
신경미학(neuroaesthetics): 
예술의 생물학적 토대



예술이란 과연 무엇인가?
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John Cage: 4’33’’



대량복제시대의 예술품, 예술가

• Walter Bendix Schonflies Benjamin
• 기술복제시대의 예술작품 (Das Kunstwerk im Zeitalter s

einer Reproduzierbarkeit, 1936)



인류 최초의 예술 작품들(?)



Venus of Willendorf



Lascaux Caves



Altamira caves



Ancient Primitive musical instruments



Homeros: Ilyad and Odyssey 



인간은 왜 예술활동을 하게 됐는가?



예술은 사냥의 예행연습이었다?



예술은 커뮤니케이션의 수단인가?





정자새(bowerbird nest)





주먹도끼(hand axe)



음악의 기원
(The origin of music)



Hypothesis I: Music is an epiphenomenon

• In 1997, Steven Pinker gave the keynote address to a conference of 
cognitive psychologists who specialize in music perception. He 
caused an uproar by telling his audience that their subject was 
trivial and that their field was the least interesting one to study
because music is merely a by-product, an evolutionary accident 
that rode in piggyback on the evolution of language. He went on:



• “Music is auditory cheesecake. It just happens to tickle 
several important parts of the brain in a highly pleasurable 
way, as cheesecake tickles the palate.”

• As you can imagine, this idea provoked irritation amongst 
much of its audience, inspiring them to prove him wrong, 
very wrong. 



Hypothesis II: Music is critical for our 
survival and mate selection

• Daniel J. Levitin, This is Your Brain on Music: The Science of 
a Human Obsession. (Dutton, 2006). 

• Music is the great counterexample to the argument that people 
cannot behave for mental (subjective) reasons. 



• The music industry is one of the 
largest in the United States, 
employing hundreds of 
thousands of people. Album 
sales alone bring in $30 billion a 
year, and this figure doesn’t 
even account for concert ticket 
sales, the thousands of bands 
playing Friday night at saloons 
all over North American, or the 
thirty billion songs that were 
downloaded free through peer-
to-peer file sharing in 2005. 

• Americans spend more money 
on music than on sex or 
prescription drugs.



예술의 의미는 무엇인가?
Jackson Pollock (1912-1956) 



A Painting by Jackson Pollock A Picture of Nature

Paul Klee said, 

"Art does not represent the visual world, it makes things visible." 



The length of coastline of Britain



Fractal – Self-similarity



Fractal

As a non-fractal object is 
magnified, no new features are 
revealed. 

As a fractal object is magnified, 
ever finer features are revealed. 
A fractal object has features 
over a broad range of sizes. 

Self-similarity
The magnified piece of an 
object is an exact copy of 
the whole object.







Fractal Art



Jackson Pollock (1912-1956) 



A Painting by Jackson Pollock A Picture of Nature

Paul Klee said, 

"Art does not represent the visual world, it makes things visible." 



African Fractal





Seo Taiji found fractal patterns!



Zipf’s Law

George Zipf's 1949 observation that the frequency of words used in the 
English language followed a powerlaw distribution is a profound thing. It 
not only defined Zipf's Law, which gives a simple rule to explain why 
some words (e.g. the, of, and) are far more commonly used than others.



The scale-free nature of the web of sexual contacts.

• They analyze data gathered in a 1996 
Swedish survey of sexual behavior. The 
survey--involving a random sample of 
4781 Swedish individuals (ages 18-74 yr)--
used structured personal interviews and 
questionnaires to collect information. The 
response rate was 59 percent, 
corresponding to 2810 respondents. 
Connections in the network of sexual 
contacts appear and disappear as sexual 
relations are initiated and terminated. To 
analyze the connectivity of this dynamic 
network, whose links may be quite short 
lived, we first analyze the number k of sex 
partners over a relatively short time 
window--the twelve months prior to the 
survey.



• This figure shows the cumulative distribution P(k) for both female and 
male respondents. The data follow closely a straight line in a double-
logarithmic plot, consistent with a power law dependence. The data 
shows that males report a larger number of sexual partners than do 
females, but that both have the same scaling properties.



Longtail economics

Several generations of linguists have been trained that network effects--
specifically "preferential attachment" between words that explain why 
some are more commonly paired and thus appear more often than 
others--explain that powerlaw shape and its intrinsic inequality. This is a 
big deal in everything from complexity theory to economics, and is key 
to understanding when and where powerlaws emerge, which is a big 
part of the ongoing Long Tail research. 



• I came across the work of Wentian Li, a remarkable polymath who 
studies genetics, statistics and powerlaws. Li noticed that Zipf's Law 
doesn't just apply to English. It applies to any language. Not only that, 
but it actually applies to any random collection of characters, such as 
those that might be typed by monkeys banging on keyboards. Forget 
"preferential attachment" or any other theory of network effects within 
human languages. Li showed that Zipf's Law is just a statistical artifact 
of ranking and randomness.



예술의 아름다움을 찾아서



The origin of Fractal Music



Computer-generated ‘Fractal music’

• Fractal music (Anemonae) by Dmitry Kormann

Jeong et al. (1998)



Different Neural Synchronization during 
Music Perception

1/f (pink) music White music

Jeong et al. (2001)



How do we (our brains) perceive music?



Music to the brain

Tonotopic map: An associative area of the brain that performs a topology 
preserving mapping of acoustic frequencies on the auditory cortex. Melody is 
processed mainly by right hemisphere, while rhythm is on the left hemisphere 
(auditory cortex and thalamus). Harmony is for both. 



• Images from an experiment to locate the brain regions involved in 
‘listening to music.’ Daniel Levitin and another scientist scanned 
the brains of 13 people as they listened to scrambled and 
unscrambled versions of a tune. 



What happens in the brain 
during music perception? 







Top-down and bottom-up decision  making



Top Down versus Bottom Up

Direction of Information Flow in cortical columnar Hierarchy
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Top down Information Processing

Attention, modulation, Imagery .......

Expectation, Feedback, anticipation, prediction

Expectancy: Top-down employs memory of past experience to interpret 
sensory information and predict the immediately relevant future 



Top down for Expectation
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The Trace of  Top down in AC 
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The Trace of  Top down in Primary AC 


