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Systems thinking recap 



What is a System?
A system consists of elements, of relations, and has purpose.



Systems Thinking

Thinking in terms of relationships, in terms of patterns, of 
connectedness, and in terms of context.

Fritjof Capra, DRRS 



Complex =  Complicated
Complicated systems are highly structured, predictable, and solvable through expert knowledge 
and analysis (e.g. a car engine).

Complex systems are dynamic, nonlinear, emergent, adaptive, and require continuous interaction 
and feedback to navigate due to their unpredictability (e.g. a city traffic system with individual 
behaviors of drivers and other users). They are often self-organizing through feedback loops.

In practice, complicated systems are like puzzles that can be solved, while complex systems are 
more like living organisms that must be managed, adapted to, and continuously learned from.





Complicated systems can be engineered

Complex systems need to be sensed



Biological systems

Mechanical systems

Cognitive systems

Political systems

Energy systems

Health systems

Social systems

(...)

Socio-technical systems (STS)
Social-ecological systems (SES)



Emergence in complex systems 
- hemp - 



MonViso Institute
A living systems lab

Enacting living systems 
as real-world mountain 
laboratory and bioregional 
weaving hub
for research, education and 
entrepreneurship in 
sustainability transitions and 
regenerative design.



Hemp systems - technical composites
Skis, e-car chassis, wind rotor blades, ….



Hemp systems - building materials
Insulation and structural wall systems

Habert G and T Luthe, work in progress



Synergistic momentum 
Systemic intervention

Luthe, T. 2019. Hemp as incubator of a circular economy. Hanf Magazin 06-2019.

http://tobiasluthe.de/new-publication-hemp-as-incubator-of-a-circular-economy/


Designing a hemp economy
Synergizing the whole system



Designing a hemp economy
Synergizing the whole system



From systems engineering 
to systems sensing



Strengths in complicated systems

Control, centralized authority, safety

Precision, technical mastery 

Predictability, modeling and simulation, long-term planning

Limits in complex systems

(S)low adaptive flexibility, top-down hierarchy

Risk-aversion, fear of uncertainty

Standardized frameworks, top-heavy regulations, resistance to new tools

Discipline-specific silos, fixed governance models

Technical over human skills, little relevance of emotional intelligence

(...)

Systems engineering - solutioneering
Strengths and limits of traditional systems engineering



“The data doesn’t hold…”
“After submitting my semester thesis, at first I felt not very 
comfortable to see my passive house energy modeling data being 
used for engaging building authorities in a local community to 
argue for permission for a solar facade. 
Until I saw that not the accuracy of my model, but the fact that I 
developed a proxy for an informed, visual dialogue was the actual 
powerful driver to engage with praxis.”
Master student, Integrated Building Systems



Entanglement of living systems 

Living systems are cell-based biology. 

We are living systems.

Living systems are dynamic, self-organizing, 
and emergent, which are challenging 
traditional engineering methods focused on 
control.

We are (part of) living systems 



Self-organization (autopoiesis): living organisms self-manufacture

Evolution: living things construct themselves through development and 
evolution. Their purpose is to continue living.

Interaction: organisms don't need fixing. They need nurturing. All you 
need to do is to allow them to thrive. The rest will happen all on its own. 

Johannes Jaeger: "AI is Artificial Mimicry." https://arxiv.org/abs/2307.07515.

http://www.johannesjaeger.eu/blog

How living systems distinguish from non-living systems

Machines are made by connecting its parts for the constructor’s purpose 

https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbjdrTElZVGRnNVN0V2ZPRUkxd1pIaVBEOTNkUXxBQ3Jtc0tuajF1VndkZ0JoU044d3lpZUdXeFZmTU1oWjZET05Yd051TWEzNTRYRkEyNTg1TG84WU1KWGk2U3lHTmNwNFU2MVYwSFhGZ0x4MmlLbHhaZ3A3QXZmTk1EM2hYeUl5Yko1d2VFTTFRVzVQMEI1Vmoxdw&q=https%3A%2F%2Farxiv.org%2Fabs%2F2307.07515&v=wfA5bRzRvAQ
https://www.youtube.com/redirect?event=video_description&redir_token=QUFFLUhqbjdrTElZVGRnNVN0V2ZPRUkxd1pIaVBEOTNkUXxBQ3Jtc0tuajF1VndkZ0JoU044d3lpZUdXeFZmTU1oWjZET05Yd051TWEzNTRYRkEyNTg1TG84WU1KWGk2U3lHTmNwNFU2MVYwSFhGZ0x4MmlLbHhaZ3A3QXZmTk1EM2hYeUl5Yko1d2VFTTFRVzVQMEI1Vmoxdw&q=https%3A%2F%2Farxiv.org%2Fabs%2F2307.07515&v=wfA5bRzRvAQ
http://www.johannesjaeger.eu/blog


Emergence of living systems 

Emergence refers to the spontaneous formation of 
new behaviors or properties from the interaction of 
system components - which cannot be predicted by 
studying the individual components in isolation. 

Through emergence, living systems are fundamentally 
unpredictable.

Butterfly effect: small initial conditions in a complex 
system can result in significant, often unpredictable, 
outcomes. (Edward Lorenz)

Nonlinear, uncertain, adaptive, sensitive

https://thedecisionlab.com/



Shifting from systems control to systems sensing

Complex systems require sensing, which is based on 
dynamic, real-time feedback and adaptation rather than 
rigid control. 

S. sensing comes with the need for emotional intelligence 
to handle complexity and ambiguity. 

It is enacting systems.

Mindfulness and feedback-driven decision-making have 
been shown to improve emotional regulation and adaptability 
in the brain (via the prefrontal cortex and amygdala).

Top-down control vs. bottom-up and cross-scale sensing



Building bridges?



Building bridges
Build bridges

Sometimes…
we build bridges, 
we let bridges grow, 
a system may benefit from no 
bridges.

Fitzpatrick and Luthe, 2024



Building bridges
Let bridges grow

Sometimes…
we build bridges, 
we let bridges grow, 
a system may benefit from no 
bridges.

Living Root Bridge in Meghalaya, India. Source: revolvingcompass



Building bridges
No bridging

Sometimes…
we build bridges, 
we let bridges grow, 
a system may benefit from no 
bridges.

Venice lagoon. Source: MonViso Institute



Not bridging - not building - (non)engineering
Postactivism - non-acting is a form of acting 

“Postactivism, it is my way of describing 
the flows and possibilities that proceed 
from the moment when things no longer 
fit.

This is postactivism. When we have 
come to the end of the rope, to the very 
end of the world, and there are no more 
words.

https://www.bayoakomolafe.net/post/what-i-mean-by-postactivism



Embracing emotional and cultural change 



Characteristics of emergence and emotional adaptability

Living systems, through emergence and self-organization, 
need a human, or life-centered approach. 

Emotional intelligence is important in creating adaptable, 
collaborative teams that can work in these unpredictable 
environments.

Practices like empathy and collaborative problem-solving 
activate the brain’s social and creativity centers (e.g., mirror 
neurons and the default mode network), enabling better team 
performance.

Living systems need a life-centered approach



Emotional and cultural challenges in engineering

Engineers often face resistance to uncertainty and change. 
Emotional intelligence (EQ) can help teams better navigate 
these challenges by developing self-regulation, empathy, 
and personal growth mindsets.

In the spectrum from control to adaptability, a “personal 
growth mindset” and “emotional regulation” can bridge this 
gap.

Practices like mindfulness and reflection help strengthen the 
prefrontal cortex, leading to better emotional regulation and 
more adaptive behavior in high-pressure environments.

From control to adaptability



“We do systems, not 
graphics…”
Master student, Integrated Building 
Systems



Emotional intelligence: a crucial tool in systems sensing

Engineers need to be comfortable navigating ambiguity and 
collaborating across disciplines.

There is a high need for emotional intelligence (EQ 
emotional quotient) in engineering teams—self-awareness, 
empathy, adaptability—when dealing with uncertainty and 
complexity. 

Key elements of emotional intelligence:            self-
awareness, empathy, collaboration, and adaptability.

Being comfortable navigating ambiguity



“What is the essence?”
The design task was to build a “circular skateboard” from regenerative materials. I first thought into 
bio-based composites, CAD and vacuum lamination. The SDL course made me rethink my approach: 
what is the essence and purpose should my board deliver? How simplistic, in terms of low input and 
sufficient output, can I design? I came up with a stick board from the hazelnut bush in the garden, 
mounted on a recycled wheelbase, totally fine to long-board to the bakery.”
Master student, Engineering Design



Developing emotional intelligence through training 

There are practical ways we can develop EQ 
through training, mindfulness, empathy exercises, 
and reflection. Such practices can rewire the brain 
and improve team dynamics.

Hard evidence from neuroscience studies shows 
how these practices lead to measurable changes 
in brain function and enhance emotional 
regulation and collaboration in complex problem-
solving environments.

https://doi.org/10.1016/j.copsyc.2018.12.005

EQ can be practiced

https://doi.org/10.1016/j.copsyc.2018.12.005


Transforming a community mobility system?Better data lacks emotional coherence



Evolving work and governance styles for adaptive systems

Reframing cultural expectations within organizations—
moving from rigid expectations of certainty and control toward 
valuing flexibility, experimentation, learning through 
failure.

New work styles include collaborative, iterative approaches 
and a strong feedback loop culture. Emotional intelligence 
is key in supporting these adaptive work styles.

Collaborative problem-solving stimulates areas of the brain 
related to cognitive flexibility (e.g., the dorsolateral 
prefrontal cortex), improving creativity and resilience.

Siloed, rigid vs. collaborative, flexible



“Transforming through Interbeing.”
The experience of the PhD school “alpine-urban resilience” in 
the small Italian mountain community changed my perspective 
on making a difference: the fact that we PhD’s were asking 
questions and indicating real interest to the locals, adding 
some visual dialogic tools to informed conversations, made me 
aware of Interbeing. Being part of transformation processes by 
respectfully listening and curiously asking questions.”
ETH PhD student, SDL PhD summer school, real-world lab 
MonViso Institute



Cultivating adaptive, transdisciplinary teams

Engineering teams can thrive in an emergent systems 
environment by fostering collaboration across disciplines 
(biology, design, data science) and work types (industry, 
academia, embodied practice).

Adaptive cultures that value learning, experimentation, and 
iterative processes will be more resilient in the face of 
complexity.

Increasing resilience in uncertainty 



The role of AI in systems sensing 



The role of AI: support, not solution

AI can provide real-time data, predictive modeling, and 
feedback to help engineers sense emergent patterns, but it 
cannot replace the human skills required to manage 
complexity.

Importance of emotional intelligence alongside AI, noting 
that AI can’t handle emotional, social, and cultural 
complexities, but human intelligence (particularly emotional 
intelligence) can.

Humans’ emotional intelligence (rooted in neural systems like 
the mirror neurons) complements AI in collaborative, adaptive 
processes.

Example: City mobility transition project

Human’s emotional intelligence is key in adaptive processes



Systemic design 
bridges 

systems engineering 
and 

systems sensing



Luthe et al, work in progress





Luthe et al, work in progress



Luthe T. and B. Marias, work in progress



Learning Systemic Design



ETH DRRS program
The “wobbly”

DESIGNING 
RESILIENT REGENERATIVE 

SYSTEMS



MAS ETH in Regenerative Systems
CAS 1-3 and MOOC series 1-4





Organic emergence
The inner capacity to befriend uncertainty



Illustrative example: transforming academia and the educational system

Systems Engineering provides stability through structured curricula, accreditation processes, and 
foundational governance.

Systems Sensing enables real-time adaptation, personalized learning, and emergent curricula based 
on data from students, educators, and societal trends.

To successfully balance both approaches, the education system must:

○ Develop adaptive governance models that can integrate real-time feedback and rapidly 
changing societal needs.

○ Foster inter- and transdisciplinary collaboration between educators, researchers, 
technologists, and cognitive scientists - and practitioners out in the field.

○ Shift the academic culture to one that values continuous learning and adaptation over 
static, rigid models of education.

○ Implement neuroscience-backed practices like empathy training, feedback loops, and 
adaptive learning to improve student outcomes and emotional intelligence in educational 
institutions.

ETH DRRS program



Wrap-up



As systems engineers we can learn meta-cognitively about our own practices, not just as a technical field but 
as a complex adaptive system itself. 

By combining systems engineering with systems sensing, engineers can:

● Implement feedback loops that allow their methodologies to evolve in real-time.
● Embrace emergence as a natural outcome of complex system work.
● Use emotional intelligence to foster better collaboration and adaptability.
● Shift governance structures to support more agile, responsive systems engineering practices.

By sensing our own practices and reflecting on the field’s inherent complexity, systems engineers can evolve 
into more flexible, adaptive problem solvers capable of thriving in an increasingly interconnected, dynamic 
world.

Summary
From systems engineering to systems sensing



What presented terms, keywords, concepts (...) describe or trigger my cognitive or mental state now after this 
presentation?





How do we balance the desire for control with the need for adaptability in our own practices?

What feedback mechanisms do we have in place for sensing and adapting to new challenges in the field of 
systems engineering itself?

In what ways are we over-reliant on deterministic, top-down models, and how can we incorporate 
sensing and emergence into our methodologies?

How are emotional intelligence, collaboration, and human factors currently influencing our technical work, and 
how should they?

How does governance in the systems engineering field need to evolve to keep pace with the complexity 
and adaptability required in modern systems?

How open am I, myself, to allow for sensing and emergence to gain more acceptance and inclusion in the 
systems engineering field?

Living the question
Asking ourselves to reflect beyond our traditional roles



Building bridges
How to (non)engineer living systems

Practice to science 
transdisciplinary
Waterfall to agile 
adaptability
Startup to corporate 
evolution
Methodology to practice 
 systemic design




