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Introduction to Complex Problems 

I. Characteristics of Complex Issues/Problems 

II. Systems Thinking and Modeling 

III. System Mapping 

Presenter
Presentation Notes
In part one, I will be discussing the often surprising, unpredictable, and often frustrating characteristics of complex problems.In part two, I will be discussing how systems thinking and modeling approaches were developed precisely to help us make better sense of complex problems.In part three, you will start to map out the systems related to the complex problem you are interested in.



I. Understanding Characteristics 
of Complex Issues/Problems 



Situation Matters 

Presenter
Presentation Notes
One of the first steps in tackling complex problems is to figure what type of situation or problem you are dealing with. Is it simple, complicated, or complex?The situation here was simple for the black fish until the red fish got organized.



Simple Situations 

Following a Recipe 
 

•Right recipe essential 
 

•“Best practices” can be defined 
 

•Gives same results (almost) every time 
 
•What needs to be done is known 

 
 
 
 
 
 

Glouberman & Zimmerman, 2004 

 

Presenter
Presentation Notes
Zimmerman and Glouberman offer a set of metaphors for understanding the differences between simple, complicated, and complex problems.



Complicated Situations 

Sending a Rocket to the Moon 
 
•Coordination and integration of  many areas 
of technical knowledge and expertise 
 

•Formula are required 
 

•The faithful execution of precisely defined 
protocols increases the chances of success 
 

•What needs to be done is knowable 
 
 
 

Glouberman & Zimmerman, 2004 

 

 



Complex Situations 

Raising a Child 
 

•No “right” recipes or protocols 
 

•Experience helps, but it doesn’t 
guarantee success 
 

•What needs to be done is unknowable in 
advance 

 
 
 
 
 
 

 

Glouberman & Zimmerman, 2004 

 



KNOWN – SIMPLE 
• Cause and effect relationships are 

repeatable, perceivable, and 
predictable 

• Best practices and standard 
operating procedures are possible 

• Process reengineering  

KNOWABLE – COMPLICATED 
• Cause and effect are separated 

over time and space 
• System analysis 
• Scenario planning  

UNKNOWABLE IN ADVANCE – 
COMPLEX 
• Cause and effect are only coherent 

in retrospect and do not repeat 
• Complex adaptive systems 
• Pattern management 

UNKNOWABLE EVER – CHAOS 
•No cause and effect relationships are 
perceivable 
•Stability the focus of interventions 
•Crisis management 

Cynefin (kun-ev’in) Framework 

Snowden and Boone, 2007 

Presenter
Presentation Notes
Effective actions depend on the type of situation you are dealing with.  The Cynefin (pr. kun-ev’in) framework provides a guide to action in four situations:In simple situations, where cause and effect relationships are predictable, it is possible to specify best practices and standard operating procedures.In complicated situations, where patterns of cause and effect are knowable through careful analysis, system analysis and scenario planning are useful tools for envisioning potential outcomes.In complex situations, where cause and effect are in principle unknowable in advance, the task is to watch for, interpret, and, if possible, manage emerging patterns.In chaotic situations, where there are no discernible cause and effect relationships, the task is to manage what is manageable and try to establish pockets of order amidst the chaos. 



Characteristics of Complex Systems 
 

• Nonlinear 
• Emergent 
• Dynamical 
• Adaptive 
• Uncertain 
 

 
 
 

Patton,  2011 

Presenter
Presentation Notes
Complex problems are difficult to tackle in part because they display the behaviors that are common to complex systems.If we become familiar with some of the peculiar behavioral tendencies of complex systems, we will be less surprised by them and, we hope, better prepared to deal with them.It’s a bit like getting a warning from a friend about an unpredictable person you are about to meet.  As the old saying goes…forwarned is forearmed… I have selected 5 of these characteristics to discuss today.



Linear 
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Presenter
Presentation Notes
One characteristic of systems that make them unpredictable is non-linear relationships. But before we talk about non-linear relationships, let’s remind ourselves of what linear relationships are.In this graph, time is represented on the horizontal line; distance on the vertical line.Linear relationships are characterized by straight lines. For a certain amount of input, you get a predictable and proportional output. For example, if I drive at a steady 70 miles an hour, the miles add up in a predictable manner: Each input of an hour adds 70 miles to my total miles output. If only all relationships we so predictable!Unfortunately, perfectly linear relationships are not all that common. Despite this, we humans have a strong preference for viewing relationships in linear terms.For a given amount of bucks, we expect an equal amount of bang.We also have a tendency to project linear relationships into the future. But what might happen as this graph is extended to the right beyond the 10 hour mark?



Non-linear 

Source: https://www.boundless.com/biology/textbooks/boundless-biology-textbook/population-and-
community-ecology-45/environmental-limits-to-population-growth-251/exponential-population-growth-929-
12185/ 

Presenter
Presentation Notes
Non-linear relationships are more common in reality. Here are two examples of non-linear relationships related to population growth. Neither is represented by a straight line.In these graphs time is represented on the horizontal line; population size on the vertical line.In the graph on the left, instead of remaining steady over time, population growth accelerates.In the graph on the right, population growth rate accelerates at first, but then flattens out because the population reaches the resource limits of the environment and can’t grow any more.In order to better grapple with complex problems, we need to stop expecting linear relationships and start anticipating the curves!System dynamics modeling, which you will learn about on day two, helps to identify the feedback loops in a system that often drive non-linear relationships.



Emergence 
 

http://www.trojanmice.com/articles/complexadaptivesystems.htm 

Presenter
Presentation Notes
Another surprising property of complex systems is emergence.The property of emergence is captured by the old saying that the sum is greater that the whole of the parts.Emergence means that a new property arises from the interactions of a system’s parts that is different from those parts.The photograph displays a termite mound. Peter Fryer writes: “a termite hill is a wondrous piece of architecture with a maze of interconnecting passages, large caverns, ventilation tunnels and much more. Yet there is no grand plan, the hill just emerges as a result of the termites following a few simple local rules.”In other words, the mounds emerge from the interactions of termites with each other and their environment.If you are interested in how complex patterns emerge from the interactions of individual agents, you can learn more about this in Dr. Neal’s presentation on agent-based modeling later today.



 

Dynamic 

https://c1.staticflickr.com/5/4077/4874375445_860972092a_b.jpg 

Presenter
Presentation Notes
Complex systems are also dynamic, meaning that interactions within, between, and among systems are volatile, turbulent, and unpredictable, much like Michigan weather.Can anyone think of an example of a social situation you experienced recently that displayed these properties?



Adaptive 

 

 

http://en.wikipedia.org/wiki/Anti-predator_adaptation#/media/File:Phrynosoma_mcallii.jpg 

Presenter
Presentation Notes
Natural and social systems are also adaptive: Interacting elements and agents respond and adapt to each other so that what emerges and evolves is a function of ongoing adaptation among both interacting elements and the relationships interacting agents have with their environment.Adaptation adds a layer of complexity because it means that the agents themselves (and often their environment) are changing over time!



Uncertainty 

Presenter
Presentation Notes
Complex systems are also characterized by high levels of uncertainty.As Michael Patton writes, “under conditions of complexity, processes and outcomes are often unpredictable, uncontrollable , and unknowable in advance.”As Bob Brown notes, uncertainty and unpredictability are inevitable parts of the innovation process.In conditions of uncertainty, high levels of social conflict are also likely as key actors disagree over the nature of the problem and what should be done about it.Collaborative modeling processes can help to reduce this conflict by incorporating the perspectives of a wide range of stakeholders. You will have a chance to learn about one approach to collaborative modeling in depth on day two.  �



II. Systems Thinking and 
Modeling 

A very brief introduction 

Presenter
Presentation Notes
Now I would like to move into a very brief discussion of some of the basic elements of systems thinking and modeling.



Why Systems Thinking and Modeling? 

Complexity 

Presenter
Presentation Notes
Why the focus on systems thinking and modeling in this conference?The short answer is complexity.A more complete answer is that systems thinking and modeling have been developed specifically to help us get a handle on complex problems or situations and the characteristics common to them that have just discussed.



What is a System? 

“A system is a group of 
interacting, interrelated, 

or interdependent 
components that form a 

complex and unified 
whole” 

 (Anderson & Johnson, 1997, p. 2) 

 

 

Presenter
Presentation Notes
Any discussion of systems thinking would be incomplete without some definition of a system [Read def.]There are three parts of this definition that are especially important:Systems are composed of components.Those components interact.The interaction of a system’s components forms a whole that is different than the sum of its parts, and includes emergent properties that cannot be deduced from its parts. For example, the property of consciousness cannot be deduced from individual neurons.



Systems Sciences 

• System Dynamics Modeling 

• Agent-based Modeling 

• Social Network Analysis 

Presenter
Presentation Notes
Systems science approaches can help us make sense of the complex patterns of interactions within and between systems.In track 2, we focus on three popular systems modeling approaches: SDM, ABM, and SNA.Each of these takes a very different approach to representing complexity.



Social Network Analysis 

Node 

Edge or Tie 

Presenter
Presentation Notes
Social network analysis studies social structures through the use of network and graph theories.It represents network structures as nodes (people or things within the network) and the ties or edges that connect them.For example, this network diagram could represent a network of friends, with the red node representing the person with the most ties to other members of the network.



Social Network Analysis 

Presenter
Presentation Notes
This network diagram from a study by Fowler and Christakis shows the relationships (ties) between 1020 people (nodes). The nodes are coded for gender and happiness. Men are squares, women are circles. The least happy people are represented by darker nodes.A simple visual inspection of the graph shows that happiness appears to be contagious, as happy people are more likely to be directly connected to other happy people. Note how the dark and light nodes cluster.What this research demonstrates is that there is a strong social network dimension to an important psychological phenomenon. Other research has shown by Fowler and Christakis shows clusters based on body weight and smoking. It would seem that ideas and behaviors both good and bad are transmitted by social networks.SNA is highly useful for understanding how tangible and intangible things are transmitted through networks.



System Dynamics Modeling 

Casual Loop Diagram 

Stock and Flow 
Diagram 

Source: http://blog.metasd.com/2010/04/are-causal-loop-diagrams-useful/ 

Presenter
Presentation Notes
System dynamics takes a very different approach to representing complexity. From a system dynamicist’s view, the world is filled with feedback systems.Understanding feedback systems is essential to understanding non-linear relationships.SD makes use of two tools for representing feedback systems:Causal loop diagrams, which are useful for getting an initial sense of a system’s feedback loop structures. Here, we see that two feedback loops, one reinforcing loop (labeled R) and one balancing loop, (labeled B) keep the stock of chickens stable. In the reinforcing loop, more chickens produce more eggs, which in turn hatch into more chickens. This reinforcing loop, if left unchecked would result in exponential growth in chickens. However, in the balancing loop, more chickens means more chickens crossing roads, which reduces the chicken population. A reinforcing loop feeds back to augment what you started with. A balancing loop feeds back to diminish what you started with.CLDs are often developed prior to and serve as inputs to:Formal stock and flow diagrams, which provide a visual representation of quantitative simulation models. Stocks refer to quantities of things, flows represent changes in those quantities. In this model, a larger stock of eggs yields an increased rate of hatching, which produces more chickens, feeding back to an increased rate of laying, producing more eggs, etc…The most important thing about both of kinds of diagrams is that they force us to specify our mental models of how we think systems operate. We’ll talk more about the importance of mental models shortly. 



Burke, J. G., Lich, K. H., Neal, J. W., Meissner, H. I., Yonas, M., Mabry, P. L., (2014, May). Enhancing Dissemination 
and Implementation Research Using Systems Science Methods. International Journal of Behavioral Medicine. 

System Dynamics Example 

Presenter
Presentation Notes
Now, for a more serious SD example. This CLD displays the complex pattern of relationships that contribute to CVD. The factors in green and bright red and the blue arrows connecting them portray the complex pattern of relationships, including feedback loops, among the set of factors related to chronic disease and CVD.Surrounding the dynamic model of CVD in crimson are a variety of potential interventions directed at one or more causal factors. For example, the causal factor, PHYSICAL INACTIVITY, is addressed by a physical activity intervention.What is important about the interventions displayed in this diagram is that a formal SD simulation model can be constructed to test the effects of one or more interventions on the outcome of interest, meaning that we can explore the possible consequences of different policies and practices without experimenting directly on humans.This approach to modeling is highly useful when the problem of interest consists of a large network of closely related influences and feedback loops.



Agent-based Modeling 

• Agent-based models simulate the actions and 
interactions of autonomous agents to assess 
their effects on the system as a whole 

• Complex patterns of behavior emerge from 
the interactions of autonomous agents 
obeying a few simple rules.  



•Boids (Craig Reynolds, 1986) 
 

•Three simple rules: 
• separation: steer to avoid crowding local 

flockmates 
• alignment: steer towards the average heading of 

local flockmates 
• cohesion: steer to move toward the average 

position (center of mass) of local flockmates 
 

Run Simulation 

Flocking Simulation 

Presenter
Presentation Notes
The important point to note here is that the complex patterns of flocking behavior emerge from the interactions among agents obeying three simple rules.Agent-based modeling is helpful in understanding how patterns of behavior emerge from the interactions of autonomous agents.For example, it has been used to simulate patterns of residential segregation based on interactions among individual agents.

http://gpolo.github.io/birdflocking/�


System Structure  System Behavior  

• The behavior of a system is determined 
by its structure – the way in which its 
components are interrelated 
 

• To change the behavior of a system, 
change its structure 

Presenter
Presentation Notes
One of the most profound insights from systems thinking and modeling is that the structure of a system, that is, how its components are arranged and how they interact with each other, determines how that system behaves.One can infer from this that if one wants to change how a system behaves, the best way to do that is to change its structure.Getting to the underlying structure of systems is therefore essential to effective problem management.



Events 

Patterns 

Structures 

Mental Models 

4 Levels of Systems Thinking 

Presenter
Presentation Notes
Systems thinkers often talk about 4 levels of thinking. Systems thinking involves seeing and understanding all four levels. These levels can be thought of as an iceberg, with only the first level visible.Events are the seemly random disconnected events that we experience on daily basis. For example, it seems like every week I read in the newspaper about another white collar employee that has been charged with embezzlement.The next level, patterns, are trends over time: As we read the news, are we noticing that instances of embezzlement seem to be on the rise? We have to be careful here, because sometimes the media can give a false impression of the frequency or probability of certain kinds of events, and the extent to which they are increasing or decreasing. The next level down, structures, are the underlying constellation of factors and relationship that generate patterns and events. For example, in thinking about employee embezzlement, one would want to consider the factors common to instances of embezzlement and how they are related: underpaid employees, insufficient internal audit controls, etc…In social systems, structures are shaped by mental models, which are the ways we tend to think about issues and problems. Mental models are hugely influential in how we construct social systems to solve such problems as how to shelter, clothe, and feed ourselves; or how to rear and educate our young; or how to punish those who violate social norms.



May 21, 2005. HOUSTON – Houston schools have been implicated in a cheating 
scandal after test scores in some Texas school districts made suspicious leaps. 

October 5, 2012. EL PASO – Lorenzo García, the former superintendent of the El Paso 
Independent School District, was sentenced to three and a half years in prison for a 
cheating scandal. 

April 12, 2013. WASHINGTON – District of Columbia schools officials say they've 
found cheating at 11 schools during the last school year. 

April 14, 2013. COLUMBUS – School officials changed grades from failing to passing. 

April 17, 2014. LAS VEGAS — Three Clark County School District employees are 
on leave after a state investigation concluded adults altered the answer sheets on 
standardized tests at a Las Vegas elementary school. 

May 08, 2014. PHILADELPHIA – Five Educators Charged in Philadelphia Test 
Cheating Scandal. 

April 14, 2015. ATLANTA – Eight of the Atlanta 10 educators convicted of 
racketeering in one of the nation’s largest public school cheating scandals were 
sentenced to prison terms of up to seven years. 

Presenter
Presentation Notes
Lets’ take a look at some events and see if we can work our way down through the four levels to mental models:1. Here’s an event [CLICK]2. Click through remaining headlinesSo…what’s the pattern emerging here?



What’s missing from this explanation? 

• March 2015 - ATLANTA, GA –During the investigation, 
Michael Bowers, a former Georgia attorney general 
who investigated the cheating scandal, heard that 
educators cheated out of pride, to earn bonuses, to 
enhance their careers or to keep their jobs, he said. 

 

Presenter
Presentation Notes
What’s missing from with this explanation?



Structures  & Mental Models 

DISCUSS: 
• What was the underlying structure that 

generated the patterns? 
– What factors were associated with the events 
– How were those factors interrelated? 

 
• What mental models might have generated the 

structures, patterns, and events? 
– What ideas about how to measure and promote 

academic achievement were involved? 



III. System Mapping 

Presenter
Presentation Notes
System Mapping consist of a variety of techniques for representing the key elements and relationships in a system of interest. We will be using a system mapping technique known as rich pictures.Rich pictures can be used as a first step in representing the most important elements to consider as one moves toward more formal approaches to modeling a system, for example, CLDs, Stock-and-Flow diagrams, Network Diagrams, etc…



Rich Pictures 

• In making a Rich Picture the aim is to capture, 
informally, the main entities, structures, and 
viewpoints in the situation, the processes 
going on, the current recognized issues and 
any potential ones. 

 

Source: Checkland & Poulter, 2006 



Source: Checkland & Poulter, 2006 

Presenter
Presentation Notes
What are the:Main entities or structures? Organizations, institutions, groups or people?Viewpoints?Processes? (Income, expenditures, delivery of school meals)Issues?



Instructions 
1. Structures. Draw all of the physical entities involved 

in the issue/problem (people, organizations, 
institutions, and relevant aspects of the physical 
landscape). 

2. Processes. Draw all of the ongoing activities or 
changes occurring within the system. 

3. Issues, concerns, or conflicts. Represent the main 
issues or concerns for each individual or group as 
thought bubbles. Indicate any conflict between 
groups. 

4. Report out in 30 minutes. 
 



Summary 

• Characteristics of complex problems/systems 
• Systems/thinking and modeling 
• Structures and mental models 
• Systems mapping 



What’s Next 
Thursday, June 4 

11:00 AM – 12:00 PM Panel Discussion: Building Sustainable 
Community-University Participatory Modeling 
Partnerships 

1:20 – 2:30 PM Social Network Analysis Demonstration 

2:50 – 4:10 PM Agent-based Modeling Demonstration 

4:20 PM – 5:20  Topical Networking Session 

Friday, June 5 
9:30 – 12:10 AM 
1:40 – 3:00 PM 

Participatory System Dynamics Modeling 
Demonstration: Modeling the Detroit Food 
System 



References & Resources 
• Anderson, V., & Johnson, L. (1997). Systems thinking basics. Cambridge: 

Pegasus Communications. 
• Checkland, P., & Poulter, J. (2006). Learning for action: a short definitive 

account of soft systems methodology and its use for practitioner, teachers, 
and students (Vol. 26). Chichester: Wiley. 

• Glouberman, S., & Zimmerman, B. (2004). Complicated and complex 
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Contact Information 
Miles McNall, Ph.D. 
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and Research Collaborative 
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Engagement 
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(517) 353-8977 

mcnall@msu.edu 
http://outreach.msu.edu/cerc/ 
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