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Old view: Humans are exceptional.

Modern view (genetics): “We're 96% the same as chimps.”

Yet... humans are different.
We are not behaviourally 96%0 similar.
We are certainly not technologically 96% similar.

Why?
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Common answers:

Rauw Intelligence — cognilive processing
Language — capacity for cultural transmission
Symbolic thought — capacity for representation
Ultrasociality — allows for cooperation, imitation
Tool use — extends our physical capacities

Foresight — planning ahead, mental ‘time travel’
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Cumulative Cultural FEvolution
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Knowledge and skills accumulate over generations
No reinventing the wheel — we inherit solutions

Precondition: Cultural transmission in Aigh-fidelity

Ratchet effect: Cultural innovations are retained
and refined, not lost
Gene-culture coevolution (selection for intelligence)

“Cultural inheritance” next to biological evolution







Cultural Niche Construction

We don’t just adapt to environments, we change them

Feedback loops (“autocatalytic” processes): Our
modifications accelerate further modilications.

Extends to the social niche: division of labour,
alloparenting, etc.

Humans are the “ultimate” niche constructors (Lala:
Darwin’s Unfinished Symphony),

using products of behaviors to refine behaviors






The myyth of the ‘autodidact’— the
border between individual and
social learning is always fuzzy.




All Intelligence is Collective Intelligence
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Abstract

Collective intelligence, broadly conceived, refers to the adaptive behavior achieved by groups through the
interactions of rhmr mLmbLfa often 1nvolving phenomena such as consensus bu11d1ng cooperation, and
competition. The standard view of collectuve intelligence 1s that it 1s a distinct phenomenon from supposed
individual intelligence. In this position piece, we argue that a more parsimonious stance 1s to consider all intelligent
adaptive behavior as being driven by similar abstract principles of collective dynamics. To illustrate this point, we
highlight how similar principles are at work in the intelligent behavior of groups of non-human animals, multicellular
organisms, brains, small groups of humans, culrurcm and even evolution itself. If intelligent behavior in all of these
systems 1s best understood as the emergent result of collective interactions, we ask what 1s left to be called

“individual intelligence”? We believe that viewing all intelligence as collective nnclhgcnt:L offers greater explanatory
power and generality, and may promote fruitful cross-disciplinary exchange in the study of intelligent adaptive
behavior.




Is ‘cumulative’ enough?

Is the ‘ratchet’ a good analogy?

Or is it something more?
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Conard, N. J., & Rots, V. (2024).

Rope making in the
Aurignacian of Central Europe

more than 35,000 years ago.
Science Advances, 10(5),

ecadh)H217.
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Tomb of Khnumbhotep 11 (ca. 4 kya)
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Cumulative like a ratchet,
or explosive like combinatorics?

Need for an alternative model?



Combinatorial Cultural FEvolution

“Enlightening and stimulating, enhanced by a remarkable diversity
of historical examples. . . . The book invites comparison to work

s v o ot e e Culture, technology are largely combinatory

The Nature of
Technology

Recombining things and ideas

Information theory was a recombination of...
S Boolean l.ogic (algebra of logic)

Flectrical Circuits
WHAT IT IS

AND HOW Probability Theory

IT EVOLVES

Telecommunications Engineering (telegraphs,
W. Brian Arthur telephones, radio, cables)

Statistical Mechanics (physics, entropy)

.which then enabled digital communication,
cryptogtaphy, bioinformatics...
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Research Article

The Ties That Bind: Computational, Cross-cultural Analyses of
Knots Reveal Their Cultural Evolutionary History and Significance

Roope O. Kaaronen' (1), Allison K. Henrich?, Mikael A. Manninen', Matthew ). Walsh3, Isobel Wisher*, Jussi T. Eronen':>
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Museum of Denmark, Frederiksholms Kanal 12, DK-1220 Kebenhavn K, Denmark; *Department of Archaeclogy and Heritage Studies, Aarhus University,
Moesgard Allé 20, 8270 Hejbjerg, Denmark; *BIOS Research Unit, Meritullintori 6 A 14, 00170 Helsinki, Finland

Abstract

Integral to the fabric of human technology, knots have shaped survival strategies since their first invention. As the ties that bind,
their evolution and diversity have afforded human cultural change and expression. This study examines knotting traditions over
time and space. We analyse a sample of 338 knots from 86 ethnographically or archaeologically documented societies over 12 mil-
lennia. Utilizing a novel approach that combines knot theory with computational string matching, we show that knotted structures
can be precisely represented and compared across cultures. This methodology reveals a staple set of knots that occur cross-cul-
turally, and our analysis offers insights into their cultural transmission and the reasons behind their ubiquity. We discuss knots
in the context of cultural evolution, illustrating how the ethnographic and archaeological records suggest considerable know-
how in knot-tying across societies spanning from the deep past to contemporary times. The study also highlights the potential
of this methodology to extend beyond knots, proposing its applicability to a broader range of string and fibre technologies.

(Received 6 August 2024; revised 23 October 2024; accepted 28 December 2024)
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[s the cultural evolution of technology cumulative or
combinatorial/

1.2

James Winters®

'Collective Computation Group, School of Collective Intelligence, UM6P, Morocco
“Mint Group, Max Planck Institute for the Science of Human History, Germany

September 25, 2020

How important is zigh-fidelity
in cultural transmission?

Abstract

Explanations of human technology often point to both its cumulative and combinatorial char-
acter. Using a novel computational framework, where individual agents attempt to solve prob-
lmlnh' by modifying, combining 'dll.d rranh'mit’ringr techpcnlugim in an c}pml-m%cied search space, Often. innovations deviate from
this paper re-evaluates two prominent explanations for the cultural evolution of technology: . ’ ,
that humans are equipped with (i) social learning mechanisms for minimizing information loss ‘iIntended’ use.
during transmission, and (ii) creative mechanisms for generating novel technologies via combi-
natorial innovation. Here, both information loss and combinatorial innovation are introduced as
parameters in the model, and then manipulated to approximate situations where technological
evolution is either more cumulative or combinatorial. Compared to existing models, which tend
to marginalize the role of purposeful problem-solving, this approach allows for indefinite growth
in complexity while directly simulating constraints from history and computation. The findings
show that minimizing information loss is only required when the dynamics are strongly cumu-
lative and characterised by incremental innovation. Contrary to previous findings, when agents
are equipped with a capacity for combinatorial innovation, low levels of information loss are
neither necessary nor sufficient for populations to solve increasingly complex problems. Instead,
higher levels of information loss are advantageous for unmasking the potential for combinatorial
innovation. This points to a parsimonious explanation for the cultural evolution of technology
without invoking separate mechanisms of stability and creativity.




Cazzolla Gatti, R., Koppl, R., Fath,
B. D., Kauffman, S., Hordijk, W.,
& Ulanowicz, R. E. (2020). On
the emergence of ecological and
economic niches. Journal of

Bioeconomics, 22, 99-127.

Theory of Adjacent Possible

Stuart Kauffman

The horizon of possible things, given current
altfordances (exaptations)

Adjacent Possible ~ Combinations of existing
parts

Tomorrow’s technological landscape is a
(weighted) recombination of today’s
lechnologies.
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HOW CAN LESS BE MORE

.



Cazzolla Gatti, R., Koppl, R., Fath, B. D., Kauffman, S., Hordijk, W., &
Ulanowicz, R. E. (2020). On the emergence of ecological and
economic niches. Journal of Bioeconomics, 22, 99-127.



Socio-economic trends m==oecn

;] Population « t Real GDP , | Foreign direct
: investment
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Steffen, W., Broadgate,
W., Deutsch, L., Gaftney,
O., & Ludwig, C. (2015).
The trajectory of the
Anthropocene: The
Great Acceleration. 77e

Anthropocene Review, . | _ -
Figure 2. Trends from 1750 to 2010 for ten of the socio-economic graphs (excluding primary energy use

2(1) 81—98. and international tourism) with three splits for: the OECD countries, the so-called BRICS (Brazil, Russia,
? India, China (including Macau, Hong Kong and Taiwan where applicable), and South Africa) countries, and
the rest of the world.

Transportation




Culture is not just cumulative,
it is combinatorial.

Where does recombination happen?
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S C A L E The Combinatorial City

The Universal Laws of Growth, Jane Ja()()bs, GeOffI‘ey West

Innovation, Sustainability, and the

Pace of Life in Organisms, Cities, _ . o
5 Physical and social proximity fuels

innovation through recombination (social
networks)

Economies, and Compahies

Superlinear scaling: Double the size of a city,
you more than double mnovation,
productivity, etc.

Cities grow, the Adjacent Possible expands.




5 People = 10 Connections 10 People = 45 Connections




100 People = 4,950 Connections










Number of people living in urban and rural areas, World

5 billion

Urban population

4 billion

—— Rural population

3 billion

2 billion

1 billion

1960 1970 1980 1994 2000 2010 2023




Share of the population using the Internet
Share of the population who used the Internet® in the last three months.

100%
North America (WB)

Europe and Central Asia (WB)

Latin America and Caribbean (WB)
80% East Asia and Pacific (WB)

i Middle East and North Africa (WB)

World

60% /
South Asia (WB)

40%
Sub-Saharan Africa (WB)

20%

0%
1990 1995 2000 2005 2010 2015 2023




Decoupling for ecological
sustainability: A categorisation and
review of research literature

T.Vadén @ & =, V. Lahde ¢, A. Majava ¢, P. Jarvensivu ° °, T. Toivanen ° €,

E. Hakala @9, J.T. Eronen @ ©

Highlights

*  We reviewed 179 articles on decoupling published
between 1990-2019.

The papers present evidence of absolute impact
decoupling, mainly between CO2 and GDP.

No evidence of economy-wide, national/international
absolute resource decoupling.

No evidence of the kind of decoupling needed for
ecological sustainability.

In the absence of robust evidence, the goal of decoupling
rests partly on faith.










Tipping the urban niche?

Autocatalysis: Not just runaway growth — but runaway
solutions?

Niche construction for the Anthropocene.



One Earth

Cultural Evolution of Sustainable Behaviors: Pro-
environmental Tipping Points in an Agent-

Based Model

Graphical Abstract

Cultural evolution of
sustainable behaviours

Affordances Behaviour

Learning and

Social learning habituation

Highlights
e An ABM is used to study the cultural evolution of sustainable
behaviors

Behaviors emerge as a function of affordances, social
learning, and habits

The affordances in an environment have a major effect on
behavior adoption

The ABM is validated against cycling behaviors in
Copenhagen

Authors

Roope Oskari Kaaronen,
Nikita Strelkovskii

Correspondence
roope.kaaronen@helsinki.fi

In Brief

Kaaronen and Strelkovskii have designed
an agent-based model to study the
cultural evolution of sustainable
behaviors. Behaviors emerge as a
product of personal, environmental, and
social factors. Particularly the structure of
the environment has an effect on the
adoption of pro-environmental behaviors.
Even linear changes in pro-environmental
affordances (action opportunities) can
trigger non-linear collective behavior
change. The model is validated against
cycling behaviors in Copenhagen. This
model gives further justification for
policies and urban design that make pro-
environmental behavior psychologically
salient, accessible, and easy.




Kurt Lewin: B = f{P, I)

Table 1. Model Assumptions

Description

Causality

Theories and Evidence (Non-exhaustive)

Ecological information specifies
a variety of opportunities for behavior,
or “affordances”

Personal states affect behavior

Behavior modulates personal states

Behavior shapes the environment

Behavior occurs in a social network
with social learning, transmission,
and cognition

E—B

B —E

B{sem = P{others},
Blothers) = Plser

ecological psychology and affordance theory,'*****> behavior
field theory,”” and design theories™®

theory of planned behavior,” habituation,”” and capability
approach™

habituation,”” individual (or asocial) learning,' **” cognitive
dissonance and self-justification,”"”"" and the foot-in-the-door
effect™”

niche construction and cultural niche construction™'" and
cumulative cultural evolution®”

social learning,'”' *? social cognition,*” spread of innovation in
social networks,** group conformity and social norms,*” and

cumulative cultural evolution®”

This table elaborates on Lewin’s equation (Equation 1), where behavior (B) is a function of person (P) and environment (E).




Elaborating Lewin’s equation, B = f(P, E)

Affords Enables, affects ~ Habits
Attitudes
Affordances Behaviour Personal | values
(Environment) of agent state Knowledge
//, Emotions/Affect
\ Personality
] o . Etc.
Modifies Individual
(niche construction) learning

Modify
(niche construction)

Social

learning
Social
learning
Other
Afford agents

behaviours



— |nfrastructure
- (Collective Behaviour

Cumulative infrastructure,

but social tipping.
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Urban niche construction
maltlers.

Can have nonlinear effects on human behavior.
Can ‘tip’ social systems from one state to another.

(But not “for free’.)



THANK YOU.
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