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1. Cognitive evolution in response to culture  



1. Cognitive evolution in response to culture

2. Can humans and other animals learn (from 
experience) what is beneficial for the “higher level” 
of organization?

3. Can cost-free virtual communication be reliable? 

Humans in the Context of Evolutionary Transitions



1. Cognitive evolution in response to culture

Intelligence 

Working memory



Poor memory
Slow learning the 
best brain 
evolution can 
offer?
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Why can’t we have a better 

memory?

There is evidence for genetic 

heritability in various types of 

memory (in humans and animals)

Mueller ST, Krawitz A (2009) Reconsidering the two-second 

decay hypothesis in verbal working memory. J Math Psychol

53:14–25.

Cui J, Gao D, Chen Y, Zou X, Wang Y (2010) Working memory in 

early-school-age children with Asperger’s syndrome. J Autism 

Dev Disord 40:958–967.

Blokland GAM, et al. (2011) Heritability of working memory brain 

activation. J Neurosci 31:10882–10890.

Vogler C, et al. (2014) Substantial SNP-based heritability 

estimates for working memory performance. Transl Psychiatry 

4:e438.

…….

Memory can evolve !



Working memory of numerals in chimpanzees

Inoue & Matsuzawa 2007. 

Current Biology

Why can’t we have a (slightly) better memory?
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Memory limitations 

are adaptive !

Cognitive evolution from animal foraging to human language



A model for cognitive evolution?



Language 

imitation

A model for cognitive evolution?
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How small genetic modifications make 

a better brain?
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A model for cognitive evolution?



A model for       ….the brain

How small genetic modifications make 

a better brain?

A model for cognitive evolution?



How small genetic modifications make 

a better eye?
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How small genetic modifications make 

a better eye?
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How small genetic modifications make 

a better brain?

Algorithms

Networks

A typical learning model:



A typical learning model:
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Where is the food? 
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Where is the food? 

The simple way

(associate nearby data)
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The simple way

(associate nearby data)

The “expensive” way

(learn the entire data set)
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(learn the entire data set)
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The problem of correct segmentation (or chunking)

There are ways to solve this….



The “expensive” way

The simple way
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Our model:

…through co-evolution of learning 
and data acquisition mechanisms



The main idea:

375682707683975648█3679998465746533839479369832084797935739875373975

2830837028475028347508357028750298█7561287391827369█8756287391287398

261927391273969192873912873928739187236912873198273982736187236402834

Acquire “relevant” data Determined by the

“data acquisition mechanisms”

Innate templates

Innate reinforcers

(food, danger, social)

Learned (secondary) reinforcers

The distribution of data input



The main idea:

Acquire “relevant” data 

756
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Acquire “relevant” data 
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time →

756 is a significant item



A network in memory representationThe main idea:
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Fragile but powerful:

Irrelevant data will be filtered out or 

eventually decay, and significant data 

items and the link structure between 

them will be learned correctly.

Window

- requires less memory and computation

and it is also evolvable

explains why memory has to be limited
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Is that enough for 

language learning?
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Learning parameters

The distribution of data input

Not just the type and amount of data

http://douglasvermeeren.files.wordpress.com/2010/10/brain-model.jpg
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▪ The “chimp memory test” paradox

http://www.google.co.uk/imgres?imgurl=http://image.shutterstock.com/display_pic_with_logo/211147/211147,1241883010,34/stock-photo-monkey-thinking-isolated-on-white-30055882.jpg&imgrefurl=http://www.shutterstock.com/pic-30055882/stock-photo-monkey-thinking-isolated-on-white.html&usg=__rVosyeUwtp4BWbZ7zB-bLIDL7y8=&h=470&w=377&sz=52&hl=en&start=9&zoom=1&tbnid=feAlXPmfbqPOgM:&tbnh=129&tbnw=103&ei=4xP8TruIKM7fsgb03cXWDw&prev=/search?q=monkey+thinking&hl=en&gbv=2&tbm=isch&itbs=1


The problem of correct segmentation (or chunking)

The number of possible chunks in a linear sequence = N(N-1)/2

2619273912739691928739012872638739187298369128731982739827361872
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The problem of correct segmentation (or chunking)

N=5

10 chunks

2619273912739691928739012872638739187298369128731982739827361872

N=10

45 chunks

2619273912739691928739012872638739187298369128731982739827361872

N=15

105 chunks

The number of possible chunks in a linear sequence = N(N-1)/2
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אנקיםברצףלינארי'המספרהאפשרישלצ = N(N-1)/2

線形シーケンス内の可能なチャンク数 = N(N-1)/2
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Memory limitations may be adaptive for 

handling computational challenges during 

data segmentation

and for testing the statistical significance of 

segments and patterns that are candidates 

to be represented in memory 



2. Can humans and other animals learn 
(from experience) what is beneficial for the 
“higher level” of organization?

Do you believe in global warming ? 

Nature, June 2008



Nature, June 2008

… develop a preference for the option that was better most of the time

Listen to me !! 

I have experience…. 



Listen to me !! 

I have experience…. 

What can we do? 

Wait for genetic evolution to catch up with technology ? 



A possible (partial) solution: 

We can learn from experience 
NOT to trust our (previous) experience !!!

Science education: 
Don’t just tell them…, 

- Let them do the experiment
- Let them do the math 



3. Can cost-free virtual communication be reliable? 

Ofer Tchernichovski

CUNY, Hunter
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