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ABSTRACT 

This dissertation provides a complex adaptive system approach to propose effective 

problem definitions for problems that are hard to formulate, include conflicting opinions of 

stakeholders, and have hard to differentiate symptoms from the causes, that is, wicked problems. 

The traditional problem solving methods do not fully address the issues of the ambiguity and 

uncertainty associated with a wicked problem. The lack of clarity exposes wicked problems to 

perceptual biases resulting multiple mental models. These inherent characteristics of wicked 

problems require methods that are solely focused on identifying, defining, and evaluating 

discrepancies in perceptions. 

This dissertation proposes a framework, Quandary Translation Engineering, to address 

the unique challenges of defining a wicked problem. The framework, inspired from complex 

adaptive systems, utilizes the engineering method approach. The framework defines problem 

space as a way to capture the complexity of the wicked problem and creates an incremental and 

evolutionary model of the wicked problem. Next, the framework generates multiple possible 

problem definitions from the problem space. Finally, the framework provides measures for 

evaluating and selecting potential problem definitions from the pool of possible problem 

definitions. The framework is shown to be effective in defining, evaluating, and selecting 

problem definitions for wicked problems without relying on the completeness of data and any 

information about solutions. It was found that framework facilitates managers, decision makers, 

and analysts in modeling incomplete, vague, and conflicting information regarding a wicked 

problem. The proposed framework is applied to a Kansas strategic planning exercise for 

businesses in Kansas. 
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CHAPTER 1 

INTRODUCTION 

1.1  Background 

The complexity of globalization, evolving technology, workforce, regulations, and 

markets make problems faced by many engineering managers, wicked or ill-structured problems. 

A wicked problem is characterized by ambiguity, uncertainty, and conflict with fuzzy or 

unknown objectives. The traditional problem solving approach that focuses on generating and 

selecting solutions may not be apt to address the unique characteristics of a wicked problem. The 

problem definition under such circumstances is crucial to problem solving. The focus of this 

research for defining a wicked problem is to develop heuristic methods that assist managers or 

decision makers in addressing the issues unique to wicked problems. These heuristics should 

help decision makers identify, define, and select a problem definition in a situation where the 

problem is poorly understood. 

Understanding the characteristics of a wicked problem is important in order to define a 

wicked problem. Rittel and Webber (1973) provide a detailed description of the unique 

characteristics of a wicked problem, both in terms of the nature of a wicked problem as well the 

nature of the solution to a wicked problem. These characteristics are listed below: 

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-or-bad 

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

5. Every solution to a wicked problem is a “one-shot operation;” because there is no 

opportunity to learn by trial-and-error, every attempt counts significantly 
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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 operations 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 problem’s 

resolution 

10. The planner has no right to be wrong 

These unique characteristics of a wicked problem make the wicked problem more 

challenging for decision makers. This uncertain and indeterminate aspect of a wicked problem 

presents a quandary for a decision maker. In the absence of an absolute, fixed or known problem, 

decision maker needs to identify the problem and all possible explanations (definitions) for the 

problem, then select a problem definition based on some criteria (evaluations or tradeoffs) 

among the set of possible definitions before contemplating about the solutions. 

The importance of problem definition is never contested. Yet, the practical 

implementation of a formal problem definition process is not promising. One factor contributing 

to the lack of practical implementation is the lack of standards both in the terminology used in 

describing a problem definition and the process of defining the problem. Other factor is ignoring 

the importance of people in a wicked problem. People are sources of bias and inconsistency in 

information. Therefore, traditional problem solving methods focused on removing the biases 

(human aspect) from the process. Removing a human influence from the process can create 

problem definitions that barely represent the reality. In a wicked problem, humans are integral as 
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they are a ‘sense making’ entity, that is, they are needed to interpret the ambiguity of incomplete 

information, which is a common occurrence in wicked problems. This dissertation looks into the 

ways to take advantage of the human cognitive power (sense making ability). The dissertation 

achieve so by developing heuristics that use graphics based computational tools that complement 

and facilitates the cognitive process of a decision maker in addressing  a wicked problem. 

1.2  Motivation 

 

Figure 1.1: Fishbone diagram 

Many of the engineering methods focus on solving a particular kind of problem like 

statistical quality control, optimization, process improvement, or lean manufacturing. Many of 

these methods are not well suited in dealing with ambiguity. Though the importance of solving 

the right problem is universally agreed, there are not many researches on methodologies to 

ensure that the right problem is solved, especially in case of wicked problems. Take an example 

of well-established method, a fishbone diagram shown in Figure 1.1. The fishbone diagram starts 

with the problem on the right side and lists causes that could lead to the problem on the left. That 

is, the fishbone diagram starts with a known problem and works toward finding the known or 



4 
 

hidden entities that cause the problem. This approach works well when the problem is known. 

However, when a problem is wicked, the problem is uncertain, vague, or ambiguous, one cannot 

be sure of what goes on the right side. 

The fishbone diagram is one of the methods that assume a known problem. Many 

traditional problem-solving methods share same feature. These methods include a problem 

analysis stage, but they generally imply the cause analysis rather than finding the unknown 

problem from a messy situation. Because the traditional problem solving method is silent about 

how to deal with challenges of a wicked problem, decision makers or managers may treat a 

wicked problem as a well-defined problem and commit to a problem definition prematurely, 

which could lead to dire consequences. This motivates us to research and develop a framework 

that specifically deals with a wicked problem and helps a manager or decision maker to make an 

informed decision about the selection of the problem. 

1.3  Objective 

The inability of the current problem solving methods to overcome the challenges related 

to a wicked problem is the motivating factor for this dissertation. We call this research, 

Quandary Translation Engineering (QuTE). QuTE provides a framework based on heuristic 

methods. These heuristic methods assist decision makers in resolving the quandary they face due 

to a messy, complex, and vague situation we call wicked problem. The framework translates the 

dilemma of a decision maker into well-understood problem definitions. The understanding 

comes from the translation process where decision maker are required to ‘make sense’ of the 

reality.  
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Figure 1.2 : Quandary Translation Engineering 

Figure 1.2 shows Quandary Translation Engineering, which consists of three different 

objectives that are interrelated. These objectives are: 

 Model the Problem Space: The first objective is to model the system that contains the 

problem as problem space in order to capture the complexity and non-linear dynamics 

among the relevant entities. The problem space is modeled as complex adaptive system 

so that it can evolve with changing perspectives. The problem space represents the 

collection of vocabularies that are relevant to the wicked problem. The proposed heuristic 

method provides the guideline for identifying the relevant vocabularies. 

 Generate Problem Definitions: The second objective is to develop heuristic methods that 

can generate multiple problem definitions from a given problem space. The proposed 

heuristic methods act as guideline for translating the vocabularies in the problem space 

into the possible problem definitions. The blue arrow in the Figure 1.2 represents the 

translation process. All the possible problem definitions form the ‘Definition Pool.’ 

 Select Problem Definition: The final objective is to develop heuristic schemes to evaluate 
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and select potential problem definitions from the set of possible problem definitions. The 

heuristic helps identify the ‘Selection Set’ from the ‘Definition Pool.’ The proposed 

heuristic methods provide guidelines to reduce the large number of possible problem 

definitions into a small set (‘Selection Set’). This set represents potential problem 

definitions, which are equally attractive, based on a set of given criteria.  

A case study is used to demonstrate the application of QuTE in understanding, defining 

and selecting possible problem definitions when the problem is wicked. 

1.4  Organization 

The dissertation is divided into seven chapters. Chapter 1 contains a brief introduction to 

the content, motivation, and objectives of the research. 

Chapter 2 provides the literature review and methodology relevant to complex adaptive 

system. A CAS is a perspective used for developing and implementing proposed methods. This 

describes the history, characteristics, and various methods proposed by scholars to model CAS. 

This chapter also highlights differences in the concepts used for methods and models in the 

literature. 

Chapter 3 introduces the concept of problem space as CAS. The problem space in this 

research represents the system that contains the problem and includes relevant information about 

the problem. The chapter proposes heuristic methods to model problem space as CAS. It then 

demonstrates how to apply the heuristic methods to model the problem space using a 

hypothetical example. 

Chapter 4 provides the survey of the description of the problem definition found in the 

existing literatures. The survey looks beyond the terminology used and focuses on the concepts 

implied to identify the basic components of the problem definition. It then proposes heuristic 
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methods for generating multiple problem definitions from the given problem space. Finally, it 

demonstrates how to use these heuristic methods to generate multiple possible problem 

definitions through a hypothetical example. 

Chapter 5 presents evaluation measures for the problem definitions. The research will 

focus on the heuristic methods that can work with the uncertain and vague data. The heuristic 

method helps select the potential problem definition from the set of possible problem definitions. 

Chapter 6 analyzes a case study inspired by Kansas Strategic Planning exercise that 

implements all the concepts and methods proposed by this research to demonstrate the 

applicability of the framework proposed in this dissertation. 

Finally, Chapter 7 concludes by summarizing the findings of the dissertation with 

suggestions for potential future researches. 
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CHAPTER 2 

 COMPLEX ADAPTIVE SYSTEMS 

2.1  Introduction 

The traditional hierarchical top-down approach to system modeling is not adequate for 

representing many present-day systems. Many of these systems operate within the complex 

interaction of evolving technological, economic, political, and social domains. The need for a 

different perspective to represent these systems arises because these systems lack central control, 

and the understanding of their subsystems or individual entities cannot guarantee the 

understanding of the whole system. A complex adaptive system (CAS) is one of the alternative 

approaches that focus on capturing the behavior of a system as a whole by understanding, 

adapting to, and learning from the nonlinear interactions of the individual entities both internal 

and external to the system. 

Traditionally, the system analysis used a reductionist approach. In a reductionist 

approach, a system is divided into smaller units, which are analyzed individually and merged 

together to visualize the whole system. A reductionist approach simplifies the system, but cannot 

reveal the emergent behavior of the system as a whole, which is a significant feature of many 

real systems. This method of divide and conquer emphasizes each entity on its own and neglects 

the dynamics of interaction with other entities. Understanding of a system dynamics is critical 

for understanding the system in its entirety (Sterman, 2002).  

The CAS is one of the perspectives that considers both tangibles (e.g., entities, 

components, agents etc.), and intangibles (relationships, dynamics and interactions between 

tangibles) aspects of the system. CAS is an alternative viewpoint for defining a complex system 

that exhibit adaptive behavior. The CAS borrows its concepts from other fields like complexity 
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science, system theory (system thinking), ecological, biological, and social studies. The 

philosophy that a system as a whole is not the sum of its individual components is integral to 

CAS. A CAS is the collection of a large number of entities usually referred to as agents that 

interact with other entities in a non-linear and dynamic fashion and has the ability to learn 

(Holland, 1992 & 2006). 

There are many interpretations of CAS depending on the context and the domain of 

study. This chapter lists different interpretations alongside the definitions and methods as well as 

applications. We contrast and compare definitions and methodologies found in the literature. 

2.2  CAS: Definition and Properties 

The analysis and the modeling of systems started with reductionist approach. It is a top-

down hierarchical approach. Hence, the system is broken down into smaller units, such that the 

collective sum would be the system. This approach simplifies the system and makes it easier to 

identify and understand the components of the systems. In reality, few systems are the collective 

sum of its components. Many systems exhibit behavior that cannot be explained as the collection 

of individual components. This led to the alternative approach called expansionism. The 

expansionism is not the contradictory but complementary approach to the reductionist approach. 

In the expansionism approach, a system is the collection of the individual components as well 

their interrelationships.  

Ackoff (1974) defined systems as “a set of two or more interrelated elements of any 

kind” such that “it is not an ultimate indivisible element but a whole that can be divided into 

parts; the elements of set and a set of elements that form a system have the following three 

properties. 
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1. The properties or behavior of each element of the set has an effect on the properties or 

behavior of the set taken as a whole. 

2. The properties and behavior of each element, and the way they affect the whole, 

depend on the properties and behavior of at least one other element in the set. 

3. Every possible subgroup of elements in the set has the first two properties: each has a 

non-independent effect on the whole. Therefore, the whole cannot be decomposed 

into independent subsets. A system cannot be subdivided into independent 

subsystems.” 

A new perspective to the systems is a CAS approach. Holland (1996 & 2006) defined 

CAS as “systems that have a large number of components, called agents that interact and adapt 

or learn.” The earliest uses of the term CAS can be attributed to Holland (1992) from the Santa 

Fe Institute. The CAS started as an attempt to build the adaptive computational models that can 

learn to do things, rather than just doing what is programmed. Three characteristics of a natural 

complex adaptive system are evolution, aggregate behavior, and anticipation (Holland, 1992). 

Holland (2006) identified four more features to consider for modeling CAS: parallelism, 

conditional acts, modularity, and adaptation and evolution.  

Gell-Mann (1994) further added that what Holland (1992) referred as the agent is itself a 

CAS. He categorized adaptation into different levels, one is the simple adaptation which is the 

reaction to a particular action like in a thermostat, and other is the complex reaction learned and 

evolved over-time like the human immune system. For a system to be called a CAS, it should 

have adaptation similar to later kind.  

One of notable scholars to focus on CAS and its application to diverse fields like 

organization change, supply-chain, and health care is Dooley. According to Dooley (1996), CAS 
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is composed of the basic elements called agents that adapt based on the interaction. Levin (2003) 

defined CAS as a system made of the diverse individual components that interact locally; an 

autonomous process uses the outcomes of such interactions to select a subset to replicate or 

enhance. “A complex adaptive system is a collection of individual agents with the freedom to act 

in ways that are not always totally predictable and whose actions are interconnected” (Holden, 

2005). A CAS is a system “composed of populations of adaptive agents whose interactions result 

in complex nonlinear dynamics, the results of which are emergent system phenomena” 

(Brownlee, 2007). 

 

Figure 2.1 : Distribution of different terms in the definition of CAS found in literature 

The examination (by using text mining tools like docfetcher, & astrogrep) of many 

definitions of CAS in the literature revealed that these definitions are very similar, those that 

differ are only slightly different. The focus of the analysis was on the most frequently used terms 

and their context. Figure 2.1 shows the distribution of the terms where the size of node represents 
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the centrality ranking of the term: larger size represents higher centrality. The degree centrality 

measure, which uses connectedness (the number of edges a node is connected) to calculate the 

centrality, was used. Since the primary interest is the terms and their frequency distribution, 

degree centrality is appropriate. The terms ‘System’ and ‘CAS’ are expected to occur frequently 

in the definition of ‘complex adaptive system.’ Therefore, those terms are omitted from the 

analysis of the centrality measure. The result is shown in Figure 2.2. 

 

Figure 2.2: The distribution of terms after the omission of 'System' and 'CAS' 

Figure 2.2 reveals that the term ‘Learn’ is not explicitly mention in many definitions of 

CAS, as evident by the lack of high centrality ranking of term ‘Learn.’ One could argue that in 

order to adapt, one has to learn and change, or learn to change. That is, learning is implied. 
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Second, the explicit use of the term ‘Individual’ is unexpected due to the high occurrence of the 

term ‘Agent,’ which is the individual entity of CAS. On the surface use of ‘Individual’ and 

‘Agent’ seems redundant, but the focus on the ‘Individual’ emphasizes the fact that the 

individual agents should be able to adapt to a changing environment, and the interaction of such 

individuals is non-linear and dynamic. These properties of individual agents ensue the emergent 

behavior in CAS. One could say that the agents did not acquire adaptive property from the 

system, rather the system as a whole is adaptive because the individual agents are able to adapt. 

This distinction also helps with modeling of the CAS. Now adaptive nature can be modeled into 

agents, which is comparatively easier to model than to model adaptation in the whole system. 

The basic characteristics of CAS based on the various definitions are summarized below: 

 CAS consists of a larger number of interacting individuals known as agents 

 Interaction between individual agents is dynamic and non-linear 

 Agents have the ability to learn and adapt 

 The system exhibits emergent behavior 

The other characteristics as the consequences of the basic characteristics are: 

 The system cannot be represented as the sum of all the individual agents 

 The system lacks strong central control 

 The system is open, or flexible 

 Individual agents are autonomous  

 Agents behave according to their  perception of their neighborhood 

To summarize, CAS is a collection of a large number of individual interacting agents 

whose interactions are non-linear and dynamic, and have the ability to learn and adapt based on 

the perception of changing environment, resulting in the emergent behavior of the system. 
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2.3  CAS: Methods and Models 

A CAS in general can be represented as a network diagram, where a node represents an 

agent and an edge represents the interaction among agents. The ability to learn and adapt is 

modeled using some decision function based on a value function or fitness measure. While 

modeling a CAS, it is important to confirm that the model exhibits basic characteristics of CAS: 

dynamically interacting agents with non-linear interaction and the ability to learn so that system 

shows emergence. Some of the methods and models used are listed below. 

Methods for Modeling Interacting and Adapting Agents 

Schuster (2005) used adaptive random Booleans to model the agents that interact and 

learn from other agents. Schuster (2005) used the game model where each player is unaware of 

his own standing and tries to infer his position by interacting with others. When player A and B 

are interacting, if player A has a higher ranking than player B, then Player A is rewarded. By 

interacting with multiple players and observing their reactions, a player can deduce his standing. 

This method can help to understand and model CAS in biology and economics. 

Methods for Modeling Complexity 

Jost (2004) suggested that complexity due to the environment are external and within the 

system are internal. External complexity is handled by processing as many inputs as possible and 

internal complexity is handled by simplifying the model as much as possible. The goal is to 

increase external and reduce internal complexity. The idea is that an agent (system) can adapt 

better to its surroundings if it knows more about it. Processing many inputs from its surroundings 

is one way it could learn about it. In order to process more inputs, the internal mechanism that 

processes those inputs should be simple. For example, given the same computational resource we 

could perform basic mathematical operation like addition or subtraction on a larger data set than 
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if we were to calculate complex combinations of operation like square root, quadratic function, 

and so forth. 

Methods for Modeling Evolution 

One of the important features of CAS, evolution, can be modeled using time-expanded 

decision networks (Silver, & Weck, 2007). Time-expanded decision network is one way to 

capture flexibility. It starts with an initial feasible system configuration. A static network is then 

developed. Nodes that represent different states in time and decision points are added to the static 

network. This creates time-expanded network. The optimal solution is calculated for the new 

network and the system is modified to represent the new configuration. Though this model adds 

flexibility and evaluation component to otherwise static network, it requires large computational 

ability and may not be suitable if initial feasible state is unknown. 

Echo Model of CAS 

One of the earliest models used to represent CAS is Echo (Forrest, & Jones, 1994). The 

Echo was used to model ecological system, but Forrest and Jones (1994) extend it to model other 

CAS. The Echo uses the concept similar to genetic algorithm (GA) but unlike GA, it has an 

endogenous fitness function, which closely resembles the fitness mechanism in the real world. In 

Echo, the agents have genomes as well as local state. Once enough resource (which is obtained 

through interaction with other agents or the environment) is obtained the agents replicates itself 

and mutates, thus representing the evolve agents. 

Agent Based Model of CAS 

An agent-based model is used to create a computer model of CAS. An Agent is an active 

object that is the part of the system being model. The agents are assigned information or 

parameters about the initial state, and adapts based on the rule of the artificial intelligent 
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algorithm assigned to it (Wildberger, 1997). Agent based model and Echo are often used to 

create an automated model that mimics CAS behavior. If a CAS approach is used to represent a 

situation where the adaptation and learning comes from the human ‘sense making,’ these models 

are not the best option, though the insight from these models could be useful and partially 

relevant. 

2.4  Applications 

CAS approach is used to represent many systems that are inherently complex and exhibit 

emergent behavior. The applications pertaining to the domain of organization especially 

manufacturing and industrial engineering are listed below. There are other applications not 

discussed here, like ecological studies, economic and financial markets, and intelligent software 

development. 

Organizational Change as CAS 

An organization that can anticipate possible changes and learn to adopt has better chances 

of success. Dealing with the organizational change requires a simple rule governing interaction 

between different components rather than their actions, a distributed power and minimum central 

control, which means autonomous components, which can adapt and learn (Dooley, 1997; 

Burnes, 2005).  

CAS in Industrial and Manufacturing Sectors 

Innovation is an important factor especially for manufacturing company due to the highly 

competitive market place. The product development process is subjected to change due to the 

turnover, advancement in tools and technology used. This could make an existing process model 

obsolete. Instead of reinventing the process-model, it would be efficient if the process-model 

could learn and adapt to changing circumstances. CAS could be one approach with such 
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advantages. Rose-Anderssen, Allen, & McCarthy (2005) showed that the CAS approach could 

indeed be beneficial by contrast and comparison with other methods. Another application of 

CAS in industrial and manufacturing sector could be in decision-making (McCarthy, & 

Rakotobe-Joel, 2000; Nilsson, & Darley, 2006). CAS approach can be used to represent supply 

chain that is robust and adaptable to change in circumstance (Surana, Kumara, Greaves, & 

Raghavan, 2005). 

CAS in Defining Complex-ill Structured Problem 

Messy, ill-structured problem is hard to define as very little is known initially, and it may 

contain conflicts and ambiguity. In order to model these types of problems, the model should 

have a provision that allows an analyst to work with incomplete but potentially large data. The 

model should also allow the revisions later as more perspectives and information could be 

available as the process matures. One such approach is CAS. CAS allows a large number of 

interrelated entities that are capable of adapting to changes in circumstance. 

2.5  A New Perspective to Modeling CAS 

Many of the previous studies in CAS revolve around building a computer model that 

mimics the complexity, adaptation, learning, and emergent behavior of the real systems. In other 

words, the focus was on creating computer modeled of the real life CAS. If we were to model 

CAS where the agent that are able to learn, adapt, and evolve are humans and not the computer 

model of humans, the methods and models existing in literature are not the perfect fit. The 

modeling of a system with agents that mimics learning and adaptation of the real life system, and 

modeling a system with agents that are actually capable of learning and adapting, are quite 

different, as they possess different complexity. For example human are naturally good at learning 

and adapting. It does not require programming to learn and adapt. On the other hand, computers 
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are not capable of learning that is why they require special algorithms to be able to learn. Even 

with the best of the intelligent algorithms, the learning ability of the computer agents is limited. 

Meanwhile humans have limitation on how much information they can process at a time, which 

is negligible compared to the computers. The computers can handle huge amount of data at a 

time. At the same time, computers are not very good with unstructured data and inferring 

meaning from the data. Humans are capable of handling these tasks very well. 

Both computers and humans have their strengths and weaknesses, which are 

complimentary. We could benefit by combining the strengths of both, especially in a situation 

where a system evolves due to adapting humans. We can use computers for processing and 

analysis of data, and we could use humans to convert unstructured data into the structured data 

so that computers could process it. We could also use humans to infer meaning from the data, 

which is, creating knowledge out of information. 

The mechanism that guides human to acquire knowledge and learn in a way that is 

constructive for modeling CAS, is asking questions who, what, why, where, when, and how 

(5WsH). Asking questions is not only helpful in acquiring new information but also in 

structuring information. A particular question pertains to particular knowledge. Who represents 

people related knowledge, what is declarative knowledge, why is experiential knowledge, where 

is orientation or location based knowledge, when is time or sequence related knowledge, and 

how is procedural knowledge (Eppler & Burkhard, 2007). In terms of linguistic architecture, 

Vogt suggested that a powerful question is the one that motivates reflective thinking. So ‘why’ is 

high up in the hierarchy followed by ‘how’ and ‘what’, ‘when’, where, and ‘who’, and at the 

bottom is yes/no questions. Asking question is one of the methods that can guide the human 

learning process. Human infers knowledge that would help to adapt to circumstances. From the 
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acquired information, relevant entities and relationships among them are identified. Relevant 

entities can be viewed as agents and are modeled as nodes in network representation, and 

relationships are modeled as edges in the network diagram. 

2.6  Conclusion 

CAS is an alternative approach for representing a complex system that evolves. Since the 

introduction of the term CAS, until now, different scholars use it differently to model different 

systems. However, all these aspects have some commonalities: CAS is used to model system that 

has a large number of interacting agents, the interaction is dynamic and non-linear, and agents 

can learn and adapt. The system as a whole has emergent behavior. It is not only used to model 

system that are naturally complex and adaptive, but also system (could be a problem or situation) 

that could benefit from the adaptive approach. CAS is usually suitable to model the system that 

deals with ambiguity, conflict, and fuzzy objective like problem definitions, which is the focus of 

studies in coming chapters. 
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CHAPTER 3 

DESCRIBING A PROBLEM SPACE AS COMPLEX ADAPTIVE SYSTEM 

Abstract 

The traditional problem solving methods do not fully address the issues of ambiguity, 

uncertainty, and overall dilemma about a wicked problem. We argue that problem space is one 

way to capture the complexity of a wicked problem that results in ambiguity and uncertainty. A 

framework based on a complex adaptive system (CAS) approach is proposed to model the 

problem space. The framework utilizes heuristic methods to create an incremental and 

evolutionary model of the problem space. The proposed approach to the problem space allows 

managers, decision makers, and analyst to work with ambiguity, incomplete and conflicting 

information. A hypothetical case study was used to demonstrate the application of heuristic 

methods in modeling the problem space. The case study also demonstrates how the problem 

space helps to improve the understanding of the wicked problem. 

Keywords: complex adaptive system, network analysis, problem space, wicked problem, 
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3.1  Introduction  

Many well-established methods for solving problem assume problem is known which 

only applies to the well-defined problem. In reality, many problems lack clarity, and are not 

known with certainty, such problems are wicked. The wicked problems are situations not yet 

fully comprehended, where one is only aware of the undesirable circumstances or one’s own 

dissatisfaction with a reality. The wicked problem demands a special attention to the problem 

definition, an issue not adequately addressed by the traditional problem solving methods. We 

reckon that modeling the relevant information about the wicked problem as the problem space 

helps comprehend the ambiguity and uncertainty associated with the wicked problems.  

Problem solving has been the focus of many scholars and numerous procedures have 

been proposed (Duncker, 1945; Ackoff, 1974; Kilmann & Mitroff, 1977). The essence of these 

approaches can be summarized into five basic phases: acknowledgement of a problem’s 

existence and assumption of a problem space, the definition of a problem in a form that can be 

communicated, analysis of a problem to identify solution requirements and generate alternative 

solutions, selection of the best solution, and implementation of a solution with feedback. This 

has been the standard approach for solving problems for many years. Those problems were 

mainly well-defined problems. For the wicked problems, the definition of each phase especially 

the first two phases, problem space, and problem definition needs revision.  

A problem space for a well-defined problem may simply be the permissible operations 

for solving the problems, as it assumes that the current state and desired state are known, and the 

task is to find the way from current state to desired state. In a wicked problem, one or both of the 

current state and desired states are unknown. Before contemplating how to go from current to 

desire state, one need to know what current and desired states are. The inherent complexity, 
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ambiguity, and uncertainty associated with the wicked problem makes it difficult to envision the 

problem (that is, current and desired states, objectives, or goal). 

We assume that problem solving is a reasoned process requiring multiple decisions. As 

an active creative process, it falls under the domain of the engineering method. “The engineering 

method is the use of heuristics for causing the best change in a poorly understood situation 

within the available resources” (Koen, 2003). The “fuzzy front end” of complex system design or 

product development is frequently modeled as a spiral development model of ongoing 

knowledge development through repeated hypothesis generation, testing, and refinement. This 

continual learning and system maturity is typically guided by a fairly well developed objective or 

purpose. We examine the potential for the application of heuristics in the development of a 

problem space. 

There exist numerous heuristics and techniques for generating and assessing alternative 

solutions and implementing such solutions for a given problem. Approaches to defining a 

problem and generating a problem space are less well defined. This paper describes a set of 

heuristics that support the development of a problem space from which a set of problem 

definitions can be identified. 

The contributions of the paper are: 

 Uses problem space to capture the complexity, uncertainty, and ambiguity of a 

wicked problem 

 Proposes the heuristic method to model problem space as CAS 

 Uses the concepts from network analysis such as centrality analysis and cluster 

analysis to guide and justify the evolution of vocabulary used in problem space 

A problem definition or statement is usually developed either to address/eradicate 
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symptoms or to reach desirable goals and outcomes. It is usually an easy task to define a simple 

problem. However, for the systems that may have symptoms or goals that intersect multiple 

departments or domains, and have engineering, economic, social, and political aspects, there may 

be several potential problem statements. These problem statements achieve some of the goals or 

outcomes, or may help eradicate some or all of the symptoms, if a solution is found. In other 

words, a solution to the problem may lie at the intersection while symptoms may exhibit in a 

variety of domains. A perspective from a single domain may result in an incomplete description 

of the problem. A problem like this is often complex, ill structured, and messy. The challenge 

with these problems is not only limited to solving them, but also identifying and defining them in 

such a way that a full range of institutional knowledge can be applied to a resolution. 

In this paper, we propose a framework to describe a generic problem space to capture the 

set of relevant problems that reside at the intersection of multiple domains, including the ill-

structured ones. A heuristic method based on complex adaptive system approach is developed to 

model problem space using an evolutionary approach under uncertainty, ambiguity, and conflict 

that persists in many circumstances.  

The framework can be utilized to reduce the impact of the representation bias, which is 

grounded in the language and tools from the problem solver’s technical discipline and 

experiences in similar situations. Even if a manager is aware of a personal bias, he/she may have 

to deal with individuals who hold such biases and strongly believe their perception of the 

situation to be accurate. The proposed framework integrates different perspectives originated 

from different subject matter experts, domains, and stakeholders into one problem space, and 

encourages the understanding of the language used by all parties.  

Finally, in an era of massive amounts of electronic data records available, analytics can 
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be utilized to mine the data and obtain meaningful information. However, the data can only be 

useful to answer the proper question. The proposed framework may provide an opportunity to 

involve multiple domain experts to define the set of questions using a dynamic iterative process.    

This paper is organized into four sections: “Introduction,” “Background,” “Proposed 

Approach and Illustration,” and “Conclusion.” Introduction provides a brief preview of the 

context of the paper and related topics. Background discusses previous work related to problem 

definition, CAS, and problem space. Proposed Approach describes the heuristic framework for 

visual modeling of a problem space with an illustrative example. Finally, Conclusion 

summarizes the importance and findings of the paper as well as future implementation. 

3.2  Background 

The implementation of a solution implies the development of alternatives, which 

assumes a high fidelity definition of the problem, which in turn requires knowledge of the 

problem space. We model this process as a complex adaptive system in which learning and 

refinement may occur at any phase of the process. 

Complex Adaptive System 

A complex adaptive system (CAS) is a perspective of defining a system that exhibits 

adaptive behavior. One of the earliest uses of the term CAS is by Holland (1992, 2006) and Gell-

Mann (1995) from the Santa Fe Institute. Holland (2006) defined CAS as “systems that have 

large numbers of components, called agents that interact and adapt or learn.” His earlier work on 

CAS was about implementing the approach to simulation models of inherently complex real 

organizations or systems. He also identified four fundamental features of the CAS: parallelism, 

conditional acts, modularity, and adaptation and evolution. Gell-Mann (1995) emphasized 

different types of adaptive nature: simple or direct versus complex adaptation. Direct adaptation 
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is like a thermostat, a particular reaction to a particular event or events. Complex adaptation is 

the result of learning over a period of time; experiences gained from many circumstances, 

surroundings, and entities involved. 

The broad interest and application has provided numerous definitions of CAS. Many 

scholars used Holland and Gell-Mann’s studies as a base and applied the ideas to different fields 

such as healthcare and logistics. The implementation of CAS in such fields is an alternative way 

of representing a complex system with learning (adapting or evolving) capabilities, unlike earlier 

studies that focused on building realistic computer models of complex systems. Irrespective of 

differences in implementation and terms used, these CAS models share basic characteristics 

(Holland, 2006; Gell-Mann, 1995), as summarized below: 

 Consists of numerous elements /agents/ parts /components. 

 Interacts or has relationships among these elements that are non-linear and dynamic. 

 Exhibits collective or emergent behavior. 

 Has an ability to learn and adapt. 

Other CAS characteristics that are the consequences of the basic characteristics include 

the following (Holden, 2005): 

 The system is not an aggregate of individual elements, i.e., the true nature of the system 

can only be understood by analyzing the system as a whole. Divide and conquer is simply 

not an appropriate option for analysis. 

 The system lacks strong central control; often there is no central control. 

 Systems are mostly open, or at least have flexible boundaries. 

 Individuals are autonomous and behave according to their perception of what is 

happening around them. 
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A CAS approach has provision for a system to evolve, learn, and adapt, which is a 

suitable approach for dealing with a messy ill-defined problem. 

Problem Solving as a Complex Adaptive System 

If alternatives are not presented as well defined and strictly mutually exclusive, the 

decision process becomes a system development process, a design process. It is possible to start 

in the design/decision process at any stage much as in the “Spiral” systems development model 

popularized by Boehm (1986). It is quite natural to start with what you know and build towards a 

resolution. This may start with an issue or set of alternatives and progress toward resolution. 

There may be stakeholders identified so that their specific considerations may be included in the 

design/decision process but the focus is how those specific stakeholders relate to the design at 

hand. Typically, their vision is based upon assumed solutions. The problem space thus generated 

is inherently restricted to the illumination of existing alternatives or issues when a broader 

perspective may be required. 

A simple model of a problem solving system consists of five functions 

 Generate Problem Space 

 Describe/define the Problem 

 Analyze, Design, Generate Alternatives 

 Decide/Select 

 Implement/Realize 
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Figure 3.1 : Problem solving as complex adaptive system 

A robust approach would explicitly recognize and use the interdependencies among the 

phases of problem solving (Figure 3.1) when information is generated and knowledge acquired 

in any of the phases. Each phase is the result of human perception and creativity and thus can 

contribute to the whole. When problem solving is viewed as a sequential process, the links 

between Describe Problem, Generate Alternatives, Select Solution, and Realize/Implement the 

solution are typically emphasized. Feedback among phases in a sequential process is often 

restricted unless a ‘Gate’ is missed in a ‘phase and gate process.’ This restriction is enforced in 

order to reduce “scope creep” but this highlights the fundamental conflict of an efficient problem 

solving process and solving the correct problem. Information is generated and uncertainty is 

decreased in each stage and thus has the potential for improving the quality of the process. Any 

phase has the potential for clarifying any of the other phases. The interdependence between the 

Describe Problem, Generate/Analyze Alternatives, Decide/Select, and Realize have been 

acknowledged in the systems engineering Spiral, Vee models, and Diamond model with 

sequential interdependencies proposed by Kilmann and Mitroff (1977). 

A complex adaptive system can capture the behavior of the relationships among these 
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functions with emergent behavior based upon relationships and the unique characteristic of each 

function, the model presented in Figure 3.1 presents the characteristics of a complex system. 

Implement/Realize 

The process of implementing a specific solution is an inherently complex process that 

attempts to mediate the requirements of a specific solution with the complex reality of actionable 

implementation in the “wicked” real world. Optimization is unrealistic; therefore, heuristics 

dominate this function. Systems Engineering has formally incorporated functions that focus on 

Generate Alternatives, Decide/Select, and Implement. Implementation is a real consideration in 

the Generate Alternative and Decide/Select functions. The incorporation of Generate Problem 

Space and Define Problem is integrated with a set of Originating Requirements. The Project 

Management Institute in the PMBOK Guide (2000) defines projects as activities that are 

temporary, uncertain, and progressively elaborated. They have developed a body of knowledge 

that includes heuristics for project implementation. Heuristics such as Critical Chain (Goldratt, 

1997), Scrum, Agile Project Management (Herroelen, Leus, & Demeulemeester, 2002; Hass, 

2007), Multiple Resource Constrained Project Scheduling, and many more are used to realize 

project objectives. There is near unanimous agreement that successful projects depend on 

meeting the needs and requirements of the stakeholder/customer and the literature abounds with 

attempts to meet this range of expectations.   

Analysis/Design/Alternative Generation 

We have recognized that having a reasonable set of alternatives is essential for effectively 

resolving issues. A variety of methods (brainstorming in all of its forms, DeBono’s Lateral 

Thinking, Glodratt’s Conflict Resolution Diagrams, Altschuler’s TRIZ, and many others) has 

been used to facilitate the alternative generation. Keeney (1996) suggests that appropriate 
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consideration of values (terminal and instrumental) can lead to a more comprehensive and 

potentially effective set of alternatives. When we initiate the decision making process with an 

idea of the general nature of the alternatives, our “problem” then turns the focus of efforts to how 

we are to decide. Thus, stakeholders are identified and their criterion for an acceptable solution 

delineated. The explicit consideration of stakeholders becomes actionable only after alternatives 

have been developed. These are by far the most common types of situations and can involve very 

simple or extremely complex and data intensive analyses. 

Decide 

Keeney (2004) suggests that 75% of the decision situations worth thinking about can be 

resolved with “Clear Thinking Consistent with Decision Analysis.” The first step in decision 

analysis is structuring the problem and the critical phase of structuring is defining the problem 

such that you solve the right problem. Examining values can enrich the alternative set developed 

and thus loop back through the “problem space- description – alternative generation” phases. 

Typically, we face decisions of the “choose” type and are adept at contrasting and 

comparing alternatives provided to us. These trade studies, as commonly referred, may go as far 

as to include assessments as to the effect of information quality (risk and uncertainty). The 

objective of these analyses it to produce a normative decision model that is “requisite” for the 

decision maker. The heuristics that are applied may or may not address the fundamental issue. 

Define the Problem 

A problem definition is crucial to the problem solving and has been cited as the most 

significant part of this process (Weiss, 1989; Bardach, 1996). Problem definition is a description 

of the gap between reality and expectation. For a well-defined problem, that is all that there is to 

a problem definition. For ill-defined problems, it is that and much more. When the problem 
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itself is unknown then a problem definition is not just the description of the gap between current 

and future states, it is also a process of constructing a problem, the process of making explicit 

and conscious decisions concerning the situation, issues, and opportunities. Though a problem 

definition is often stated as critical to the problem solving process, it is often neglected, ignored, 

or at best not a sufficiently explored stage of problem solving. The tendency to shift the focus 

immediately to the solutions has exposed problem solving to Type III errors (solving the wrong 

problem) (Mitroff & Featheringham, 1974; and Yadav & Korukonda, 1985). One guard against 

committing a Type III error is effective “problem definition.” A carefully considered problem 

definition can also improve collaboration in problem solving (Basadur, Pringle, Speranzini, & 

Bacot, 2000). 

Many problem definitions presume that a goal is stipulated early in the process and 

remains constant throughout the life cycle of problem solving. In the real world, especially for 

complex wicked problems, this is rarely true. In many complex problems, the goal is often 

ambiguous or simply unknown (authentic ambiguity). Many scholars acknowledge the fact that 

problems are always not evident and that problem definition is much more than stating the 

problem. Nepal, Yadav, and Solanki (2011) illustrate how the problem definition helps in new 

product development. The obvious question then is how to obtain a problem definition if the 

desired state is unknown or uncertain. 

Discover Problem Space 

We propose that a problem space is one of the several possible representations of a 

system that contains the problem and a set of multiple definitions of the problem. This definition 

differs from an earlier perspective, introduced by Newell (1980), of the problem space as a 

collection of activities, symbols, and operators that can be used to solve the problem. The latter 
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definition is specific to a well-defined problem in which the initial and goal states are known 

and the thus solution operators are identified in the definition. 

Multiple problem definitions can be derived from a robust problem space. The problem 

space helps communicate the nature of the problem, especially in situations where the problem is 

ambiguous. A single problem space may incorporate many different perspectives and its 

development is an active creative process. These perspectives are then merged into one problem 

space. A specific perspective may change as more is identified about the problem during the 

course of analysis, and thus the problem space will change as meaning is developed. A problem 

definition then provides an explicit representation of the problem within a problem space. The 

problem represented by a problem definition cannot have a scope or context greater than the 

problem space (Newell, 1980). That is, the problem space must encompass all possible problem 

definitions. 

Simon and Newell (1971) defined problem space as “the way a particular subject 

represents the task in order to work on it.” “A problem space is a formalization of the structure of 

processing molded by the characteristics of the information-processing system, and more 

importantly, task environment” (Goel, & Pirolli, 1992). Roschelle and Teasley (1995) express 

problem space (or joint problem space) as “shared conceptual structure” about the problem. 

These definitions of problem space assume problem space as a static collection of an initial and a 

goal state, other intermediate states of the problem, all actions permissible at any of these states, 

and all possible associations between these states and actions. Such a definition limits the scope 

of a problem space to well-defined problems with known initial and goal states, and knowledge 

of permissible tasks to fill the gaps between states.   

Many real-world problems are complex, and are in the form of an awareness of an 



34 
 

undesired situation or a desire/opportunity for improvement. For these complex ill-defined 

problems, the Simon and Newell (1971) definition of the problem space is not applicable. In this 

paper, the problem space is redefined as the relevant information about a system that contains the 

problem. The information is in the form of pertinent entities and relationships among those 

entities. Entities could represent people (subject matter experts, stakeholders, decision makers, 

and so on), data, facts, values, policies, processes, and all things one perceives as relevant.  

To construct a problem space, one (generally decision makers or managers) must 

acknowledge the existence of a problem, even though the exact nature of the problem is 

unknown. That is, the problem has to be validated. However, many complex problems are vague, 

making them difficult to validate. In such cases, the problem space is created with the 

assumption that there is a problem. Later, the problem space can be used to determine whether a 

problem exists.  

3.3  Proposed Approach and Illustration: Problem Space as a CAS 

Problem Space Heuristics 

A problem space can be viewed as relevant information about the system that contains 

the problem (elements and relationships). The modeling of a problem space is an active creative 

human process of analyzing what the relevant information pertaining to the problem is. An 

analyst (person who is responsible for defining the problem space) determines what relevant 

information is, based on his knowledge and skills, as well as the data, stakeholders and subject 

matter experts (SME). The problem space is a mental model based on a multiple perspectives 

about the system that contains the problem, and changes as more perspectives are integrated. 

This yields a space that is rarely static, but one that changes as more information is revealed.  

The problem space thus generated will have numerous entities with relationships that 
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change with varying perspectives. The summary of characteristics of proposed problem space is: 

 It represents information pertaining to a problem, which includes its context, 

environment, or system that contains the problem. 

 It is based on the perception of reality of the analyst, SME, stakeholder, problem 

solver/decision maker and hence is not an absolute picture of reality. 

 It consists of interdependent entities. 

 It is dynamic and adaptive. 

There are a few heuristics developed for generating a problem space, so this paper will 

focus on the development of a heuristic. A problem space is modeled as a collection of entities 

and the relationships among those entities, in such a way as to capture multiple possible problem 

definitions. Wood and Doan (2003) mentioned, “dynamics of problem definition will be non-

linear.” This perspective is based on the threshold model of collective behavior for evaluating 

problem definition (Granovetter, 1978). This process does not rely heavily on initial information. 

The process starts with the assumption that very little is known early on, and what is known is 

not in a form that is readily validated and is in the form of experience or tacit knowledge. Hence, 

a complex adaptive system (CAS) that inherently involves numerous entities with non-linear 

dynamic relationships to learn, and adapt, is an appropriate approach for modeling problem 

space that will evolve. 

CAS has agents that can learn and adapt which results in emergent system behavior, in 

the case of problem space, that adaptive agent primarily is an analyst and secondarily 

stakeholders and SMEs. We assume that analyst is a single cognitive processing unit for the 

development of a problem space. The unity of perceptual and cognitive processing provides the 

basis for a more integrated adaptive process. Metlay and Sarewitz (2012) suggest that after an 
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integrated view of a problem is developed, the messy problem can be broken into well-defined 

problems that can then be addressed by the relevant stakeholders. The problem space is the 

medium that helps to communicate information to involved parties. 

The proposed heuristic framework for constructing problem space is shown in Figure 3.2. 

It contains three activities: 

 Acquire Data 

 Structure Data 

 Create Visual Data-Map 

Since we are using a CAS approach to problem space, the functions acquire data, 

structure data, and mapping data are not sequential steps, but are simultaneous and evolutionary. 

That is, an analyst could have some initial data; he then structures those data and maps them. 

This follows the Affinity diagram or KJ Method (Mizuno, 1988). Within the proposed 

framework, the analyst could realize that more data are necessary and acquire them as needed. 

Again, while structuring data or mapping data, the analyst could add certain entities/relationships 

which he/she finds missing. Any additions by the analyst at any time would change the model of 

the problem space. This process continues until the analyst is satisfied with the problem space or 

sees no more value can be added to the problem space with current data. This process may go on 

throughout the life cycle of defining the problem. Figure 3.2 shows process and decision 

involved. 
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Figure 3.2 : Heuristic framework for constructing problem space 
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Acquire Data 

Data are acquired from various sources such as relevant documents, databases, surveys, 

interviews with stakeholders and SMEs, and established communities of practice. One heuristic 

for obtaining data is asking questions like Who, What, When, Where, Why, and How (5WsH). 

There are many approaches for structuring inquiry such as “Equipment, People, Process, 

Material, Environment, Management” of the Ishikawa diagram. The philosophy of asking 

questions has ancient roots (e.g. Socratic Method). It is widely used in journalism, literature, and 

market research as a way of organizing questions, thoughts, and information. The importance 

and the art of asking questions is highlighted by Paney (1951), whose work is related to market 

research but is applicable elsewhere. Zachman (1987) popularized the idea of asking 5WsH in 

systems engineering with the Zachman Framework. There are many guidelines (e.g. researches 

by Miyake and Norman (1979) and Vinten (1994)) for asking questions and details are beyond 

the scope of this paper. The dynamics between 5WsH are explained briefly to show how 5WsH 

can be used to create problem space. Top in the hierarchy is “Why,” followed by “What” and 

“How,” and at the bottom is “Who,” “When,” and “Where” (Vogt & Einstein, 1994). The 

hierarchy depends on extent of reflective thinking required to address the question. Each 5WsH 

also represents a particular type of knowledge, listed below (Eppler & Burkhard, 2007): 

 Who (people related knowledge) 

 What (declarative knowledge) 

 Why (experiential knowledge) 

 Where (orientation or location-based knowledge) 

 When (time or sequence-related knowledge) 

 How (procedural knowledge) 
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 Relationships between questions and enterprise architecture are shown in Figure 3.3 (A. 

Stallard, personal communication, September 27, 2011). Each perspective of a situation 

generates a specific set of interests. Figure 3.3 The Enterprise (a) focuses on the objective or 

purpose of the system and thus emphasizes “Why.” The “Why” is with respect to “How,” 

“Who,” “What,” and “When.” Likewise, the Functional perspective (b) is directed to “How” and 

the Operational view (c) is directed to “Who,” “What,” and “When.” When these diverse views 

are integrated (d), the complexity and richness relationship is accessible with the second and 

third order interdependencies revealed. 

 

Figure 3.3 : Interrelation of question types 
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Structure Data 

 Acquired data needs to be structured in a way that facilitates the construction of the 

problem space as a collection of entities and relationships. The data obtained from various 

sources includes meta-data and needs to be structured such that the data still represents the the 

original meta-data, but does not overwhelm the analyst with excessive details. A study by 

McAleese (1994) gives a theoretical perspective to auto-monitoring (process of group knowledge 

representation), though it is mostly focused on automation of the concept mapping, it does 

provide insight into identifying entities, and relationships. The proposed framework uses 

computer tool to assist in identifying and retrieving entities and relationships, but the decision of 

what entities and relationships are mapped is left to analyst.  

Identify Entities: First, relevant entities are identified from the data obtained from a variety 

of sources. 

 To identifying entities, look for principally nouns, verbs, adjectives or adverbs (i.e. 

anything other than auxiliary verb, articles, and such). This represents an initial terms 

found in the original data. One can use various text mining or data mining tools to 

obtain such a list. Single words are desirable, but if not possible, a phrase can be used 

as a single entity. 

 The term evolves and changes as the analyst goes through a rationalization process. 

The rule of thumb is if different terms are used to imply the same concept, then 

analyst could use a single term to replace all other instances. The analyst has to be 

careful that replacing a term with another will not cause the loss of meaning implied 

in the original data. “Meaning” is from the analyst’s perspective. 

 A class of term may be a higher order term. For example in manufacturing: the 
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fundamental term may be the parts of several assemblies and the assemblies 

themselves may be entities, their part numbers another, and their source yet another. 

The objective is to categorize and classify entities in such a way that the problem 

space can be communicated.  

 Identifying and adding entities, and the editing terms can occur in any phase. 

Identify Relationships: The analyst has to identify relationships among entities based on the 

analyst’s perception of the original data. Sometimes these relationships are explicitly expressed 

in the original data, and sometimes they are implicit. As in the case of entities, identifying and 

adding relationships can occur in any phase. At this stage there is no need to identify the nature 

of these relationships (parent-child, cause-effect, sequence, etc.), just that a relationship exists. 

 There is a trade-off between the number of edges (relationships) and the number of 

nodes (entities). If one replaces many nodes with a single node (e.g. in case of 

replacing many terms with a single term), there is a higher density of relationships. 

When enforcing an understanding of the original data, be careful not to overdo it. 

 If there are too many nodes, the relationship density will be low. 

 The objective is to get some form of pattern in problem space that provides some new 

insights.  

 In identifying a relationship, one has to decide if there should be a direct relationship 

between entities, or the indirect relationships already presented in the problem space 

is sufficient. From our experience, we have found that a relationship density of 2.0 to 

3.0 (number of relationship/number of entities)  

The entities and relationships together form the vocabulary for the problem space. The 

vocabulary here means the basic architecture of the problem space, that is, vocabulary represents 
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terms and relationships among them. The vocabulary is the basic construct of the problem space 

and represents the terms in the data alongside the meaning of the terms as perceived by the 

analyst within the context of the data. 

TABLE 3.1: PROJECT MANAGEMENT CASE STUDY 

Engineer “SOLID”: Experienced engineer with a reputation for the high quality technical 
aspect of the project (a perfectionist). He is responsible for the last major platform product 
in the company. His projects tend to come in late or over budget although, these were not 
considered to be significant overruns. He will probably retire in a couple of years after a 30-
year tenure at the company. 
Engineer “FUTURE”: A young engineer who has been with the company for five years but 
has already directed a successful small project. She has the reputation for being an effective 
manager and an up and comer in the organization and spent three years working directly 
with engineer SOLID. They maintain a good relationship. 
Project “IMPROVEMENT”: This is a currently manufactured product with good market 
acceptance. Competition is expected to come out with a new product in this class and many 
in the firm believe that with a little “sprucing up” of the current product the firm can 
maintain its market position. 
Project “PLATFORM”: The firm does not currently have a successful product in this 
segment of the market. There is the general perception that brining out a set of products 
addressing market needs could be very profitable but would require the development of new 
technology with a new platform. 
The “FIRM”: The firm has a culture of product innovation while fostering the development 
of its employees. The firm has an extremely low turnover rate. A prioritization scheme is 
used to classify projects into two classes, fast track, and supporting. There is currently a pool 
of resources available for one project. 

 
Evolution of Problem Space 

An easily assessable example data, as shown in Table 3.1, is used to illustrate the 

heuristic for generating problem space. This is a simplified example in which manager was asked 

to decide between two projects. It represents the real life situation where managers were asked to 

resolve a given problem, rather than identify and define the problem. In this case, instead of 

looking into the solution for a given problem, the problem space is created to see if the issue is 

about the choice between two projects or there are other underlying issues that determine the 

future of the firm. Though the data in Table 3.1 is small, it is still hard to envision relevant 
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vocabulary (i.e. different entities and relationships among those entities), let alone the dynamics 

between vocabularies. 

This is an inherently messy problem because of the different perspectives of stakeholders 

involved, which is the result of their different experiences. It is an enterprise or strategic level 

(Figure 3.3(a)) and thus focuses on “Why,” “Who,” “What,” and “How. From the data in Table 

3.1, a list of vocabulary as shown in Table 3.2 is developed. Table 3.2 shows the derived terms 

as they relate to ‘SOLID’ and ‘FUTURE’ engineers. Frequently, the initial problem space may 

contain significant noise information. It is then the analyst’s task to identify what is relevant. In 

this process, the analyst revises the vocabulary. The analyst could use two approaches for this 

development:  

 Entity based approach  

 Relationship based approach. 

TABLE 3.2 : PARTIAL LIST SHOWING THE ENTITIES RELATED TO SOLID ENGINEER, 
AND FUTURE ENGINEER 

SOLID Experienced Engineer 
SOLID Reputation 
SOLID Quality Technical Aspect 
SOLID Budget 
SOLID Retire 
SOLID Tenure 
FUTURE Young Engineer 
FUTURE Reputation 
FUTURE Effective Manager 
FUTURE Relationship 
FUTURE Potential 

 
Entity Based Approach: In this approach, analyst focuses on entities. For example, in Table 

3.2, an analyst may say instead of entities ‘Experienced Engineer,’ ‘Experience’ is a general term 

that could be associated with other employees not just engineers. If the analyst has the time, 

opportunity, and resources, he could obtain feedback from the SME, and stakeholders. The 



44 
 

analyst makes the decision if certain entities should be replaced by more general or inclusive 

entities.  

Relationship Based Approach: In this approach, the analyst focuses on the relationships 

among entities. In reality, the initial data may contain implied information. It is the analyst’s job 

to identify those and to make a decision whether that specific relationship needs to be explicitly 

expressed in the problem space. Every change in the entities or relationships changes the 

vocabulary of the problem space. This evolution of vocabulary may continue through the life 

cycle of problem definition and problem solving process. 

Create Visual Data-Map 

 A visual model is an effective means of communicating information. Human minds can 

process only seven plus or minus two bits of information at a time (Miller, 1956). A recent study 

suggests that this number is smaller, four to be exact (Cowan, 2000). This presents a great 

challenge while understanding complex systems, as a complex system consists of numerous 

entities interacting with each other. In addition, human visual information processing is highly 

developed. For this reason, visual mapping of a complex and complicated scenario is an 

appropriate method for understanding the dynamics that are a result of higher order relationships. 

Wood, Sarkani, Mazzuchi, and Eveleigh (2012) proposed a framework for capturing hidden 

stakeholder system ensuring the highest success rate for a program using a visual mapping of 

stakeholder relationships.  

The proposed framework for modeling problem space uses a network diagram as a means 

of visual map of the structured data where nodes represent entities and edges represent 

relationships. The network diagram is used because underlying domains of graph theory and 

network analysis provides a rich set of tools useful to view global patterns and understand the 
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standings of an individual in the complex dynamics of higher order relationships between 

entities. Bender-deMoll (2008) explain network analysis tools. A network representation of the 

problem space is shown in Figure 3.4, created using yEd (yworks). 

 

Figure 3.4 : Network diagram of initial problem space 

Figure 3.4 shows the clusters of vocabulary from each perspective. From Figure 3.4 it is 

clear that there is no cohesion between different perspectives. In the next iteration, these different 

perspectives are integrated together resulting a change in vocabulary. The objective is to 

integrate various perspectives so that the problem space represents the whole system that 

contains the problem, rather than the simple sum of different perspectives. 

Figure 3.5 shows the problem space after revising vocabulary. The Figure 3.5 also shows 

the evolution in the vocabulary used, for example, both ‘New Market’ and ‘Existing Market’ is 

replaced with ‘Market,’ which is a more inclusive. The simple guideline for editing vocabulary is 

the trade-off between the number of entities and graph density. Decreasing the number of entities 

by merging many entities into one will result in higher entities to relationships ratio, in another 

word graph density. The impact would be a compact problem space with reduced path length 
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between many pairs of entities. The analyst has to be mindful of whether or not this compactness 

reflects reality. In addition, make sure that the entities can be edited (replaced, removed, or 

merged) without compromising the problem space. For example, ‘New Market’ and ‘Existing 

Market’ can be considered subcategories of ‘Market.’ If within the context of the problem space, 

the difference in the ‘New Market’ and ‘Existing Market’ is not significant, then ‘Market’ can be 

considered a good representation of both the entities.   

 

Figure 3.5 : Problem space after editing entities and relationships 

Even after reducing the vocabulary, there may be a large of number entities with an even 

larger number of relationships. It may be hard to deduce meaningful inference from such a 

complex network. Therefore, similar or related terms can be grouped together. Such a group is 

referred as ‘concept.’ A ‘concept’ is an entity that is a collection of other entities and is treated as 

a single entity for analysis purposes. The grouping depends entirely on how the analyst wants to 

group entities to get a ‘concept.’ In a way, concepts are virtual entities that are themselves not 
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part of the problem space, but are a collection of entities and relationships that are actually part 

of the problem space. ‘Concept’ can be used as alternative to editing entities without merging, 

replacing, or removing them. Figure 3.6 shows the problem space when similar entities are 

grouped together to create ‘concept’ entities: ‘Workforce,’ ‘Market,’ ‘Product,’ ‘Firm,’ and 

‘Project.’ 

 

Figure 3.6 : Problem space where entities are grouped together to form 'concepts' 

A ‘Concept’ makes it easier to get an abstract view or higher-level view of the problem 

space. The ‘concept’ is a useful tool especially if problem space has several hundred or more 

entities. In such case, entities can be grouped based on similar attributes like everything related 

to a department, or all products sharing same material, or belonging to particular regions, into a 

‘Concept.’ ‘Concept’ may be groups of similar concepts, that is, the nested concepts. We have 

found that 50 to 70 concepts are reasonable numbers for analysis. 
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Figure 3.7 : Problem space with collapsed concept 

Figure 3.7 shows the problem space where the entities inside the concepts are hidden. In 

Figure 3.7, we could see that there are not many direct relationships between ‘Firm’ and 

‘Market.’ Though ‘Firm’ and ‘Market’ are related through other entities like ‘Relationship’ and 

concept like ‘Product.’ The association between ‘Firm’ and ‘Market’ through ‘Product’ is 

obvious, but the lack of strong direct association is of concern. The manager now has to look into 

the detail to see if the association is missed during the modeling process. On the other hand, it 

could be due to the firm’s lack of the emphasis to the relationships with market. It is possible that 

recently the firm may not be involve in marketing, or promotional activities, or has taken any 

other steps to understand and analyze market, which could be a concern for the future of the 

entire firm. 

The paper demonstrates how to use the proposed guideline for creating problem space. 

This method is suitable for wicked problems, where the problem itself is unknown. The paper 

also demonstrates how problem space helps in analyzing and structuring large amount of data, 

how the graphical visualization helps understand the uncertainties, conflicts or ambiguities. 

Though not part of this paper, we would briefly demonstrate how problem space could help 
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identify problems that may not have been evident initially. Figure 3.8 shows the hierarchical 

layout of the entities based on centrality measure, which scores entities based on the 

relationships they have with other entities. The entities with the highest score are at the top and 

lowest at the bottom. The entity ‘Market’ has the highest score, and implies that it has an impact 

on many entities. From Figure 3.7, we know that there is a lack of a strong association with the 

‘Firm’ and ‘Market.’ This shows the issues with the way the firm operates. The problem 

manager now is faced with not just issue of two projects, but also the issue with the lack of direct 

interaction between the firm and the market. 

 

Figure 3.8 : A problem space arranged into a hierarchical layer based on centrality measure 

Another way to view a problem space is as a collection of different types of knowledge 

such as 5WsH. The entities can be marked as one of 5WsH, and grouped as concepts of 5WsH 

shown in Figure 3.9. Based on the context of the problem space not every ‘Who,’ ‘What,’ 

‘Why,’ ‘When,’ ‘Where,’ and ‘How’ is relevant. For example, if “location” information is not 

relevant in a given context, then the problem space may not require entities to be grouped into 

‘Where’ concepts. There are certain entities that should be present in most of the problem spaces. 

First, one is ‘Who.’ ‘Who’ is crucial to the problem space because the problem space integrates 
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multiple perspectives, perspectives (values) are based on the stakeholders. The other is ‘Why,’ as 

the problem has implications for someone. At least, the significance behind a problematic 

situation based on the stakeholder should be explicit. 

 

Figure 3.9 : Problem space viewed as concepts based on 5WsH 

In Figure 3.9, we can see that there is no explicit ‘Why.’ That is, the problem space does 

not capture as to why the ‘FIRM’ cares about projects, and what is the importance of each 

project to the ‘FIRM.’ There may be situations where stakeholders have different opinions about 

the problematic situation but have common reasons, or they may agree on the same problem but 

may have different reasons. Asking ‘Why’ helps expose these hidden assumptions and conflicts. 

This is one of the advantages of using a formal problem space. It helps raise questions that may 

not be noticed otherwise, and it encourages a different thought process. In this example, the 

original problem given to manger can be considered a well-defined problem of multi-criteria 

decision making, where the manager has to decide between two projects based on the given 

criteria and constraints. On closer look, we have found that there may be hidden issues like that 

of the market and significance (‘Why’) not tied to the original perception of the problem by the 

‘FIRM.’  



51 
 

 

Figure 3.10 : Problem space after adding entities pertaining to 'Why' and grouped together as 
concepts of 5WsH 

The feedback from the ‘FIRM’ based on a new question is added to problem space and is 

shown in Figure 3.10. We can see that one reason for improvement project is the ‘Stability and 

Sustainable Growth.’ One could question if there is any evidence that shows that the 

improvement project will help achieve that growth. Now the focus shifts to ‘Why’ and if what 

‘FIRM’ wants accomplish that. Remember the point of the problem space is not to analyze 

advantages or drawback of two projects, or to find the justification for the choice of one project 

over another. The point of the problem space is to see if there are other possible problems.  

Finally, we would like to emphasize that the idea of the problem space is not to create a 

simple linear model of the problem but to capture the complex dynamics of a messy problem. 

Many times engineering methods focus on mathematical models like regression analysis, and 
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cost-benefits analysis, or linear methods like cause-and effects analysis. Though these methods 

are beneficial and helpful for well-defined problems, they are not suited for wicked or messy 

problems, simply because these methods rely heavily on the tangible factors, which can be 

expressed numerically or as simple cause and effect. When it comes to wicked problems, 

intangible factors, things that cannot be expressed in terms of numbers or linear cause and effects 

models, are the driving forces. These intangible factors mostly associated with the tacit 

knowledge, sentiments, culture, and politics, both external and internal to the organization shape 

the problems. With the advancement of graph theory, computational power, and researches in 

network analysis, we now have the theoretical background, tools, and means to analyze complex 

networks, and hence no need to restrict ourselves to have a simple model. Problem space is one 

such mechanism that helps to capture the complexity of messy problem in a way that is easier to 

visualize, communicate and comb thorough the hidden assumption and indirect relationship to 

explore the unknown problems. 

The stakeholders are integral part of the wicked problem. Hence, among other data, 

stakeholders’ opinion (perception) may be prevalent data for the problem space. The problem 

space is not a statistical model used to estimate the populations’ behavior or opinion. When 

stakeholders’ perspectives are used in the problem space, stakeholders are treated as subject 

matter experts. The stakeholders’ involvement with the system that contains the wicked problem 

gives them a unique vantage point to observe or feel the dynamics of the relevant entities. Their 

viewpoint is an advantage for the analyst trying to understand the wicked problem. 

A fully developed problem space should encompass all possible problem definitions. In 

defining problems, people come to an issue with a pre-exiting frame of reference and thus a set 

of biases to defining a problem. The problem space allows any existing bias in problem 
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definition to make use of the broadest description of the problem space and consider entities and 

relationships not recognized in their original description of the problem. 

3.4  Conclusion 

A precursor to the robust solution of a problem is an insightful definition of the problem 

and a necessary condition for a problem definition is an appreciation of the problem space. This 

is most apparent in situations where stakeholders, objectives, technologies, and other entities are 

poorly defined or unknown. It is assumed that a problem space should include all possible 

problem definitions so that the definition process is accessible to rational comparisons. This 

paper proposed a framework for modeling problem space. The format of the description of the 

problem space as presented provides the analyst access to the network analysis tools as means 

for alternative problem definitions. This framework is an approach to developing a problem 

space as a complex adaptive system based upon the development of a relevant conceptual 

language, that is, vocabulary and graphical tools that guide its evolution. This approach requires 

the analyst to continuously discover, revise, and refine the vocabulary that can ultimately be used 

to define problems. 
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CHAPTER 4 

HEURISTIC APPROACH TO DEFINING A WICKED PROBLEM 

Abstract 

The existing methods for solving problems fail to adequately address the issues of 

defining a wicked problem. This paper first identifies the basic components of a problem 

definition based on the survey of the existing literatures related to problem definition. 

Furthermore, a framework based on the engineering method is developed. The framework 

consists of heuristic methods for generating possible problem definitions from the problem space 

of a wicked problem. We contend that proposed basic components of a problem definition 

together with proposed heuristic methods for generating multiple alternative problem definitions 

facilitate decision maker, manager, or analyst to understand and define a wicked problem. A case 

study demonstrates the application and implication of the proposed heuristic methods. 

Keywords: network analysis, problem definition, problem space, wicked problem   
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4.1  Introduction 

Many established methods in problem solving fail to adequately address the issues and 

challenges unique to a wicked problem. These methods (lean, six sigma, quality function 

deployment, 5S, and the range of design heuristics) focus on generating alternatives and 

selecting solutions, actions geared toward finding the solution. The emphasis on the solutions 

could be rewarding if the problem is known as in the case of a well-defined problem. In case of a 

wicked problem, the problem itself is unknown and ambiguous, creating an uncertainty about the 

problem, not just the solution. Such circumstances present a quandary for decision makers. The 

problem needs to be identified before one can consider the solutions. Defining the problem is 

significant for wicked problem as it shifts focus toward understanding the problem and 

eventually identifying the problem. 

A study, by Lyles and Mitroff (1980), surveyed and interviewed managers and found that 

ninety percent of the problems faced by managers irrespective of the domains are wicked (also 

referred to as ill-defined, ill-structured, and messy) problems. A prior study by Pounds (1965) 

acknowledged the role of managers in identifying the problem, and the importance of 

standardizing this process so that managers can be trained in defining problems, especially 

wicked problems. Weis (1989) described the significance and the impact of ‘problem definition’ 

in shaping wicked problems. Though the importance of problem definitions, especially for 

wicked problems is echoed in many studies, there is no standard method for defining wicked 

problems. 

The fact that many problems faced by engineering managers can be classified as wicked 

problems and the lack of a standard method for defining wicked problems makes problem 

definition a compelling issue in engineering. Despite that, there are few studies on problem 
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definition of wicked engineering problems. Many of the previous studies of problem definition 

pertain to social domain and focus on policy analysis, where wicked problems are the norm. One 

of the most important factor that makes policy problems wicked is the human aspect. For wicked 

problems, there is no single universally accepted problem definition, but multiple possible 

problem definitions based on the perception of stakeholders involved. The same human aspects 

in terms of organizational culture, market conditions, political environment, individual 

characteristics, personal experience and belief also make engineering problems wicked. This is 

particularly relevant as the scope of engineering solutions impact broader domains. The problem 

in which human perception is integral, is considered so complex and difficult to model and 

communicate, that managers choose not to prioritize or even acknowledge it (Lyles, & Mitroff, 

1980). 

A lesson that can be learned from problem definition in policy analysis is that, a sound 

problem definition is indispensable when dealing with a wicked problem as it shapes the very 

nature of the wicked problem (Portz, 1996). The focus of problem definition is not to devoid it of 

human perception but to embrace perception and integrate it in order to capture the reality of the 

wicked problem. The subjective nature of human perception of a wicked problem is frequently 

the result of the complex dynamics among social, political, economic, and technological 

domains. The literature survey of previous works shows that many scholars fail to agree on a 

single approach to the problem definition. Many have their own requirements for problem 

definition and approaches to generate a problem definition. The diverse approaches to problem 

definition have created a disperse body of knowledge. An approach that integrates this disperse 

knowledge can be a starting point for addressing issues of problem definitions for wicked 

problems. 
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A framework for generating a problem definition should be flexible enough to handle a 

variety of wicked problems and the associated uncertainties, ambiguities, and conflicts, as well 

as the changing perceptions of the people involved. At the same time, the framework should 

have a structure that is replicable irrespective of the context of the wicked problem. Foremost, 

the aim is to identify the basic components of a problem definition, which serves as a necessary 

condition for the problem definition. Then a framework based on heuristic methods is proposed, 

which serve as guidelines for generating multiple possible problem definitions. 

The contribution of this paper is that it identifies the basic components of a problem 

definition based on the existing literature survey regarding problem definition. The literature 

survey is an endeavor to unify the fragmented knowledge of problem definition. The survey 

looks beyond the terminology used, and focuses on the essence of definitions. It highlights the 

concepts prevalent in the literature. The other contribution is the framework based on the 

heuristic methods for generating problem definitions from the problem space. These heuristic 

methods include guidelines for partitioning and analyzing problem space. The partitioning 

methods create meaningful views (a subset of otherwise a large problem space) making it easier 

to focus on the entities and relationships of interest. The heuristic for analyzing the partition 

results in scenarios or a narrative that serves as the basis for a problem definition. 

The contributions can be summarized as: 

 Provides the literature survey of problem definitions and identifies the basic 

components of the problem definitions 

 Proposes heuristic methods for partitioning the problem space (that is creating a 

view of the problem space) based on ego networks and grouping 

 Proposes heuristic methods for analyzing the view (partition) of the problem 
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space based on network analysis concepts such as centrality measures, and 

connection analysis 

4.2  Literature Review 

A problem can be viewed as a gap between the current state and a desired state. In a well-

defined problem both states are known, and the problem is widely accepted by the relevant 

parties (Lyles, & Mitroff, 1980). A problem definition for a well-defined problem then refers to 

an expression or a written formal description of such gaps, which are clearly identified. On the 

other hand, for a wicked problem one or both of the current state and desired state are unknown, 

uncertain, or ambiguous. A lack of consensus about the problem among the stakeholders is a 

common occurrence in wicked problems (Vennix, 1999). Hence, for a wicked problem, a 

problem definition is not just an expression of the problem, but also a process of finding, 

designing, consolidating, and selecting the problem. 

Wicked Problem 

The earliest use of the term ‘wicked problem’ can be attributed to Rittel and Webber 

(1973). Around the same time, the term ‘ill-defined problem,’ ‘ill-structured problem,’ and 

‘messy problem’ appeared in the literature. When these terms first appeared in the literature, 

there may have been subtle differences. Currently, these terms are used interchangeably as they 

will be in this paper. Irrespective of terminology used, and the minor differences (if any), the fact 

remains that they refer to the class of problems, which are the opposite of a ‘tame problem’ or 

‘technical problem.’  

A study by Rittel and Webber (1973) is considered the origin of the idea of a wicked 

problem. The term ‘wicked problem’ was originally used in the context of social problems, but it 

is equally applicable to many real life problems from other domains. Rittel and Webber (1973) 
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postulated ten characteristics of a wicked problem that differentiates it from a well-defined 

problem. Some of these characteristics pertain to the solution aspect of the wicked problem. 

Since this paper focuses on problem definition, we discuss the characteristics that relate more to 

the definition of wicked problem than the nature of a solution to a wicked problem. 

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-or-bad 

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

5. Every solution to a wicked problem is a “one-shot operation;” 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 operations 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 problem’s 

resolution 

10. The planner has no right to be wrong 

 There is no definitive formulation of a wicked problem. In a wicked problem, the 

problem itself is unknown. Often, the stakeholders involved have conflicting, but equally 

justifiable views of the problem. It is hard to create a single problem formulation of a wicked 

problem that represents the perspectives and preferences of multiple stakeholders.  
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Wicked problems have no stopping rule. Because wicked problems involve complex 

dynamics of socio-economic, political, and technical domains, it is difficult to determine how 

much information is sufficient to represent that complexity. The decision as to when the model 

of the problem is complete depends mostly on the analyst, whose decision is as subjective as it is 

objective. 

Every wicked problem is essentially unique. Let us take an example of a wicked problem, 

that of K-12 education. The problem 20 years ago is not the same as the problem now. There are 

many similar components like teachers, students, parents, and curriculum and so on. However, 

the dynamics between school, parents, and students have changed. Not only the technology but 

also the social, political, and economic context within which K-12 education operates is different 

now. So one can say every wicked problem is essentially unique, even those that look similar on 

the surface. 

Every wicked problem can be considered a symptom of another problem. Another factor 

that makes a wicked problem complex is that one can always find a problem for which the 

current problem is a symptom. Again, it is due to the complex dynamics between the different 

components of the problem. There is no single problem, rather, multiple possible problems, each 

with a different scope and focus. 

The existence of a discrepancy representing a wicked problem can be explained in 

numerous ways. The choice of explanation determines the nature of the problem’s resolution. 

The way the problematic situation is explained, and the choice of reasons behind the problematic 

situation has an impact on the scope of the problem as well as the way it will be addressed. 

Problem Definition 

Many of the established methods for problem definition emphasize identifying solutions 
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(defining specifications and requirements, generating alternative solutions, selecting and 

implementing the solution). This attitude has a significant impact on a wicked problem, because 

wicked problems are inherently complex with fuzzy objectives, multiple stakeholders, and 

significant uncertainties. Under such circumstances, focus on a solution before defining a 

problem can lead to the likelihood of considering the wrong problem and ignoring other 

possibilities. Then, there is the fundamental issue of human psychology that tries to relate any 

current event to previous experiences and exposes problem definition to subjective bias 

(perceptual bias) (Kahneman & Tversky, 1972). To avoid such issues, greater effort should be 

placed on identifying, and generating multiple problem definitions to increase the probability of 

selecting a better problem definition. 

There exist different terms for ‘problem definition’ such as, ‘problem structuring,’ 

‘problem finding,’ ‘problem formulation,’ ‘problem delimination,’ and so on. Shwenk and 

Thomas (1983) defined problem structuring as “the problem of formulating the present set of 

conditions, symptoms, causes and triggering events into a problem or set of problems sufficiently 

well specified so that the risk of using analytic procedures to solve the wrong problem has been 

minimized.” According to Pounds (1965), "the process of problem finding is the process of 

defining differences" between current and desired states. Lyles and Mitroff (1980) defined 

problem formulation as “a questioning or challenging of the current state of affairs in order to 

arrive at one or all of the following: well-defined goals or objectives, a better understanding of 

the current situation, or an awareness of potential opportunities; it is a process taking place over 

a period of time, involves first sensing the existence of a problem, then identifying contributing 

factors and, finally, reaching a definition of the problem." Vesely (2007) defined problem 

delimitation as “a multidisciplinary field of study that tries to analyze and understand the causes 
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of public policy problems analyze and evaluate their different subjective representations and try 

to suggest their precise formulation." Setting aside the subtle differences, they all refer to the 

idea that in a vague problem, one should proceed to expose the hidden assumptions, 

uncertainties, and conflicts in order to understand and identify the problem that can be 

communicated. This paper uses the terms ‘problem definition’ as representative of all these 

terms. 

Problem definition in this paper refers to as a design process (which includes discovering 

and constructing) a problem as well as the final assessment of that process. As a design process, 

it is fundamentally an iterative discovery process. A problem definition as a result (or objective) 

focuses on the constituents of problem definition. It can loosely referred to as a problem 

statement. It can be defined as “an expression of dissatisfaction of existing circumstances” 

(Portz, 1996). It is “a package of ideas that includes, at least implicitly, an account of the causes 

and consequences of undesirable circumstances and a theory about how to improve them” 

(Weiss, 1989). A problem definition as a process focuses on methods and processes of 

solidifying a problem definition. As a process, it also refers to problem formulation, problem 

structuring, and problem identification. It can be defined as “one way of organizing information 

and assigning personal meaning to it" (Rochefort, & Cobb, 1993). It is “isolating quantifying, 

and clarifying the need that creates the problem and describing the set of environmental factors 

that constrains alterables for the system to be developed” (Sage, 1992, p. 44). 

Methods for Structuring and Defining Problems 

Many heuristic approaches exist for defining or structuring a problem, unfortunately none 

of these methods is universally accepted. Many researchers favor one method over another, and 

some developed their own heuristics. On one hand, this is beneficial because there is diversity in 
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the available methods; on the other hand, it is confusing for a manager or analyst to implement 

these methods for real life wicked problems. 

One of the earliest if not the earliest approach that emphasizes the problem, is problem-

structuring methods (PSM). PSM is not a particular method, but is “a broad group of problem 

handling approaches whose purpose is to assist in structuring problems rather than directly 

solving them” (Rosenhead, 1996). Some examples of the PSM are hypergame analysis, 

interactive planning, meta-game analysis, robustness analysis, soft system methodology (SSM), 

and strategic assumption surfacing and testing (SAST) (Rosenhead, 1989). 

A study by Buyukdamgaci (2003) compared and contrasted purpose expansion and SAST 

methods and found that purpose expansion method is superior when dealing with open-ended 

problems like wicked problems. The purpose expansion model regards problem solving as 

purposeful activity. Hence, problem analysts focus on the purposes and create a hierarchical 

purpose structure. This method helps the analyst to look at a bigger picture of the problem. 

SSM is based on the idea that the true problem may not be known initially, and needs to 

be explored iteratively until a satisfactory definition is obtained. This process derives a root 

definition from the initial problem situation, and based on the root definition, a conceptual model 

is constructed which is then used to modify the problem situation (Checkland, 2000). The 

problem tree method is another method that starts with root definition and tries to identify the 

cause and consequences. A problem tree is a heuristic method for visually identifying the 

problem; and has a core problem as stem, cause as roots, and effects as branches (Vesely, 2007). 

Smith (1989) proposed a perspective framework for problem definition. It consists of 

three phases: recognition, development, and exploration. The phases are sequential, but activities 

within each phase lack order. Changes in any of the phases can redefined the problem. 
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4.3  Proposed Methodology for Defining Problem 

Components of Problem Definition 

Identifying, understanding, exploring, and stating the problematic situation, undesired 

circumstances, and opportunity are important aspects of problem solving especially for ill-

structured and messy problems. Due to the lack of consensus among scholars as to what 

constitutes a problem definition, a survey of several definitions in literature was conducted, 

which identified the basic components of problem definition.  

 

Figure 4.1 : Concepts and associated frequencies based on the literature survey 

 The survey analyzed the various descriptions of problem definition found in literatures to 

identify the frequent concepts in problem definition. The complete list of definitions used is in 

Appendix 1. Relevant terms from the definitions is identified, these terms can be organized using 

the classic structure of who, what, how, why, when and where. Most of the time relevant terms 

are words that are not auxiliary verbs, articles, pronouns, adverbs, or adjectives. Terms that 
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imply similar meaning represent a “concept.” For example, ‘actor,’ ‘owner,’ ‘people,’ are used in 

different definitions to refer human aspect, so the concept ‘stakeholder’ is used as the general 

representation to all entities that imply a human aspect. The frequency of occurrence of concepts 

in various problem definitions in noted. Figure 4.1 shows the concepts and associated 

frequencies. 

Figure 4.1 shows ‘Problematic Situation’ as the most frequent concept. Here, the term 

‘Problematic Situation’ is a concept used to represent terms like problem, issues, undesired 

circumstances and situations, opportunity, and so on found in literatures. It is expected that in the 

description of a ‘problem definition’ word problem, referred by concept word “problematic 

situation” (Smith, 1993) be mentioned. 

The second and third of the frequent concepts are ‘Perception’ and ‘Stakeholder’ 

respectively. ‘Perception’ and ‘Stakeholder’ are interdependent as perceptions must come from 

the relevant stakeholders and all stakeholders have perceptions. The significance of 

‘Stakeholder’ and ‘Perception’ emphasizes the importance of the human entity in defining a 

problem. It reflects the viewpoint that in a messy situation there may not be a single problem, but 

multiple equally viable problems based on different stakeholders (Dery, 2000; Rochefort & 

Cobb, 1993; Basadur, Pringle, Speranzini, & Bacot, 2000; Portz, 1996).  

 ‘Perception’ and ‘Stakeholder’ are followed by ‘Cause,’ ‘Solution,’ ‘Current State,’ 

‘Significance,’ ‘Desired State,’ and ‘Gap.’ ‘Current State,’ ‘Desired State,’ and ‘Gap’ are closely 

associated concepts. The description of the ‘Gap’ in problem definition implies that both the 

‘Current State’ and ‘Desired State’ are known and described. In order to improve, one has to 

explain what is currently wrong. Thus, a problem definition should provide a snapshot of the 

existing circumstances (Portz, 1996; Pidd, 1988). The ‘Desired State’ is complementary to 
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‘Current State’, because ‘Current States’ provides the evaluation of reality and ‘Desired State’ 

clarifies what is to be achieved. The ‘Cause’ implies the reason why a problematic situation is a 

problem and ‘Significance’ implies why the problem is worth solving. Together ‘Cause’ and 

‘Significance’ provide justification for the existence of the problem. 

The ‘Solution,’ is one of the controversial aspects of problem definition. Some believe 

that the solution or the implication of a solution should not be a part of the problem definition 

(Bardach, 1981), as doing so limits the possible alternative solutions to the problem. While 

others believe that problem is only a problem if a solution exists. That is, a problem is 

worthwhile if a feasible solution or at least a possibility of the solution exist (Wildavsky, 1979, p 

42). We agree with the viewpoint that including solution or implication of solution in problem 

definition limits the scope and options of alternative solutions. Instead of using solutions as an 

attribute of a problem definition, we argue that including direction (of improvement) from the 

current state would be more fitting. 

The concepts shown in Figure 4.1 are further grouped into three categories: objective, 

stakeholders, and significance. These categories serve as basic components, that is, necessary 

components of a problem definition. 

Objective: The objective is the collection of concepts ‘Problematic Situation,’ ‘Gap,’ or 

‘Current State’ and ‘Desired State,’ and direction of improvement (replacement for the 

‘Solution’ concept used in the literature) shown in Figure 4.1 based on results of literature 

survey. An objective represents the “What” of problem definition, which reveals the information 

as to what problematic situation (issue, undesired circumstance, and opportunity) is a problem, 

present status of such situation, and desired direction of improvement. 

Stakeholders: A stakeholder represents “Who” associated with problem definition. For 
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complex, messy problems, usually there are multiple possible problems. What an individual 

stakeholder considers a problematic situation may not be problematic for others. The 

interpretation of reality (current state) may be different for different individuals, and different 

people may have different ideas about the direction of improvement. Under such circumstances, 

it is appropriate to identify stakeholders explicitly in the problem definition. A problem 

definition now will not just shed light on the objective but also the stakeholders associated with 

that particular objective. The inclusion of stakeholders in a problem definition makes it clear 

whose objective is to be addressed, who is involved, and who is affected. 

Based on the role and scope of participation of the stakeholders, stakeholders can be 

classified as one of three types: 

 Owner: The owners are stakeholders who are ultimately responsible for realizing a 

solution. They are usually the decision makers that decide whether there is a problem and 

if it is worthwhile solving it. 

 Active Actor: The active actors are the stakeholders directly involved in the problem 

definition and problem solving process. 

 Passive Actor: The passive actors are the stakeholders affected by the problem, but have 

no direct input to the process. 

The roles of stakeholders are not fixed; for a problematic situation, one stakeholder could 

be the owner, but for different problematic situation within the same problem space, the same 

stakeholder could be an actor. 

Significance: A significance represents the “Why” of the problem definition. 

Significance is the reason a problematic situation is a problem. It may also be the reason why the 

problem needs to be solved or why it is worth solving. It justifies the objective of a stakeholder. 
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Besides these three basic components, there are two other important aspects of problem 

definition: 

 Environment 

 Expression 

Environment: The environment defines the context of a problem. It sets the scope and 

boundary of a problem. It may not be explicitly defined if it is universally understood or is 

applicable to all possible problem definitions generated from a problem space. 

Expression: The expression deals with the linguistic issues of problem definition. In 

another word, it guides how a problem definition should be written. The problem definition is 

expressed (written) such that it communicates the problem to stakeholders effectively. The 

expressed problem definition should be free of ambiguity; that is, the relevant parties should 

come to the same conclusion about the problem. The choice of words is very important in order 

to express the meaning and the severity of the problem (Weiss, 1989).  

Generating Problem Definition 

The framework for generating problem definitions uses engineering method approach. 

Koen (1985, p. 28) defined engineering methods as “the use of engineering heuristics to cause 

the best change in a poorly understood situation within the available resources.” A wicked 

problem is a messy situation where the problem is uncertain, and is perceived differently by 

different stakeholders. We reckon heuristic methods are more suited for defining a wicked 

problem. The proposed heuristic methods rely on available tools (different algorithms, software 

applications and body of knowledge like graph theory) and resources such as the knowledge and 

experience of the analyst alongside those of the stakeholders.  

Problem definitions are derived from problem space obtained by integrating the various 
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perspectives. A problem space is the representation of system that contains the problem (Chapter 

3). It includes the relevant information about the problem in terms of entities and relationships. 

The purpose for a formal representation of the problem space is to capture and expose hidden 

assumptions and to consolidate and communicate the conflicts between stakeholders. Figure 4.2 

shows the heuristic framework for creating a problem space and details can be found in (Chapter 

3).  

Once a problem space is created, it is used to generate a variety of problem definitions. 

At this stage, the focus is on generating as many feasible problem definitions as possible to 

ensure that the “best” problem description is included in the set of descriptions. These 

descriptions can later be assessed for their value. We proposed several heuristics to guide the 

process of generating problem definitions.  

Proposed Heuristic Method for Generating Problem Definition 

The heuristic methods we propose, serve as a guideline for partitioning a problem space 

and generating problem definitions based on those partitions or views. These methods can be 

divided into two categories: 

 Partitioning scheme 

 Analysis methods 

These methods utilize several of the concepts from social network analysis, Hanneman 

and Riddle (2005) provides the detailed description.  
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Figure 4.2 : Heuristic framework for constructing problem space (Chapter 3) 
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Partitioning Scheme 

A problem space may have hundreds of entities and relationships, making it hard to 

communicate issues effectively. Therefore, a view of a problem space is created to make it easier 

to see the entities and relationships of interests. A partition represents a view based on certain 

perspective; if the partition is based on stakeholder then it represents the viewpoint of that 

stakeholder. So, partitioning schemes is heuristic that provides some rational to guide the process 

of creating those views. Figure 4.3 shows the process involved in partitioning scheme.  

Get the Ego Network
-Identify node of interest
-Decide order of 
neighborhood

Get the Intersection of Two 
Ego Networks
-Identify two nodes of interest
-Decide order of neighborhood
-Identify the nodes in in the 
intersection

Group nodes
-Identify attribute
-Select nodes with 
that attribute

Problem 
Space

Problem 
Space 
View

Partition 
Scheme?

Intersection 

Ego Networks Grouping

Single

Single Ego Network or 
Intersection of Ego 

Networks?

 

Figure 4.3: Possible partition scheme for creating problem space view (subset) from the 
given problem space 
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Suggested partitioning schemes are: 

 Partitioning based on ego networks 

 Single node ego 

 Intersection of two egos 

 Partitioning based on grouping 

Partitioning Based on Ego Network 

Ego network consists of a focal node (i.e. the node of interest), and its neighborhood 

within some path length. That is, an ego network is a collection of nodes connected to the focal 

node within a desired path length and all the relationships among those nodes. An ego network 

of a node with 1-path length is called 1-step neighborhood, with 2-path length is called 2-step 

neighborhood, and so on. There is no particular rule as what order of ego network is more 

suitable. One has to try different orders of ego networks to see which order fits the requirement 

of the analysis. 

An ego network is a tool used for analyzing an individual node (entities) in a network 

(referred as actor level analysis in social network analysis). An ego network helps to understand 

the standing of a particular node in terms of entities that are in close proximity to it. In the 

context of a problem space, ego network helps to understand the first order, second order, or 

higher order relationships of a particular entity. This makes it easier to visualize the impact of an 

entity on other entities. 

 A partition based on ego network requires a focal code. A Focal node is the entity that 

one wants to examine. Typically, a problem space may include hundreds of entities; it is not 

feasible to identify the ego networks of all entities.  
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There are several approaches to selecting a “node of interest:”  

 Centrality Measure 

 Stakeholder 

 Objective 

 Significance 

Centrality Measure: In a simple term, centrality measure is defined as the relative 

importance of a node with respect to the whole graph. In a problem space, centrality measures 

can show the standing of an entity with respect to other entities. The centrality measure of nodes 

is a simple approach for selecting the node of interest. The centrality measure may reflect the 

relative importance of an entity. Hence, entities with higher centrality measures can be viewed as 

relatively significant in a given problem space and worth analyzing further. Depending on the 

problem space, one centrality measure may be more appropriate than another.  

There are many centrality measures, some simple and commonly used measures are: 

 Degree Centrality: The degree centrality is the measure of the number of edges 

connected to a node. In a directional network diagram, the degree centrality can be 

divided into in-degree and out-degree. In-degree is the measure of edges coming into 

the node, and out-degree is the measure of the edges leaving the nodes. In a problem 

space, a degree centrality identifies highly connected (in terms of immediate 

connectivity) entities and hence, potentially a highly influential entity. 

 Betweenness Centrality: Betweenness centrality measures how often a node lies in 

the path of shortest distance between other pairs of nodes. A node with a greater 

betweenness centrality measure can be considered as a bridge node between many 

other nodes. Removal of such nodes could lead to disconnected clusters in the 
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network, or at least require long paths to reach other nodes. With respect to a problem 

space, betweenness centrality identifies vulnerability and hence potential problem. 

The removal of these entities may cause some entities to become disconnected from 

the network. 

 Closeness Centrality: The closeness centrality measures how close a node is to other 

nodes. It is measured as the inverse of the total distance between a node and all other 

nodes. In terms of a problem space, it implies that the changes in an entity with higher 

closeness centrality will result in a greater impact to other entities as it is closely 

related to those entities. 

Stakeholder: A wicked problem is often ambiguous, and susceptible to stakeholder’s 

perception. If stakeholders are critical aspects of the problem space, then one may choose 

stakeholders as focal nodes. 

Objective: One can choose a perceived objective as the focal node. During the analysis 

process, this entity may not be chosen as objective. Still one can choose an entity that they 

believe could be a potential objective. 

Significance: A problem needs justification as why it is a problem. One can select 

entities, which imply importance, cause and consequences, or reasons as focal nodes. 

The decision to use any of the above-mentioned entity is not mutually exclusive. These 

options provide different perspectives to a problem space that will help generate multiple 

problem definitions. An analyst can also use personal insight, intuition, or interest to choose a 

focal node. 

Single Entity Ego Network Vs Intersection of Two Ego Networks: The partition based 

on the ego network can use single entity ego network or the intersection of two ego networks. 
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Partition based on single entity is appropriate for understanding a particular entity (i.e. focal 

node). For example, what are the entities related to a focal node, what are the dynamics between 

those entities inside the ego network of the focal node. On the other hand, the partition based on 

the intersection of two ego networks is appropriate for understanding the dynamics between two 

nodes. Therefore, use the single entity ego network to understand the viewpoint of a single 

entity, whereas use intersection of two ego networks to understand dynamics between two 

entities. 

Partitioning Based on Grouping 

 Grouping is based on common attributes of the entities. For example, all entities that 

pertain to a certain department, location, or share a resource or material could be a group. With 

respect to the network, this attribute based grouping is an external grouping, as the analyst 

groups entities together based on his perception of whether those entities share some common 

properties. In graph theory and network analysis, numerous algorithms group entities based on 

the structure or construct of network. This is known as clustering. In a simple term cluster is a 

collection of entities that have more in common than the entities of different cluster. Clusters can 

be viewed as internal grouping, as it is based on the construct of the network. 

Analysis Methods 

Problem space or a view of the problem space needs to be analyzed to generate problem 

definitions. The process used in analysis is shown in Figure 4.4. Based on the context of the 

problem and the construct of the problem space one method may be more suitable than others. 

The decision remains in the domain of the analyst. The methods of analysis are: 

 Nested centrality measure 

 Connection between entities 
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Figure 4.4: Methods for analyzing problem space view 

Nested Centrality Measure: Once a view (partition) of problem space is selected, 

centrality measure can be used to identify the significant entity within the selected view. That is, 
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the selected partition is further analyzed using a centrality measure. This analysis method 

identifies the relatively significant entities within a partition. If the partition is based on ego 

networks, remove the focal nodes before further analysis. The purpose of the nested centrality 

measure is to identify entities most significant within the partition. Most of the time within the 

ego network of a focal node the focal node would be one of the most significant entities, which 

beats the purpose of centrality measure. Then, the remaining entities were ranked based on the 

appropriate centrality measure. Take the newly identified entity with high centrality ranking and 

find the ego network of that entity within the original partition. Repeat the process of removing 

the focal node, finding the highest centrality ranking entity in the ego network, and then finding 

the ego network of the new entity until the partition can no longer be decomposed. 

For example, say an original partition is based on ego of A, after removing A form its 

ego, and calculating the centrality measure, B is the highest centrality ranking entity. Now find 

the ego of B within the original ego of A (partition we stared with minus A). Now remove B 

from its ego and find the entity with highest centrality ranking, which turn out to be C (say). Say 

ego of C cannot be further decomposed because there are hardly any entities that are connected 

with each other. To summarized, nested centrality measure starts with a partition, and the 

sequence of finding the centrality ranking of the entities in the partition, then identifying the ego 

network of the highest ranking entity, removing the focal node continues until the partition can 

no longer be decomposed. One iteration gives one sequence like A-B-C, which can be read as 

within A, B is significant, and within B, C is significant. One sequence gives one possible 

scenarios for a problem definition. This sequence can be treated as possible problem because 

each partition represents a viewpoint, hence, what is important within a viewpoint could either be 

an opportunity or issue, either way, addressing it could add value to the system. 
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Connection between Entities: A wicked problem often has to deal with multiple 

conflicts. The connection between entities focuses on identifying entities between any pairs of 

entities that could potentially create conflict or resolve them. First, identify two entities of 

interest within the partition and find the possible connections between those two entities. The 

entity that connects any pair of entities has impact on both the entities, and hence can be 

problematic.  

In a network graph, calculating all possible connection between any pairs of nodes is NP-

hard problem. In order to limit the number of possible connections, look at the connections 

within certain degree of separations. Separation of 1-degree or 2-degree difference is appropriate. 

1-degree separation will have one entity in between the given pair of entities, and 2-degree will 

have two entities in between. The possible connecting paths can be further reduced by using 

smaller network (i.e. the partition (view) of original problem space rather than complete problem 

space). Each connection between selected pair of entities could be scenarios for possible 

problems, as these entities have some impact on both. These entities could represent the source 

of conflict or opportunity. The decision of what connection to include or exclude depends on the 

analyst, one could use all available connections if deemed necessary. One iteration of connection 

analysis methods results in multiple possible scenarios for problem definitions. 

Expression of the Problem Definition 

The analysis methods results in a list of scenarios that could be possible problem 

definitions. These scenarios only include combinations of entities. This combination of entities 

serves as the skeleton for the problem definition. The next step is to articulate a problem 

definition based on each scenario. That creates an expression of the problem definitions. The 

choice of words for writing the problem definition depends on the experience and preferences of 
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the analyst. The context of the analysis can serve as guideline for the expression of the problem 

definitions. 

The objective, stakeholder, and significance are the basic components of the problem 

definition. So from the given scenarios identify the stakeholder, objective, and significance. The 

classification of entities as the stakeholder, objective, and significance may not be universal, that 

is, an entity regarded as objective for one scenario may be significance in different scenarios. 

The classification is applicable to a particular combination, for different combination these 

entities could be classified differently. The reason to limit the classification of entity to the 

particular scenario and not the whole problem space is that, the problem space integrates 

different perspectives; these perspectives may have different roles for different entities. Unless 

the analyst have strong reasoning to believe that certain entity should always be treated as certain 

component, these classification are limited to scenarios at hand. 

The next step is to express this combination of entities in a way that represents a possible 

problem. That is, problem definition is written based on the given entities. Writing is an art form, 

as such, it is hard to devise a structure that is universally applicable. A basic syntax is used to 

demonstrate how a combination of entities can be turned into a possible problem definition. This 

syntax serves as a basic template for novice users, a training wheel for learning to express a 

problem definition. The syntax is based on the objective statement structure by Warfield (1973); 

the objective statement is written as “to (action verb) (object) (qualifying phrase).” The basic 

syntax for definition is: 

How (subject ‘Stakeholder) (action verb) (objective) in order to (‘Stakeholder’) 

(Significance)  

 A stakeholder will be associated with either or both of significance and objective. The 
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significance and objective could have same or different stakeholder/s. In some problem 

definition, ‘Stakeholder’ could be implicit; if possible, ‘Stakeholders’ should be mentioned 

explicitly. In a situation where none of the entities in a given scenario can be classified as 

stakeholder, objective, or significance, find the missing entities from the problem space. For 

example if significance is missing from a scenario, see if any entities in the neighborhood of the 

objective in the scenario can be classified as significance. Include newly classified significance 

(entity) in the scenario. If none of the entities can be classified into significance gather more 

information if possible, otherwise consider lack of information as possible problem and define 

the problem accordingly.   

4.4 A Case Study 

 

Figure 4.5: Circular layout of problem space for given example (Chapter 3) 

The case study given in Chapter 3 is used to demonstrate the application of the proposed 

framework. The basic situation given to a manager is that there are two possible projects, but the 

firm only has resources for one. The details are in the Appendix 2. In order to ensure if the 
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problem presented to the manager is the actual problem or if there are other possible problems, a 

problem space is constructed as shown in Figure 4.5, which will be used to demonstrate partition 

schemes and analysis methods; the bold lines around the node suggest stakeholders. 

Figure 4.6 shows a hierarchical structure of the entities based on the centrality measure 

with the highest ranked entity at the top. The Figure 4.6 shows ‘Market’ as the most central 

entity, and is selected as a focal node for further analysis. 

 

 

Figure 4.6: Top: Hierarchical layer of entities of problem space shown in Figure 4.5 based on 
degree centrality ranking; Bottom: Zoomed to show entities with high centrality measure ranking 

Single Entity Ego Network: One can choose the single entity ego network or the 

intersection of two ego networks. First, choose the single entity ego network. Figure 4.7 shows 

the 2-step neighborhood ego network of the single entity ‘Market.’ 
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Figure 4.7: Circular layout of 2-step neighborhood of 'Market' 

 

 

Figure 4.8: Intersection of 'FIRM' and 'Market' 2-Step ego network 

Intersection of Ego Networks: In a wicked problem, the dynamics between entities are 

non-linear and complex. In order to define the problem, it is important that the dynamics 

between entities are understood. Intersection of two ego networks helps us understand the 

dynamics between entities, by exposing the common entities among those entities. These 

common entities could be the source of conflicts or could be the source for consolidation. For 

example, to understand the dynamics between two stakeholders, we could study the intersection 
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of ego networks of these stakeholders. This helps to identify the common entities, which have 

the potential to create conflict or agreement between stakeholders. The two entities of interest 

need not be stakeholders. Figure 4.8 shows the intersection of egos of two stakeholders ‘FIRM,’ 

and ‘Market.’ ‘FIRM,’ and ‘Market’ are chosen because ‘FIRM’ is the owner of the problem and 

the ‘Market’ is significant entity based on degree centrality measure. 

 

Figure 4.9: Hierarchical layer based on degree centrality of ego network of 'Market' after 
removing 'Market' 

Nested Centrality Measure: Consider the network shown in Figure 4.7. To identify the 

entity most significant within the ego network, ‘Market’ is removed from the network shown in 

Figure 4.7. The remaining entities were ranked based on the degree centrality measure and are 

shown in Figure 4.9. Figure 4.9 shows that entity ‘Technology’ has the highest centrality 

followed by ‘Single Product,’ and ‘Potential’ and ‘Innovation.’ Partitioning further, one can 

analyze the ego network of ‘Technology’ within the ego network of ‘Market.’ Figure 4.10 shows 

the ego network of ‘Technology’ without ‘Technology,’ and entities in hierarchical layer based 

on the degree centrality rank. The result shows ‘Innovation’ and ‘Single Product’ as central 

entities followed by ‘Potential,’ and ‘Competition.’ The process is repeated with ‘Innovation’ as 

focal node. The result is shown in Figure 4.11. This decomposition approach is stopped when a 

network with very few connected nodes as in Figure 4.11 results.  
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Figure 4.10: Hierarchical layer based on degree centrality of ego network of 'Technology' 
without Technology within the ego of ‘Market’ 

 

Figure 4.11: Hierarchical layer based on degree centrality of ego network of ‘Innovation’ without 
‘Innovation’ within the ego network of ‘Technology’ 

Some examples of possible problem definitions based on hierarchical decomposition of 

ego network using centrality measures are shown in Table 4.1. 

TABLE 4.1 : POSSIBLE PROBLEM DEFINITION SCENARIOS OBTAINED USING 
NESTED CENTRALITY MEASURE 

S.N. Possible entities combination Figures 
1 Market-Technology Figure 4.6, Figure 4.9 
2 Market-Technology-Innovation Figure 4.6, Figure 4.9, Figure 4.10 
3 Market-Technology-Single Product Figure 4.6, Figure 4.9, Figure 4.10 
4 Market-Technology-Innovation-Competition Figure 4.6, Figure 4.9, Figure 4.10, 

Figure 4.11 
5 Market-Innovation Figure 4.6, Figure 4.10 
6 Market-Competition Figure 4.6, Figure 4.11 

 
To use ‘nested centrality measure’ method one does not need to start with the partitioning 

based on the ego networks. Any partition can be used, but the subsequent decompositions are 

based on ego networks and centrality measures. 

Connection between Entities: Take an example of the network shown in Figure 4.8. In 

Figure 4.8 black edges represent the 1-degree separation between ‘FIRM’ and the ‘Market’ with 
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a single entity in-between and grey edges represent larger degree separation with two entities in 

between. Each connection between ‘FIRM’ and ‘Market’ could be the potential problems, as 

these entities have some impact on both ‘FIRM’ and ‘Market.’ These entities could represent the 

source of conflict or opportunity. Some possible problem definition based on analysis of 

connection between two entities ‘FIRM’ and ‘Market’ are as shown in Table 4.2. 

TABLE 4.2: POSSIBLE PROBLEM DEFINITION SCENARIOS BASED ON CONNECTION 
ANALYSIS 

S.N Possible entities connections Figure 
1 FIRM-Innovation-Market Figure 4.8 
2 FIRM-Single Product-Market Figure 4.8 
3 FIRM-Relationship-Market Figure 4.8 
4 FIRM-Product Development- PLATFORM-Market Figure 4.8 

 
Again, any partition of the network can be used. Once the network partition is chosen, 

identify two entities and choose the desired degree of separation. Each possible sequence of 

entities that connects the two entities of interests could be potential problem. 

Expression of the Problem Definition 

So from the given scenarios identify the stakeholder, objective, and significance. For 

example, take a scenario, ‘Market-Technology-Innovation,’ from Table 4.1. Here ‘Market’ can 

be stakeholder, ‘Technology’ significance, and ‘Innovation’ an objective. These classifications 

are not universal, that is it applies to this particular scenarios. We used a basic syntax to 

demonstrate how combination of entities can be turned into a possible problem definition. We 

can use the basic syntax as “How (subject ‘Stakeholder) (action verb) (objective) in order to 

(‘Stakeholder’) (Significance)”  

 If possible, make all basic components explicit in the problem definition, even if they are 

understood. For example the owner of given problem space is ‘FIRM,’ whether ‘FIRM’ is 

present or not, it is always implied in problem definition generated from the given problem 
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space. Therefore, for the scenarios ‘Market-Technology-Innovation,’ the problem definition 

could be ‘How can ‘FIRM’ aspire ‘Innovation’ in order to achieve ‘Technology’ to satisfy 

‘Market’ demand.  

 

Figure 4.12 : 1-Step ego network of ‘Single Product' 

Let us take another scenario: ‘FIRM-Single Product-Market.’ In this case, we considered 

‘Single Product’ to be an objective, ‘FIRM’ a stakeholder. Now the tricky aspect is what should 

be the ‘Significance.’ One can argue ‘Market,’ though a stakeholder is a significant entity to the 

‘FIRM.’ Hence, ‘Market’ is the significance, now, the problem definition becomes ‘How ‘FIRM’ 

can developed ‘Single Product’ in order to gain ‘Market.’ Alternatively, we could look into the 

significance related to the objective, so find the neighborhood of objective ‘Single Product.’ 

Figure 4.12 shows the 1-step ego network where the dotted black lines highlight the relationships 

between 'Market' and other entities, while solid black lines highlight the relationships between 

'FIRM' and other entities. We choose ‘Innovation’ as it is an entity connected to all three entities 

of interest. Now, the problem can be defined as ‘How can ‘FIRM’ develop ‘Single Product’ in 

order to be ‘Innovative (Innovation)’ in ‘Market.’ Table 4.3 shows the list of possible problem 

definitions. 
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TABLE 4.3:  LIST OF POSSIBLE PROBLEM DEFINITIONS 

S.N Problem Definitions 
1 How 'Employee Development' helps 'FIRM' achieve 'Cutting Edge Technology' 

2 How 'Employee Development' helps 'FIRM' maintain 'Stability and Sustainable 
Growth' 

3 How 'Promote New Generation' helps 'FIRM and FUTURE'  reach 'Management 
Potential' 

4 How does 'Product Development' help 'FIRM' with 'Promote New Generation' 
5 How does 'Promote New Generation' help 'FUTURE' reach 'Management Potential' 
6 How does 'Product Development' help 'FIRM' with 'Reward Loyalty' 

7 How does 'Employee Development' help 'FIRM and FUTURE' reach 'Management 
Potential' 

8 How 'Employee Development' help 'FIRM' with 'Product Development' 
9 How can 'Employee Development' help 'FUTURE' with 'Management potential' 
10 How does 'Employee Development' Help 'FIRM with 'Product Development' 
11 How 'Technology' impacts 'Market' of the 'FIRM' 
12 How 'Innovation of Single Product' leads to change in 'Technology' in 'Market' 
13 How does 'SOLID' Impact 'Technology' within 'Market 
14 How does 'IMPROVEMENT' project impact 'Technology' within 'Market 
15 How does 'PLARFORM' project impact 'Technology' within 'Market 
16 How does 'Technology' affects 'Single Product' in 'Market' 
17 How does ' Technology ' in ' Market ' affect 'Single Product' 
18 How does 'Technology' in  'Market' leads to 'Innovation' 
19 How does 'Management' affects 'Technology' in 'Market' 
20 How does 'Technology' helps 'Potential' 'Market' 

 
4.5 Discussion 

When it comes to wicked problems, it is hard to tell if the information at hand is 

complete. It is a judgment an analyst has to make. This is precisely why a problem space is 

treated as a complex adaptive system, and problem definition as an evolutionary process. The 

flexibility of editing the problem space when deemed necessary allows the analyst to work with 

incomplete or imprecise information that they can later refine as the process matures. However, 

the lack of an exact stopping rule increases the chances of continuous looping between 

information gathering and analysis process. For example, one could argue that if ‘Market’ is 

significant, then the problem space should include  ‘Market’ specific data like market study, 
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business trend in the market, sales and forecast, consumer survey. This is a valid argument, but 

analyst has to be careful when adding substantial amount of data to problem space, especially, 

when edited information could change the context and the scope of the problem space. Such 

moves are justified when the original problem space fails to produce a problem definition that 

satisfies the decision maker. 

One topic we did not discuss is the desired characteristic or behavior of the analyst. This 

would be the topic for future research. Here we want to mention that defining a problem requires 

an analyst who “cares – but not too much.” There must be the motivation to put forth the effort 

required, but not to the extent that personal biases might interfere. The analyst is “sense making” 

in a messy situation by providing meaning to a complex set of concepts and relationships 

(vocabulary). 

4.6  Conclusion 

The literature survey that looked into the existing definitions of problem definitions in 

literature showed that objective, stakeholder, and significance are the basic components of a 

problem definition. The proposed heuristic methods for generating possible problem definitions 

from a given problem space provides schemes for partitioning and analyzing the problem space. 

The partitioning scheme creates views of the problem space based on different criteria. It is a 

way of breaking the large problem space into a manageable size that can effectively 

communicate the dynamics between different entities. The heuristic and tools for analysis of 

problem space (or the partition of the problem space) identifies the significant entities, and the 

possible combinations of entities within the selected partitions. The expression that details these 

entities as objective, stakeholder and the significance behind it results in a problems definition.  
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APPENDIX 1 

Problem Definitions Found in Literature 
"Problem solving means a process of closing a gap between an initial state and a goal state; 
problem finding is the act of discovering that gap.( Lee, & Cho, 2007)" 
"Because a problem's statement deter- mines the solutions it will produce, the problem 
formulation process can yield highly creative alternatives or lead to solving the wrong 
problem or a suboptimal problem, depending on how it is managed. ""A problem's 
formulation determines the solutions it will produce.(Volkema, 1995)" 
“Problem formulation was de- fined as a questioning or challenging of the current state of 
affairs in order to arrive at one or all of the following: welt- defined goals or objectives, a 
better understanding of the current situation, or an awareness of potential opportunities. 
Problem formulation, as a process taking place over a period of time, involves first sensing 
the existence of a problem, then identifying contributing factors and, finally, reaching a 
definition of the problem.(Lyles, & Mitroff, 1980)" 
"The study of problem definition focuses on the ways in which problems are characterized in 
the political domain, and how they can be used strategically to limit participation in policy 
making by defining an issue in narrow, technical terms, or to expand participation by linking 
it to broad concepts, such as liberty, justice, or efficiency. (Lindquist, Mosher-Howe, & Liu, 
2010)" 
" PMSs is a collection of participatory modelling approaches that aim to support a diverse 
collection of actors in addressing a problematic situation of shared concern.(Van Der Lei, 
Enserink, Thissen, & Bekebrede, 2010) "  
"Project definition is the first phase in project delivery and consists of three modules: 
determining purposes (stakeholder needs and values), translating those purposes into criteria 
for both product and process design, and generating design concepts against which 
requirements and criteria can be tested and developed. (Whelton, & Ballard, 2002) " 
“Problem definition is a package of ideas that includes, at least implicitly, an account of the 
causes and consequences of undesirable circumstances and a theory about how to improve 
them. (Weiss, 1989)" 
"Problem description, the last of the seven process variables, consists of identifying the 
factors involved in the problem situation, their relationships, and the consequences that are 
expected to ensue if the problem is left untreated.(Cowan, 1986)" 
Problem definition is concerned with the organization of a set of facts, beliefs, and 
perceptions– how people think about circumstances. Problem definition has to do with what 
we choose to identify as public issues and how we think and talk about these concerns. 
Problem definition is concerned with the organization of a set of facts, beliefs, and 
perceptions. The first maxim of problem definition is the recognition that problems do not 
exist ‘out there’, are not objectives entities in their own right, but are analytic constructs, or 
conceptual entities. The second maxim suggests that definitions of problems in the context of 
practice must answer the criteria of feasibility and worth, or improvement. Definitions of 
problems must embody ‘opportunities for improvement’ (Dery, 2000) 
"Problem definition is one way of organizing information and assigning personal meaning to 
it (Rochefort, & Cobb, 1993)" 
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APPENDIX 1 (continued) 

"The processes by which an issue (problem, opportunity, or trend), having been recognized 
as such and placed on the public policy agenda, is perceived by various interested parties; 
further explored, articulated and possibly quantified; and in some but not all cases, given an 
authoritative or at least provisionally acceptable definition in terms of its likely causes, 
components, and consequences. (Hogwood, & Gunn, 1984, p 108)" 
“Problem Definition is an expression of dissatisfaction with existing circumstances (Portz, 
1996)”  
"Problem definition is Isolating quantifying, and clarifying the need that creates the problem 
and describing the set of environmental factors that constrains alterables for the system to be 
developed (Sage, 1992)" 
"“problem delimitation” as a multidisciplinary field of study that tries to analyze and 
understand causes of public policy problems, analyze and evaluate their different subjective 
representations and try to suggest their precise formulation (Vesely, 2007)"  
"Problem structuring methods (PSMs) are a broad group of problem-handling approaches 
whose purpose is to assist in structuring problems rather than directly with solving them. 
They are participative and interactive in character and in principle offer operations research 
access to a range of problem situations for which more classical OR techniques have limited 
applicability. (Rosenhead, 1996)" 
"Problem identification is a process of designing problems as opposed to discovering them. 
The central question in problem identification, then, is not whether a subjective bias is 
present or not, but whether such biases can be made explicit, and whether we can determine 
how they influence the process. (Yadav, & Korukonda, 1985)" 
Formulating key facts to create specific challenges stakeholder needs to confront in an 
imaginative way is called problem definition (Basadur, Pringle, Speranzini, & Bacot, 2000) 
"Problem definition process also shapes the range of acceptable and viable alternatives to the 
problem conditions, as well as the design of specific solutions or interventions aimed at 
responding to them. (Welsh, 2000)" 
Problem Definition Dimension Causality, Significance, Incidence, Novelty, Scope, 
Ownership (Rochefort, & Cobb, 1994, p. 14-21) 
"Problem definition has to do with the way problematic concerns are represented. “A 
problem definition is a representation. It depicts a problematic condition, commonly in 
linguistic terms, but potentially through other representational media." Problem Definition 
Dimension: Conceptualization, Substantive, Scope, Linguistic". "problems are existing state-
desired state gaps, problem definition can be regarded as the specification of such gaps" 
(Smith, 1989) 
"Problem Definition is a necessary step to provide sense to a problem." "Problem definition 
is planning activity which is guided by the dependencies between abstract solutions." "The 
sense of problem definition is the fact that the chain of potential solution in the plan aim at a 
goal (Breuker, 1994)" 
"problem definition is the product of imposing certain frames of reference on reality (Dery, 
1984, p 4)" 
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APPENDIX 1 (continued) 

"the process of problem finding is the process of defining differences" (Pounds, 1965) 
"Problem definition-verbally or otherwise representing a problematic situation" Problem 
definition entails development of a mental representation of a problematic or other situation 
requiring action-oriented thought (Smith, 1993)" 
"Problem definition is concerned with the way people think about and evaluate issue; they 
involve human perception and interpretation. It is an expression of dissatisfaction with 
existing circumstances (Portz, 1996)" 
  problem structuring as a process “by which some initially presented conditions and requests 
become a set of issues for further research” (Pidd, 1988) 
Problem setting is “the process by which we define the decision to be made, the ends to be 
achieved, the means which may be chosen”(Schon, 1983) 
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APPENDIX 2 

Different Perspectives for Project management Case Study 

Engineer “SOLID”: Experienced engineer with a reputation for the high quality technical 
aspect of the project (a perfectionist). He is responsible for the last major platform product in 
the company. His projects tend to come in late or over budget although, these were not 
considered significant overruns. He will probably retire in a couple of years after a 30-year 
tenure at the company. 
Engineer “FUTURE”: A young engineer who has been with the company for five years but 
has already directed a successful small project. She has the reputation for being an effective 
manager and an up and comer in the organization and spent three years working directly 
with engineer SOLID. They maintain a good relationship. 
Project “IMPROVEMENT”: This is a currently manufactured product with good market 
acceptance. Competition is expected to come out with a new product in this class and many 
in the firm believe that with a little “sprucing up” of the current product the firm can 
maintain its market position. 
Project “PLATFORM”: The firm does not currently have a successful product in this 
segment of the market. There is the general perception that brining out a set of products 
addressing market needs could be very profitable but would require the development of new 
technology with a new platform. 
The “FIRM”: The firm has a culture of product innovation while fostering the development 
of its employees. The firm has an extremely low turnover rate. A prioritization scheme is 
used to classify projects into two classes, fast track, and supporting. There is currently a pool 
of resources available for one project. 
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CHAPTER 5 

 EVALUATION OF THE PROBLEM DEFINITIONS UNDER UNCERTAINTY 

Abstract 

The measures for evaluating alternative solutions do not fare well when used to evaluate 

alternative problem definitions. Some evaluation measure is essential in order to differentiate the 

desirable problem definitions from all the possible problem definitions of a wicked problem 

amid uncertainty. We develop the appropriate measures for evaluating the alternative problem 

definitions based on the attributes of the problem definition as well as the decision maker’s 

preferences. We then propose heuristic methods that factor in the uncertainty and ambiguity 

associated with wicked problem and do not rely on the information about the solution. We 

conclude that given a heuristic, with the help of the proposed measures, identifies the potential 

problem definitions from the set of possible problem definitions without relying on the 

completeness of the data and the information about the solution. A hypothetical case study 

demonstrates the application of these heuristic in facilitating decision makers to evaluate and 

select the potential problem definitions. 

Keywords: problem space, problem definition, rough set theory, ranking 
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5.1  Introduction 

The established methods and heuristics for making decisions assume that problem is 

known and the goal is to find the best possible solution for given problem. This approach works 

for a well-defined problem, but fails to adequately address the quandary of a wicked problem. A 

wicked problem represents a messy, complex situation where multiple problems exist, each as 

equally viable as the other. On top of that, there are often conflicting perspectives about the 

problem among the stakeholders involved. This uncertainty and ambiguity associated with 

wicked problems create a unique challenge for a decision maker. The decision maker needs to 

identify, define, and select the problem before contemplating any solutions. To assist the 

decision maker in selecting the best problem definitions, a special framework for evaluating 

problem definitions is necessary. The objective of this paper is to evaluate the problem 

definitions independently from the quality of the solutions. 

A step toward overcoming the challenges of a wicked problem is to integrate perspectives 

of various stakeholders into a single problem space. A problem space is the representation of the 

system that contains the problem (Chapter 3), and includes all entities relevant to the problem 

and represents relationships among those entities. A problem space when represented as a 

network diagram facilitates the use of heuristics methods, based on tools like social network 

analysis in generating multiple possible problem definitions (Chapter 4). Here each problem 

definition represents a problem to be solved. The idea is to enrich the set of possible problem 

definitions so that this set represents not just the problem definitions based on individual 

stakeholder’s perspective but also problems unearthed when the perspectives were integrated. 

Once the set of alternative problem definitions is complete, the next step is to evaluate those 

definitions and select the best problem definition. 
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The current body of knowledge on decision-making strategies concerning the selection of 

the best solutions among the set of alternative solutions does not fare well in this application. 

Many of the current strategies heavily rely on value function, risk assessment, cost benefit 

analysis, or some other form of quantitative analysis to evaluate possible alternative solutions. 

This quantitative analysis relies in the quality of the solution, and hence is not applicable in 

assessing the quality of the problem definition. Since the methods for evaluating solutions are 

not applicable to evaluating problem definitions, the decision-maker needs some rationale to 

identify more preferable problem than others. The decision maker could rely on the intuition as a 

rationale; however, a selection procedure solely based on decision maker’s preference becomes 

time consuming and may not be practical if the number of the possible problem definitions is 

large, which is typical to wicked problems.  

The lack of standard guidelines or methods is one of the challenges in selecting the best 

of the possible problem definitions. The other challenge is the lack of incomplete information 

regarding wicked problem. Rittel and Webber (1973) suggested, “there is no stopping rule” and 

“no criteria for sufficient understanding” of the wicked problem. This implies that a problem 

space that contains complete information about the wicked problem simply is unrealizable. 

Therefore, a problem definition based on such a problem space may not represent the complete 

reality of a wicked problem but merely a perceived facet of it. Any method that evaluates the 

problem definitions should be able to work with incomplete and uncertain data. 

The rough set theory is one such method that accounts for the uncertainty in the data. The 

rough set theory allows grouping of the members into sets that are indiscernible with respect to 

some characteristics. The grouping does not assume members pertain to a particular set with 

certainty, but assumes there is a possibility that members might belong to that particular set. The 
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rough set theory is suitable if the number of possible problem definitions is quite large (above or 

close to hundred). If the number of possible definitions is small (in the range ten), ordinal 

ranking is used to select the problem definition. An ordinal ranking is another method that does 

not require complete information, the decision maker or analyst only needs to know ranking of 

his or her own preference of a particular alternative. This paper proposes the heuristics 

framework based on rough set theory and ordinal ranking, which helps decision maker, reduced 

the number of possible problem definitions to a size that is reasonable for applying the 

preferences. 

This paper proposed framework that requires an owner (decision maker) to take 

responsibility of selecting the problem definitions. The framework consists of heuristic methods 

based on rough set theory and ordinal ranking. These heuristic methods are tools to assist 

decision maker in selection procedure, but not to replace the decision maker altogether. With the 

help of a case study, this paper demonstrates when heuristic methods are appropriate, the 

advantage and limitation of these heuristics, and how decision makers can use their judgment or 

preference alongside the heuristics for maximum benefit. 

To summarize, the contribution of this paper is: 

 Using rough set theory to identify indiscernible sets of problem definitions  

 Using percentile ranking for evaluating the attractiveness of a problem definition 

 Using ranking ( based on attributes like scope and impact, and ordinal ranking) to 

identify the potential problem definition 

5.2  Literature Review 

The choice of a problem definition has an impact on the course of action needed to 

resolve the problem (Rittel & Webber, 1973), even more so, for a wicked problem. Yet, there is 
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very little research in evaluation measures for a problem definition. Checkland (2000) argued 

that messy problematic situation is soft system, and problem definition a conceptual model that 

capture the reality of such situation. He identified efficacy, efficiency, and effectiveness as three 

measures of evaluating the model, that is, the problem definition. Efficacy implies output exists, 

efficiency relates to the resource utilization, and the effectiveness implies decision maker 

concerns are satisfied. The difficulty here is in applying these measures in evaluating the 

problem definitions without the prior knowledge of solutions. The use of efficacy, efficiency, 

and effectiveness implies that a problem definition is good only if its possible solution is 

effective; hence, the challenge in evaluating the problem definition without the information 

about the solution, which applies to most wicked problems.  

Methods like fuzzy set theory also deal with uncertainty in data. Zadeh (1965) defined 

fuzzy set as “a class of objects with a continuum of grades of membership.” This allowed set to 

contain members without certainty, however, fuzzy set requires the information about ‘grades of 

membership’ for members to be in the fuzzy set. The ‘grades of membership’ is the likelihood 

that a member pertains to a set, likelihood lies between zero and one. Many times these 

likelihood of uncertain data or events are subjective assessment. Tversky and Kahneman (1974) 

studied the limitation of heuristics that relies on subjective probability for making decision under 

uncertainty. The articles highlight how the cognitive biased are difficult to model and could lead 

to errors in prediction. 

Unlike fuzzy set, the rough set theory only requires possibility, and not the likelihood 

value, that the data pertains to a certain set. Pawlak (1982) introduced the rough set theory as a 

means for dealing with uncertainty in data. The rough set theory is based on the concept of lower 

approximation set and upper approximation set. The lower approximation set is a collection of 
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members that certainly belongs to that set, while upper approximation set is a collection of 

members that might possibly belong to that set. The set that is characterized by lower and upper 

approximation is called rough set (Rissino, & Lambert-Torres, 2009; Pawlak, 1982). The rough 

set theory is proven useful in different scenarios like multi-criteria decision-making (Greco, 

Matarazzo, & Slowinski, 2001), knowledge acquisition (Matsumoto, & Watada, 2012), and 

incomplete information system (Kryszkiewicz, 1998). 

Another option of decision-making is ordinal ranking. One of the earlier decision making 

theory, theory of riskless choice, assumes that the economic man has complete information, and 

is infinitely sensitive and rational (Edwards, 1954). This economic man will always choose the 

alternative that maximizes the utility. In case of wicked problems and complex, messy situations, 

it is hard to ascertain complete information, decision choices are not continuous, and decision 

maker will not be consistently rational. It is hard to measure the utility of a problem definition 

under such circumstance. So ordinal ranking is preferred, as it only requires decision makers to 

know their own preferences.  

5.3  Methods of Selecting the Problem Definition 

The decision of selecting a problem definition is a decision-making under uncertainty. 

Uncertainty comes from the fact that it is hard to tell if a problem definition is effective until the 

problem is resolved. It is hard to acquire complete information for a wicked problem, which is 

also a factor that leads to uncertainty. Methods have been proposed to ensure that as much 

information as possible is gathered, which is then modeled as a problem space. The idea behind 

the problem space is to capture and expose hidden assumptions and conflicts. Based on the 

problem space numerous problem definitions are generated using some rational. The idea behind 

generating numerous problem definition is to identify problems otherwise overlooked. Even with 
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such precaution, it is hard to capture the complex dynamics of a wicked problem. The thought 

process required to construct a problem space and generate many possible problem definitions, 

can increase the chances of identifying hidden issues. However, these processes cannot guarantee 

all relevant information is identified and all assumptions are exposed. Above all, problem 

definitions thus generated are not guaranteed to be the best possible definitions because there is 

no measure or quantifiable criteria to judge problem definitions. The best that can be inferred is 

that a problem definition is a better fit to the context and scope of a given wicked problem. This 

is the preference of a decision maker or the owner of the problem. The decision maker 

preferences are presented as ranking. It is assumed that decision maker can rank given problem 

definitions. He is aware of his preferences among given alternative problem definitions. That is, 

problem definitions can be ranked using ordinal ranking methods.  

When the number of alternatives is large, it is hard to impose ordinal ranking. It puts 

unnecessary burden on the decision maker. It is also impractical to expect decision maker to rank 

hundreds of possible problem definitions. This is normally the case, especially when alternative 

problem definitions are generated from problem space using methods that focuses on generating 

a large number of definitions. Therefore, before ranking the alternative definitions, the number of 

possible alternative definitions is reduced to a size small enough for a ranking.   

We proposed a two-stage framework for selection of problem definitions. These stages 

take advantage of the both world, first stage approaches the selection from some mathematical 

perspective, while the second stage gives importance to the decision maker perspectives. The 

stages are listed below: 

 Reduce the number of possible problem definitions 

 Rank the possible definitions 
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 Stage I: Reduce the Number of Possible Problem Definitions 

One way to reduce the number of possible definitions is to use a rough set to choose the 

set that fits the criteria of decision maker. Pawlak (1982) first introduced rough set theory as a 

means to handle vague and incomplete data. Pawlak (1982) provides basic notation for rough set 

theory for data analysis, which will be discussed briefly. Traditionally, the use of rough set for 

data analysis starts with a decision table (also referred as information table), whose columns 

represent attributes of the objects represented in rows. Since we are evaluating and selecting 

possible problems, we will refer the decision table as problem table. 

Following the nomenclature of rough set theory, we represent the problem table, P, as: 

 𝑃 = (𝐷, 𝐶) 

 where D is the set of all possible problem definitions, and C is set of the components of 

the problem definitions. To create the problem table, the analyst has to decide what components 

of problem definition to consider, that is, decide on the members of set C. A literature survey 

(Chapter 4) shows the following as the components of problem definitions: 

 Stakeholder: A stakeholder can be divided into owner and actors, and actors can be 

either passive or active. The analyst has to decide whether to use stakeholder as a 

component without identifying the type, or use owner and actor (or active actor, passive 

actor) as components instead of the stakeholder. A rule of thumb is if most of the 

problem definitions in set D explicitly identifies owners and actors and emphasizes on the 

roles of stakeholders, then it is a good idea to use two separate components owner and 

actor rather than combine them into one component stakeholder. 

 Objective:  An objective includes problematic situation, and in addition may include 

current state, desire state, and direction of improvement. This information is not known 
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ahead of time, but is selected as the definition is developed. Again, as is the case of 

stakeholder the analyst has to decide whether to use objective as a single component or 

combination of components. Again, it depends on the construction of the problem 

definitions in D. 

 Significance: A significance could be a cause or consequence, importance/significance. 

The analyst should decide whether to treat significance as a single component or 

combination of components. 

 Once P is defined, the next step is to obtain indiscernible sets. An indiscernible set is the 

collection of members that are indistinguishable in terms of some features. In this case, the set of 

problem definitions that is indistinguishable in terms of some components is called indiscernible 

set. Defined a set B such that 𝐵 ⊆ 𝐶. Then define an indiscernible relation I (B) on D as: 

(𝑥, 𝑦) ∈ 𝐼(𝐵)𝑖𝑓𝑓 𝑐(𝑥) = 𝑐(𝑦) 𝑓𝑜𝑟 𝑒𝑣𝑒𝑟𝑦 𝑐 ∈ 𝐶 

where c(x) refers to value of component c for element x 

A partition of D determined by B is a family of equivalence class I (B), containing 

element, x, is denoted B (x) and referred as B-granule. Element x and y are called B-indiscernible 

if (𝑥, 𝑦) ∈ 𝐼(𝐵). Another important concept of rough set theory is lower approximation and 

upper approximation set.  

For given,  𝑃 = (𝐷, 𝐶) and 𝐵 ⊆ 𝐶, take set 𝑋 ⊆ 𝐷, now the lower approximation of X 

with respect to B, denoted as 𝐵∗(𝑋), is defined as: 

𝐵∗(𝑋) =  ⋃{ 𝐵(𝑥): 𝐵(𝑥) ⊆ 𝑋}

𝑥∈𝐷

  

In simple terms, the lower approximation set is the collection of members that certainly 

belong to the set.  
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The upper approximation of X with respect to B, denoted as 𝐵∗(𝑋), is defined as: 

𝐵∗(𝑋) =  ⋃{ 𝐵(𝑥): 𝐵(𝑥) ∩ 𝑋 ≠ ∅}

𝑥∈𝐷

  

In simple terms, the upper approximation set is the collection of members that may belong to the 

set. 

Once the lower and upper approximation is known, boundary region of X with respect to 

B, also referred as B-boundary region, denoted by 𝐵𝑁𝐵(𝑋)and can be defined as: 

𝐵𝑁𝐵(𝑋) =  𝐵𝑥(𝑋) − 𝐵𝑥(𝑋) 

If 𝐵𝑁𝐵(𝑋) = ∅ then X is crisp with respect to B, and if 𝐵𝑁𝐵(𝑋) ≠ ∅, then X is rough 

with respect to B. 

Take a problem space shown in Figure 5.1. Possible problem definitions are generated 

using methods provides in the study (Chapter 4). The partial list is provided in Table 5.1.  

 

Figure 5.1 : Problem Space in circular network layout (Chapter 3) 
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TABLE 5.1 : LIST OF POSSIBLE PROBLEM DEFINITIONS 

S.N Problem Definitions 
1 How 'Employee Development' helps 'FIRM' achieve 'Cutting Edge Technology' 

2 How 'Employee Development' helps 'FIRM' maintain 'Stability and Sustainable 
Growth' 

3 How 'Promote New Generation' helps 'FIRM and FUTURE'  reach 'Management 
Potential' 

4 How does 'Product Development' help 'FIRM' with 'Promote New Generation' 
5 How does 'Promote New Generation' help 'FUTURE' reach 'Management Potential' 
6 How does 'Product Development' help 'FIRM' with 'Reward Loyalty' 

7 How does 'Employee Development' help 'FIRM and FUTURE' reach 'Management 
Potential' 

8 How 'Employee Development' help 'FIRM' with 'Product Development' 
9 How can 'Employee Development' help 'FUTURE' with 'Management potential' 
10 How does 'Employee Development' Help 'FIRM with 'Product Development' 
11 How 'Technology' impacts 'Market' of the 'FIRM' 
12 How 'Innovation of Single Product' leads to change in 'Technology' in 'Market' 
13 How does 'SOLID' Impact 'Technology' within 'Market 
14 How does 'IMPROVEMENT' project impact 'Technology' within 'Market 
15 How does 'PLARFORM' project impact 'Technology' within 'Market 
16 How does 'Technology' affects 'Single Product' in 'Market' 
17 How does ' Technology ' in ' Market ' affect 'Single Product' 
18 How does 'Technology' in  'Market' leads to 'Innovation' 
19 How does 'Management' affects 'Technology' in 'Market' 
20 How does 'Technology' helps 'Potential' 'Market' 

 
To construct problem table P, choose the problem definitions in Table 5.1 as D. Then, 

choose set of components 𝐶 = {𝑆𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒, 𝑆𝑡𝑎𝑘𝑒ℎ𝑜𝑙𝑑𝑒𝑟, 𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒}. P is as shown in 

Table 5.2. After P is completed, an analyst has to decide which components to include in B; 

choose 𝐵 = {𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒}. Table 5.3 shows the result of lower approximation with respect to B. 

Next is to see if there is an upper approximation set. For example, in some problem definitions (4 

and 6), the ‘Product Development’ is considered an objective, but in problem definitions 8 and 

10, the ‘Product Development’ is considered as a significance. So the lower approximation set 

with respect to objective ‘Product Development’ includes problem definitions 4 and 6, whereas 

the upper approximation set would be 4, 6, 8, and 10. 
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TABLE 5.2: PROBLEM TABLE P, WHERE D=TABLE 5.1 AND C= {SIGNIFICANCE, 
STAKEHOLDER, OBJECTIVE} 

Problem 
Definitions Significance Stakeholder Objective 

1 Cutting Edge Technology FIRM Employee Development 

2 Stability and Sustainable 
Growth FIRM Employee Development 

3 Management Potential FIRM & 
FUTURE 

Promote New 
Generation 

4 Promote New Generation FIRM Product Development 

5 Management Potential FUTURE Promote New 
Generation 

6 Reward Loyalty FIRM Product Development 

7 Management Potential FIRM & 
FUTURE Employee Development 

8 Product Development FIRM Employee Development 
9 Management potential FUTURE Employee Development 
10 Product Development FIRM Employee Development 
11 Market FIRM Technology 

12 Market Technology Innovation of Single 
Product 

13 Market SOLID Technology 
14 Technology Market IMPROVEMENT 
15 Technology Market PLATFORM 
16 Single Product Market Technology 
17 Single Product Market Technology 
18 Innovation Market Technology 
19 Management Market Technology 
20 Potential Market Technology 

 
After the granule is identified, reduce the number of sets (or partition block from Table 

5.3) based on attractiveness (or fitness) of problem definitions. The reduction process is iterative, 

repeated until the satisfactory number of possible problem definition is reached. Reduced 

number of sets can be achieved in two ways:  

1. From the collections of B-granule, remove the granules which are the least attractive to 

the decision maker’s preference (or the scope or context of the given problem space) 
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2. From the collections of B-granule, choose the granules which are the most attractive to 

decision maker preference (or the scope or the context of the given problem space) 

TABLE 5.3: LOWER APPROXIMATION WITH RESPECT TO AN OBJECTIVE; ROWS 
WITHIN THE BOLD LINES REPRESENTS B-LOWER APPROXIMATION 

Problem 
Definitions Significance Stakeholder Objective 

1 Cutting Edge Technology FIRM Employee Development 

2 
Stability and Sustainable 
Growth FIRM Employee Development 

7 Management Potential 
FIRM & 
FUTURE Employee Development 

8 Product Development FIRM Employee Development 
9 Management potential FUTURE Employee Development 

10 Product Development FIRM Employee Development 
14 Technology Market IMPROVEMENT 

12 Market Technology 
Innovation of Single 
Product 

15 Technology Market PLATFORM 
4 Promote New Generation FIRM Product Development 
6 Reward Loyalty FIRM Product Development 

3 Management Potential 
FIRM & 
FUTURE Promote New Generation 

5 Management Potential FUTURE Promote New Generation 
11 Market FIRM Technology 
13 Market SOLID Technology 
16 Single Product Market Technology 
17 Single Product Market Technology 
18 Innovation Market Technology 
19 Management Market Technology 
20 Potential Market Technology 

   
 One could ask the decision maker’s choice by asking the decision maker to pick least 

favorite or most favorite value of the members of B and drop or pick B-granule containing those 

values for further analysis. Normally for wicked problem, the problem space and the possible 

problem definitions generated from that problem space would be large. Thus, resulting larger 
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choice of possible element values for components in B. This scenario would get even worse if B 

contains more than one member. 

In order to reduce the set efficiently, and to eliminate undue burden to a decision maker, 

information from the problem table is used to create frequency table. The frequency table 

contains the frequency an entity is classified as certain components. It helps to identify less 

frequent or more frequent values for elements of B. Table 5.4 shows the objective values and 

associate frequency for B-granule show in Table 5.3. 

TABLE 5.4 : FREQUENCY TABLE FOR VALUES FOR ELEMENTS OF B ALONGSIDE 
THE PERCENTILE 

Objective Values Frequency Percentile 
Technology 7 1 
Employee Development 6 0.833 
Product Development 2 0.5 
Promote New Generation 2 0.5 
IMPROVEMENT 1 0 
Innovation of Single Product 1 0 
PLATFORM 1 0 

 
A cut-off percentage is defined such that any elements having higher percentile ranking 

than cut-off percentage is considered attractive and is chosen for further analysis. Conversely, 

cut-off percentage can be defined such that any elements having lower percentile ranking is 

considered unattractive and is removed from further analysis. To remove the least attractive 

elements, define the appropriate percentile value, α. Granule based on all elements with 

percentile less than α from the frequency table is removed from the problem table for further 

analysis. Conversely, to select the most attractive elements, select the B- granule pertaining to 

elements that have percentile value greater than (1-α) from the problem table. This will be new 

problem table. Repeat the process by using new problem table and new B until P is reduced to 

the desirable number of possible problem definitions as shown in Table 5.5.  
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TABLE 5.5: REDUCED SET OF POSSIBLE PROBLEM DEFINITIONS 

Problem 
Definitions Significance Stakeholder Objective 

11 Market FIRM Technology 
8 Product Development FIRM Employee Development 

10 Product Development FIRM Employee Development 
7 Management Potential FIRM & FUTURE Employee Development 
3 Management Potential FIRM & FUTURE Promote New Generation 
9 Management potential FUTURE Employee Development 
5 Management Potential FUTURE Promote New Generation 

16 Single Product Market Technology 
 
Defining a wicked problem is a creative process, hence the analyst insight, intuition and 

experience is as valuable as any statistic or other quantitative analysis. Therefore, if analysts feel 

that, some problem definitions are interesting, and are significant enough to be included for 

further analysis; those should be included irrespective of their frequencies. 

Stage II: Rank the Possible Definitions 

Once the number of possible problem definitions is reduced to manageable size 

(preferably under 7), ranking based on certain attributes can be used to further evaluate the 

problem definitions. First, identify the appropriate attributes for ranking. Since wicked problems 

are unique and is difficult to group into categories, it is hard to tell what attribute is suitable for 

which problem. Some general attributes are scope, and impact. Scope identifies the boundary for 

the effect of the problem, whereas impact identifies the depth of the effect. High scope means the 

problem definition affects many entities, and high impact means the problem definition has 

deeper effects on the entities. If there is any other specific attributes that are true for a given 

problem space, then those attributes could be used for evaluation.  
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TABLE 5.6 : PROBLEM DEFINITIONS EVALUATION MATRIX 

 
Table 5.6 shows the ranking of the problem definitions on attributes ‘Scope’ and 

‘Impact,’ where dominant problem definitions are highlighted. The dominant problem definitions 

are those that have higher rank than all other problem definitions on all the attributes. The 

dominant problem definitions are the potential problems. If there lacks dominant problems, then 

choose the problem definitions that rank high in the significant attribute. For example, decision 

maker may prefer ‘Impact’ over ‘Scope,’ then all problems with ranking high on ‘Impact’ is 

potential problem definitions. The decision maker could use this strategy even if there are 

dominant problem definitions. The potential problem definitions can then be ranked using 

ordinal ranking to identify the problem to be solved. At this point traditional multi-criteria 

decision making tools that uses qualitative information can be used to rank the potential problem 

definitions.   

5.4  Conclusion 

Selecting the potential problem definitions form the set of possible problem definition of 

a wicked problem is challenging task due to the inherent complexities as well as lack of methods 

for evaluating problem definition. On top of that, the given information is incomplete and 

Problem Definitions Scope Impact 
How can 'Technology' impact’ Market' of the 'FIRM' High High 
How can 'Employee Development' help 'FIRM' with 'Product 
Development' High High 
How can  'Employee Development' help 'FIRM and FUTURE' reach 
'Management Potential' Low High 
How can 'Promoting New Generation' help 'FIRM and FUTURE'  reach 
'Management Potential' Low Low 
How can 'Employee Development' help 'FUTURE' with 'Management 
potential' Low Low 
How can does 'Promoting New Generation' help 'FUTURE' reach 
'Management Potential' Low Low 
How can  'Technology' affect 'Single Product' in 'Market' High Low 
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inconsistent. The proposed heuristic methods rely on the properties of given problem definition 

to reduce the set of possible problem definitions. The rough set theory is effective in reducing the 

number of possible problem definitions. Secondly, ranking based on attributes can be used to 

further reduce the set of possible problem definition to get the potential problem definitions. A 

case study demonstrated the application of the proposed framework for evaluating the problem 

definitions in assessing and selecting potential problem definition from the large set of possible 

problem definitions. 
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CHAPTER 6 

 A CASE OF A WICKED PROBLEM: KANSAS STRATEGIC PLANNING  

Abstract 

Strategic planning is generally a wicked problem. We looked into the application of the 

Quandary Translation Engineering framework on defining the problem for strategic planning for 

Department of Commerce of Kansas regarding the state of business in Kansas. The heuristic 

framework provided an opportunity to compare and contrast the different perspectives of 

stakeholders involved. This improved our understanding of the dynamics between different 

entities involved. We found that by representing the biased, vague, and inconsistent information 

as problem space helps expose hidden assumption about the problem. It helps is devising better 

problem definitions. 

Keywords: complex adaptive system, network analysis, problem definition, problem space, 

strategic planning, wicked problem 
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6.1  Introduction 

The Kansas Department of Commerce sponsored a series of discussion sessions in 2012 

to help with strategic planning to attract and retain business in Kansas. The objective was to 

examine the state of businesses in Kansas, and identify and define potential issues that could 

influence business. Attendees included representatives from industry, universities, and the 

Kansas Department of Commerce. The sessions were conducted throughout the state, but this 

case study uses data from three locations: Wichita, Topeka, and Hayes. The sessions used eight 

to ten round tables. Each roundtable had five or six representatives from different constituencies, 

a facilitator to ask questions, and a note taker to record the responses. Each session lasted 

approximately two hours. 

Strategic planning is a wicked problem because it involves the complex dynamics 

between social, economic, technological, and political domains. It also involves multiple, often 

times conflicting perspectives of different stakeholders. The state of businesses in Kansas could 

be defined in multiple ways based on the views of stakeholders, each presenting a different 

narrative of the situation. The challenge is to identify, define, and select a problem from a 

situation where the problem is not well understood, uncertain, and ambiguous. 

A problem space is created based on the vocabulary in given data. First, problem space 

for each location is created separately. Later these problem spaces are integrated into single 

problem space to generate potential problem definitions. Each location represents different 

demographics and may provide different perspectives to the problem. Separate analysis helps 

compare and contrast differences in the various viewpoints. The comparison between individual 

problem spaces and integrated problem space shows how the dynamics of entities involved 

changes when multiple perspectives are integrated into a single problem space. 
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6.2  Modeling the Problem Space 

The process of modeling a problem space assumes that the analyst is capable of inferring 

meaning from the data as intended by the stakeholders. The analyst may need multiple iterations 

through data to get the desired vocabulary. These alterations may require the feedback from 

stakeholder, which also depends on the time and availability of the stakeholders. The framework 

for constructing problem space and defining a wicked problem is based on the complex adaptive 

system (CAS) principles (Chapter 3). Hence, analyst can make necessary changes if the 

stakeholders’ perception or the analyst's insights of the stakeholders’ perception changes. The 

current problem space should be satisfactory enough for application of heuristic methods. The 

problem space is revised if future analysis deemed it necessary. 

The heuristic method for modeling problem space contains three basic stages (Chapter 3): 

 Acquire Data 

 Structure Data 

 Create Visual Data-Map 

 Acquire Data: The modeling of a problem space starts with identifying the data and 

data sources. The potential source of data can be existing documents or databases, interview with 

stakeholders and subject matter experts (SME), or surveys. For this case study, the notes from 

the discussion sessions are the data source. The notes include the opinions of the participants 

(who are relevant stakeholder for our analysis) regarding the state of business in Kansas. 

Structure Data: The notes from participants are unstructured data. The data should be 

structured in a way that facilitates the use of heuristic methods. The data is considered structured 

if it is expressed as entities and relationships between those entities. The relevant entities and 

relationships associated between those entities form the necessary vocabularies for the problem 
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space. For example, one of the entries in the notes is ‘Economically, how manufacturers are 

doing… is business up or down?’ this can imply that participant meant to convey Department of 

commerce of Kansas should be aware of and concern about the economic health of the 

manufacturing industry in Kansas. It is represented as ‘Economic----Manufacturer.’ This 

collection of vocabularies is considered as the problem space, as it represents the relevant 

information about the given problematic situation or quandary. 

Create Visual-Data Map: The problem space is modeled as a network diagram, where 

the entities are nodes and the relationships are edges. Initially, the problem space is based on data 

from each discussion session, in order to compare and contrast different viewpoints. The 

objective was to understand each data set individually. This may facilitate in creating combined 

problem space and generating problem definitions from the combined problem space. Figure 6.1, 

Figure 6.3, and Figure 6.5 show a circular layout of the problem space using data from 

discussion session in Wichita, Topeka, and Hayes respectively. The layout is based on bi-

connected components (BCC). A group of nodes is said to be bi-connected if they are connected 

through two disjoint paths. In a bi-connected graph, the graph remains connected even after the 

removal of a node. The view in Figure 6.1 contains one prominent partition, which is zoomed to 

show the details. The boundary nodes on that partition represent nodes that are also part of other 

bi-connected partition. 

Figure 6.2, Figure 6.4, and Figure 6.6 show hierarchical layers based on degree centrality 

ranking for data set from Wichita, Topeka, and Hayes respectively. Problem spaces from 

different data sets have slightly different construct and different higher centrality ranking 

entities.  
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Figure 6.1 : Circular layout (bcc compact) of the problem space for Wichita; Zoomed central 
partition 
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Figure 6.2 : Top hierarchical layer based on the degree centrality measure for Wichita; Bottom- 
zoomed to show top 5 layers 

 

  

Figure 6.3 : BCC circular layout for data from Topeka discussion session, zoomed on right to 
show the large center partition 
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Figure 6.4 : Top hierarchical layer based on the degree centrality measure for Topeka, Bottom- 
zoomed to show top 5 layers 

 

Figure 6.5 : BCC layout for data from Hayes discussion session, right: zoomed to show the 
details 
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Figure 6.6 : Top hierarchical layer based on the degree centrality measure for Hayes; Bottom- 
zoomed to show top 5 layers 

A problem space is not a statistical model where a sample data is used to infer the 

characteristic of the population. The difference in the centrality measure ranking in different data 

set does not imply that for the population of Wichita, manufacturer and regulation are the most 

significant topics, workforce, and skills in Topeka, and workforce, rural and manufacturer for a 

population in Hayes. It simply implies the participants (that are treated as SMEs) in each session 

were more concerned or vocal about those topics. There are two important things to keep in mind 

while interpreting these analyses. First, participants in the discussion session were not randomly 

selected and hence are not an unbiased participation. In addition, this model is based on 

perception (biased) of stakeholders, and understanding (biased) of the analyst. The aim is not to 

get rid of the biases, but to integrate them. The second thing is the type of centrality measure 

used. Each centrality measure evaluates different aspects of the network. Here the degree 

centrality is used, which evaluates the number of connections each node has, the node with 

higher number of connections will rank higher. This implies that in the Wichita data set many 
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vocabularies were related to ‘Manufacturer’ (Manufacturing, manufacture, and manufacturer), 

where as in Topeka and Hayes they were related to ‘Workforce.’ In that regard, the focus of the 

each session is slightly different from the perspective of the participants. 

 

Figure 6.7 Problem space after integrating all perceptions 

 

Figure 6.8 : Hierarchical layer based on degree centrality, showing only top five layer for the 
combined problem space 

The Figure 6.7 shows the integrated problem space. The center partition is compact as 

compared other individual problem space. When the problem space is integrated it does not just 

integrates terms but also the relationships among those terms. That is problem space is integrated 
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by integrating vocabularies. To see how the dynamics of vocabularies is changed, the centrality 

measure for the new problem space is analyzed. Figure 6.8 shows the hierarchical layers based 

on the degree centrality ranking. The top centrality ranking entities are not exactly the same as 

any individual data set. This shows how the change in dynamics between entities when different 

perspectives are integrated. 

6.3 Generating Multiple Problem Definitions 

The problem space of a wicked problem consists of multiple possible problems, each as 

viable as the other. First the focus on the quantity of the problem definitions, so generate as 

many problem definitions as possible guided by some rational process. The idea is to get more 

alternative definitions so the set of possible problem definitions is rich and diverse. Any 

combination of the entities in the problem space could be a possible problem. The problem space 

as shown in Figure 6.7 has 112 nodes, the possible combination could be huge, practically 

infinite (for example, possible combination of three entities at a time is 227920). To reduce the 

number of potential definitions, a framework based on heuristic methods is developed (Chapter 

4). The heuristic provides guidelines for partitioning the problem space based on various 

schemes. Then any of analysis methods and tools can be used to get the possible definitions 

based on the particular partition (Chapter 4).  

Some partitioning schemes are: 

 Partitioning based on ego networks 

 Single node ego 

 Intersection of two egos 

 Partitioning based on grouping 
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The methods of analysis are: 

 Nested centrality measure 

 Connection between entities 

Partitioning Scheme: Some of the possible schemes for partitioning methods are ego 

networks, or grouping of entities based on certain characteristics. The ego networks are based on 

focal nodes. Ego network is the collection of entities that are related to the focal node within 

certain path length. The analyst chooses focal nodes he believes are significant from the problem 

space. The significant entities may be entities with higher centrality ranking, or stakeholders of 

interest (Who), perceived objectives (What), and perceived significance (Why). The some 

entities with higher centrality are ‘Manufacturer,’ ‘Workforce,’ ‘Regulation,’ ‘Skills,’ ‘Training,’ 

‘Business,’ ‘Reform,’ Education,’ ‘Partnership’ as shown in Figure 6.8. Take the entity 

‘Manufacturer for demonstration. The ego network of ‘Manufacturer’ is shown in Figure 6.9.  

 

Figure 6.9 : Ego network of 'Manufacturer' as circular layout 
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Analysis Method: Once a partition is selected, analysis methods can be used for 

generating possible problem definition. For the partitions shown in Figure 6.9, nested centrality 

approach for analysis is used. First, the focal node (i.e. ‘Manufacturer’) is removed, because 

within the ego network of a focal node, most of the time focal node will be the highly connected 

entities (especially if degree centrality is used). The aim of nested centrality measure is to 

analyze what is important within the ego network, having the focal node for further analysis 

would skew those results. The remaining entities are ranked based on the degree centrality. 

Figure 6.10 shows the layout of the entities in the ego network of ‘Manufacturer’ based on the 

centrality ranking after ‘Manufacturer’ is removed from the partition. 

 

Figure 6.10: Hierarchical layer of the entities in the ego network of 'Manufacturer' after 
‘Manufacturer’ is removed from the ego 

‘Skills’ is the entity with highest centrality ranking, shown in Figure 6.10. Ego network 

of ‘Skills’ is obtained using the partition shown in Figure 6.10. ‘Skills’ is removed from its ego 

network and the centrality of the remaining entities is calculated. Figure 6.11 shows the 

hierarchical layers of the entities in the ego network of ‘Skills’ after removing ‘Skills.’ The ego 

shown in Figure 6.11 is small enough that further analysis would not be beneficial. So the 

analysis using nested centrality is considered complete. The sequence of entities obtained from 

nested centrality analysis is ‘Manufacturer-Skills-Employee,’ which can imply ‘Skills’ of 

‘Employee’ is significant within the ego of ‘Manufacturer.’ Each sequence obtained from 



129 
 

analysis serves as a basis for the problem definition. The process is repeated in similar fashion to 

obtain different sequences using different partitions based on different schemes. 

 

Figure 6.11: Hierarchical layers of entities in ego network of 'Skills' after removing 'Skills' using 
the partition set shown Figure 6.10 

 

 

Figure 6.12: Possible connection between Manufacturer and Kansas with 2-degree path length 

Connection Analysis: The connection between different entities can be obtained from 

different scenarios. Start with the partition of interest, which could be based on any partitioning 
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scheme or could be the whole problem space. Once the partition is decided, identify two entities 

within that partition whose connections are to be explored. For this example, the whole problem 

space shown in Figure 6.7 is used. The entities of interest is chosen as ‘Manufacturer’ and 

‘Kansas.’ A maximum path length of two is selected, that is, any path that connects these two 

entities should not contain more than two other entities. Figure 6.12 shows all possible path 

between ‘Manufacturer and ‘Kansas’ with at most of 2-degree path length. The bold black line 

shows the path with 1-Degree path length. The rest of the entities connect with manufacturer 

within 2-Degree path length. Each of these paths represents a possible problem definition 

scenario. Exploring the connection between two entities helps to understand the dynamics 

between those two entities and possible source of conflict or resolutions.  

Once the collection of entities or scenarios is obtained, analyst defines a problem based 

on the scenarios. There are three basic components to problem definition: Stakeholder, 

Objective, and Significance (Chapter 4). Stakeholders are owner or the actors of the problem. 

That is, they are the people who are affected by or have influence on the problem. Objective is 

the problematic situation, goal, or aim. Significance is the reason why problem is worth solving. 

Sometimes these entities are implicit; it is the analyst job to make them explicit while defining 

the problem. If the given scenarios do not contain entities that can be classified as stakeholder, 

objective, or significance, then the analyst will look into the context, which is the problem space 

or even the original data set to find one that fits the given scenario.  

Table 6.1 shows some of the scenarios and the respective problem definitions. 
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TABLE 6.1 : TABLE ILLUSTRATING SOME OF THE SCENARIOS AND ASSOCIATED 
PROBLEM DEFINITION 

Scenario Sequence Problem Definition 
Manufacturer-Skills-Employee How can Employee Skills improve to meet 

'Manufacturer's need? 
Kansas-Incentive-Manufacturer How can Kansas use Incentives help Manufacturer 
Kansas-Cost-Manufacturer How can Kansas help Manufacturer with the cost of 

manufacturing? 
Kansas-Significance-
Manufacturer 

How can Kansas have a Significant impact on 
manufacturing? 

Kansas-Rural-Manufacturer How can Kansas help Rural Manufacturer? 
Kansas-Cost-Rural-Manufacturer How can Kansas help with the Cost of Rural 

Manufacturer? 
Kansas-Promote-Small Business-
Manufacturer 

How can Kansas Promote Small Business and 
Manufacturing? 

Kansas-Incentive-Attract-
Manufacturer 

How can Kansas incentivize Attract and Manufacturing? 

Kansas-Rural-Attract-
Manufacturer 

How can Kansas Attract Manufacturing to Rural areas? 

Kansas-Incentive-Training-
Manufacturer 

How can Kansas use Incentives for training for 
Manufacturing? 

Kansas-Cost-Training-
Manufacturer 

How can Kansas help Manufacturer with the cost of 
Training? 

Kansas-Incentive-Partnership-
Manufacturer 

How can Kansas use Incentives in order to create a 
Partnership with Manufacturing? 

Kansas-Industry-Partnership- 
Manufacturer 

How can Kansas help with the partnership between 
Industry and Manufacturing? 

Kansas-Incentive-Automation-
Manufacturer 

How can Kansas provide Incentives for Automation to 
help Manufacturer? 

Kansas-Incentive-Local-
Manufacturer 

How can Kansas use Incentives to help Local 
Manufacturer 

Kansas-Cost-Economic-
Manufacturer 

How can Kansas help with Cost to improve 
Manufacturing Economic health? 

Kansas-Cost-Regulation-
Manufacturer 

How can Kansas Regulate Manufacturer in order 
minimize the Cost? 

Kansas-Industry-Regulation-
Manufacturer 

How can Kansas Regulate Industry to facilitate 
Manufacturing? 

Kansas-Transportation-
Regulation-Manufacturer 

How can Kansas Regulate Transportation to help 
Manufacturing? 

Kansas-Small Business-
Regulation-Manufacturer 

How can Kansas Regulate Small Business to help 
Manufacturing? 

Kansas-Agriculture-Capital-
Manufacturer 

How can Kansas provide Capital to Agricultural 
Manufacturing? 
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6.4 Problem Selection 

Selecting a definition for a wicked problem is difficult, as many decision-making 

heuristics is not applicable to evaluating the definitions of the problem. Many of these decision-

making heuristics rely on the information of the quality of solutions. The methods for evaluating 

problems should not rely on the information about the solution. One such method is ordinal 

ranking of the problem definitions based on the decision maker’s preference.  

The heuristic methods for generating problem definition generate a large number of 

problem definitions (at least 80 to 100). A decision maker cannot rank all these problem 

definitions with consistency because it is hard for decision maker to keep track of all the 

definitions. In order to assist decision maker in selecting problem definition, the decision maker 

is presented with a very small set of potential problems (at most 10, preferably 5-7). In order to 

reduce 100s of possible problem definitions into a set of 5-7 potential problem definitions two 

stage heuristic methods is used, and is listed below (Chapter 5): 

 Stage I : Reduce the number of possible problem definitions 

 Stage II: Rank the possible definitions 

The first stage uses the concept of rough set theory. The rough set theory allows an 

element to be the member of a set even if there is no certainty that the element belongs to the set. 

There is only a possibility that the element belongs to the set. This property is significant because 

it allows uncertainty in data. First, there is uncertainty in the vocabulary. At best, the vocabulary 

is the approximation of the perception of stakeholders, where each stakeholder may use specific 

terms to imply different things. For example, what a stakeholder refers as ‘Business’ may be 

different than what other stakeholder refers as ‘Business.’ Second, the classification of entities as 

stakeholder, objective, and significance, is not absolute. That is, the same entity can be an 
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objective in one scenarios and significance in another. The lack of certainty in the information 

related to wicked problem requires methods and tools that do not assume certainty in the data. 

Rough set theory is a nice fit for such scenarios. 

TABLE 6.2 : TABLE WHERE BOLD LINES SHOWS THE GRANULES BASED ON THE 
OBJECTIVES 

Objective  Stakeholder Significance 
Agriculture & Capital Kansas & Manufacturer   
Collaboration Kansas & Manufacturer Industry 
Collaboration & Reform & Tax Kansas Business 
Promote & Collaboration Kansas & Manufacturer Manufacturer 
Communication & Tax & 
Regulation Kansas Business 
Communication Kansas & Manufacturer Manufacturer 
Cost Kansas & Manufacturer Economic 
Tax & Cost Kansas Rural & Business 
Incentive Kansas & Manufacturer Manufacturer 
Incentive Kansas & Manufacturer Attract & Manufacturer 
Incentive Kansas & Manufacturer Partnership 
Incentive Kansas & Manufacturer Local Manufacturer 
Tax & Incentive Kansas Attract & Business 
Incentive &Automation Kansas & Manufacturer Manufacturer 

 
This method divides all possible problem definitions into sets called granules. Every 

member of a granule is indiscernible in terms of chosen attributes. The attributes are the 

components of problem definitions like stakeholder, objective, and significance. At first 

iteration, the granules are created based on objective (one could choose other components). 

Table 6.2 shows partial table with granules highlighted with the bold lines. The least attractive 

granule is dropped from further analysis (alternatively, use most attractive granules for further 

analysis). The percentile ranking for each value of the objectives was calculated to determine the 

least favorable granule. The cut-off percentage of 5% is chosen. The elements that lie on bottom 

5% in percentile ranking are deemed unattractive and removed. The process was repeated with 
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the granules of significance and then stakeholders. This process is repeated until satisfactory 

number of problem definitions is achieved. Analysts can use his/her judgment in picking the 

desired granules or removing the undesired granules irrespective of the percentile ranking.  

Once the satisfactory number of possible problem definitions is obtained, ranked those 

definitions based on attributes scope and impact. Here two level ranking is used, that is 

definitions are ranked either high or low in each attribute. The scope measures how vast the 

effect of the problem is, that is, it measures how many entities are affected by the problem. 

Impact measures the severity of the effect, that is, how severe the consequence of the problem is. 

Table 6.3 shows the final table with the ranking. All the problem definitions with high scores for 

both scope and impact are the potential problem definitions. Table 6.4 shows the associated 

problem definitions for highlighted scenarios.  

TABLE 6.3: PROBLEM DEFINITIONS WITH RANKING SCORE 

Objective  Stakeholder Significance Scope Impact 
Innovation Kansas & Manufacturer Rural High High 
Jobs Kansas & Manufacturer Rural High High 
Tax & Cost Kansas Rural & Business High High 
Tax State Rural & Business High High 
Regulation Kansas & Manufacturer Small Business High High 
Innovation Kansas Tax & Rural High High 
Partnership Business & State Education High Low 
Rural & Housing Employee Employee & Wage High Low 
Manufacturer Kansas & Manufacturer Rural High Low 

Training 
Employee & 
Manufacturer Skills High Low 

Incentive Kansas & Manufacturer Local Manufacturer Low High 
Tax & 
Regulation Kansas Small Business Low High 
Incentive Kansas & Manufacturer Partnership Low Low 
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Table 6.4 represents the potential problem definitions that are equally attractive in terms 

of scope and impact. The decision maker can use his preference, or the traditional multi-criteria 

methods that use qualitative information to choose one of these problems. Table 6.4 also 

demonstrates the applicability of the QuTE framework in identifying hidden problems. The 

definitions in the Table 6.4 are not expected. It was widely expected that the manufacturing and 

regulation would take center stage. However, in the definitions ‘Manufacturing’ and 

‘Regulation’ when present are not the focuses of definitions. Take example of definition ‘How 

can 'Kansas' use 'Innovation' to help 'Rural Manufacturing',’ though contains entity 

‘Manufacturing’ it emphasizes rural manufacturing. In the context of given problem ‘Strategic 

planning regarding businesses in Kansas’ this problem makes sense, because Kansas has many 

rural communities. The growth of business in rural communities would help to strengthen the 

economy of Kansas. This viewpoint was not dominant in the discussion notes, mainly because of 

prominent opinions regarding regulation and manufacturing especially related to large industry 

like aerospace. 

TABLE 6.4: DOMINANT PROBLEM DEFINITIONS 

Dominant Problem Definitions 
How can 'Kansas' use 'Innovation' to help 'Rural Manufacturing' 
How can 'Kansas' create  'Manufacturing Jobs' for 'Rural’ area 
How can 'State' 'Tax' to help 'Rural Business' 
How can 'Kansas' encourage 'Innovation' through 'Tax' for "Rural' area 
How can 'Kansas' 'Regulate' Small Business' and 'Manufacturer' to promote 'Small Business' 

 
The process of selecting problem definition rarely yields a single problem definition. All 

the heuristic applied here provide some rationale in choosing a potential problem definition, but 

does not take away the decision maker's insight to the situation. These heuristic methods help 

decision makers and stakeholders understand other dimensions of problem definitions. Because 

these methods require significant time for the analyst and decision maker, it should be used when 
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traditional approaches, models, and methods have not been fruitful. Normally these heuristic 

methods are suitable for executive level problems, very poorly understood problems, or problems 

with many stakeholders each with their own agenda.   

6.5 Conclusion 

The heuristic methods included in the quandary translation engineering framework makes 

it easier to model incomplete, often vague and biased information regarding business in Kansas 

as problem space. The problem space thus created facilitates use of heuristic methods that relies 

in the network analysis tools for generate multiple problem definitions. These heuristic methods 

for generating problem definitions created large number of possible problem definitions. The 

heuristic methods based on rough set theory and ordinal ranking reduced the number of possible 

problem definitions to few potential problem definitions.  
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CHAPTER 7 

CONCLUSION 

 
7.1 Conclusion 

A wicked problem presents a unique challenge for the decision maker. Traditional 

approaches to problem solving have not adequately addressed these challenges of a wicked 

problem. Many problem-solving methods assume that the problem is known; but for the wicked 

problem, the problem is unknown, ambiguous, and uncertain. The proposed framework called 

Quandary Translation Engineering relies on heuristic methods to address the challenges 

presented by wicked problems. Viewing a problem space as a network diagram is proposed as a 

means to integrate ambiguous uncertain information often time due to the stakeholders’ 

perceptions. The proposed heuristic methods for constructing problem space provide guidelines 

for integrating vague and unstructured data. We conclude that problem space helps in identifying 

hidden assumptions that would otherwise have been ignored.  

A survey of the existing literature about the problem definition was conducted. The 

survey showed that the basic components of problem definitions are Stakeholder, Objective, and 

Significance. These basic components indicate what types of entities the problem definition 

generated by the heuristics should have. Since there is no single explanation to a wicked 

problem, we proposed heuristic methods for generating multiple possible problem definitions 

from the problem space. The heuristic methods generated many possible problem definitions 

based on different schemes available in the heuristics.  

The number of possible problem definitions is usually large. So heuristic methods based 

on rough set theory and ordinal ranking were used to reduce this large set of possible problem 

definitions into a set of few potential problem definitions. A case study demonstrated the 
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application of the proposed heuristic methods. The case study is a wicked problem about the 

strategic planning by Kansas Department of Commerce.  

7.2 Future Research 

Implication of Structure (Size and Density) of Problem Space 

Problem space is modeled as a network diagram, where vocabularies represents the 

relevant data and relationships among those data. Based on our experience, the problem space of 

a wicked problem is a scale-free network. The degree distribution of a scale free network follows 

power law. Another network that follows power distribution is social networks. Because of the 

similarities with the social network, we used many metrics used for analyzing social networks; 

such as, egos, centrality measures, and cluster analysis. 

One of the issues with the wicked problem is that it is hard to categorize into specific 

classes. This creates vast numbers of unique problems. Our experience with the wicked problem 

is very limited compared to the different wicked problems in the world. The assumptions that 

were true for the wicked problem we faced may not hold true for all the wicked problems of the 

world. 

The list below provides the possible future research regarding the structure of the 

problem space: 

1. The assumption that problem spaces of the wicked problems will be scale-free networks 

may not be true for all instances. The research to test this assumption requires the study 

of the many wicked problems from different domains and scopes like problems 

pertaining to the political domain, economic domain, technical domain, and social 

domain, problem pertaining to the small communities, problem pertaining to larger 

communities, problem pertaining to organization’s internal affairs, and so on. This 
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provides strong empirical proof that the problem space is a scale-free network. This 

suggests that metrics used for analyzing social networks are applicable for analyzing the 

problem space. 

2. Another factor that affects the structure of the problem space is the number of terms 

(entities). Future research can look into this aspect of the problem space. The objective is 

to study if it is possible to find the minimum (or maximum or both) number of terms that 

is sufficient for representing a wicked problem as problem space. This is important 

because the number of terms and the density of the relationships of a network are closely 

related. If terms in a problem space are too few, then the density will be higher. In a 

densely or sparsely connected network, it is difficult to see the interesting clusters and 

relationships. The heuristic method for defining a problem depends on this information 

as this shows interesting dynamics between vocabularies. In the absence of such 

information, it is hard to differentiate between vocabularies and their implications to the 

problem definitions. The knowledge of number of expected terms assists analyst in 

choosing appropriate vocabularies. 

The growing interest in network analysis especially social network has garnered 

significant interest in studying the quality and robustness of many network analysis measures. A 

study by Marsden (1990) provides details into the issues of quality of network structure in terms 

of information it represents and the robustness of different measures such as centrality used in 

the network analysis. Another study by Borgatti, Carley, and Krackhardt (2006) specifically 

looks into the robustness of centrality measure under imperfect data. Studies like these provide 

insights into the model of testing the network, in our case, problem space.  
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Implication of Individual Personality (or Characteristics) of the Analyst (Problem 

Solver), and the Impact of Training on Problem Definition in Defining a Wicked Problem 

Different personalities bring different attitudes and perceptions in dealing with wicked 

problems. For example, some people have natural affinity toward numbers and data, whereas 

some people have inclination toward creativity. A future research can study if different 

personalities handle the wicked problem differently. If so, is there any particular personality that 

is better at dealing with wicked problems? If many people are good dealing with wicked 

problems, then it means that many people can differentiate between well-defined and wicked 

problems, and act accordingly if the problem is wicked. Having a special method for dealing 

with wicked problem may not add value to the process. In the contrary, if many people are not 

good with wicked problem then a special method that assists people will be valuable. 

This leads to second research that studies the effect of training people in using heuristic 

methods specially developed to define wicked problems and their ability to deal with wicked 

problems. The heuristic methods proposed in this research require a substantial resource (in 

terms of time and effort of analyst, decision maker and other people involved). If learning these 

heuristic methods can help people to be better at defining wicked problems, then that can be seen 

as good testimony for proposed heuristic methods. In short, this future research acts as litmus 

tests for the need of special heuristics as well as the effectiveness of the proposed heuristics. 

The impact of personality in different aspects of work has been the focus of many studies. 

One of which is from Furnham (1992). Furnham (1992) gives detail into the individual 

personality and effect on the workplace. This could provide the insight into the measures of 

personality that could be useful, and the model to use to test implications of the characteristics of 

individuals in learning and implementing the QuTE framework. 
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Implication of the Proposed Heuristics in Conflict Resolution   

One advantage of the proposed heuristic methods is that they allow comparing and contrasting 

different perspectives. That is, they allow us to see the similarities and differences of different 

perspectives. They also allow stakeholders to see how their view compares with others’. This can 

help a stakeholder to be open about other viewpoints. Our argument is that this may help a 

stakeholder to be more accepting of problem, even if that is not their version of the problem. 

Increasing the acceptance of the chosen problem definition minimizes the opportunity for 

conflicts between stakeholders. The objective of this future research is to study if stakeholders 

are more acceptable of the chosen problem definition (even if it differs from their own) after 

going through the analysis used in our heuristics. 

Nan (2011) looks into the effect of improving consciousness on individual conflict 

resolution. This is relatable to our study because, we argue that QuTE framework helps to 

improve the understanding of the wicked problems. This understanding can help raise the 

consciousness of stakeholders involved and thus a greater acceptance of a problem definition that 

may differ from their own. 
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