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Stahel, Walter R. The Circular Economy. Taylor and Francis.

The characteristics of the linear industrial economy and the circular society and economy 

From Linear Models 
To Circular Models



Fernanda Ordorica. Aalto Summer School 2022



Linear Models vs.  
Complex Realities 

Fernanda Ordorica. Aalto Summer School 2022
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Reductionism

Struggle across the disciplines 

Engaging with complex Realities

A scientific approach



Complexity Science



Complexity?



https://www.youtube.com/watch?v=uV54oa0SyMc


Melanie Mitchell. Complexity: A Guided Tour







A complex phenomena 



a system where large networks of components  

with no central control and simple rules of operation  

gives rise to complex collective behavior, sophisticated 
information processing, and adaptation  

through learning or evolution 

COMPLEX SYSTEMS



COMMON PROPERTIES OF COMPLEX SYSTEMS

Collective Behavior

Signal and Information Processing

Adaptation



How can we understand them?
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How can we predict them?



How can we understand them?

How can we predict them?

How can we design them?



A non-linear  
dynamical systems

ThoughCo. Space, Wikipedia, Investopedia



A butterfly effect?



Even minuscule uncertainties in measurements of 
initial position and momentum can result in huge 
errors in long-term predictions of these quantities.  

This is known as “sensitive dependence on initial 
conditions.” 

Chaos



Rabbits with 
doubling population



A Linear System

Melanie Mitchell. Complexity: A Guided Tour



In order to predict the next generation’s 
population: 

The current generation’s population size 

The birth rate  

The death rate (due to overcrowding)  

The maximum carrying capacity (due to habitat)

Additional variables



A Nonlinear System 

Melanie Mitchell. Complexity: A Guided Tour



One in which the whole is different than the sum 
of the partsNonlinear Systems



Still deterministic



Logistic Map: Oscillation

Melanie Mitchell. Complexity: A Guided Tour



Logistic Map: Chaotic

“the presence of chaos in a system 
implies that perfect prediction à la 
Laplace is impossible not only in 
practice but also in principle, since we 
can never know x0 to infinitely many 
decimal places.  

This is a profound negative result that, 
along with quantum mechanics, 
helped wipe out the optimistic 
nineteenth-century view of a 
clockwork Newtonian universe that 
ticked along its predictable path.” 

Melanie Mitchell. Complexity: A Guided Tour



Universal Behavior  

R = 3.569946 

Doubling x 4.6692016



http://www.netlogoweb.org/launch#http://www.netlogoweb.org/assets/modelslib/Sample%20Models/Biology/Wolf%20Sheep%20Predation.nlogo



Is the world fully  
Un-knowable?



Seemingly random behavior can emerge from 
deterministic systems without an external source of 
randomness. 

The behavior of simple, deterministic systems can be 
impossible, even in theory, to predict in the long term 
due to sensitive dependence on initial conditions.  

Although the detailed behavior of a chaotic system 
cannot be predicted, there is some “order in chaos” seen 
in universal properties common to large sets of chaotic 
systems like the period-doubling route to chaos and 
Feigenbaum’s constant.  

Even though “prediction becomes impossible” at the 
detailed level, there are some higher-level aspects of 
chaotic systems that are indeed predictable 

Is the world fully  
Un-knowable?



Image Sources: Fractal Foundation

Self-Similarity



Image Sources: Fractal Foundation

Fractals Natural
BRANCHING



Fractals Natural
SPIRALS



Image Sources: Fractal Foundation

Fractals Algebraic



Image Sources: Fractal Foundation

Patterns & Symmetry



Image Sources: Fractal Foundation

Patterns & Symmetry



Image Sources: Fractal Foundation

Fractals Applied



Evolution has occurred; that is, all species descend from a common ancestor. 
The history of life is a branching tree of species. 


Natural selection occurs when the number of births is greater than existing 
resources can support so that individuals undergo competition for resources. 


Traits of organisms are inherited with variation. The variation is in some sense 
random—that is, there is no force or bias leading to variations that increase 
fitness (though, as I mentioned previously, Darwin himself accepted Lamarck’s 
view that there are such forces). 


Variations that turn out to be adaptive in the current environment are likely to be 
selected, meaning that organisms with those variations are more likely to survive 
and thus pass on the new traits to their offspring, causing the number of 
organisms with those traits to increase over subsequent generations. 


Evolutionary change is constant and gradual via the accumulation of small, 
favorable variations.


Darwin’s Theory



Modern Synthesis
Natural selection is the major mechanism of evolutionary change 
and adaptation. 


Evolution is a gradual process, occurring via natural selection on 
very small random variations in individuals. Variation of this sort is 
highly abundant in populations and is not biased in any direction 
(e.g., it does not intrinsically lead to “improvement,” as believed by 
Lamarck). The source of individual variation is random genetic 
mutations and recombinations. 


Macroscale phenomena, such as the origin of new species, can 
be explained by the microscopic process of gene variation and 
natural selection.











Complexity Theory & Circular Economy



How can we understand them?

How can we predict them?

How can we design them?



Why?



The majority of circular innovation tools provide a static view. 

Not capturing the dynamic aspects of social and behavioral change. 

D. Guzzo, D.C.A. Pigosso, N. Videira, J. Mascarenhas, A system dynamics-based framework for examining Circular Economy transitions, 

Journal of Cleaner Production,
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Linear vs. What if?

D. Guzzo, D.C.A. Pigosso, N. Videira, J. Mascarenhas, A system dynamics-based framework for examining Circular Economy transitions, 

Journal of Cleaner Production,



Agent-based Modeling





By structuration we mean the encoding of the 
knowledge in a domain as a function of the 
representational infrastructure used to express the 
knowledge.  

A change from one structuration of a domain to 
another resulting from such a change in 
representational infrastructure we call a 
restructuration.



An agent is an autonomous computational individual or object 
with particular properties and actions. 

ABM is a form of computational modeling whereby a 
phenomenon is modeled in terms of agents and their 
interactions.



https://www.youtube.com/watch?v=uV54oa0SyMc


The pattern stemmed from two main empirical 
findings:  

Most subjects did not see any role for 
randomness in creating these structures. 

Randomness was seen as destructive to the 
pattern, not a force for creating a pattern 

Most subjects described these patterns as 
arising from the actions of a centralized 
controller or orchestrator

Deterministic-centralized mindset 





Complex systems as systems that are composed of multiple 
individual elements that interact with each other yet whose 
aggregate properties or behavior is not predictable from the 
elements themselves.  

Through the interaction of the multiple distributed elements 
an “emergent phenomenon” arises. 

Emergence as the arising of novel and coherent structures, 
patterns, and properties through the interactions of multiple 
distributed elements.





The goal of agent-based modeling is to create agents and rules that will generate a target behavior.
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D. Guzzo, D.C.A. Pigosso, N. Videira, J. Mascarenhas, A system dynamics-based framework for examining Circular Economy transitions, 

Journal of Cleaner Production,



Your turn
https://ccl.northwestern.edu/netlogo/
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Speculative Design? 



Dunne, Anthony; Raby, Fiona. Speculative Everything.



“Design speculation can act 
as a catalyst for collectively 
redefining our relationship to 
reality.” 

Dunne, Anthony; Raby, Fiona. Speculative Everything.



Designers not as experts,  
but a catalysts

Dunne, Anthony; Raby, Fiona. Speculative Everything.



Dunne, Anthony; Raby, Fiona. Speculative Everything.







Dunne, Anthony; Raby, Fiona. Speculative Everything.



Dunne, Anthony; Raby, Fiona. Speculative Everything.



Design Fiction

https://vimeo.com/album/5614788
https://vimeo.com/122496830



A construction of a narrative—a movie, 
animation, written story, presentation or 
installation—to immerse an audience in an 
experience that provokes emotional and 
intellectual responses.  

It is the generation of ideas that are not yet 
possible to provoke a dialogue about what 
could or should be possible.

http://designresearchtechniques.com/casestudies/design-fiction/

https://medium.com/digital-experience-design/design-fiction-32094e035cd7

Design Fiction



When: During the problem framing, at the 
boundaries of strategic planning, collective 
visioning and prototyping, where an 
organization or agency needs to overcome 
what isn’t possible in order to explore the 
implications if it were possible. 

For: Generating ideas outside of the 
boundaries of what is deemed possible, 
thereby encouraging experimentation of 
“worldviews”.

Design Fiction

http://designresearchtechniques.com/casestudies/design-fiction/

https://medium.com/digital-experience-design/design-fiction-32094e035cd7



Diffusion Research  
(Present Adoption: How, Who, & Why) 

Legacy Map  
(Past: Where & What) 

1. Gather insights from your existing 
research 

Design Fiction



https://youtu.be/w-tFdreZB94?t=138
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1. Gather insights from your existing 
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2. Based on those insights, create a 
provocative artifact (physical object, 
video, audio, music, installation, etc.) and 
a story that accompanies the artifact. 

Design Fiction



Design Fiction
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Reaction 01 

1. Gather insights from your existing 
research 

2. Based on those insights, create a 
provocative artifact (physical object, 
video, audio, music, installation, etc.) and 
a story that accompanies the artifact. 

3. Test the artifact with your colleagues and 
document their response. 



https://youtu.be/w-tFdreZB94?t=138

Diffusion Research  
(Present Adoption: How, Who, & Why) 

Legacy Map  
(Past: Where & What) 

DF Artifact Iteration 01 
(Future)

DF Artifact Iteration 02Document Audience  
Reaction 01 

Document Audience  
Reaction 02 http://km.cx/projects/merger

1. Gather insights from your existing 
research 

2. Based on those insights, create a 
provocative artifact (physical object, 
video, audio, music, installation, etc.) and 
a story that accompanies the artifact. 

3. Test the artifact with your colleagues and 
document their response. 

4.Based on their insights, produce the next 
iteration and document their response. 

Design Fiction



Design Fiction x AI





















Your turn
https://www.craiyon.com/
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