRT)
Example

 No FRT was constructed on
this law in 1986
 FRTs didn’t exist then

 What do you think the missing
Injection might have been?
 “Enforcement” perhaps?

 Do you think an FRT was
completed for the
Comprehensive Immigration
Reform Act of 2007?

 Your handout shows an
example of a more detailed,
real-world FRT

Goal Systems International
44

Was an
“injection”
missing…?

Was the
Desired
Effect

realized?
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Negative Branch Reservation (NB)
“The Law of Unintended Consequences”

Even when Injections are capable of producing the
Desired Effect, they can lead to unanticipated
consequences
Sometimes new problems, often worse than the original one

Negative Branch: Part of the FRT process
 Identify and avoid the “Law of Unintended Consequences”

Goal Systems International
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Negative Branch
Reservation (NB)
“The Law of Unintended

Consequences”

Sometimes the
cure is worse than

the disease

Goal Systems International
46
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Negative
Branch

A Real-World
Example…

that was NEVER done
(but probably should

have been!)

Goal Systems International
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If… …and…

…then…
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Future Reality Tree and Negative Branch

The FRT is where strategy is developed and tested

The Negative Branch is a subset of the FRT that helps
protect against the “law of unintended consequences”

The purpose of these two trees
Solution mapping and testing
NOT implementation

Goal Systems International
48
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Prerequisite Tree (PRT)

 Articulates the component tasks in executing/ implementing
an Injection from a Future Reality Tree

 Differs from an IO Map
 In level of the system addressed

 IO Map – High system (conceptual) level
PRT – operational (working) level

 In level of detail
 IO Map – Terminal outcomes of major system activities
PRT – short-term tasks and activities

 Time required: 30 – 90 minutes
 Depending on availability of content knowledge

Goal Systems International
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Prerequisite Tree (PRT)
 Injection to be implemented

 Obstacles to be overcome

 Intermediate Objectives
 To support Injection

implementation
 To overcome obstacles

 Extends downward to:
 The first component activity that

must be completed, or…
 The most basic thing you know

how to do, or…
 The first obstacle to be overcome,

whichever is lowest

 Your handout shows an example of
a real PRT

Goal Systems International
50
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Questions…

…on what I’ve covered so far?

Goal Systems International
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Before we move on to a “hands-
on” exercise…

© Goal Systems International, 2007
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“Hands-on” Exercises

Evaporating Cloud (conflict resolution)

Negative Branch

Goal Systems International
52
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SAILING A LEAKING BOAT:
ROW OR BAIL?

AN EXERCISE IN CONFLICT RESOLUTION

“Managing around here is like being in a boat
with leak in it… I know I should row or I won't

get anywhere, but if I stop bailing then I'm
going to sink!"

Goal Systems International
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NEGATIVE BRANCH EXERCISE

Anticipating the
“Law of Unintended Consequences”

Goal Systems International
54
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The Negative Branch
Avoiding the “Law of Unintended Consequences”

Scenario
You are the executive head of your national government
You are faced with the imminent threat of terrorist attack
Your security establishment has requested a law to make their

duties more reliable and effective. Provisions include:
Surveillance video throughout all public places in major cities
National identification cards for every citizen
Arrest and holding of suspects for 21 days without formal charge
Warrantless wire-tapping (phones)
Internet / e-mail screening or tracing without judicial warrants
Increases in numbers of security forces

You have some troubling concerns about this requested
law.

Goal Systems International
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The Negative Branch
Avoiding the “Law of Unintended Consequences”

Charter:
Construct a Negative Branch leading logically

to the Undesirable Effects you foresee
happening if the law is enacted

Goal Systems International
56
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Interactive Nature of the TP Tools

 You have a well-developed Negative Branch on the terrorism law
 Clearly, it implies some undesirable potential outcomes
 But clearly, too, it offers some significant potential benefits in improved

security

 As a decision-maker, you are faced with a dilemma
 Support the passage of the law, or
Oppose the passage of the law

 It would be irresponsible to reject one side or the other without a
viable alternative

 Effective resolution of your dilemma requires a “win-win” solution
 And the appropriate Thinking Process tool for that would be…?

Goal Systems International
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The Evaporating Cloud
(applied to REALLY high-level policy issues!)

 Is there ANY doubt in your
mind about whether or
not YOU could resolve
this dilemma in a “win-
win” manner…

 IF you had tools like the
Thinking Process?

 IF you had access to the
content knowledge a
national-level decision-
maker has?

Goal Systems International
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The Logical Thinking Process
Summary

 An analysis and problem-solving tool for complex systems

 Based on the fact that policies rule the operation of systems
 And constraint what the system may do (performance)

 Can be applied to ALL systems
 Large or small
 Political, cultural, or organizational
 Regardless of goal / mission

 The most powerful complex-system analysis tool ever invented

Goal Systems International
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The Logical Thinking Process
Summary

 Use requires:
 Time investment to learn
 System knowledge (“bullets to put into the gun”)

Goal Systems International
60

Without the assistance of a teacher many roads become open to a practitioner, some on the correct path
and some on the incorrect path. It is not for everyone to be without guidance—only a few, and they are
exceptional, can make a journey to wisdom without a teacher.

You must have extraordinary passion, patience, and self-discipline to make a journey alone. The goals
must be understood, and no diversion can be acknowledged or permitted if you are to attain
enlightenment within the sphere of a chosen art.

This is a very difficult road to travel and not many are made for it. It is frustrating, confusing, very
lonely, certainly frightening, and it will sometimes make you think you do not have much sanity left to
deal with the everyday surroundings of your world. Also, there is no guarantee that you will attain
perfection. It must all come from inside you without any preconceived notions on your part.

—Miaymoto Musashi (1643)
(The Book of Five Rings)
Translated by Stephen F. Kaufman, Hanshi 10th dan)
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61“Oh…so you didn’t use the Thinking Process either?”
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“Last Chance…”

Any questions?

Goal Systems International
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“Constructing and Communicating
Common Sense”



Objective

Requirement #1

Requirement #2 Prerequisite #2

Prerequisite #1

ASSUMPTIONS:
1.

2.

3.

4.

ASSUMPTIONS:
5.

6.

7.

8.

“Row or Bail?”

INJECTION #

INJECTION #

© Copyright Goal Systems International, 2007
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NEGATIVE BRANCH #1:
“Anti-Terrorism Law”
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[UNDESIRABLE EFFECT]

NB-01 The threat of
continuing terrorist

attacks in our country
is imminent.

INJECTION
Anti-Terrorism
Law of 200x is

passed.

NB-02 The AT Law of
200x contains a provision
to...



100 NASA leadership
makes cost a prime

consideration in design
and development.

101 The fiscal
environment in

the early 1970s is
austere.

104 NASA awards
contracts to the
lowest bidder

whenever possible.

102 Morton-
Thiokol has deep

experience in Titan
III solid rocket

boosters (SRB).

103 The cost economy
in the Morton-Thiokol
proposal is based on
scaling up the proven
Titan III SRB design.

105 Morton-Thiokol
submits a bid

promising very low
cost.

106 Morton-Thiokol’s
proposal for the SRBs is

lowest in cost but no
better than 4th-rated in
design, development,

and verification.

107 Space shuttle SRB
development is awarded

to Morton-Thiokol
through competitive bid.

108 Morton-
Thiokol assumes
little difficulty in
up-scaling the

Titan III design.

109 Titan II
SRBs use a

clevis-and-tang
design to

connect rocket
motor segments.

110 Morton-Thiokol
designs space shuttle

SRBs with a clevis-and-
tang segment connection.

112 Morton-Thiokol
increases clevis-and-

tang tolerances to make
assembly easier.

111 The substantially increased
scale of the space shuttle

SRBs creates unanticipated fit
problems during assembly.

113 The wider space between
clevis and tang increases the

probability of joint rotation under
the pressure of combustion.

(Critical Root Cause)

210
p.2

202
p.2

Current Reality Tree
“The Challenger Disaster” p.1
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Current Reality Tree
“The Challenger Disaster” p.2

100 NASA
leadership makes

cost a prime
consideration in

design and
development.

113 The wider space between
clevis and tang increases the

probability of joint rotation under
the pressure of combustion.

(From p. 1 )

(From p. 1 )

200 The clevis-and-tang
joint is designed to be
sealed by two O-rings

(primary and secondary)
protected from combustion

heat by zinc chromate putty.

201 Joint rotation
compromises the sealing
characteristics of the O-

rings and putty.

202 The O-rings fail to
provide a consistent,

reliable joint seal at the
aft field joint.

203 Joint rotation produces
a pressure leak at the aft

field joint (where the clevis
and tang connect).

204 Hydrostatic pressure tests
on the SRB casing in 1977

reveal pressure leaking at only
half the pressure expected with

am ignited motor.
205 Combustion leakage

at the aft field joint
presents a critical hazard

to flight operations.

206 Critical flight hazards
(possible loss of life) are

unacceptable.

208 A fix for the
pressure leakage

problem is required.

207 The only realistic fix
options are shimming the

existing design or
redesigning the SRB case.

209 Redesigning
the SRBs from

scratch is
prohibitively
expensive.

210 Marshall Space Flight
Center (NASA) rejects a

redesign as too expensive.

211 Shimming the
existing joints is the
selected solution.

212 In spite of shimming, heat erosion of a
primary O-ring is detected in a SRB after STS-5
(first operational mission) in December 1982.

213 NASA and Morton-Thiokol know that
shimming has not corrected the pressure leak
problem at the O-ring in the SRB aft field joint.

214 Only the
secondary O-ring

remains to
contain internal

booster pressure.
608
p.6

302
p.3

409
p.4
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Current Reality Tree
“The Challenger Disaster” p.3

214 Only the secondary O-
ring remains to contain

internal booster pressure.

(From p. 2 )

300 The aft filed joint had
been originally classified
as redundant because of

the two O-rings.

301 The secondary O-ring
was never intended to

absorb the full pressure of
combustion (i.e., to substitute

for the primary O-ring).

302 The aft field joint, in
reality, no longer has

any redundancy.

303 NASA is
aware of the
persistent
problem.

304 Marshall Space
Flight Center reclassifies

the aft field joint from
redundant to critical.

305 Critical means
loss of life or vehicle
of the component
(primary O-ring)

fails.

307 Reclassification of the aft
field joint is not communicated

throughout Morton-Thiokol.

306 NASA policy now requires the
shuttle to be grounded if evidence
is subsequently detected indicating

primary O-ring failure.

308 Key propulsion engineers never find
out that redundancy has been lost

(primary O-ring integrity now critical).

309 Nobody at Morton-Thiokol has the
information needed to pose a rational

objection to further launches.

405
p.4

510
p.5
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Current Reality Tree
“The Challenger Disaster” p.4

306 NASA policy now
requires the shuttle to be
grounded if evidence is
subsequently detected

indicating primary O-ring
failure.

213 NASA and Morton-
Thiokol know that
shimming has not

corrected the pressure leak
problem at the O-ring in
the SRB aft field joint.

(From p. 2 )

(From p. 3 )

400 NASA space shuttle
manager are under intense

pressure to improve the
public image of the program.

403 NASA has a strong public
relations motivation to avoid

suspending the program.

401 Subsequent space shuttle
flights (1983) are successful in
spite of gas pressure blowing

by the primary O-ring.

402 No serious consequences
of pressure leakage have yet
been observed on previous

launches.

404 NASA shuttle managers
come to consider O-ring
blow-by to be a normal
(acceptable) condition.

405 NASA shuttle managers begin to
routinely waive SRB discrepancies

related to SRB O-ring blow-by.

406 Marshall Space Flight Center’s
problem assessment report on the

aft field joint reads: “Remedial
action required: NONE.”

407 NASA continues operational
space shuttle launches from

1983 through 1985.

408 No further technical
actions will be taken to
correct the aft field joint

problem.

409 The space shuttle and crew
are at substantially increased risk

during all launches after 1982
[UNDESIRABLE EFFECT]

(Critical Root Cause)

508
p.5

508
p.5

508
p.5
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Current Reality Tree
“The Challenger Disaster” p.5

403 NASA has a strong public
relations motivation to avoid

suspending the program.

404 NASA shuttle
managers come to

consider O-ring blow-by
to be a normal

(acceptable) condition.

408 No further technical
actions will be taken to
correct the aft field joint

problem.

309 Nobody at Morton-Thiokol has the
information needed to pose a rational

objection to further launches.

(From p. 4 )

(From p. 4 )

(From p. 4 )

(From p. 3 )

501 O-rings are
known to be stiffer at
lower temperatures.

500 Stiff O-rings take
longer to seat properly

(if they do so at all).

502 Morton-Thiokol engineers
notice a correlation between

severity of hot gas blowing by
O-rings and low air

temperatures at launch.

504 Morton-Thiokol
engineers perceive danger in

low-temperature launches
(less than 53o F).

503 Temperature at launch
time for the 51-L mission is

forecast to be 37o F.

505 Morton-Thiokol
engineers oppose launching

on January 28, 1986.

506 A conference call (35
participants) is convened to

discuss the O-ring and
temperature problem.

507 Morton-Thiokol engineers
vigorously express their opposition

to launching on January 28.

508 NASA shuttle
managers “shout down”

the opposition of Morton-
Thiokol engineers.

509 Morton-Thiokol engineers
have only their gut-feel to

substantiate their concerns.

510 Morton-Thiokol vice-presidents
(participating on the conference

call) overrule their own engineers.

600
p.6
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Current Reality Tree
“The Challenger Disaster” p.6

510 Morton-Thiokol vice-presidents
(participating on the conference

call) overrule their own engineers.

(From p. 5 )

600 NASA and Morton-Thiokol reach
consensus to go ahead with the launch

of STS-51-L on January 28, 1986.

601 Launch sequence
commences at 11:38am EST.

602 Challenger’s main engines (liquid-
fueled) ignite and build to full thrust (7

seconds) before ignition of SRBs.

603 Challenger’s left and right
SRBs ignite seven seconds after

main engine ignition.

605 Combustion
pressure builds

rapidly within the
SRBs.

604 Challenger lifts off.

607 Cold air temperatures for
the previous 12+ hours stiffen
the primary O-ring in the aft
field joint on the right SRB.

606 The last chance
to save the crew and

vehicle is gone.
[UNDESIRABLE EFFECT]

608 Aft field joint
rotation occurs
on the SRBs.

609 Sealing of the aft field joint on
the right SRB fails along a

significant length of the O-ring.

610 Seven-tenths of a second after
SRB ignition, an exceptional amount of
hot exhaust gas blows by the primary
O-ring on the right SRB aft field joint.

611 The secondary O-ring cannot
withstand the heat of the blow-by.

612 The secondary O-
ring is burned through.

613 Over the next 70 seconds, a
substantial amount of combustion gas
leaks out of the right SRB aft field joint.

213 Shimming has
not corrected the

pressure leak
problem at the O-ring
in the SRB aft field

joint.

(From p. 2 )

704
p.7
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Current Reality Tree
“The Challenger Disaster” p.7

613 Over the next 70 seconds, a
substantial amount of combustion gas
leaks out of the right SRB aft field joint.

(From p. 6 )

700 The SRBs are
located on the

vehicle centerline.

701 The SRBs are
designed to operate at

equal internal pressures.

702 Pressure in
the left SRB

remains normal.

705 Challenger experiences a
significant , rapidly increasing
pressure differential between

the left and right SRBs.

703 The pressure
leak in the right

SRB continues to
worsen.

710 At 70 seconds into
the flight, the roll/yaw
exceed the autopilot’s
capability to correct.

704 Any pressure
differential between SRBs

causes and immediate
asymmetric thrust condition.

707 Challenger experiences
a significant asymmetric

thrust condition.

706 Asymmetric
thrust imposes

large roll and yaw
forces on the
entire vehicle.

713 Forcible
detachment fails

the structure of the
main fuel tank.

714 The main fuel tank is ruptured.
715 Leaking
liquid fuel is

ignited.

708 Challenger
begins to roll

and yaw.
709 Challenger’s autopilot
attempts to correct for the
increasing roll and yaw.

712 The right SRB tears the lower
attachment loose from the main fuel tank.

711 Asymmetric aerodynamic loads
at speeds in excess of Mach 1

exceed the structural strength of the
SRB attachment hardware.

717 Challenger’s main fuel tank
explodes 72 seconds into the flight.

716 The crew has no
means of escape.

718 The crew is killed.
[UNDESIRABLE EFFECT]

719 The Challenger is destroyed.
[UNDESIRABLE EFFECT]
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FUTURE REALITY TREE
“Successful Project Management”

p.1

101 Project team
members provide

estimates of task duration
for scheduling purposes.

102 Team members are not
concerned about management

reducing the amount of time allowed
for task completion in the future.

103 Team members
have no reason to inflate
task duration estimates

with safety time.

104 Management’s overall
project schedule is initially based
on average expected task times.

105 Management’s overall
project schedule is corrected for
reasonable risk of uncertainty.

106 Management’s overall project
schedule is shorter than it would be
with safety time built into each task.

109 The final project schedule
is more realistic and flexible
than it would otherwise be.

108 Uncertainty
impacts the

duration of every
task, sometimes

significantly.

107 Team
members are

willing to report
early completion

of tasks.

112 Tasks sometimes
finish LATER than

expected.

111 Tasks sometime
finish EXACTLY
when expected.

110 Management
KNOWS when tasks

sometimes finish
EARLIER than

expected.

115 Sometimes resources
needed for a subsequent task are
still working on preceding tasks.

114 Sometimes resources are
available to start on subsequent

tasks early or on time.

INJECTION # 1
Management DOES NOT hold
project teams accountable for
completing assigned tasks on

scheduled dates.

INJECTION # 2
Management implements

project staggering and buffer
management as a global

priority scheme (Reduce “multi-
tasking” whenever possible)

INJECTION # 3
Management separates
median task time from

safety time.

INJECTION # 5
Some safety time is
safely eliminated.

INJECTION # 4
Some safety time is

placed at key locations
in the activity network.

207
p.2

208
p.2

<OR>

113 Tasks sometimes
share resources.

210
p.2

202
p.2

206
p.2
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FUTURE REALITY TREE
“Successful Project Management”

p.2

109 The final project
schedule is more

realistic and flexible
than it would
otherwise be.

115 Sometimes resources
needed for a subsequent task are
still working on preceding tasks.

114 Sometimes
resources are

available to start
on subsequent

tasks early or on
time.

(From p. 1 )

(From p. 1 )

(From p. 1 )

201 Sometimes tasks on
the critical chain are
delayed in starting.

202 Sometimes NON-
critical chain tasks are

delayed in starting.

204 The project buffer
absorbs delays in

individual tasks on the
critical chain.

205 Feeding buffers
absorb delays in

individual tasks NOT on
the critical chain.

INJECTION # 6
Some conserved safety
time is aggregated in a
project buffer (just prior

to delivery).

INJECTION # 7
Some conserved safety

time is distributed to
feeding buffers (just prior

to critical chain
convergence).

203 Variation (delays) in
individual tasks normally
accumulates at the end

of the project.

206 Project delivery
times don’t slip

behind schedule.
207 Subsequent tasks
start at or before the

expected time.

209 “Crashing”
isn’t required. 210 Performance need not

be sacrificed to preserve
promised delivery dates.

211 Project costs
don’t escalate.

215 The project
is delivered at

the quoted price.

208 The organization is
able to safely promise

earlier delivery.
[DESIRED EFFECT]

214 The organization
doesn’t absorb added

costs related to
schedule slippage.
[DESIRED EFFECT]

213 The deliverable
performs as promised.

[DESIRED EFFECT]

217 Customers are delighted.
[DESIRED EFFECT]

212 The project is
delivered when

promised.
[DESIRED EFFECT]

216 The organization makes
money on the project.

[DESIRED EFFECT]

(For-profit
companies

only)
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PREREQUISITE TREE
“Wurtzburg Corporation”

INJECTION # 8
A formal job training

program is established.

808 Develop training
effectiveness
measurement

method.

807 Develop training
schedules

(in-house or outside)

809 Determine
refresher

certification
frequency

805 Determine
budget / cost

804 Develop
curriculum and

levels
OBS-2

Don’t have
quantifiable
performance

standards

OBS-1
Don’t know all

our training
needs

OBS-3
Don’t have
instructors

801 Establish
performance
standards.

802 Determine
training target

(needs
assessment)

803 Identify
instructor

candidates (best
in class)

OBS-4
Insufficient

knowledge of
measures

development

806 Develop training
effectiveness
measurement

method.
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