From Systems Engineering to Systems Sensing:
How to (non)engineer Living Systems?
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What terms or questions come to your mind when you think about
"systems engineering versus systems sensing"?

@ o Go to wooclap.com ——
e Enter the event code in the top banner ZZHTM z
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Go to wooclap.com and use the code ZZHTMZ =

What terms or question-keywords come to your mind when you think about the topic of "systems engineering to
systems sensing"?

Control vs collaboration New forme _
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Storyline

Systems thinking recap

Emergence in complex systems

From systems engineering to systems sensing
Building bridges?

Embracing emotional and cultural change

Al & systems sensing

How to learn systemic design?

Wrap-up
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Systems thinking recap
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What is a System?

A system consists of elements, of relations, and has purpose.

Dividing a cow in half does not give you two
E'HZUFICh |§E§£GEKIIC sma“er COWS.” :IAFMonViso
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Systems Thinking

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

Fritjof Capra, DRRS

SYSTEMIC
| DESIGN
LABS

TTTTTTTTT



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.
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Complicated systems can be engineered

Complex systems need to be sensed
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Biological systems
Mechanical systems
Cognitive systems
Political systems
Energy systems
Health systems

Social systems

(...)

Socio-technical systems (STS)

Social-ecological systems (SES)
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Emergence in complex systems
- hemp -
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MonViso Institute

Enacting living systems

as real-world mountain
laboratory and bioregional
weaving hub

for research, education and
entrepreneurship in
sustainability transitions and
regenerative design.

"“MonViso
\P SANSTITUTE

'\ _SERRE LAMBOI
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Hemp systems - technical composites
Skis, e-car chassis, wind rotor blades, ....
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Hemp systems - building materials
Insulation and structural wall systems

~ Habert G and T Luthe, work in progress j
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Synergistic momentum

Systemi

Material and product development

e

shive-geopolymer
building bricks

71

pre-fab walls

~

\.

fiber-tows
for pre-preg
laminates

SYSTEMIC
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Luthe, T. 2019. Hemp as incubator of a circular economy. Hanf Magazin 06-2019.
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http://tobiasluthe.de/new-publication-hemp-as-incubator-of-a-circular-economy/

Designing a hemp economy w1
Synergizing the whole system 3 @4 )
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Designing a hemp economy S A
Synergizing the whole system — '
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From systems engineering
to systems sensing
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Systems engineering - solutioneering

Strengths in complicated systems STRENGTHS LIMITS

Control, centralized authority, safety .0.0
2@
9

Precision, technical mastery

Predictability, modeling and simulation, long-term planning e

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

l

Technical over human skills, little relevance of emotional intelligence

(...)
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“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 ‘ =1

used for engaging building authorities in a local community to ‘i

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 T
powerful driver to engage with praxis.” I II
i

SRF1 SRF2 SRF3 SRF4
Ares Area Ares Ares

Master student, Integrated Building Systems

Insolation Per Facade Element (kWh)

00
200
<0 OO O Al
0
Jan Feb Mar Apr Mai Jun Jul Aug Sep Okt Nov Dez

E'HZUI”ICh |§E§£GE'T'C ‘:i " MonViso

INSTITUTE



Entanglement of living systems

We are (part 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.

ETHzirich |38
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How living systems distinguish from non-living systems

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

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: "Al is Artificial Mimicry." https://arxiv.org/abs/2307.07515.
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http://www.johannesjaeger.eu/blog

Emergence of living systems

Nonlinear, uncertain, adaptive, sensitive

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,
O U tCO m eS « (Edward Lorenz)

https://thedecisionlab.com/
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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).
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Building bridges?
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Building bridges

How do social networks function?

Sometimes... -
we build bridges, R
we let bridges grow, L
a system may benefit from no

bridges. N

Triangulated = 2 — @
Links . X /

Broker

Large vs. small networks

Peripheral actor

~
-
)
-
™
-
-
-
-
-

— [ .

° Isolate actor

Distant Links
Telecoupling = "

What place-based
questions can we ask fo
understand our roles in our
social networks to build
resilience?

Short path lengths

Adaptive Innovative Transformative _ i 9
capacities + capacities T+ capacities = Resilience... to what?

ormative capacities Desired resilionce: Undesired resilience:
ent and activate When social-ecological - When harmiful systems persist

ty and diversity systems adapt e
regenerative change outC
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Building bridges

Sometimes...

we build bridges,

we let bridges grow,

a system may benefit from no
bridges.

Living Root Bridge in Meghalaya, India. Source: revolvingcompass
orx SYSTEMIC
ETHzurich |pse - -
LABS [ MonViso
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Building bridges
No bridging

Sometimes...

we build bridges,

we let bridges grow,

a system may benefit from no
bridges.

ETHziirich |




Not bridging - not building - (hon)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.

ETHzirich |38

Fublished in BLOG oy NOVEMBER 13, 2020

What I Mean By Postactivism

What am [ talking about when I talk about
"postactivism"?

* BAYO AKOMOLAFE

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




Embracing emotional and cultural change
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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.

ETHzirich |BES°



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.

ETHzirich |55



ETWzirich weowdvem .

Our aim is to revive mountain livelihoods, focusing on local identity, resi-
lient landscapes and a regenerative economy. The specific design chal-

lenge & to identify and layout a holistic, partly quantified and visualized
systems strategy for building a resilient community economy on the case
of Ostana. This poster focuses on the Hemp, Mobility, Food and Energy
1o highlight a new circularity and regenerative system.

Interconnected Ostana
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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.
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“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

E'HZUI”ICh EL’;%E,,T'C ‘:i " MonViso
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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
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Transforming a. community mobility system?

Ostana Mobility
Experiment

A Survey for Implementing

Ostana: Esperimento Sulla Sustainability In Mountain Tourism

Mobilita
Sondaggio per Migliorare la Sostenibilita _

del Turismo di Montagna

2018

)
e
ire
-

Commmntty
of
Ostana
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Evolving work and goyernance 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.

ETHzirich |88



“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
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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.

ETHzirich |55



The role of Al in systems sensing
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The role of Al: support, not solution

Al 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.

) ) ) . . ) fgwn urr‘ ! ON
Importance of emotional intelligence alongside Al, noting i EudTntbm ©a

that Al can’t handle emotional, social, and cultural * = INTEDIGENCE |
complexities, but human intelligence (particularly emotional
intelligence) can.

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

Example: City mobility transition project

E'HZUFICh | @:;élémc ‘::r MonViso
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Systemic design
bridges
systems engineering
and
systems sensing
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Systemic Design:
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Navigating the relational value of different modes of inquiry
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Luthe et al, work in progress
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Nested Scales

1. Green Chemistry
2. Raw Materials
3. Products
4. Buildings
5. Communities + Services
6. Landscapes
Worl in progress: 7. Bioregions
Luthe, T. Fitzpatrick, H. Wahl, D. 8. Transnationalities
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CODE FOR REGENERATIVE SYSTEMS

Pathways for deliberate Transformation

PERFORMANCE

Luthe T. and B. Marias, work in progress

SYSTEMIC
DESIGN
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Conferences, External Technical advices, Literature, Master Class, Peer leaming, Professional Degrees,
CAPACITY BUILDING tools labs/reai-world labs
Oniine researches Extornal experts Pnroamg,mol
GOVERNANCE your decision models Adaptive governance
risk management
‘comphlance
avoiding conflicts of interest
‘accounting integrity and transparency
g Corporation (vertical) Collaboration (horizontal) Cooperation (system)
BUSINESS MODEL / ethical business Atitude & type Rethink business model model (e.g. bu 9.
strategic foresight workshop
bl e A Direct scale o influence 7 Blomimicry, Doughnut Economy, Climate Cotage.
Measure and reduce negative impact > propose how to
IMPACT m:zmmuwu;mmm oplimize positive vs negative impact Becoming netpositive, restoring systems
o e Cjcle Asaanont Science based targets
Impact assessment tools ““m"“*‘“' "“'""'u"‘"‘.:': 8 Loss Local Footprint (might be performance)
Indicstor B Impact Assessment tool
PROGRESS INDICATORS /accounting Reduced negative footprint Optimized balance negative/positive Abundance
Efficiency Effectiveness Deliberated transformation
= Radical transparency
COMMUNICATION
& Outreach Bask information 9 Open and collaborative
Tools Ideally GRI ategy ‘Co-design and shared transformative roadmap

RESILIENCE

Adapt in response to (potential) change

Innovate-transform in foresight of change

Regenerate ("surf adaptive waves®)
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Learning Systemic Design
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ETH DRRS program
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MAS ETH in Regenerative Systems
CAS 1-3 and MOOC series 1-4

MOOC series:
highly accessible,
cost-free, virtual,
and precondition

for taking the further
course offers
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DRRS Pathways 1-4:
next level course series with
deepening lectures,
live conversations and Ql
critical dialogue

Electives _/
A
A
G
¢ . Electives:
free course choices

y
- to complement
the MAS module
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CAS/MAS professional

degree programme
in Regenerative Systems
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Melody of flexible DRRS MAS learning pathways

CAS#1

Sustainability
to Regeneration

Learn to unlearn

L

MOOC#1
sy

SYSTEMIC
DESIGN
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CAS#2 CAS#3
Beyond Systems Systemic Design
Thinking
Navigating methods -
relations

Meta-awareness
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MOOC#2 MOOC#3

MAS

Transformative
Real-World Practice

QUEST to design thesis

MOOC#4
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Organic emergence

The inner capacity to befriend uncertainty
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lllustrative 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:

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

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

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

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

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:

e Implement feedback loops that allow their methodologies to evolve in real-time.

e Embrace emergence as a natural outcome of complex system work.

e Use emotional intelligence to foster better collaboration and adaptability.

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

How to participate?

@ 0 Go to wooclap.com i i
o Enter the event code in the top banner ZZHTMZ




(¢ Exit Go to wooclap.com and use the code ZZHTMZ =

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

&
Time as a bridge maker z Unpredictable engineerin
E ' ime as r J'E: makxKer ' F?ehng teghnology p . g g Adaptabll'ty
OfgaI'\IC Emerge ) G()()(i BUIldlng no bl’ldgeS Level Of Intel’eSt Emotional aspects ‘nclusive environn]ent
Elicitation Rethink Organic systems Mindfulness Orgamc emergence measuring EQ somethikg Not acting
= Good enough Moments of reflection E & l e ll‘ v System sensing Feelings
- : : e enough" 9
I|1tervev1f:lorw AL differ Cn.t m Ot' 0 n a ' nte ' g e n ce worlds Communication Human-in-the-[oop
Adaptive Readytoscale oo o like Adapting connect intelligence EQ Empathy More Feeling less analyzing jmportance
Feedback loop Expect the unexpected emotional : Two Emotions Culture change
ind the environment Let : : Enginser i i i
min €t g0 test against reality Make Emerging uncertainty is good

Self organization Wellbeing Organic development

intelligence Sensing
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Living the question

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 |, myself, to allow for sensing and emergence to gain more acceptance and inclusion in the
systems engineering field?
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Building bridges

How to (non)engineer living systems

. . RS Sl [h 0 0 2 - v
Practice to science e e T, ﬁ@
transdisciplinary , W o Tl

Waterfall to agile
adaptability

Startup to corporate
evolution

Methodology to practice
systemic design
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