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The Evolution of Us
4th LECTURE

Creativity and Planning Ahead
The Evolution of Higher Intellectual Function

William H. Calvin
is an emeritus professor at the University of Washington in Seattle.

WCalvin@UW.edu

Slides handout at WilliamCalvin.org/slides/2014-10-27 Evolution4.pdf

Paul Gauguin, 1897

Where do we come from? 

What are we? 

Where are we going? Boston Museum of Fine Arts
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The Evolution of Us

1. Smart Animals and the Great Apes

2. Post-Ape, Pre-Human

3. Our Kind of Language 

4. Creativity and Planning Ahead

W. H. Calvin

Baobab treesWoodlands have grass, 
but also still have trees to climb.

Lake Manyara
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2001
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if that added  
cleverness does NOT 
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tools.
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NOTICE 
WHAT’S 
MISSING

Sharpened 
bone only

in the last 
90,000 years,

yet commonly 
available for 

millions of 
years

Perspective
at Chauvet,

33-38,000 years ago

Dawn of Art: 
The Chauvet Cave: The Oldest Known 

Paintings in the World
by Jean-Marie Chauvet, Eliette Brunel 

Deschamps, Christian Hillaire
(1995).

Mimicry not common in great apes

Yet lots of social mimicry in modern humans. 
Even unconscious versions.

• “Mirroring, echoing, matching”

• Will synchronize breathing, mimic postures 
and intonation, even with strangers.
–Use to quickly establish rapport.

(How to motivate bigger tips.)

Figure-ground 
reversing image

A competition 
between two 

possible realities.

Something chooses.

• Long sentences need the
big step up to syntax,

• what kids use in their 
third year after speaking 
in short sentences but 
understanding longer ones.

Principles of infant language development A mental construct

• Words

• Sentences

• Images

• Speech sounds

• But also compounded versions

• Complex mappings such as parable

We expect there to be cerebral 
representations of them, one “code” 
for Alice and a different code for 
“John and Alice went shopping.”

A code could be a distinctive “tune” 
played by an ensemble of 300 
neurons. (The Hebbian cell assembly.)
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1. Combine phonemes into a word.

2. Combine words into a short phrase.

3. Combine phrases into a longer sentence

using syntax to help a listener guess well.
4. Combine sentences into a proper story.

Similar to “Chunking” in memorization.

Principles of infant language development

How do we generate alternative choices?

• 4th-5th year  Bedtime stories are now 
required to have a proper beginning, 
middle, and end.

• 7th year  “Well, you should have thought 
about that before you did it!” Held 
responsible for first evaluating the 
consequences and some alternatives. 

Principles of language development How do we generate alternative choices?

Alternatives may float around in 
your subconscious, but they are 
poorly assembled. 

They need improvement and 
evaluation.

Randomly creating alternatives

The Problem with Dreams

• Things often don’t hang together 
properly – as in our nighttime 
dreams.

• They are full of people, places, and 
occasions that don’t fit together 
very well. They are incoherent.

• Think of dreams where, say, you 
have seen Aristotle and Einstein 
riding a tandem bicycle on the deck 
of a sailing ship, listening to Rock ‘n 
Roll.

• They are just a mix of players and 
places without a script or ID tags.

Incoherent Dreams
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Incoherence

Artist: Max Ernst
Completion Date: 1920
Place of Creation: Cologne / Cöln / Köln, Germany

Style: Dada

Almost coherent

Attempting the Impossible

Rene Magritte

Completion Date: 1928

Place of Creation: Paris, France

Almost
coherent

Artist: Paul Delvaux
Completion Date: 1939

Dimensions: 117 x 147.5 cm
Gallery: Bibliotheque

municipalerdbatues

Coherence

Love scene 

Max Liebermann, 1926

is where everything 
fits.

The assemblage all 
hangs together.

Juxtaposition

Three Figures and Four Benches

George Segal
1979

A competition 
between two 

possible 
realities.

Figure-ground 
reversing image

A competition 
between two 

possible realities.

Something chooses.
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Figure-ground 
reversing image

A competition 
between two 

possible realities 
that also cycles.

Something chooses but 
it is only adaptation.

And don’t miss this lecture 
tomorrow at 11:00 am.

Warning:
Her lectures can 

be addicting.

• The problem with novelty is quality.

• Accurate throwing as evolutionary drive

• Multifunctional structures and Darwin

• The Darwinian process for improvement

• The creative explosion 50,000 years ago

• Higher intellectual functions
– Syntax, plans, games, logic, music, coherence

– Pre-modern humans without much imagination

• Levels of organization of thought

– From concrete to abstract, getting the joke

• Darwinian essentials in cortical circuits

Higher Intellectual Functions are structured

• Syntax makes long sentences possible by 
combining phrases and 
clauses (often nested).

• Planning that is multistage 
and contingent.

• Chain/web of logic that, when they all hang 
together, we say “understood.”

“I think I saw 
him leave to 
go home.”

“I think I saw
him leave to 
go home.”

“Plan B.”

• We have successfully made a coherent 
mental model of the actors and actions.

Higher Intellectual Functions are structured

• Games with arbitrary, changeable rules.
• Music that goes beyond rhythm and 
melody to use multiple voices, as in part 
singing (rounds, harmony) and 
symphonies.

• Coherence-finding, as when we discover 
hidden patterns amidst seeming chaos. 
(Crosswords, jigsaw puzzles.)

Higher Intellectual Functions are structured Higher Intellectual Functions are structured

• Complex thought, as in figurative 
speech, analogies, metaphors, and 
parables (mappings between two 
stories).

• Indeed, they are all examples of 
structured thought, all separate 
humans from the great apes.

Higher Intellectual Functions are structured
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34

A proper level is also characterized 
by "causal decoupling" from 
adjacent levels (Pagels, 1988); it's 
a "study unto itself."

• Nuclear physics
• Atomic physics
• Chemistry is about making molecules from atoms

• Biochemistry examples of catalysts (enzymes)

• Biology

Levels of Organization Levels of Organization

An example of four levels:

→ start with fleece
→ is spun into yarn,
→ which is woven into cloth,
→ which can be shaped into clothing. 

Levels of Organization

Each of these four levels of organization is 
transiently stable, with ratchet-like 
mechanisms that prevent backsliding.

–Fabrics are woven, to prevent their 
disorganization into so much yarn.

-Yarn is spun, to keep it from backsliding 
into fleece. 

37

As Jacob Bronowski (1973) observed:

"The stable units that compose one 
level or stratum are the raw 
material for random encounters 
which produce higher configurations, 
some of which will chance to be 
stable..…"

Higher configurations of superstructure

39

• Horace Barlow (1987) suggested that 
intelligence is about making a guess that 
discovers some new underlying order. 
"Guessing well" neatly covers a lot of ground 
relevant to higher intellectual functions: 
finding the solution of a problem or the logic 
of an argument, happening upon an 
appropriate analogy, creating a pleasing 
harmony or witty reply, or guessing what's 
likely to happen next.

To me, “consciousness”
is an overarching word meaning

40

Higher Intellectual Functions 

which are themselves all about
Quality Structured Novelty.
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Could pre-modern 
humans do this?

(Or see the joke?)
But, a half-hour later, the answer 
suddenly pops, unbidden, into your 
consciousness–showing that your 
subconscious had continued working 
away on your problem.

The mental life of pre-modern humans?

• Not that of chimps or bonobos
–Food sharing and solo overnight 
responsibility have developed since Homo 
erectus 1.8 myr ago. 

• Likely had protolanguage for 1-2 myr.

• But neurologists have some likely 
analogies from deprived deaf children.

Able to mentally keep track of 
“Who owes what to whom.”

Up to 100,000 years 
ago in Africa, halfway 

into Homo sapiens.

Oliver Sacks case:  “Joseph saw, 
distinguished, categorized, used; he had 
no problems with perceptual
categorization or generalization, but he 
could not, it seemed, go much beyond 
this, hold abstract ideas in mind, reflect, 
play, plan.  He seemed completely literal

Joseph’s deafness was not diagnosed until 11.

Oliver Sacks case:  “Joseph saw, 
distinguished, categorized, used; he had 
no problems with perceptual
categorization or generalization, but he 
could not, it seemed, go much beyond 
this, hold abstract ideas in mind, reflect, 
play, plan.  He seemed completely literal,

Joseph’s deafness was not diagnosed until 11. Joseph’s deafness was not diagnosed until 11.

…unable to juggle images or hypotheses 
or possibilities, unable to enter an 
imaginative or figurative realm.... He 
seemed, like an animal, or an infant, to 
be stuck in the present, to be confined 
to literal and immediate perception….” 

[In my opinion, that’s what pre-modern Homo 
sapiens was like, stuck in the present tense.]
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Similar cases also illustrate that any 
intrinsic aptitude for language must be 
developed by exposure during early 
childhood to complex examples. Because his 
deafness remained undiagnosed, Joseph 
didn't have the opportunity to observe 
phonemes, words, and syntax during the 
critical years of early childhood. 

Joseph’s deafness was not diagnosed until 11.

Similar cases also illustrate that any 
intrinsic aptitude for language must be 
developed by exposure during early 
childhood to complex examples.  Because his 
deafness remained undiagnosed, Joseph 
didn't have the opportunity to observe 
phonemes, words, and syntax during the 
critical years of early childhood. 

Joseph’s deafness was not diagnosed until 11.

Pre-moderns were like Joseph?

•Far enough back, our ancestors 
were much like Joseph at 11.

•The short sentences of 
protolanguage might not have 
given them much in the way of 
complex thoughts. 

Mental life before “The Mind’s Big Bang”

So the pre-modern mind likely had 
thought, in Freud’s sense of trial action.
But without thought structuring plus 

the bootstrapping of coherence, you 
cannot create novel sentences of any 
length or complexity – and you might 
not be able think such thoughts, either.

Mental life before “The Mind’s Big Bang”

• The question is really one of when things 
advance to complex thought and long 
sentences, not bone tools or beads.

• That’s what Bickerton and I think 
came in at 50,000 to 100,000 years ago.

• If the 6 million years of ape-to-human 
evolution were made into a two-hour movie, 
people thinking like us would only appear 
during the last minute of that movie.

Mental life before “The Mind’s Big Bang” Mental life before “The Mind’s Big Bang”

So “unable to juggle images or 
hypotheses or possibilities, unable to 
enter an imaginative or figurative realm” 
may be what pre-modern Homo sapiens
was like.

Mental life before “The Mind’s Big Bang”
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Mental life before “The Mind’s Big Bang”

But when a few exceptional adults 
provided enough examples of complex 
speech to be overheard by two-year-
olds, they grew up able to surpass their 
role models for complex speech–and 
perhaps for planning and creativity as 
well. 

That, I suspect, is when things flew. 

Mental life before “The Mind’s Big Bang”
There is no step more uplifting, more 
momentous in the history of mind design, than 
the invention of language.

When Homo sapiens became the beneficiary 
of this invention, the species stepped into a 
slingshot that has launched it far beyond all 
other earthly species in the power to look 
ahead and reflect.

– Daniel C. Dennett, Kinds of Minds, 1996

The Problem with Creativity…

• The difficulty lies in shaping up the 
initial incoherence to yield high-enough 
quality to act upon. Say, a sentence that 
is good enough to speak out loud.

• Needs a process that transforms the 
random beginnings into something more 
meaningful. 

The Problem with Creativity…

• What sort of on-the-fly process does 
it take to convert such an incoherent 
mix into a coherent compound, whether 
it be an on-target movement program 
or a novel sentence to speak aloud? 

The Problem with Creativity…

• As Darwin and Wallace showed for new 
species, random beginnings can slowly 
yield quality improvements, using a 
competitive process that judges 
suitability to the relevant environment. 

• Can the brain use a Darwinian process to 
improve plans, using a memorized
environment?
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1. There must be a pattern involved.
2. The pattern must be copied somehow (indeed, 

that which is copied may serve to define the 
pattern). 

3. Variant patterns must sometimes be produced 
by chance, as in copying errors. 

4. The pattern and its variant must compete with 
one another for occupation of a limited work 
space. For example, bluegrass and crab grass 
compete for back yards.

The Six Darwinian Essentials  from Calvin 1996, 1997 The Six Darwinian Essentials  from Calvin 1996, 1997

5. The competition is biased by a multifaceted 
environment: for example, how often the grass 
is watered, cut, fertilized, and frozen, serving 
to give one pattern more of the lawn than 
another. 

6. New variants always preferentially occur 
around the more successful of the current 
patterns. Need multiple generations.

Darwin's
”natural selection.”

Darwin's
Inheritance Principle

The Six Darwinian Essentials in History
History qua history -- what it includes, what 
it leaves out, and how these change over 
time -- provides us with an example of 
these six essentials at work. 

1. Of the many happenings, some are 
captured in patterned sentences that 
describe who did what to whom, why, 
and with what means.

2. Some of these patterns are retold 
(copied), 

3. often with little confusions (variation) 
and conflations (superpositions). 

4. Alternative versions of
stories compete for the limited space of 
bookstore shelves or the limited time of 
campfire storytelling. 

The Six Darwinian Essentials in History

The Six Darwinian Essentials  from Calvin 1996, 1997

5. There is a multifaceted environment that 
affects their success, the association of 
the described events to those of instincts 
and memories of everyday life. 

So "good stories" fare much better in the 
memorized environment. (Especially those 
conveyed by historical novels that strengthen the 
narrative aspects, so much easier to memorize!)

The Six Darwinian Essentials in History

Darwin's
”natural selection.”

The Six Darwinian Essentials  from Calvin 1996, 1997

6. Finally, because historians rewrite 
earlier historians, we see Darwin's 
inheritance principle in action:
new variations in the next generation 
are preferentially based on the more 
successfully copied of the current 
generation of historical stories.

The Six Darwinian Essentials in History

Q:  Is there a Darwinian historiography?
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• The problem with novelty is quality.

• Accurate throwing as evolutionary drive

• Multifunctional structures and Darwin

• The Darwinian process for improvement

• Darwinian essentials in cortical circuits

• The creative explosion 50,000 years ago

• Higher intellectual functions
– Syntax, plans, games, logic, music, coherence

– Pre-modern humans without much imagination

• Levels of organization of thought

– From concrete to abstract, getting the joke

We see the pyramiding of levels as 
babies encounter the patterns of 
the world around them. 

A baby first picks up the short 
sound units of speech (phonemes), 
then the patterns of them called 
words,

Levels of Organization

… then the patterns within strings 
of words we call syntax, 

then the patterns of strings of 
sentences called “a good story” 
(whereupon she will start expecting a 
proper ending for her bedtime story). 

Levels of Organization

As we advance beyond the two-word level
of language after the morning cup of coffee, 
we begin talking about relationships (“This is 
bigger than that”).  

With a second cup, we can advance another 
level to relation between relationships (“Bigger 
is better”). 

A Seattle Coffee JokeLevels of Mental Organization

Poets have to compare candidate 
metaphors, however, requiring all 
manner of superstitious practices in 
order to shore up their mental house 
of cards and stabilize a new level.

We invent new levels on-the-fly.

Stabilizing the Mental House of Cards
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If a cerebral code can represent a 
relationship as well as a category or 
motor program, the poet could just run a 
Darwinian copying competition between
candidate metaphors to judge which is 
better.

A code is information detached from its 
roots in sensation and movement.

Good enough? Which is better?

You can have Darwinian competitions 
between categories, between movement 
programs, between relations, between 
analogies.

That’s what a Darwin Machine in 
neocortex could buy you: a general 
process for quality creativity at various 
levels.

Staging Levels of Organization

Finding the appropriate level at 
which to address a problem – not too 
concretely, not too abstractly – is an 
important aspect of intelligence that 
is probably not seen in the great apes.

Finding the Right Level of Organization

You usually cannot get the joke 
without locating the correct level of 
organization to which it refers.

– and it is often the alternative 
interpretations at different possible 
levels that makes it so funny.

Levels of Organization in Humor

“And about how many people 
work here?” the visitor politely 
asks the boss who is showing 
him around the factory.  

Boss:  “About half.”

Levels of Organization for Humor

A Brief History of the Mind
From Apes to Intellect and Beyond

How Brains Think
Evolving Intelligence, Then and Now

4th lecture
further 
reading

Creative
Explosion,

future

Darwin Machine,
Quality Bootstrap
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My books and talks
may be found at:

WilliamCalvin.orgWilliamCalvin.org

The EndThe End

Edvard Munch, The Scream


