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Topics
Â What is systems engineering?
Â The problem of understanding the nature of 

systems engineering
Â Systems thinking
Â Applying systems thinking to the problem
Â The benefits of an education as a systems 

engineer
Â Why systems engineers might be wizards
Â Summary
Â Questions and discussion
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What is systems engineering?
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All of them
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Systems engineering 
1995 - 2007

Â Seems to have begun in the 1940ôs or 1950ôs

Â Systems engineering will solve the complex 
problems we face (since 1950ôs)

Â Disagreements 

Â definitions of a ñSystemò

Â as to the nature of systems engineering

Â on what systems engineers do

Â Overlapping disciplines

Â Systems of systems
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The production process
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Observation & questions

Â For more than 50 years, no systems 
engineer has come up with a definition of 
SE that systems engineers can agree 
upon. 

Â What is there about Systems 
Engineering that defies definition?

ÂWhy hasnôt systems engineering 
delivered on its promise?
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To understand a thing

Â Analysis*
Â Take apart the thing to be 

understood;

Â try to understand how 
these parts worked;

Â assemble an understanding 
of the parts into an 
understanding of the 
whole.

Â Systems Thinking*
Â A thing to be understood is 

conceptualized as a part of 
one or more larger wholes, 
not as a whole to be taken 
apart;

Â an understanding of the 
larger system is sought;

Â the system to be understood 
is explained in terms of its 
role or function in the 
containing system.

8* Ackoff, 1991 © Joseph Kasser 2008

Representation of a system
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Understanding a system
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Internal

External
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Defects in systems engineering
1. Selection of independent alternative solutions
2. The V Model
3. Lack of a standard process for planning a project
4. The Waterfall model
5. Unanswered and unasked questions
6. Lack of a metric for the goodness of Requirements
7. Focus on technological solutions not solving customerôs 

problems
8. Introducing unnecessary complexity
9. The need to focus on people as well as process
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The Project Cycle
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Design
Requirement

Test

Acceptance 

riteria 
(property of a requirement)
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Most successful IS of the 20th

century?

13

Â RAF Battle of Britain 
Command, Control, & 
Communications System
Â No computers
Â Germany had better 

Radar Technology
Â RAF evolved and used 

an integrated system
Â Adequate technology

Â System?
Â System of Systems?
Â Complex System?
Â Network enabled system?

© Joseph Kasser 2008

Complex or complicated?
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The need to focus on 
people as well as process

Â Literature 

Â Is full of advice as to 
how to make projects 
succeed

Â Has little if anything to 
say about the 
proliferating process 
standards
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Observation & questions

Â For more than 50 years, no systems 
engineer has come up with a definition of 
SE that systems engineers can agree 
upon. 

Â What is there about Systems 
Engineering that defies definition?

ÂWhy hasnôt systems engineering 
delivered on its promise?
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15 years research - sample 
(contradictory) conclusions

Â 1995 
Â Project management, BPR, concurrent engineering, TQM and 

theoretical SE all seem to be attributes of the same function; namely 
producing a product to (the correct) specifications by an organization 
within the constraints of resources, budget and schedule

Â SE is a discipline created to compensate for the lack of strategic 
technical knowledge and experience by middle and project managers in 
organizations functioning according to Taylor's "Principles of Scientific 
Managementñ

Â 2002
Â SE is an alternative management paradigm

Â 2007

Â To be discussed today
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Insights

ÂItôs a Wicked problem*

Â Wicked problems appear in the 
first stage of the scientific method

Â Try the scientific method ïat least 
the next stage

18

* Rittel and Webber, 1973
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Wicked Problems*
1. There is no definitive formulation of a wicked problem.

2. Wicked problems have no stopping rule.

3. Solutions to wicked problems are not true-or-false, but good-bad,

4. There is no immediate and no ultimate test of a wicked problem.

5. Every solution to a wicked problem is a ñone-shotò operationò; because there is no 
opportunity to learn by trial -and-error, every attempt counts significantly.

6. Wicked problems do not have an enumerable (or an exhaustively describable) set of 
potential solutions, nor is there a well -described set of permissible options that may 
be incorporated into the plan.

7. Every wicked problem is essentially unique.

8. Every wicked problem can be considered to be a symptom of another problem.

9. The existence of a discrepancy representing a wicked problem can be explained in 
numerous ways. The choice of explanation determines the nature of the problemôs 
resolution.

10. The planner has no right to be wrong

19
* Rittel and Webber, 1973
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Hypothesis

Â A framework exists 

Â all we have to do is find it.
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Requirements for a framework

1. The framework shall provide an understanding of why 
systems engineers canôt agree on their roles and 
activities.

2. The framework shall provide an understanding of the 
reasons for the overlap between systems engineering 
and management.

3. The framework shall provide a way to cope with 
complexity.

4. The framework shall enable the lowering of the cost of 
doing work by at least an order of magnitude.
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Vertical axis -
Hitchinôs layers*

Â Layer 5 - Socioeconomic, the stuff of 
regulation and government control

Â Layer 4 - Industrial Systems Engineering 
or engineering of complete supply 
chains/circles

Â Layer 3 - Business Systems Engineering 

Â Layer 2 - Project or System Layer

Â Layer 1 - Product Layer
22

* Hitchins, 2000
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Horizontal axis -
system life cycle*

A. Identifying the need

B. Requirements analysis

C. Design of the system

D. Construction of the system

E. Testing of the system components

F. Integration and testing of the system

G. Operations, maintenance and upgrading 
the system (in-service)

H. Disposal of the system
23

* Kasser & Massie, 2001
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The HKM (2D) Framework for 
understanding SE
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