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Problem-solving 

•  Systems Engineering and Management are all about 
problem-solving 

•  Large and complex problems are broken out into smaller 
and simpler problems 

•  Smaller problems are remedied 
•  Assumption is that once smaller problems are remedied, 

the large problem will also have been remedied 
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Research question  

•  Are there myths in the problem-solving process that 
hinder the solving of complex problems and increase 
the complexity of the problem solving process? 
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Problem with meaning of “problem” 

1.  A question proposed for solution or discussion (dictionary.com, 2013) 

2.  Any question or matter involving doubt, uncertainty, or difficulty 
(dictionary.com, 2013) For example: 

–  An undesirable situation. You might hear someone end a sentence with “… and that’s 
the problem” when they mean “… and that’s the undesirable situation” 

–  The underlying cause of an undesirable situation, usually a failure of some kind.  
 

3.  The need to determine the necessary sequence of activities to perform the 
transition from an undesirable situation to a future desirable situation (Schön, 
1991) 
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Problems and solutions 

Problem All solutions 

Optimal 
solution(s) 

Acceptable 
solutions 

Unacceptable 
solutions 

Problem All solutions 

Single Correct 
solution 

Incorrect 
solutions 

Currently taught as 
(most of the time) 

Should be taught as  
(all of the time, except in mathematics) 

Satisfice 

Satisfy 

Who defines 
the problem? 
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Potential and feasible solutions 

Problem All solutions 

Optimal 
solution(s) 

Acceptable 
solutions 

Unacceptable 
solutions 

Satisfice 

Satisfy 

Potential 
solutions 

Feasible and 
infeasible solutions 
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A systematic problem-solving process  
(functional view) 

1. Define 
problem space 

3. Identify 
ideal solution 

selection 
criteria 

2. Conceive 
solution 
options 

4. Trade off 
to find 

optimum 
solution 

5. Select 
preferred 

option 

6 Formulate 
strategies and 

plans to 
implement 

* Hitchins 2007, Figure 6.2 

Implement 
solution 
system 

Verify solution system remedies problem  

1-6* 

B 

A 

C 

D 

a 

b 

Undesirable 
situation! 
and what 
needs to be 

changed 

FCFDS  (Feasible	Conceptual	
Future	Desirable	Situa&on	) 
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Change the 
paradigm ! 
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1. Research problems 
2. Intervention problems 
3. Level of difficulty of the problem 
4. Technological Uncertainty of the problem  
5. Structure of the problem 

Types of Problems 
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1. Research problems  
 
This type of problem manifests when the undesirable situation is the inability 
to explain observations of phenomena or the need for some particular 
knowledge. In this situation, applying the Problem Formulation Template 
(Kasser, 2015): 
 
• The undesirable situation is the inability to explain observations of 
phenomena or the need for some particular knowledge. 
• The FCFDS is the ability to explain observations of phenomena or the 
particular knowledge. 
• The problem is how to gain the needed knowledge. 
• The solution is the knowledge often in the form of the supported 
hypothesis. 
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2. Intervention problems  
 
This type of problem manifests when a current real-world situation is 
deemed to be undesirable and needs to be changed over a period of time 
into a FCFDS. In this situation: 
 
• The undesirable situation: may be a lack of some desirable functionality that 
has to be acquired or created, or some undesirable functionality that has to be 
eliminated. 
• The FCFDS: one in which the undesirable situation no longer exists. 
• The problem: how to realize a smooth and timely transition from the current 
situation to the FCFDS minimizing resistance to the change. 
• The solution: the transition process to move from the undesirable situation to 
the FCFD together with the solution system operating in the situational context. 
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1) Easy: problems that can be solved in a short time with very little thought.  
 
2) Medium: problems that: 
a. Can be solved after some thought. 
b. May take a few more steps to solve than an easy problem. 
c. Can probably be solved without too much difficulty, perhaps after some practice. 
 
3) Ugly: problems are ones that will take a while to solve.  
a. Involves a lot of thought. 
b. Involves many steps. 
c. May require the use of several different concepts. 
 
4) Hard: problems usually involve dealing with one or more unknowns.  
a. Involves a lot of thought. 
b. Requires some research. 
c. May also require iteration through the problem-solving process as learning takes place(knowledge 
that was previously unknown becomes known). 

3. Level of difficulty of the problem Ford (2010) :  
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•" Easy: if Fred knows where to purchase matches or a gas lighter and knows the local words. 
•" Medium: if Fred knows where to purchase matches or a gas lighter and does not know the local 

words. After all, he can go to the store or relevant location and look around until he sees matches 
or lighters on a shelf and then purchase them.  

•" Hard: if Fred does not know where to purchase matches or a gas lighter and does not know the 
local words. The problem is hard because two unknowns have to become known for a solution 
to be realized. 

4.*Technological Uncertainty of the problem. Shenhar and Bonen characterised projects in the 
following four-level scale of technological uncertainty (Shenhar and Bonen 1997): 

•" Type A: Low Technological Uncertainty. Typical projects in this category are construction, road 
building, and other utility works that are common in the construction industry that require one 
design cycle or pass through the Waterfall development methodology. 

•" Type B: Medium Technological Uncertainty. Typical projects of this kind tend to be incremental 
improvements and modifications of existing products and systems. 

•" Type C: High Technological Uncertainty. Typical projects of this kind tend to be high-tech 
product development and Defence state-of-the-art weapons systems. 

•" Type D: Super High Technological Uncertainty. These projects push the state-of-art and are few 
and far between in each generation. A typical example from the 20th century is the NASA Apollo 
program which placed men on the moon. 

Solving the problems associated with the four types of projects requires a different problem 
solving approach as well as the different approaches to systems engineering in each project 
summarized in Table.1. For example, the greater the degree of technological uncertainty, the more 
iterations of the problem-solving process (design cycles in Table.1) are required.  

5.*The Structure of the problem. Perceived from the Continuum perspective, problems lie on a 
continuum which ranges from [1] ‘well-structured’ through [2] ‘ill-structured’ to [3] ‘Wicked’ where 

Table.1 Shenhar and Bonen’s project classification by Technology Uncertainty 

 Type A Type B Type C Type D 
Low - Tech Medium - Tech High - Tech Super – High - Tech 

Technology All exist 
Integrates some 
new with mostly 

existing 

Integrates 
mostly new 
with some 
existing 

Key technologies do not 
exist at project’s initiation 

Development None Some Considerable Extensive 
Testing None Some Considerable Extensive 

Prototyping None Some Considerable Extensive 

Requirements 
Known prior 

to project 
start 

Joint development 
effort between 
customer and 

contractor 

Strong 
involvement of 

contractor 

Extensive contractor 
involvement many changes 

and iterations 

Design cycles 1 1 or 2 At least 2 2 to 4 

Design freeze Prior to 
project start 1st Quarter 1st or 2nd 

Quarter 2nd or 3rd Quarter 

Changes None Some Many Continuous 
Management 
and systems 
engineering 

style 

Firm and 
formal Moderately firm Moderately 

flexible Highly flexible 

 

4. 
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Figure 3 New Product Development variation of the Multiple-Iteration Problem-Solving Process

1. There may be more than one cause of the unde-
sirability.

2. The lack of consensus on the definition of the
problem is due to there being multiple causes.

3. The lack of consensus is a result of different
stakeholders viewing the Wicked Situation
through different filters known as “cognitive fil-
ters” in the behavioural science literature [16],
and as “decision frames” in the management lit-
erature [17].

Examine the situation from the perspectives perimeter
and the eight descriptive HTPs [8]. Use inductive reason-
ing to create the hypothesis for the causes of undesirabil-
ity in the situation and deductive reasoning to support the
hypothesis (Scientific perspective). In the real world, the
hypothesis is often created from some insight or “hunch”
based on the observations.

The assumption of multiple causes leads to perceiving
that there may be multiple solutions (perhaps even at dif-
ferent levels in the hierarchy of systems) one or more for
each cause.

3) Use the Multiple-Iteration Problem-Solving Pro-
cess. Removing the undesirability in Wicked Situations is
now a matter of using the Multiple-Iteration Problem-
Solving Process [1] to create and remedy well-structured
problems as discussed above.

A PROBLEM CLASSIFICATION FRAMEWORKVIII.
The alternative paradigm permits the framework for

classifying problems shown in
Figure 4 [9]. The framework is
based on distinguishing between
subjective and objective complexi-
ty (Continuum perspective) and the
four levels of difficulty of the
problem [3] where the axes are:

• Level of difficulty: (sub-
jective complexity).

• Structure of the problem
Different people may position

the same problem in different
places in the framework. This is
because as knowledge is gained
from research, education and expe-
rience a person can reclassify the
subjective difficulty of a problem

down the subjectivity continuum from ‘hard’ towards
‘easy’.

Note that complexity is not included in the framework
since complex problems, can and are being remedied as
discussed in Section III. For a discussion on the dichoto-
my of complex problems, see Kasser and Zhao [1].

WICKED SOLUTIONSIX.
Wicked Solutions have similar characteristics to

Wicked Problems. When creating Wicked Solutions, the
initial solution may not be the needed solution, since
Wicked Solutions:

1. Evolve via the Multiple-Iteration Problem-
Solving Process [1].

2. May only remedy part of the undesirability in the
whole Wicked Situation.

3. May satisfice and not necessarily satisfy the
problem in a single pass through the Multi-Pass
Problem-Solving Process.

4. May apply simultaneously in the Wicked Situa-
tion hierarchy at more than one level and more
than one location at a particular level.

APPLICATION OF THE PARADIGM SHIFT TO NEW PROD-X.
UCT DEVELOPMENT

New product development has been mapped into the
learning process as a sequence of problems known as De-
sign Thinking [18-20]. The undesirable situation is the
need to develop a new desired product. The first problem
is what product (or service) to provide to users, which is
not necessarily the first product that comes to mind. After
working on the first product, the learning process produc-
es a finding that the first product is not what the users
need and identifies an alternative product, so the process
iterates and the new product development team learns
about the need of the user and how the product will be
used in its context [18, 19].

This process can be mapped into a modified version of
the Multiple-Iteration Problem-Solving Process shown in
Figure 3 where the output from the first research process
is not a list of problems to solve, but is instead a product
concept or prototype. The first process ends at a stage gate
which determines if the product is indeed what the user

Figure 4 A problem classification framework [9]

5. The Structure of the problem 



All Problem can be resolved? 
The reality is that problems are either solved, resolved, dissolved or 
absolved (Ackoff, 1978)  
1. Solving the problem is when the decision maker selects those values of 
control variables which maximize the value of the outcome 
2. Resolving the problem is when the decision maker selects values of the 
control variables which do not maximize the value of the outcome but produce 
an outcome that is good enough or acceptable  
3. Dissolving the problem is when the decision maker reformulates the 
problem to produce an outcome in which the original problem no longer has 
any meaning.  
4. Absolving the problem is when the decision maker ignores the problem or 
imagines that it will eventually disappear on its own.  
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Problem-solving process (functional view) 

Undesirable 
Situation (t0) 

Feasible Conceptual 
Future Desirable 

Situation (FCFDS) (t0) 

Problem 

Remedial 
action 

(problem 
solving) 

Solution Actual situation (t1) 

Still 
undesirable? 

No Yes  
or partially 

End 
Undesirable 
Situation (t2) 

System Development Process (SDP) 15 

*Practitioner 
must make 
sense of an 
uncertain 
situation that 
initially doesn’t 
make sense. 



Holistic extended problem-solving process  
(functional view - multiple pass) 

Feasible Conceptual 
Future Desirable 

Situation (FCFDS) (ta) 

Actual situation (tb) 

Still 
undesirable? No Yes  

or partially 

End 

Undesirable 
Situation (ta/c) 

System Development Process (SDP) 

Problem 

Remedial 
action 

(problem 
solving) 

Solution 

Hitchins 2007, 
Figure 6.2 
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Proble
m 

Remedial 
action 

(problem 
solving) 

Solution 

Double-loop problem-solving 

Proble
m 

Remedial 
action 

(problem 
solving) 

Solution 

Wicked/Ill-
structured 

undesirable  
situation 

Prioritized list 
of 

undesirable 
things to 
change 

Intervention problem 

Research problem 

Still 
undesirable 

End 
No Yes 

Wicked Problems: Wicked Solutions 
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    Myths  Reality 
An ambiguous meaning of the word 
“problem” 

At least three different meanings in the literature  

    Single correct solution Multiple acceptable solutions 
Problem-solving process covers 

1.  Start with a problem 
2.  Solve problem 
3.  End with a solution 

Problem to be explored, and understood before 
being defined  
 

     Single pass through the problem-solving  
     process 

“Single” is only valid for easy problems; 
multiple passes to evolve the remedy  

      A single problem-solving approach fits all  
      types of problems  

Different types of problems require different 
problem-solving approaches  

      All problem can be resolved Four ways of remedying problems 
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Contribution of paper 

•  Changes paradigm 
–  Wicked situations 
–  Situation is a system 

•  Identifies the myths and reality of the problem-solving process 
•  Defines problems in terms of structure and subjective 

complexity 
•  Converts dealing with undesirability in wicked situation to well-

structured problems 
•   Uses double loop 

–  Extended holistic problem-solving process loop 
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A set of three-paper 

•  Kasser, J. and Zhao, Y.Y. (2016). “Wicked Problem: Wicked 
Solutions”, IEEE SoSE 16, Jun.12‑16, 2016. Norway.  

•  Kasser, J. and Zhao, Y.Y. (2016). “Simplifying Solving Complex 
Problems”, IEEE SoSE 16, Jun.12‑16, 2016. Norway.  
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Questions or comments 

The systems 
approach lets you 

see things 
differently and 

produces 
opportunities 
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