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Disclaimer

• I am not a complexity scientist

• I do not claim to be an expert in complexity theory

• I know a bit about it and can apply some of the concepts to some 
situations some of the time



Agenda

• A Historical Look at Complexity Science

• Situating Complex Adaptive Systems on the Complexity Map

• What are complex adaptive systems (CAS)?

• Simple, complicated and complex problems and systems

• Examples of research in conference themes using CAS or complexity

• Systems thinking frameworks

• A few useful systems tools
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Historical Development of the Complexity Map

• Brian Castellani: Art and Science Factory.

• 1.  Complexity Map – 2009.  Available at 
https://en.wikipedia.org/wiki/File:Complexity-map-for-wikipedia.jpg

• 2.  Complexity Map – 2015. Available at: 
https://commons.wikimedia.org/wiki/File:Complexity_Map.svg

• 3.   Complexity Map – 2018. Available at: https://www.art-
sciencefactory.com/complexity-map_feb09.html

• \

https://en.wikipedia.org/wiki/File:Complexity-map-for-wikipedia.jpg
https://commons.wikimedia.org/wiki/File:Complexity_Map.svg
https://www.art-sciencefactory.com/complexity-map_feb09.html


SIMPLE COMPLICATED COMPLEX

Baking a Cake Sending a Rocket to the Moon Raising a Child

The recipe is essential Rigid protocols/formulas 

needed

Rigid protocols have limited 

applicaton or are counter-

productive
Recipes are tested to assure 

easy application

Sending one rocket increases 

likelihood of sending another 

successfully

Raising one child provides 

experience but no guarantee of 

success with the next

No particular expertise 

required but experience 

increases success rate

High levels of expertise and 

training in variety of fields 

necessary for success

Expertise helps but only when 

balanced with responsiveness to 

particular child

A good recipe produces 

nearly same cake every time

Key elements of each rocket 

MUST be identical to succeed

Every child is unique and must 

be understood as individual

The best recipes give good 

results every time

There is high degree of certainty 

of outcome

Uncertainty of outcome remains

A good recipe notes quantity 

and nature of the parts 

needed and specifies order 

of combining, but room for 

experimentation

Success depends on blueprint 

that directs both development 

of separate parts and specifies 

exact relationship in which to 

assemble them

Can’t separate parts from 

whole; essence exists in the 

relationship between different 

people, different experiences, 

different moments in time

Adapted from:  Westley, F., Zimmerman, B., & Patton, M.Q. (2007). Getting to maybe: How the world is 
changed. Toronto: Vintage Canada.



http://www.johanvandelden.nl/scrum-bij-complexe-projecten/scrum-bij-complexe-
projecten/attachment/spectrum-of-process-complexity/

http://www.johanvandelden.nl/scrum-bij-complexe-projecten/scrum-bij-complexe-projecten/attachment/spectrum-of-process-complexity/


Complex Adaptive Systems

• A CAS is a collection of individual agents with freedom to act in ways 
that are not always predictable

• Agents’ actions are interconnected so one agent’s action changes 
context for other agents

• A CAS is a densely connected network of interacting agents each 
operating from its own local knowledge



Characteristics of a CAS

• Agents’ actions are based on internalized rules that need not be 
shared, explicit or fixed

• A CAS has fuzzy rather than rigid boundaries

• The agents and the system are adaptive

• Agents and systems are embedded in other systems and co-evolve –
i.e., the evolution of one system influences and is influenced by 
another system



Characteristics of a CAS

• We cannot understand any of the agents or systems without 
reference to the others

• Interaction within a CAS leads to continually emerging novel 
behaviour

• Observable outcomes are more than the sum of its parts

• Tension and paradox are natural phenomena



Characteristics of a CAS

• The behaviour of a CAS is inherently non-linear

• Small changes can lead to large effects and vice versa

• Inherent unpredictability because elements are changeable, 
relationships are non-linear, and behaviour is emergent

• Despite lack of complete predictability, still possible to make generally 
true statements about a CAS – there is often an overall pattern



Characteristics of a CAS

• A CAS is self-organizing – i.e., agents mutually adjust behaviour in 
ways needed to cope or manage changing internal and external 
demands

• Arises because agents are inter-related and interdependent

• Order and innovation emerges naturally and is not imposed centrally 
or from outside



Learning about the CAS

• Pay attention to and understand interdependencies and interactions 
in the whole

• Be sensitive to the dimensions of relationships

• Focus on non-linearities – they are keys to understanding the system 
(e.g., look for small events that lead to large outcomes)

• Look for the unexpected and for “outliers”



Learning about the CAS

• Focus on processes as well as events

• Recognize dynamics – look for self-organization and emergence

• Think of the system, not as something that IS, but as something that 
is Becoming

• Look for patterns across levels (nested systems) and for change in 
patterns

• Learn the system’s history – the past and present are in an intimate 
co-evolving relationship



In Summary

• A CAS is dynamic, massively entangled, emergent and self organizing, 
yet robust 

• Analytic priority is given to the inter-relationships and feedback loops 
among both human and non-human agents in the system

• Networks are central to the workings of CAS



Public Health Research Using Complexity

• Stroink & Nelson (2013). Complexity and food hubs: Five case studies from Northern Ontario. 
Local Environment, 18(5), 620-635. http://dx.doi.org/10.1080/13549839.2013.798635

• Pauly, B., Martin, W., Perkin, K., van Roode, T., Kwan, A., Patterson, T., Tong, S., Prescott, C., 
Wallace, B., Hancock, T., & MacDonald, M. (2018). Critical considerations for the practical 
utility of health equity tools: A concept mapping study. International Journal of Health Equity, 
17(1), 1-13. https://equityhealthj.biomedcentral.com/articles/10.1186/s12939-018-0764-6

• Rausanu. S. & Grosan, C. (2010). Social networks for epidemic spreading: A case study. Studia 
Univ. Babes¸–BOLYAI, INFORMATICA, Volume LV, Number 3, 20103, 71-86.

• Ratlitt, E. A., Kaduri, P., Masao, F., Mbwambo, J. K. K., & McCurdy, S. A. Int J Drug Policy. 2016 
April; 30: 7–16. Harm reduction as a complex adaptive system: A dynamic framework for 
analyzing Tanzanian policies concerning heroin use. 10.1016/j.drugpo.2015.12.008 

• Xia S, Zhou XN, Liu J. Systems thinking in combating infectious diseases. Infect Dis Poverty. 
2017;6(1):144. Published 2017 Sep 11. 10.1186/s40249-017-0339-6   

http://dx.doi.org/10.1080/13549839.2013.798635
https://equityhealthj.biomedcentral.com/articles/10.1186/s12939-018-0764-6


Systems Thinking

• Systems Thinking is a way to make sense of a complex system that 
gives attention to exploring the relationships, boundaries and 
perspectives in a system. 

• It is a mental framework that helps us to become better problem 
solvers. As system thinkers we can find ways to shift or recombine 
the parts in the system to offer an improved outcome.

• Systems approaches are the specific tools and methods we can use to 
better understand the system and the complex problems within it. 
They are particularly useful because they do not require us to know 
everything about the system before engaging in problem-solving 
activities.



Systems Thinking



Systems Thinking Framework

The Framework was developed in partnership by The Australian Prevention Partnership Centre and the 
Tasmania Department of Health, June 2018. 
Davidson S and Morgan M. Systems Change Framework. Sax Institute, September 2018. (link on next page)



Systems Practices

Systems practices you can do every day

• Step back from the details to see the bigger picture and explore what else may be influencing a situation. What else is going on here?

• Be aware of your mental model and how it influences your perspective and actions. What beliefs and values inform how I see, engage, and 
react to this situation?

• See yourself in the system and how you engage, contribute and influence it. What is my role in this situation? What can I influence?

• Engage diverse perspectives to see a situation from different vantage points. Who has a different perspective from my own on this situation 
and how might they see it? Whose voice is not being heard?

• Be present in the moment and listen deeply, without trying to ‘fix’ a problem. Am I listening or waiting to talk? Am I suspending judgement 
and criticism? Am I being open to new information? 

• Question assumptions to surface what has informed them and to question if they are true. What assumptions am I making about this 
situation and how can I test them?

• Uncover unintended consequences before committing to a decision or action. What else might happen if we do this? What adaptations 
need to be made as a result? 

• Use visual modelling to make sense of, or explain a complex situation, which may reveal new insights. Can I draw or illustrate this situation 
with diagrams, metaphors, relationships or symbols?

• Look for connections and relationships between parts to gain new insights about the whole. Which parts have a connection? What is their 
relationship? Is there an emerging or reoccurring pattern? 

• Reflect regularly on a situation, interpret and give it meaning to draw deeper learning. What did I intend to happen and what actually 
happened? What does it tell me about the system? How can I work with this new insight? 

https://preventioncentre.org.au/wp-content/uploads/2018/09/Systems-
Thinking-A4-Poster_Aug18.pdf


