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Is a D
efinition of M

usic possible?
M

erriam
-W

ebster
•

the science or art of ordering tones or sounds in succession, in com
bination, and in 

tem
poral relationships to produce a com

position having unity and continuity
•

vocal, instrum
ental, or m

echanical sounds having rhythm
, m

elody, or harm
ony

C
am

bridge dictionary
•

a pattern of sounds m
ade by m

usical instrum
ents, voices, or com

puters, or a 
com

bination of these, intended to give pleasure to people listening to it
O

xford dictionary
•

Vocal or instrum
ental sounds (or both) com

bined in such a w
ay as to produce beauty 

of form
, harm

ony, and expression of em
otion.

D
ictionary.com

•
an art of sound in tim

e that expresses ideas and em
otions in significant form

s through 
the elem

ents of rhythm
, m

elody, harm
ony, and color

•
the tones or sounds em

ployed, occurring in single line (m
elody) or m

ultiple lines 
(harm

ony), and sounded or to be sounded by one or m
ore voices or instrum

ents, or 
both

Etym
ology

1200–50; M
iddle English m

usike, 
Latin m

ūsica, G
reek m

ousikḕ
(téchnē), 

m
eaning (the art) of the M

use



Is a D
efinition of M

usic possible?
W

ikipedia: 
“... M

any authorities have suggested definitions, 
but defining m

usic turns out to be m
ore difficult 

than m
ight first be im

agined”
M

usic is an art form
 and cultural activity 

w
hose m

edium
 is sound organized in tim

e

The com
m

on elem
ents of m

usic are 
•

pitch (w
hich governs m

elody and harm
ony)

•
rhythm

 (and its associated concepts tem
po, m

eter, and articulation)
•

dynam
ics (loudness and softness)

•
the sonic qualities of tim

bre and texture (w
hich are som

etim
es term

ed the 
"color" of a m

usical sound)
D

ifferent styles or types of m
usic m

ay em
phasize, de-em

phasize or om
it som

e of 
these elem

ents



Attributes of m
usic

§
To

n
e

§
A discrete m

usical sound. Tone and note refer to the sam
e entity 

in the abstract, w
here the w

ord tone refers to w
hat you hear, and 

the w
ord note refers to w

hat you see w
ritten on a m

usical score

§
P

itch
§

a purely psychological construct, describing the perception of 
frequency of a particular tone (and its relative position in the 
m

usical scale)

§
R

h
yth

m
§

R
hythm

 refers to the durations of a series of notes, and to the 
w

ay that they group together into tem
poral units. It is m

ade of 
repeating patterns over tim

e

§
Tem

p
o

§
refers to the overall speed or pace of the piece



Attributes of m
usic

§
C

o
n

to
u

r
§

describes the overall shape of a m
elody, 

taking into account only the pattern of 
“up” and “dow

n” 

§
T

im
b

re
§

Tim
bre is that w

hich distinguishes one 
instrum

ent from
 another w

hen both are playing 
the sam

e w
ritten note

§
L

o
u

d
n

ess
§

A purely psychological construct that describes 
the perceived am

plitude of a tone

§
S

p
atial lo

catio
n

§
w

here sound is com
ing from

§
R

everb
eratio

n
§

environm
ent’s acoustic response. R

efers 
to the perception of how

 distant the 
source is from

 us in com
bination w

ith 
how

 large a room
 or hall the m

usic is.



•
These attributes are separable. E

ach can be varied 
independently of the others, allow

ing the scientific study of 
one at a tim

e, w
hich is w

hy w
e can think of them

 as 
dim

ensions
•

In m
usic these fundam

ental attributes com
bine according 

to m
eaningful relations that give rise to higher-order 

concepts such as
–

M
eter

–
K

ey
–

H
arm

ony
–

M
elody

Attributes of m
usic



•
M

eter
–

D
escribes how

 tones are grouped w
ith one another across tim

e
–

O
ur brains infer it by extracting inform

ation from
 rhythm

 and loudness cues

–
E

xam
ple 1: W

altz for D
ebby (B

ill E
vans)  

regular w
altz (3/8) https://youtu.be/qqnj-pQ

9dD
c

–
E

xam
ple 2: E

state (B
runo M

artino, perform
ed by M

ichel P
etrucciani)

regular com
plete m

eter (4/4) https://youtu.be/yP
uiD

rX
p2X

A
–

E
xam

ple 3: Take Five (P
aul D

esm
ond, D

ave B
rubeck)

5/4 (3+2) https://youtu.be/vm
D

D
O

FX
S

gA
s

–
E

xam
ple 4: D

ark m
atter (P

orcupine Tree) 
polyrhythm

 (7 against 2) https://youtu.be/TM
c-75oLgU

8
–

E
xam

ple 5: D
aw

n (D
ario M

arianelli)
polyrythm

(3 against 2 -hem
iola) https://youtu.be/2w

G
zD

FbjFko
–

E
xam

ple 6: S
ound of m

uzak
(P

orcupine tree)
polyrhythm

 7 against 4 -https://youtu.be/M
P

m
-oP

y87R
0

–
E

xam
ple 7: Three Years O

lder (S
teven W

ilson)
uneven subdivision of a 4/4 https://youtu.be/dTyH

sIQ
qD

a8
–

E
xam

ple 8: B
lue R

ondo à
la Turk (D

ave B
rubeck quartet)

uneven subdivision of 9/8 https://youtu.be/vK
N

ZqM
0d-xo

–
E

xam
ple 9: E

tude N
o. 1 (Tigran H

am
asyan, A

n ancient observer)
polym

etric structure (m
ultiple layers) https://youtu.be/xm

S
cqhD

S
JrI

M
usic attributes



•
K

ey
–

Tonal reference of a m
usical piece -group of pitches, or scale, that form

s the basis of a 
m

usic com
position in classical, W

estern art, and W
estern pop m

usic (W
ikipedia)

•
The group features a tonic note and its corresponding chords, also called a tonic or tonic chord, w

hich provides a 
subjective sense of arrival and rest, and also has a unique relationship to the other pitches of the sam

e group, their 
corresponding chords, and pitches and chords outside the group. N

otes and chords other than the tonic in a piece create 
varying degrees of tension, resolved w

hen the tonic note or chord returns.

–
Key has to do w

ith a hierarchy of im
portance that exists betw

een tones in a m
usical piece; 

this hierarchy exists only in our m
inds, as a function of our experiences w

ith a m
usical style 

and m
usical idiom

s, and m
ental schem

as that all of us develop for understanding m
usic

–
Exam

ple 1: Them
e from

 M
ASH

 TV series (Johnny M
endel)  

tonal piece (fixed tonal reference) https://youtu.be/4gO
7uem

m
6Yo

–
Exam

ple 2: Them
e from

 M
ASH

 (Bill Evans)  
m

odal piece (drifting tonal reference) https://youtu.be/EC
tN

yyLEW
7E

–
Exam

ple 3: Kefel(AvishaiC
ohen)

off-tonal piece https://youtu.be/3pO
5tf0Vcx4

–
Exam

ple 4: Polytonal blues (D
ave Brubeck)

polytonal piece https://youtu.be/H
BW

G
j5m

yvS4

–
Exam

ple 5: Les sons im
palpables

du rêve
[H

uitPréludes
pour piano] (O

livier M
essiaen)

no reference https://youtu.be/5Pc6kE8udE4

M
usic attributes



H
arm

o
n

y
•

H
arm

ony has to do w
ith 

relationships betw
een the 

pitches of different tones, and 
w

ith tonal contexts that these 
pitches set up; w

hich ultim
ately 

lead to expectations for w
hat w

ill com
e next in a m

usical piece
•

a skillful com
poser that can either m

eet or violate expectations for artistic 
and expressive purposes

•
harm

ony can m
ean sim

ply a parallel m
elody to the prim

ary one (as w
hen 

tw
o singers harm

onize) or it can refer to a chord progression—
the clusters 

of notes that form
 a context and background on w

hich the m
elody rests

–
Exam

ple 1: “D
anny Boy”  -arr. Flum

m
erfeltfor choir https://youtu.be/C

Kl8zXz4BeE
-King’s Singers https://youtu.be/SfG

Tq71VXfo
-Bill Evans https://youtu.be/X5Sg0W

G
y9YA

-Keith Jarrett https://youtu.be/C
6tIzxm

PC
Q

E
–

Exam
ple 2: “That’s Am

ore” –
a straightforw

ard arrangem
ent https://youtu.be/3auE7zq9H

7w
–

Stefano Bollanihttps://youtu.be/2ZL_spxppH
0

–
Exam

ple 3: “H
ark! The herald angels sing”, 

•
M

orm
on tabernacle choir https://youtu.be/SFjM

PaO
BzXc

•
Take 6s https://youtu.be/U

by81SEO
BFA

M
usic attributes



W
ikipedia

“In m
usic, harm

ony considers the process by w
hich the com

position of individual sounds, or 
superpositions of sounds, is analysed

by hearing. U
sually, this m

eans sim
ultaneously 

occurring frequencies, pitches (tones, notes), or chords.
The study of harm

ony involves chords and their construction and chord progressions and the 
principles of connection that govern them

.
H

arm
ony is often said to refer to the "vertical" aspect of m

usic, as distinguished from
 m

elodic 
line, or the "horizontal" aspect.
C

ounterpoint, w
hich refers to the relationship betw

een m
elodic lines, and polyphony, w

hich 
refers to the sim

ultaneous sounding of separate independent voices, are thus som
etim

es 
distinguished from

 harm
ony.”

Schoenberg’s early definition of harm
ony in “Theory of H

arm
ony” (p.13)

"...the study of sim
ultaneous sounds (chords) and of how

 they m
ay be joined w

ith respect to 
their architectonic, m

elodic, and rhythm
ic values and their significance, their w

eight relative to 
one another.”
In a later book entitled ”Structural functions of harm

ony”, he re-defines H
AR

M
O

N
Y by 

explaining w
hat teaches:

1.
The constitution of chords, that is, w

hich tones and how
 m

any of them
 can be sounded 

sim
ultaneously in order to produce consonances and the traditional dissonances: triads, 

seventh chords, ninth chords, etc., and their inversions.
2.

The m
anner in w

hich chords should be used in succession: to accom
pany m

elodies and 
them

es; to control the relation betw
een m

ain and subordinate voices; to establish a 
tonality at the beginning and at the end (cadence); or, on the other hand, to abandon a 
tonality (m

odulation and rem
odulation)

M
usic attributes: harm

ony



•
M

elo
d

y
M

elody is the m
ain them

e of a m
usical piece, the part you sing along w

ith, the 
succession of tones that are m

ost salient in your m
ind

–
Exam

ple 1: O
ver the rainbow

 (Keith Jarrett) https://youtu.be/AyLQ
G

D
IrG

cI

–
Exam

ple 2: Allegretto of Beethoven’s 7
thSym

phony 
https://youtu.be/J12zprD

7V1k
w

hich them
e represents the m

elody?

–
Exam

ple 3: Kefel(AvishaiC
ohen)

floating m
elody https://youtu.be/3pO

5tf0Vcx4

P
oints of discussion

–
U

npredictable (beyond m
odeling) aspect of a m

usical piece: ends up being 
retained and m

em
orized as is

•
G

ood m
elody = m

em
orable m

elody?
•

Exam
ple: “Tw

inkle tw
inke

little star” challenge launched by Jacob collier
https://w

w
w.youtube.com

/results?search_query=tw
inkletw

inklelittlestarchallenge
–

M
elody is “architecture devoid of function”, as it can be thought of as fairly 

independent of structural aspects (harm
ony and rhythm

)
•

E
xam

ple: Tico tico
no fubà

(S
tefano B

ollani)

M
usic attributes



M
elody = 

architecture
devoid of 
function...

D
anish

architect
Jørn

U
tzon









M
elody

M
elody

adapts
to the structure

of the m
usical 

piece
(harm

ony, rhythm
) w

ith surprising
flexibility

•
H

um
an nature (S

teve P
orcaro &

 John B
ettis, 

popularized
by M

. Jackson)

–
Trijntje

O
osterhuis

w
/ Leo A

m
uedo: (4/4)

•
https://youtu.be/jT0D

fTxB4D
Y

–
V

ijay
IyerTrio (13/8)

•
https://youtu.be/N

EVJR
do-eH

c



M
usic and the m

ind
m

achine



A perspective from
 cognitive science and 

neuroscience
§

According C
ognitive scientists

§
“m

ind” that part that em
bodies our thoughts, hopes, desires, m

em
ories, 

beliefs, and experiences; 
§

“brain” the organ that resides in the skull. Activity in the brain gives 
rise to the contents of the m

ind

§
This dualism

 is inherited from
 R

ené
D

escartes, w
ho 

argued that m
ind and brain are tw

o entirely separate 
things. D

ualists assert that the m
ind preexisted, before 

you w
ere born, and that the brain is not the seat of 

thought —
rather, it is m

erely an instrum
ent of the 

m
ind, helping to im

plem
ent the m

ind’s w
ill, m

ove 
m

uscles, and m
aintain hom

eostasis in the body
§

O
ur perception tells us that our m

ind is separate from
 the neurochem

ical processes that reside 
in the brain but this could be an illusion

§
M

ost scientists and contem
porary philosophers believe that brain and m

ind are tw
o parts of 

the sam
e thing, and som

e believe that the distinction itself is flaw
ed

§
The dom

inant view
 today is that that the sum

 total of your thoughts, beliefs, and experiences is 
represented in patterns of firings —

electrochem
ical activity —

in the brain
§

Evidence com
es from

 neuropsychological findings of regional specificity of function. D
am

age 
to a specific brain region leads to a loss of a particular m

ental or bodily function, suggesting 
that this brain region is responsible for that function

§
W

e have know
n since 1848 (and the m

edical case of Phineas G
age) that the frontal lobes are 

intim
ately related to aspects of self and personality. Yet even one hundred and fifty years later, 

m
ost of w

hat can be said about personality and neural structures is vague and quite general
§

The brain has regional differentiation of structure and function, but com
plex personality 

attributes are no doubt distributed w
idely throughout the brain



The M
ind M

achine

§
The hum

an brain is divided up into 
four lobes (+ cerebellum

)
§

Frontal
§

Tem
poral

§
Parietal

§
O

ccipital

§
W

e can m
ake som

e gross generalizations about function, but in fact 
behavior is com

plex and not readily reducible to sim
ple m

appings
§

frontal lobe –
associated w

ith planning, and w
ith self-control, and w

ith m
aking sense out 

of the dense and jum
bled signals that our senses receive—

the so-called “perceptual 
organization” that the G

estalt psychologists studied
§

tem
poral lobe –

associated w
ith hearing and m

em
ory

§
parietal lobe –

associated w
ith m

otor m
ovem

ents and spatial skill
§

occipital lobe –
associated w

ith vision
§

cerebellum
 –

involved in em
otions and the planning of m

ovem
ents (oldest part of our 

brain)



M
usic and the M

ind M
achine



M
usic and the M

ind M
achine

•
M

usical activity
involves

nearly
every

region
of the brain

and 
nearly

every
neuralsubsystem

•
D

ifferentaspects
of the m

usic are handled
by differentneural

regions
–

the brain uses
functionalsegregation

for m
usic processing, and em

ploys
a 

system
of feature

detectors w
hose

job itis
to analyze

specific
aspects

of the 
m

usical signal, such
as

pitch, tem
po, tim

bre, and so on
–

Som
e of the m

usic processing has
points

in com
m

on w
ith the operations

required
to analyze

othersounds; understanding
speech, for exam

ple, 
requires

thatw
e

segm
enta flurry

of sounds
into

w
ords, sentences, and 

phrases, and thatw
e

be able
to understand

aspects
beyond

the w
ords

(e.g. 
as

sarcasm
, irony, ...)

–
Severaldifferentdim

ensions
of a m

usical sound need
to be analyzed—

usually
involving

severalquasi-independentneuralprocesses—
and they

then
need

to be broughttogetherto form
a coherentrepresentation

of w
hatw

e’re
listening

to



The Ear and the Brain



M
usic and the M

ind M
achine

•
Listening

to m
usic starts

w
ith subcorticalstructures

–
the cochlearnuclei

–
the brain stem

–
the cerebellum

and then
m

oves
up to auditory

cortices
on both

sides
of the brain



M
usic and the M

ind M
achine

•
Trying

to follow
along

w
ith m

usic thatis
fam

iliarto you
recruits

additionalregions
of 

the brain
–

hippocam
pus

(m
em

ory
center): involved

in 
anticipating

m
usic from

 pastexperience
–

subsections
of the frontallobe, particularly

a region
called

inferiorfrontalcortex. 
–

cerebellum
(tim

ing circuits, norm
ally

used
for 

controlling
body m

otion): involved
in beat follow

ing
–

frontallobes
(behavioralplanning): heavily

involved
w

hen
perform

ing
m

usic (play, sing, or conduct)
–

m
otorcortex

in the parietallobe
(just underneath

the top of yourhead): involved
during

m
usical 

perform
ance or w

hen
m

oving
in sync

w
ith the m

usic
–

sensory
cortex: provides

tactile
feedback 

–
visualcortex

(back of yourhead, in the occipetal
lobe): used

w
hen

reading
m

usic
–

auditory
cortex: for obvious

reasons...
–

language
centers (tem

poraland frontallobes
+ 

Broca’s
and W

ernicke’s
areas), w

hen
listening

to or 
recalling

lyrics



M
usic and the M

ind M
achine

•
A

t a deeperlevel, the em
otions

w
e

experience
in response

to m
usic 

involve structures
deep

in the prim
itive, reptilian

regions
of the 

cereb
ellar

verm
is, responsible

for bodily
posture and locom

otion;  
and the am

yg
d

ala, the heartof em
otionalprocessing in the cortex



M
usic and the M

ind M
achine



M
usic and the M

ind M
achine

•
regionalspecificity

atlow
levelis

com
plem

ented
by 

distribution
of function

athigherlevel
–

The brain is
a m

assively
paralleldevice, w

ith operations
distributed

w
idely

throughout
–

There
is

no single language
center, noris

there
a single 

m
usic center. R

ather, there
are regions

thatperform
com

ponent operations, and otherregions
thatcoordinate 

the bringing
togetherof this

inform
ation

•
N

europlasticity: a capacity
for reorganization

that
suggests

thatregionalspecificity
m

ay
be tem

porary
–

the processing centers for im
portantm

entalfunctions
actually

m
ove

to otherregions
aftertraum

a or brain 
dam

age



C
om

plexity of the brain

•
The average

brain consists
of one

hundred
billion

(10
11) neurons, but

this
does

notexplain
its

com
plexity. W

hatm
atters

are the possible
connections

btw
neurons

Im
aging

the brain at
m

ul/ple size
scales: 

a new
 technique

called
M

agnified
Analysis of 

Proteom
e

(M
AP) allow

s
researchersto peerat
m

oleculesw
ithin

cellsor 
take a w

iderview
of the 

long-range
connec@ons

betw
een

neurons
(M

IT)



C
om

plexity of the brain

•
The average

brain consists
of one

hundred
billion

(10
11) neurons, but

this
does

notexplain
its

com
plexity. W

hatm
atters

are the possible
connections

btw
neurons

–
Each

neuron
is

connected
to otherneurons, 

usually
one

thousand
to ten

thousand
others. 

–
The num

berof possible
connections

betw
een

n
neurons

grow
s

exponentially
w

ith n
2

3
8

4
64

5
1024

6
32768

7
2097152

8
268435456

9
68719476736

10
3,51844E+13

11
3,60288E+16

12
7,3787E+19

13
3,02231E+23

14
2,47588E+27

15
4,05648E+31

16
1,32923E+36

17
8,71123E+40

18
1,1418E+46

19
2,99316E+51

20
1,56928E+57

21
1,6455E+63

22
3,45087E+69

23
1,4474E+76

24
1,21417E+83

25
2,03704E+90

26
6,83516E+97

27
4,587E+105

28
6,1566E+113

29
1,6526E+122

30
8,8725E+130

2
n
(
n
�

1
)

2
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diffusion-
weighted
M

RI (dM
RI)

(Harvard-Uni)

itis
estim

ated
thatthe there

are 
betw

een
10

78to 10
82atom

s
in 

the know
n, observable

universe



M
ind vs. Brain

§
F

u
n

ctio
n

alism
: a theory of cognitive science that studies how

 our 
m

ental and behavioral process function in response to the real w
orld

§
sim

ilar m
inds can arise from

 quite different brains 
§

brains are the collection of “w
ires and processing m

odules” that instantiate 
thought

§
there

are lim
its

to how
m

uch
w

e
can know

aboutthoughtfrom
 just studying

brains 



M
ind vs. Brain –

C
om

m
on Illusions

•
There

is
a w

idespread
belief(even

am
ong

scientists, particularly
gestalt psychologists) thatinside the brain there

is
a strictly

isom
orphic

representation
of the w

orld around
us

–
This

intuition
is

flaw
ed

because
Ifan isom

orphic
representation

of an objectis
stored

som
ew

here, there
has

to
be a part of ourbrain thatis

«looking
at» or 

«listening
to» thatrepresentation. W

hatw
ould

that«spectator» do w
ith thatit

view
s/hears? Form

 anotherisom
orphic

representation
of it? (self-referencing

reasoning)

•
W

e
are also

under the illusion
thatw

hatw
e

sense
is

im
m

ediately
m

apped
onto

an isom
orphic

representation
of w

hatw
e

sense
–

This
is

also
an illusion: ourperceptions

are the end productof a long chain
of 

neuralevents
thatgive

us
the illusion

of an instantaneous
sensory

im
age. 

–
There

are m
any

dom
ains

in w
hich

ourstrongestintuitions
m

islead
us

(e.g.flat
earth)



M
ind vs. Brain –

C
om

m
on Illusions

•
w

hen functioning properly, our perceptual system
 is supposed to 

distort the w
orld w

e see and hear in order to m
ake sense of it

•
W

e interact w
ith the w

orld around us through our senses, therefore 
w

hat w
e see m

ust com
e to an agreem

ent w
ith our understanding of 

the w
orld around us

•
V

isual illusions are perhaps the m
ost com

pelling proof of sensory 
distortion

P
onzo

illusion:
tw

o
lines

of the 
sam

e
length

appeardifferent



M
ind vs. Brain –

C
om

m
on Illusions

•
V

isual illusions as proof of sensory distortionthese
tabletops

are 
identicalin size

and 
shape!



C
heck

it...



M
ind vs. Brain –

C
om

m
on Illusions

•
Kaniza

illusion

there
appears

to be a w
hite

triangle
lying

on top of a black-
outlined

one, butthere
are no 

triangles
in the figure...



M
ind vs. Brain –

C
om

m
on Illusions



M
ind vs. Brain –

C
om

m
on Illusions



M
ind vs. Brain –

C
om

m
on Illusions

Perceptualcom
pletion

in audio

•
The cognitive psychologistR

ichard W
arren 

dem
onstrated

this
particularly

w
ell:

–
H

e recorded
a sentence, “The billw

as
passed

by both
houses

of the 
legislature”

–
H

e then
cutout a piece

of the sentence
, and replaced

itw
ith a burstof 

w
hite

noise
–

N
early

everyone
w

ho
heard

the altered
recording

could
report thatthey

heard
both

a sentence
and static. Buta large proportion

of people
couldn’ttellw

here
the static

w
as! 



•
M

ostof the tim
e the inform

ation w
e

receive
atoursensory

receptors
is

incom
plete or am

biguous. Voices are m
ixed

in 
w

ith othervoices and noise
souces

•
O

urbrain’s
ability

to m
ake

these
identifications

is
nothing

short of rem
arkable, considering

thatitstarts
out w

ith 
w

hateversensory
receptors

pass up to it
•

G
rouping

principles
—

by tim
bre, spatiallocation, loudness, 

and so on —
help segregate them

, buthow
this

is
done

is
stillunclear

•
E

ven
m

ore com
plex

to address
is

how
this

w
orks

w
ith 

m
usic...

Perceptualcom
pletion

in audio

M
ind vs. Brain –

C
om

m
on Illusions



Perceptual com
pletion

A bottom
-up approach

•
A tw

o-stage process
based

on
–

Feature
extraction

–
Feature

integration
•

The brain extracts
basic, low

-levelfeatures
from

 m
usic, using

specialized
neuralnetw

orks thatdecom
pose the signalinto

inform
ation 

about
–

Pitch
–

Tim
bre

–
Spatiallocation

–
Loudness

–
R

everberantenvironm
ent

–
Tone durations

–
O

nsettim
es

for differentnotes (and for differentcom
ponents

of tones)
–

... 
These

operations
are carried

out in parallelby neuralcircuits
that

com
pute these

values
and thatcan operate som

ew
hatindependently

of one
another



Bottom
-up vs. Top-dow

n processing
Low

-level, bottom
-up processing of basic

elem
ents

occurs
in the 

peripheraland phylogenetically
olderparts

of ourbrain
•

Low
-levelrefers

to the perception
of elem

entalor building-block
attributes

of a sensory
stim

ulus
•

H
igh-levelprocessing occurs

in m
ore sophisticated parts

of our
brains thattake neuralprojections

from
 the sensory

receptors
and 

from
 a num

berof low
-levelprocessing units; this

refers
to the 

com
bining

of low
-levelelem

ents
into

an integrated
representation

H
igh-levelprocessing is

w
here

itallcom
es

together, w
here

ourm
inds

com
e to an understanding

of form
and content

Low
-levelprocessing allow

s
a readerto see

blobs of ink
on a w

ritten
page, put them

togetherand perhaps
recognize

a basic
form

in the 
visualvocabulary
H

igh-levelprocessing puts
togetherm

ultiple basic
form

s
(e.g. letters) 

into
a w

ord or a phrase
and generate a m

entalim
age of its

m
eaning



Bottom
-up vs. Top-dow

n processing
As

feature
extraction

is
taking

place
in the cochlea, auditory

cortex, brain stem
, 

and cerebellum
, the higher-levelcenters of ourbrain are receiving

a constant
flow

 of inform
ation aboutw

hathas
been

extracted
so far; this

inform
ation is

continually
updated, and typically

rew
rites

the olderinform
ation. 

As
ourcenters for higherthought(m

ostly
in the frontalcortex) receive

these
updates, they

are w
orking

hard to predictw
hatw

illcom
e nextin the m

usic, based
on severalfactors:
•

w
hathas

already
com

e before
in the piece

of m
usic w

e
are hearing

(m
odel-

based
prediction)

•
w

hatw
e

rem
em

berw
illcom

e nextifthe m
usic is

fam
iliar

•
w

hatw
e

expectw
illcom

e nextifthe genre
or style is

fam
iliar, based

on 
previous

exposure
to this

style of m
usic

•
any

additionalinform
ation w

e
are given

These
frontal-lobe

calculations
are called

top-dow
n processing and they

can 
exertinfluence

on the low
er-levelm

odules
w

hile
they

are perform
ing

their
bottom

-up com
putations. The top-dow

n expectations
can cause us

to 
m

isperceive
things

by resetting
som

e of the circuitry
in the bottom

-up processors. 
This

is
partly

the neuralbasis
for perceptualcom

pletion
and otherillusions



H
igh-level processing

The ultim
ate illusion

in m
usic is

the illusion
of structure

and form
•

There
is

nothing
in a sequence

of notes them
selves

thatcreates
the 

rich
em

otionalassociations
w

e
have

w
ith m

usic, nothing
abouta 

scale, a chord, or a chord
sequence

thatintrinsically
causes

us
to 

expecta resolution
•

O
urability

to m
ake

sense
of m

usic depends
on experience, and on 

neuralstructures
thatcan learn

and m
odify

them
selves

w
ith each

new
 song

w
e

hear, and w
ith each

new
 listening

to an old
song

•
O

urbrains learn
a kind

of m
usical gram

m
arthatis

specific
to the 

m
usic of ourculture, just as

w
e

learn
to speak

the language
of our

culture
•

According
to N

oam
 C

hom
sky w

e
are allborn

w
ith an innate capacity

to understand
any

of the w
orld’s

languages, and thatexperience
w

ith 
a particularlanguage

shapes, builds, and then
ultim

ately
prunes

a 
com

plicated
and interconnected

netw
ork of neuralcircuits

•
O

urbrains and naturallanguages
coevolved

so thatallof the w
orld’s

languages
share certain

fundam
entalprinciples, and ourbrains have

the capacity
to incorporate any

of them
through

m
ere exposure



H
igh-level processing

Sim
ilarly, itseem

s
thatw

e
allhave

an innate capacity
to learn

any
of the 

w
orld’s

m
usics, although

they, too, differin substantialw
ays from

 one
another
•

The brain undergoes
a period

of rapid
neuraldevelopm

entafter
birth, continuing

for the first years
of life. D

uring
this

tim
e, new

 neural
connections

are form
ing

m
ore rapidly

than
atany

othertim
e in our

lives, and during
ourm

idchildhood
years, the brain starts

to prune 
these

connections, retaining
only

the m
ostim

portantand m
ostoften

used
ones

•
This

becom
es

the basis
for ourunderstanding

of m
usic, and 

ultim
ately

the basis
for w

hatw
e

like
in m

usic, w
hatm

usic m
oves

us, 
and how

itm
oves

us. This
is

notto say
thatw

e
can’tlearn

to 
appreciate

new
 m

usic as
adults, butbasic

structuralelem
ents

are 
incorporated

into
the very

w
iring

of ourbrains w
hen

w
e

listen
to 

m
usic early

in ourlives



M
usic and em

otions: anticipation and expectation

§
M

usic is organized sound, but the organization has to
involve som

e 
elem

ent of the unexpected or it is em
otionally flat

§
The appreciation w

e have for m
usic is intim

ately related to our ability to 
learn the underlying structure of the m

usic w
e like and to be able to m

ake 
predictions about w

hat w
ill com

e next
§

C
om

posers im
bue m

usic w
ith em

otion by know
ing w

hat our expectations 
are and then very deliberately controlling w

hen those expectations w
ill be 

m
et, and w

hen they w
on’t

§
A typical exam

ple in w
estern classical m

usic is the deceptive cadence. A 
cadence is a chord sequence that sets up a clear expectation and then 
closes, typically w

ith a satisfying resolution. In the deceptive cadence, 
the com

poser repeats the chord sequence again and again until he has 
finally convinced the listeners that w

e’re going to get w
hat w

e expect, but 
then at the last m

inute, he gives us an unexpected chord, a chord that 
tells us that it’s not over, a chord that doesn’t com

pletely resolve. 
§

H
aydn’s use of the deceptive cadence is so frequent, it borders on an obsession

§
The Beatles’ “For N

o O
ne” ends on the V chord and w

e w
ait for a resolution that never 

com
es, at least not in that song. But the very next song on the album

 R
evolver starts w

ith 
the very chord w

e w
ere w

aiting to hear https://youtu.be/ELlLIw
hvknk



A
nticipation and expectation

Exam
ples of violated expectations

•
Steely D

an: his songs are essentially blues
but include unusual harm

onies that 
m

ake them
 sound very unblues. E.g.“C

hain Lightning” 
https://youtu.be/K-zhjJatm

pA

•
In “Yesterday,” the m

ain m
elodic phrase is seven m

easures long; the Beatles 
surprise us by violating one of the m

ost basic assum
ptions of popular m

usic, the 
four-or eight-m

easure phrase unit
https://youtu.be/jo505ZyaC

bA

•
In “I W

ant You (She’s So H
eavy),” the Beatles first set up a hypnotic, repetitive 

ending that sounds like it w
ill go on forever. W

e expect a fade out, instead the song 
ends abruptly in the m

iddle of a random
 note

https://youtu.be/tAe2Q
_LhY8g



N
eural basis for m

usical expectations and em
otion

If w
e acknow

ledge that the brain is constructing a version of reality, 
w

e m
ust reject that the brain has an accurate and strictly 

isom
orphic representation of the w

orld. So...

w
hat is the brain holding in its neurons that represents the 

w
orld around us? 

The brain represents m
usic in term

s of m
ental or neural codes

•
N

euroscientists try to decipher this code and understand its 
structure, and how

 it translates into experience
•

C
ognitive psychologists try to understand these codes at a 

som
ew

hat higher level



N
eural basis for m

usical expectations and em
otion

•
N

eurons are the prim
ary cells of 

the brain; they are also found in 
the spinal cord and the peripheral 
nervous system

•
Activity from

 outside the brain can 
cause a neuron to fire

•
The neurons in the brain aren’t 
actually touching; there’s a space 
betw

een them
 called the synapse

•
W

hen a neuron is firing, it sends 
an electrical signal that causes the 
release of a neurotransm

itter
•

N
eurotransm

itters are chem
icals that travel throughout the brain and bind to 

receptors attached to other neurons. R
eceptors and neurotransm

itters can be 
thought of as locks and keys

respectively. After a neuron fires, a neurotransm
itter 

sw
im

s across that synapse to a nearby neuron, and w
hen it finds the lock and 

binds w
ith it, then the new

 neuron starts to fire. N
ot all keys fit all locks; there are 

certain locks (receptors) that are designed to accept only certain neurotransm
itters

•
G

enerally, neurotransm
itters cause the receiving neuron to fire or prevent it from

 
firing. The neurotransm

itters are then absorbed through a process called reuptake; 
w

ithout reuptake, the neurotransm
itters w

ould continue to stim
ulate or inhibit the 

firing of a neuron

https://youtu.be/W
how

H
0kb7n0



N
eural basis for m

usical expectations and em
otion



N
eural basis for m

usical expectations and em
otion

S
om

e neurotransm
itters are used throughout the nervous system

, 
and som

e only in certain brain regions and by certain kinds of 
neurons
•

Serotonin is produced in the brain stem
 and is associated 

w
ith the regulation of m

ood and sleep. 
Antidepressants (e.g. Prozac and Zoloft) are know

n as selective 
serotonin reuptake inhibitors (SSR

Is), allow
ing serotonin to act 

for a longer period of tim
e. The precise m

echanism
 by w

hich this 
alleviates depression, obsessive-com

pulsive disorder, and m
ood 

and sleep disorders is not know
n

•
D

opam
ine is released by the nucleus accum

bens
and is 

involved in m
ood regulation and the coordination of 

m
ovem

ent
M

ost fam
ous for being part of the brain’s pleasure and rew

ard 
system

. W
hen drug addicts get drug, or w

hen com
pulsive 

gam
blers w

in a bet, this is the neurotransm
itter that is released. 

Its role and the im
portant role played by the nucleus accum

bens
in m

usic w
as unknow

n until 2005



N
eural basis for m

usical expectations and em
otion

•
H

em
ispheric specialization (the popular conception that the left brain 

is analytical and the right brain is artistic) has som
e m

erit, but is 
overly sim

plistic
–

Both sides of the brain engage in analysis and both sides in abstract thinking
–

All of these activities require coordination of the tw
o hem

ispheres, although som
e 

of the particular functions involved are clearly lateralized
–

Speech processing is prim
arily left-hem

isphere localized, although certain global 
aspects of spoken language, such as intonation, em

phasis, and the pitch pattern, 
are m

ore often disrupted follow
ing right-hem

isphere dam
age

–
The ability to distinguish a question from

 a statem
ent, or sarcasm

 from
 sincerity, 

often rests on these right-hem
isphere lateralized, nonlinguistic cues, know

n 
collectively as prosody

•
It is natural to w

onder w
hether m

usic show
s the opposite asym

m
etry, 

w
ith processing located prim

arily on the right
–

There are m
any cases of individuals w

ith brain dam
age to the left hem

isphere 
w

ho lost the pow
er of speech, but retained their m

usical function, and vice versa 
–

C
ases like these suggest that m

usic and speech, although they m
ay share som

e 
neural circuits, cannot use com

pletely overlapping neural structures



N
eural basis for m

usical expectations and em
otion

Just as local features of spoken language (early processing) appear to be 
left-hem

isphere lateralized, local features of in the brain basis of m
usic are 

also lateralized
•

R
ight hem

isphere
–

m
elodic shape 

–
fine discrim

inations of tones that are close together in pitch

•
Left hem

isphere 
–

nam
ing aspects of m

usic (a song, a perform
er, an instrum

ent, or a m
usical interval)

•
Lateralization based on w

hich half of the body is being used
–

m
usicians using their right hands or reading m

usic from
 their right eye also use the left 

brain because the left half of the brain controls the right half of the body

•
Left frontal lobe

–
tracking the ongoing developm

ent of a m
usical them

e
–

thinking about key and scales and w
hether a piece of m

usic m
akes sense or not

•
M

usical training appears to have the effect of shifting som
e m

usic 
processing from

 the right (im
agistic) hem

isphere to the left (logical) 
hem

isphere, as m
usicians learn to talk/think about m

usic using linguistic 
term

s
•

The norm
al course of developm

ent seem
s to cause greater hem

ispheric 
specialization: children show

 less lateralization of m
usical operations 

than do adults, regardless of w
hether they are m

usicians or not



N
eural firings produce a sm

all electric current
W

e can m
easure w

hen and how
 often neurons 

are firing through EEG
 (electro-encephalogram

), 
w

hose electrodes are placed on the scalp
The EEG

 is particularly sensitive to the tim
ing 

of neural firings, and can detect activity w
ith 

excellent tem
poral resolution (about 1 m

s)
EEG

, how
ever, has lim

its:
•

cannot classify neural activity, i.e.distinguish w
hether the neuron is releasing 

excitatory, inhibitory, or m
odulatory neurotransm

itters (w
hich refers to the 

chem
icals such as serotonin and dopam

ine that influence the behavior of other 
neurons)

•
lim

ited sensitivity: because the electrical signature generated by a single 
neuron firing is relatively w

eak, the EEG
 only picks up the synchronous firing of 

large groups of neurons, rather than individual neurons
•

lim
ited spatial resolution: it cannot tell us the exact location of the neural 

firings due to scattered propagation. Spatial resolution gets w
orse w

hen the 
firing occurs at greater depth

D
espite such lim

itations, EEG
 is helpful in understanding

m
usical behavior because 

m
usic is tim

e based, and EEG
 has m

uch better tem
poral resolution than other 

im
aging/analysis tools (e.g.M

R
I)

Studying brain response: EEG



N
eural basis for m

usical expectations and em
otion



•
M

agnetoencephalography
(M

E
G

) 
is

a functionalneuroim
aging

technique
for m

apping
brain 

activity
by recording

m
agnetic

fields
produced

by electrical
currents

occurring
naturally

in the 
brain, using

very
sensitive 

m
agnetom

eters
•

A
rrays of S

Q
U

ID
s

(S
uperconducting

Q
U

antum
Interference

D
evices) are currently

the m
ostcom

m
on m

agnetom
eter, 

w
hile

the S
E

R
F (S

pin E
xchange 

R
elaxation-Free) m

agnetom
eteris

being
investigated

for future 
m

achines

Studying brain response: M
EG
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usical expectations and em
otion



FunctionalM
agnetic

R
esonance

Im
aging

orfunctional
M

R
I(fM

R
I) m

easures
brain activity

by detecting
changes

associated
w

ith blood
flow.This

technique
relies

on the 
factthatcerebralblood

flow
 and neuronalactivation

are 
coupled. W

hen
an area of the brain is

in use, blood
flow

 
to thatregion

also
increases

•
The prim

ary
form

of fM
R

Iuses
the

blood-oxygen-level 
dependent(BO

LD
) contrast. This

is
a type

of specialized
brain 

and body scan
used

to m
ap

neuralactivity
in the brain by 

im
aging

the change
in blood

flow
 (hem

odynam
ic

response) 
related

to energy
use by brain cells

•
As

the m
easure

is
frequently

corrupted
by noise

from
 various

sources
signalprocessing is

needed
to perform

statistical
extraction

of the underlying
signal

•
The resulting

brain activation
can be graphically

represented
by color-coding

the strength
of activation

across
the brain or 

the specific
region

studied
•

The technique
can localize

activity
to w

ithin
m

illim
eters

but, using
standard techniques, no betterthan

w
ithin

a 
w

indow
of a few

seconds.
•

O
therm

ethods
of obtaining

contrastare arterialspin labeling
and diffusion

M
R

I (the latterprocedure is
sim

ilarto
BO

LD
 

fM
R

Ibutprovides
contrastbased

on the m
agnitude

of 
diffusion

of w
ater m

olecules
in the brain

Studying brain response: fM
R

I

A
n fM

R
Iim

age w
ith yellow

areas
show

ing
increased

activity
com

pared
w

ith a control 
condition



B
ack to the question: how

 do w
e study brain response?

EEG
 can be used for studying expectation in harm

onic progressions:
The experim

enters play chord sequences that 
either resolve in the standard, schem

atic w
ay, 

or that end on unexpected chords
After the onset of the chord:
•

electrical activity in the brain associated 
w

ith m
usical structure is observed w

ithin 
150–400 m

s
•

activity associated w
ith m

usical m
eaning 

about 100–150 m
s

later
The structural processing (m

usical syntax) has been localized to the frontal 
lobes of both hem

ispheres in areas adjacent to and overlapping w
ith those 

regions that process speech syntax, such as Broca’s
area, and show

s up 
regardless of w

hether listeners have m
usical training

The regions involved in m
usical sem

antics (associating a tonal sequence 
w

ith m
eaning) appear to be in the back portions of the tem

poral lobe on 
both sides, near W

ernicke’s area

N
eural basis for m

usical expectations and em
otion



The brain’s m
usic system

 appears to operate w
ith functional 

independence from
 the language system

The evidence com
es from

 m
any case studies of patients w

ho, postinjury, 
lose one or the other faculty but not both 
•

C
live W

earing, a m
usician and conductor, w

hose brain w
as dam

aged as a 
result of herpes encephalitis (he lost all m

em
ory except for m

usical m
em

ories, 
and the m

em
ory of his w

ife)
•

W
hen portions of his left cortex deteriorated, the com

poser R
avel selectively 

lost his sense of pitch w
hile retaining his sense of tim

bre, a deficit that inspired 
his w

riting of Bolero, a piece that em
phasizes variations in tim

bre
The m

ost parsim
onious explanation is that m

usic and language do, in 
fact, share som

e com
m

on neural resources, and yet have independent 
pathw

ays as w
ell

The close proxim
ity of m

usic and speech processing in the frontal and 
tem

poral lobes, and their partial overlap, suggests that those neural 
circuits that becom

e recruited for m
usic and language m

ay start out life 
undifferentiated. Experience and norm

al developm
ent then differentiate 

the functions of w
hat began as very sim

ilar neuronal populations 
•

C
onsider that at a very early age, babies are thought to be synesthetic, to be 

unable to differentiate the input from
 the different senses

N
eural basis for m

usical expectations and em
otion



•
The process of m

aturation creates distinctions in the 
neural pathw

ays as connections are cut or pruned
•

W
hat m

ay have started out as a neuron cluster that 
responded equally to sights, sound, taste, touch, and 
sm

ell becom
es a specialized netw

ork
•

S
o, too, m

ay m
usic and speech have started in us all w

ith 
the sam

e neurobiological origins, in the sam
e regions, 

and using the sam
e specific neural netw

orks. W
ith 

increasing experience and exposure, the developing 
infant eventually creates dedicated m

usic pathw
ays and 

dedicated language pathw
ays

N
eural basis for m

usical expectations and em
otion



•
Spatialresolution

of EEG
 is

notfine enough
to really

pinpointthe 
neurallocus of m

usical syntax
•

Because
the hem

oglobin
of the blood

is
slightly

m
agnetic, changes

in the 
flow

 of blood
can be traced

w
ith a m

agnetic
resonance

im
aging

m
achine 

(M
R

I) is, w
hich

in turn can tellus
w

here, atany
given

pointin tim
e, the 

blood
is

flow
ing

in the body. 
•

As
neurons

need
oxygen, and the blood

carries
oxygenated

hem
oglobin, 

w
e

can trace the flow
 of blood

in the brain too. 
•

N
eurons

thatare actively
firing

need
m

ore oxygen
than

neurons
thatare 

atrest, and so those
regions

of the brain thatare involved
in a particular

cognitive task w
illbe just those

regions
w

ith the m
ostblood

flow
 ata 

given
pointin tim

e. W
hen

w
e

use the M
R

I m
achine to study

the function
of brain regions

in this
w

ay, the technology
is

called
functionalM

R
I, or 

fM
R

I.
•

fM
R

Iim
ages letus

see
a hum

an brain w
hile

itis
thinking

•
W

ith the high spatialresolution
of fM

R
I, one

can tellw
ithin

just a couple
of m

illim
eters

w
here

som
ething

is
occurring

in the brain. The problem
, 

how
ever, is

thatthe tem
poralresolution

of fM
R

Iisn’tparticularly
good

because
of the am

ountof tim
e ittakes

for blood
to becom

e
redistributed

in the brain (hem
odynam

ic
lag) 

Studying brain response: fM
R

I



•
W

hen
the goal is

to localize
activities

(w
here) 

ratherthan
onsets

(w
hen) fM

R
Iis

a betteroption
•

In particular, itis
interesting

to learn
aboutifthere

are areas
of speech

thatare involved
in m

usic
•

Listening
to m

usic and attending
to its

syntactic
features

(structure) turns
out to activate

a 
particularregion

of the frontalcortex
on the left

side called
pars orbitalis

—
a subsection

of the 
region

know
n

as
Brodm

ann
Area 47. 

•
The region

found
to be activated

had
som

e 
overlap

w
ith those

related
to language

+  new
 

ones
•

In addition
to this

lefthem
isphere

activation, there
is

an analogous
area of the right hem

isphere, 
w

hich
suggests

thatattending
to structure

in 
m

usic requires
both

halves
of the brain, w

hile
attending

to structure
in language

only
requires

the lefthalf

Studying brain response: fM
R

I

•
the left-hem

isphere
regions

thatare found
to be active

in tracking
m

usical 
structure

are sam
e

ones
thatare active

w
hen

deafpeople
are com

m
unicating

by 
sign

language
•

this
a region

thatresponds
to sightas

w
ell, w

hich
suggests

thatitprocesses
structure

in general, w
hich

is
conveyed

over tim
e



...to sum
m

arize

A
ll sound begins at 

the eardrum
 w

here 
sounds get 
segregated by 
“pitch”.

Speech and m
usic 

diverge into 
separate processing 
circuits

Speech circuits decom
pose 

the signals in order to 
identify individual phonem

es
M

usic circuits decom
pose 

the signals and separately 
analyze pitch, tim

bre, 
contour and rhythm

The output of the 
neurons perform

ing 
these tasks connect 
to regions in the 
frontal lobe that put 
all of it together and 
try to figure out if 
there is any 
structure or order to 
the “tem

poral” 
patterning of it all

The frontal lobes 
access our 
hippocam

pus and 
regions in the 
interior of the 
tem

poral lobe and 
ask if there is 
anything in our 
m

em
ory banks that 

can help to 
understand this 
signal
H

ave I heard this “pattern” 
before?
If so w

hen?
Is it part of a larger 
sequence w

hose m
eaning is 

unfolding right now
 in front 

of m
e?
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H
ow

 w
e C

ategorize M
usic

D
eb

ate ab
o

u
t th

e ‘n
atu

re’ an
d

 fu
n

ctio
n

 o
f m

em
o

ry in
 h

u
m

an
s

§
Tw

o theories: the R
elational S

chool (also called the 
C

onstructivist view
) A

N
D

 the R
ecord-keeping

theory
§

C
onstructivist Theory
§

our m
em

ory system
 stores inform

ation about the relations betw
een objects 

and ideas, but not necessarily details about the objects them
selves

§
Know

n as the constructivist view
 because it im

plies that, lacking sensory 
specifics, w

e construct a m
em

ory representation of reality out of these 
relations (w

ith m
any details filled in or reconstructed on the spot)

§
the function of m

em
ory is to ignore irrelevant details, w

hile preserving the 
gist

§
R

ecord K
eeping Theory

§
m

em
ory is like a tape recorder or digital video cam

era, preserving all or 
m

ost of our experiences accurately, and w
ith near perfect fidelity



H
ow

 w
e C

ategorize M
usic

§
E

vidence in support of constructivists 
§

studies in w
hich people listen to speech (auditory m

em
ory) or are asked to read text 

(visual m
em

ory) and then report w
hat they’ve heard or read

§
In study after study, people are not very good at recreating a w

ord-for-w
ord account. 

They rem
em

ber general content, but not specific w
ording

§
Several studies also point to the m

alleability of m
em

ory. Seem
ingly m

inor 
interventions can pow

erfully affect the accuracy of m
em

ory retrieval
§

E
lizabeth Loftus (U

ni-W
ashington) w

as interested in the accuracy of w
itnesses’ courtroom

 testim
onies. 

S
ubjects w

ere show
n videotapes and asked leading questions about the content. 

§
If show

n tw
o cars that barely scraped each other, one group of subjects m

ight be asked, “H
ow

 fast w
ere the 

cars going w
hen they scraped each other?” and another group w

ould be asked, “H
ow

 fast w
ere the cars 

going w
hen they sm

ashed each other?” S
uch one-w

ord substitutions caused dram
atic differences in the 

eyew
itnesses’ estim

ates of the speeds of the tw
o vehicles. 

§
Then Loftus brought the subjects back, som

etim
es up to a w

eek later, and asked, “H
ow

 m
uch broken glass 

did you see?” (There really w
as no broken glass.) The subjects w

ho w
ere asked the question w

ith the w
ord 

sm
ashed in it w

ere m
ore likely to report “rem

em
bering” broken glass in the video

§
Evidence in support of record-keeping theory
§

According to this theory, every experience leaves a trace or residue in the brain. Experiences are 
stored as traces, they said, that are reactivated w

hen w
e retrieve the episodes from

 m
em

ory. 
§

R
oger S

hepard show
ed people hundreds of photographs for a few

 seconds each. A w
eek later, he brought 

the subjects back into the laboratory and show
ed them

 pairs of photographs that they had seen before, 
along w

ith som
e new

 ones that they hadn’t. In m
any cases, the “new

” photos had only subtle differences 
from

 the old, such as the angle of the sail on a sailboat, or the size of a tree in the background. S
ubjects 

w
ere able to rem

em
ber w

hich ones they had seen a w
eek earlier w

ith astonishing accuracy
§

O
ur ability to recognize hundreds of voices also support record-keeping theory



H
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H
ow

 can a song is
able to retain its identity in spite oftransposition 

in pitch and tim
e?

§
In a num

ber ofexperim
ents run at M

IT in the early 1960s, Benjam
in 

W
hite system

atically altered w
ell-know

n songs by transpose all the 
pitches or altering pitch distances w

hile preserving the contour. H
e 

played tunes backw
ard and forw

ard and changed their rhythm
s. The 

w
arped tune w

as recognized m
ore often than not.

§
W

hite show
ed that m

ost listeners can recognize a song in position 
alm

ost im
m

ediately and w
ithout error. And they could recognize all 

kinds of deform
ations of the original tune as w

ell. The constructivist 
interpretation of this is that the m

em
ory system

 m
ust be extracting 

som
e generalized, invariant inform

ation about songs and storing that
§

A R
ussian patient know

n as S. affected by hyperm
nesia

(opposite of 
am

nesia –
as he rem

em
bered everything). S. w

as unable to recognize 
that different view

s of the sam
e person w

ere related to a single 
individual. Sam

e happened w
ith different facial expressions. S. w

as 
unable to form

 abstract generalizations, only his record-keeping 
system

 w
as intact
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H
ow

 can a song is
able to retain its identity in spite oftransposition in pitch 

and tim
e?

§
Ludw

ig W
ittgenstein (Austrian-British philosopher) proposed that category 

m
em

bership is determ
ined not by a definition, but by fam

ily resem
blance

W
e call som

ething a “gam
e” if it resem

bles other things w
e have previously 

called “gam
es”

§
This idea form

s the basis for the m
ost com

pelling theory in contem
porary 

m
em

ory research, the m
ultiple-trace m

em
ory m

odels
(cognitive scientists 

D
ouglas H

intzm
an

and Stephen G
oldinger)

§
M

ultiple trace theory is a m
em

ory consolidation m
odel advanced as an 

alternative m
odel to strength theory. It posits that each tim

e som
e inform

ation is 
presented to a person, it is neurally

encoded in a unique m
em

ory trace 
com

posed of a com
bination of its attributes

§
The m

ode in w
hich the inform

ation is presented and subsequently encoded can 
be flexibly incorporated into the m

odel
§

This m
em

ory trace is unique from
 all others resem

bling it due to differences in 
som

e aspects of the item
's attributes, and all m

em
ory traces incorporated since 

birth are com
bined into a m

ultiple-trace representation in the brain
§

In m
em

ory research, a m
athem

atical form
ulation of this theory can successfully 

explain em
pirical phenom

ena observed in recognition and recall tasks



B
ased on these ideas, the cognitive psychology E

leanor R
osch 

(U
C

B
), developed the w

ell-know
n p

ro
to

typ
e th

eo
ry, based on a 

num
ber ofintuitions:

1.
som

ething can belong to a category in a “graded” fashion
2.

experim
ents on categories that had been done before her used 

artificial concepts and sets of artificial stim
uli that had little to do 

w
ith the real w

orld and w
ere likely to introduce a bias

3.
certain stim

uli hold a privileged position in our perceptual 
system

 or our conceptual system
, and these becom

e prototypes 
for a category: C

ategories are form
ed around these prototypes

e.g.: categories like “red” and “blue” are a consequence of our retinal 
physiology

H
ow

 w
e C

ategorize M
usic
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§
E

leanor R
osch’s conclusions and thoughts on 

“C
ategory Form

ation”
1.

C
ategories are form

ed around prototypes
2.

These prototypes can have a biological or physiological 
foundation;

3.
C

ategory m
em

bership can be thought of as a question of 
degree, w

ith som
e tokens being “better” exem

plars than 
others; 

4.
N

ew
 item

s are judged in relation to the prototypes, form
ing 

gradients of category m
em

bership;
5.

There don’t need to be any attributes w
hich all category 

m
em

bers have in com
m

on, and boundaries don’t have to be 
definite



H
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According to R
oger Shepard (Am

erican cognitive scientist, author of the 
U

niversal Law
 of G

eneralization) there are three basic appearance-
reality problem

s that need to be solved by all higher anim
als:

§
objects, though in presentation they m

ay be sim
ilar, m

ay be 
inherently different (involves perception)

§
objects, though in presentation they m

ay be different, m
ay be 

inherently identical (involves perception)
§

objects, although different in presentation, m
ay be of the sam

e 
natural kind (involves cognition)

Adaptive behavior depends on a com
putational system

 that can analyze 
the inform

ation available at the sensory surfaces into 
1.

invariant properties of the external object or scene
2.

m
om

entary circum
stances of the m

anifestation of that object or 
scene

classification is essential to enable com
posers, perform

ers, and 
listeners to internalize the norm

s governing m
usical relationships, and 

consequently, to com
prehend the im

plications of patterns, and 
experience deviations from

 stylistic norm
s
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A
daptive behavior depends on a com

putational system
 that can 

analyze the inform
ation available at the sensory surfaces into 

1.
the invariant properties of the external object or scene

2.
the m

om
entary circum

stances of the m
anifestation of that 

object or scene
classification is essential to enable com

posers, perform
ers, and 

listeners to internalize the norm
s governing m

usical relationships, 
and consequently, to com

prehend the im
plications of patterns, 

and experience deviations from
 stylistic norm

s

This is like w
hat a jazz artist does w

ith a w
ell-know

n song, or 
standard
m

usical variations share a fam
ily resem

blance and each version 
of a song can be thought of as a variation on a prototype
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M
usic is quite robust in the face of transform

ations and distortions 
of its basic features. 
W

e can change all ofthe pitches used in the song (transposition), 
the tem

po, and the instrum
entation, and the song is still 

recognized as the sam
e song. W

e can change the intervals, the 
scales, even the tonality from

 m
ajor to m

inor or vice versa. 
W

ith such dram
atic changes, the song is still recognizable as the 

song

Sm
ile

(C
harlie C

haplin)
O

riginal
Avishai C

ohen

50 w
ays to leave

yourlover
(Paul Sim

on)
P. Sim

on
Brad M

ehldau
Trio

https://youtu.be/xq45pfU
5_nU

https://youtu.be/tL61H
4m

97l4

https://youtu.be/ABXtW
qm

ArU
U

https://youtu.be/M
N

U
U

2lktnm
Y



A
bsolute Pitch (and Tem

po)
•

People w
ith AP can nam

e notes as effortlessly as m
ost of us nam

e 
colors

•
W

hy do only a few
 people have AP? W

hy don’t w
e all?

•
Yet, although people tend not to sing in the sam

e keys as one another, 
they do tend to sing a song consistently in the sam

e key from
 one 

occasion to the other. This suggests that they had encoded the 
pitches of the songs in long-term

 m
em

ory
•

Som
e suggest that these results could be accounted for w

ithout 
m

em
ory for pitch by sim

ply relying on m
uscle m

em
ory. Earlier studies, 

how
ever, show

ed that m
uscle m

em
ory isn’t that good, as it gets you at 

best w
ithin a third of an octave of the correct tone

•
O

n the other hand, w
hen subjects are asked to sing their chosen 

songs (those they are very fam
iliar w

ith), they get the correct pitch 
w

ith surprising accuracy
•

The sam
e experim

ents done for pitch show
ed that the m

ajority of
subjects sing at the correct tem

po as w
ell



M
em

ory and M
usic

•
Findings from

 m
em

ory for popular songs provide strong 
evidence that absolute features of m

usic are encoded in 
m

em
ory. This tends to support the record-keeping hypothesis 

•
W

e can also scan songs in our m
ind’s earand w

e can im
agine 

transform
ations of them

, therefore w
e also have evidence 

supporting the constructivist theory. H
ow

 is this inform
ation 

stored and abstracted?
•

O
ur m

em
ory for m

usic involves hierarchical encoding (not all 
elem

ents are equally salient, and w
e alw

ays have certain 
special “entry points”)

•
M

ost m
usicians cannot start playing a piece of m

usic they 
know

 at any arbitrary location; m
usicians learn m

usic according 
to a hierarchical phrase structure



M
em

ory and M
usic

•
The m

ultiple-trace m
em

ory m
odel is gradually replacing the 

tw
o com

peting m
em

ory theories (record-keeping and 
constructivist)

•
This is the m

odel that m
ost closely resem

bles the exem
plar 

m
odel of categorization

–
As w

e listen to a m
elody, in addition to registering the absolute values, w

e 
com

pute m
elodic intervals and tem

po-free rhythm
ic inform

ation. M
elodic 

“calculation centers” in the dorsal (upper) tem
poral lobes—

just above your 
ears—

seem
 to be paying attention to interval size and distances betw

een 
pitches as w

e listen to m
usic, creating a pitch-free tem

plate of the very 
m

elodic values w
e w

ill need in order to recognize songs in transposition
–

fam
iliar m

usic activates both these regions and the hippocam
pus, a 

structure deep in the center of the brain that is know
n to be crucial to 

m
em

ory encoding and retrieval
–

This suggests that w
e are storing both the abstract and the specific in-

form
ation contained in m

elodies. This m
ay be the case for all kinds of 

sensory stim
uli

–
Because they preserve context, m

ultiple-trace m
em

ory m
odels can also 

explain how
 w

e som
etim

es retrieve old and nearly forgotten m
em

oriess



W
hat M

akes a M
usician: Expertise D

issected
§

Traditionally m
usical expertise is defined as a technical 

achievem
ent, i.e.m

astery of an instrum
ent or of com

positional 
skills

§
E

ither high levels of m
usical achievem

ent are based on innate 
brain structures (talent) or they are sim

ply the result of training 
and practice. 

§
Talent is usually seen as som

ething that 
§

originates in genetic structures; 
§

is identifiable at an early stage by trained people w
ho can recognize it even 

before exceptional levels of perform
ance have been acquired; 

§
can be used to predict w

ho is likely to excel
§

that only a m
inority can be identified as having because if everyone w

ere 
“talented,” the concept w

ould lose m
eaning

§
The em

phasis on early identification entails studying the 
developm

ent of skills in children
§

in a dom
ain such as m

usic, “talent” m
ight be m

anifested 
differently in different children



W
hat M

akes a M
usician: Expertise D

issected

§
E

xpert: som
eone w

ho has reached a high degree of 
accom

plishm
ent relative to other people

§
ten thousand hours of practice is required
to achieve the level of m

astery associated
w

ith being a w
orld-class expert, in

anything
§

equivalent to roughly three hours a day, 
or tw

enty hours a w
eek, of practice over

ten years
§

learning requires assim
ilation and consolidation of inform

ation in 
neural tissue. The m

ore experiences w
e have w

ith som
ething, the 

stronger the m
em

ory/learning trace for that experience becom
es. 

The strength of a m
em

ory is related to how
 m

any tim
es the original 

stim
ulus has been experienced

§
M

otivation and attention are im
portant factors

§
This does not address the em

otional dim
ension of m

usics



W
hat M

akes a M
usician: Expertise D

issected

§
M

usical m
em

ory
§

Expertise in any dom
ain is characterized by a superior m

em
ory, 

but only for things w
ithin the dom

ain of expertise
§

Experts in m
usic rely on their know

ledge of m
usical structure. 

Expert m
usicians excel at rem

em
bering chord sequences that are 

“legal” or m
ake sense w

ithin the harm
onic system

s that they have 
experience w

ith, but they do no better than anyone else at learning 
sequences of random

 chords
§

W
hen m

usicians m
em

orize songs, they are relying on a structure 
for their m

em
ory, and the details fit into that structure. This is an 

efficient and parsim
onious w

ay for the brain to function. R
ather 

than m
em

orizing every chord or every note, w
e build up a 

fram
ew

ork w
ithin w

hich m
any different songs can fit, a m

ental 
tem

plate that can accom
m

odate a large num
ber ofm

usical piecess
§

C
hunking

refers to the process of tying together units of 
inform

ation into groups, and rem
em

bering the group as a w
hole 

ratherthan the individual pieces



W
hat M

akes a M
usician: Expertise D

issected

§
M

usicians also use chunking in several w
ays:

§
they tend to encode in m

em
ory an entire chord, rather than the 

individual notes of the chord
§

m
usicians tend to encode sequences of chords, rather than 

isolated chords
§

listeners obtain know
ledge about stylistic norm

s,players obtain 
know

ledge on how
 to produce such norm

s
§

M
usicians know

 how
 to take a song and apply this know

ledge to m
ake the song 

sound like salsa, or grunge, or disco, or heavy m
etal; each genre and era has 

stylistic tics or characteristic rhythm
ic, tim

bral, or harm
onic elem

ents that define it 

§
Identification m

em
ory: the ability that m

ost of us have 
to

identify pieces of m
usic that w

e’ve heard before
§

sim
ilar to

m
em

ory for faces, photos, even tastes and sm
ells

§
individual variability

§
dom

ain specific
§

being able to rapidly retrieve a fam
iliar piece of m

usic from
 m

em
ory is one skill, 

but being able to then quickly and effortlessly attach a label to it, involves a 
separate cortical netw

ork: planum
 tem

porale
(associated w

ith absolute pitch) and 
regions of the inferior prefrontal cortex (required for attaching labels to sensory 
im

pressions)



W
hat M

akes a M
usician: Expertise D

issected
§

Being an expert m
usician takes m

any form
s

§
dexterity at playing an instrum

ent
§

em
otional com

m
unication

§
creativity

§
special m

ental structures for rem
em

bering m
usic

§
Being an expert listener involves having incorporated the gram

m
ar of our 

m
usical culture into m

ental schem
as that allow

 us to form
 m

usical 
expectations, the heart of the aesthetic experience in m

usic
§

M
usical expertise is not one thing, but involves m

any com
ponents, and 

not all m
usical experts w

ill be endow
ed w

ith these different com
ponents 

equally
§

Becom
ing a fam

ous m
usician is another m

atter entirely, and m
ay not 

have as m
uch to do w

ith intrinsic factors or ability as w
ith charism

a, 
opportunity, and luck

§
W

e are all expert m
usical listeners, able to m

ake quite subtle 
determ

inations of w
hat w

e like and don’t like, even w
hen w

e’re unable to 
articulate the reasons w

hy



W
hy do W

e Like the M
usic W

e Like?
A

lexandra Lam
ont’s experim

ent (K
eele

U
niv., U

K
)

§
The auditory system

 of the fetus is fully functional about 20 w
ks

after conception
§

A year after they are born, children recognize and prefer m
usic 

they w
ere exposed to in the w

om
b

§
In Lam

ont’s experim
ent, m

others played a single piece of m
usic to their babies 

repeatedly during the final three m
onths of gestation. O

ne particular piece
w

as 
singled out for each baby to hear on a regular basis. After birth, the m

others w
ere 

not allow
ed to play the experim

ental song to their infants. Then, one year later, 
Lam

ont played babies the m
usic that they had heard in the w

om
b, along w

ith 
another piece of m

usic chosen to be m
atched for style and tem

po. C
hildren tended 

to look longer at the speaker that w
as playing m

usic they had heard in the w
om

b 
than at the speaker playing the novel m

usic, confirm
ing that they preferred the 

m
usic to w

hich they had the prenatal exposure
§

A control group of one-year-olds w
ho had not heard any of the m

usic before 
show

ed no preference, confirm
ing that there w

as nothing about the m
usic itself that 

caused these results. Lam
ont also found that, all things being equal, the young 

infant prefers fast, upbeat m
usic to slow

 m
usic

§
A

pproach: conditioned head-turning procedure. Infant placed betw
een tw

o 
loudspeakers. W

hen the infant looks at one speaker, it starts to play m
usic or som

e 
other sound, and w

hen he looks at the other speaker, it starts to play different m
usic 

or a different sound. The infant quickly learns that he can control w
hat is playing by 

w
here he is looking; he learns, that is, that the conditions of the experim

ent are 
under his controls

(* )



W
hy do W

e Like the M
usic W

e Like?
§

These findings contradict the long-standing notion of childhood am
nesia, 

that w
e can’t have any veridical m

em
ories before around the age of five

§
M

any people claim
 to have m

em
ories from

 early childhood around age 
tw

o and three, but it is difficult to know
 w

hether these are true m
em

ories of 
the original event, or rather, m

em
ory of som

eone telling us about the event 
later

§
The young child’s brain is still undeveloped, functional specialization of the 
brain isn’t com

plete, and neural pathw
ays are still in the process of being 

m
ade. The child’s m

ind is trying to assim
ilate as m

uch inform
ation as 

possible in as short a tim
e as possible; there are typically large gaps in the 

child’s understanding, aw
areness, or m

em
ory for events because he 

hasn’t yet learned how
 to distinguish im

portant events from
 unim

portant 
ones, or to encode experience system

atically. 
Thus, the young child is a prim

e candidate for 
suggestion, and could unw

ittingly encode, as 
his ow

n, stories that w
ere told to him

 about 
him

self. It appears that for m
usic even prenatal 

experience is encoded in m
em

ory, and can be 
accessed in the absence of language or explicit 
aw

areness of the m
em

ory

(* )



W
hy do W

e Like the M
usic W

e Like?
§

The popular “m
usic m

akes you sm
arter” studies tend 

to be flaw
ed (flaw

ed experim
ental controls)

§
It is also im

portant to distinguishing betw
een short-term

 
and long-term

 effects of m
usic. Popular “M

ozart Effect” 
beliefs refer to im

m
ediate benefits, but research has 

revealed long-term
 effects of m

usical activity 
§

M
usic listening enhances or changes certain neural circuits, including the 

density of dendritic connections in the prim
ary auditory cortex

§
The H

arvard neuroscientist G
ottfried Schlaug

show
ed that the front portion of 

the corpus callosum
 (the m

ass of fibers connecting the tw
o cerebral 

hem
ispheres) is significantly larger in m

usicians than nonm
usicians, and 

particularly for m
usicians w

ho began their training early, reinforcing the notion 
that m

usical operations becom
e bilateral w

ith increased training, as m
usicians 

coordinate and recruit neural structures in both the left and right hem
ispheres

§
Several studies have found m

icrostructural changes in the cerebellum
 after the 

acquisition of m
otor skills, such as are acquired by m

usicians, including an 
increased num

ber and density of synapses
§

Schlaug
found that m

usicians tended to have larger cerebellum
s than 

nonm
usicians, and an increased concentration of gray m

atter; gray m
atter is 

that part of the brain that contains the cell bodies, axons, and dendrites, and is 
understood to be responsible for inform

ation processing, as opposed to w
hite 

m
atter, w

hich is responsible for inform
ation transm

ission

C
orrelation
is

not
causation!

(* )



W
hy do W

e Like the M
usic W

e Like?
§

G
oing back to m

usical taste, Lam
ont’s findings are im

portant because 
they show

 that the prenatal and new
born brain are able to

store 
m

em
ories and retrieve them

 over long periods of tim
e

§
M

ore practically, the results indicate that the environm
ent can affect a 

child’s developm
ent and preferences

§
m

usical preferences are influenced, but not determ
ined, by w

hat w
e hear in the w

om
b. 

There also is an extended period of acculturation, during w
hich the infant takes in the 

m
usic of the culture she is born into

§
infants show

 a preference for consonance over dissonance. Appreciating dissonance 
com

es later in life
§

Although infant ears are fully functioning four m
onths before birth, the developing brain 

requires m
onths or years to reach full auditory processing capacity. Infants recognize 

transpositions of pitch and of tim
e (tem

po changes), indicating they are capable of 
relational processing

§
C

ontour is the m
ost salient m

usical feature for infants, w
ho can detect 

contour sim
ilarities and differences even across thirty seconds of 

retention. Infants’ sensitivity to m
usical contour parallels their sensitivity 

to linguistic contours (prosody)
§

Trehub
also show

ed that infants are m
ore able to encode consonant 

intervals such as perfect fourth and perfect fifth than dissonant ones, 
like the tritone

(* )



W
hy do W

e Like the M
usic W

e Like?

Trehub
found that the u

n
eq

u
al step

s o
f o

u
r scale m

ake it easier 
to

 p
ro

cess in
tervals even

 early in
 in

fan
cy

§
She and her colleagues played nine-m

onth-olds the regular seven-
note m

ajor scale and tw
o scales she invented

§
For one of these invented scales, she divided the octave into 
eleven equal-space steps and then selected seven tones that m

ade 
one-and tw

o-step patterns, and for the other she divided the 
octave into seven equal steps

§
The infants’ task w

as to detect a m
istuned tone. Adults perform

ed 
w

ell w
ith the m

ajor scale, but poorly w
ith both of the artificial, never-

before-heard scales
§

In contrast, the infants did equally w
ell on both unequally tuned 

scales and on the equally tuned ones
=> nine-m

onth-olds have not yet incorporated
a m

ental schem
a for the m

ajor scale, so this 
suggests a general processing advantage for 
unequal steps, som

ething our m
ajor scale has



W
hy do W

e Like the M
usic W

e Like?
§

Young children start to show
 a preference for the m

usic of their culture by 
age tw

o, around the sam
e tim

e they begin to develop specialized speech 
processing

§
At first, children tend to like sim

ple songs. As they m
ature, they start to tire 

of predictable m
usic and search for m

usic that holds m
ore challenge. 

§
According to M

ike Posner, the frontal lobes (inform
ation processing) and 

the anterior cingulate (attention) are not fully form
ed in children, leading to 

an inability to pay attention to several things at once. This explains w
hy 

children under the age of eight or so have a hard tim
e singing “rounds” 

(canons)
§

R
esearchers point to the teen years as the turning point for m

usical 
preferences. It is around the age of ten or eleven that m

ost children take 
on m

usic as a real interest, even those children w
ho didn’t express such 

an interest in m
usic earlier

§
Part of the reason w

e rem
em

ber songs from
 our teenage years is because 

those years w
ere tim

es of self-discovery, and they w
ere em

otionally 
charged; in general, w

e tend to rem
em

ber things that have an em
otional 

com
ponent because our am

ygdala and neurotransm
itters act in concert to 

“tag” the m
em

ories as som
ething im

portant. Part of the reason also has to 
do w

ith neural m
aturation and pruning; it is around fourteen that the w

iring 
of our m

usical brains is approaching adultlike levels of com
pletion



W
hy do W

e Like the M
usic W

e Like?

§
there are critical periods for acquiring new

 skills, such as language. 
If a child doesn’t learn language by the age of six or so the child 
w

ill never learn to speak w
ith the effortlessness that characterizes 

m
ost native speakers of a language

§
M

usic and m
athem

atics have an extended w
indow

, but not an 
unlim

ited one: If a student hasn’t had m
usic lessons or 

m
athem

atical training prior to about age tw
enty, he can still learn 

these subjects, but only w
ith great difficulty, and it’s likely that he 

w
ill never “speak” m

ath or m
usic like som

eone w
ho learned them

 
early

§
This is because of the biological course for synaptic grow

th. The 
brain’s synapses are program

m
ed to grow

 for a num
ber ofyears, 

m
aking new

 connections. A
fter that tim

e, there is a shift tow
ard 

pruning, to get rid of unneeded connections



W
hy do W

e Like the M
usic W

e Like?
T

h
e issu

e o
f co

m
p

lexity

§
The balance betw

een sim
plicity and com

plexity in m
usic also 

inform
s our preferences

§
S

cientific studies of like and dislike across a variety of aesthetic 
dom

ains have show
n that an orderly relationship exists betw

een 
the com

plexity of an artistic w
ork and how

 m
uch w

e like it
§

S
chem

as are everything: they fram
e our understanding; they’re the 

system
 into w

hich w
e place the elem

ents and interpretations of an 
aesthetic object. S

chem
as inform

 our cognitive m
odels and 

expectations
§

W
h

en
 a m

u
sical p

iece is to
o

 sim
p

le, w
e ten

d
 n

o
t to

 like it, 
fin

d
in

g
 it trivial. W

h
en

 it is to
o

 co
m

p
lex, w

e ten
d

 n
o

t to
 like it, 

fin
d

in
g

 it u
n

p
red

ictab
le

§
M

u
sic, o

r an
y art fo

rm
 fo

r th
at m

atter, h
as to

strike th
e rig

h
t 

b
alan

ce b
etw

een
 sim

p
licity an

d
 co

m
p

lexity in
 o

rd
er fo

r
u

s to
 

like it. S
im

p
licity an

d
 co

m
p

lexity relate to
 fam

iliarity, an
d

 
fam

iliarity is ju
st an

o
th

er w
o

rd
 fo

r a sch
em

a



W
hy do W

e Like the M
usic W

e Like?

W
h

at is “to
o

 sim
p

le” o
r “to

o
 co

m
p

lex”?
 

•
A

n operational definition is that w
e find a piece too sim

ple w
hen w

e 
find it trivially predictable and w

ithout the slightest challenge
•

M
usic that involves too m

any chord changes, or unfam
iliar 

structure, can lead m
any listeners straight to the nearest exit, or to 

the “skip” button on their m
usic players. The structure presents a 

steep learning curve, and the novice can’t be sure that the tim
e 

invested w
ill be w

orth it
•

S
tructural processing is one source of 

difficulty in appreciating a new
 piece of 

m
usic



W
hy do W

e Like the M
usic W

e Like?
W

h
at is “to

o
 sim

p
le” o

r “to
o

 co
m

p
lex”?

 

•
The orderly relationship betw

een com
plexity and liking is referred 

to as the inverted-U
 function 



W
hy do W

e Like the M
usic W

e Like?
The inverted-U

 hypothesis is not m
eant to im

ply that the only reason 
you m

ight like or dislike a piece of m
usic is because of its sim

plicity or 
com

plexity
•

O
ther reasons for liking/disliking a m

usical piece
–

Loudness 
–

D
ynam

ic range
–

Pitch
–

R
hythm

 and rhythm
ic patterns

–
Tim

bre

•
Trust/safety: w

e surrender to m
usic w

hen w
e listen to itw

e allow
 

ourselves to trust the com
posers and m

usicians w
ith a part of our 

hearts and our spirits
•

The types of sounds, rhythm
s, and m

usical textures w
e find 

pleasing are generally extensions of previous positive experiences 
w

e’ve had w
ith m

usic in our lives



M
usic listening

and brain response
Listening

to m
usic causes

a cascade
of brain regions

to becom
e

activated
in a particularorder: 

•
auditory

cortex
for initialprocessing of the com

ponents
of the sound. 

•
frontalregions

(e.g. BA44 and BA47), involved
in processing m

usical 
structure

and expectations
•

a netw
ork of regions

(the m
esolim

bic
system

) involved
in arousal, 

pleasure, and the transm
ission

of opioids
and the production of 

dopam
ine, culm

inating
in activation

in the nucleus
accum

bens
•

cerebellum
and basalganglia, presum

ably
supporting

the processing 
of rhythm

and m
eter

The rew
arding

and reinforcing
aspects

of listening
to m

usic seem
, then, 

to be m
ediated

by increasing
dopam

ine levels
in the nucleus

accum
bens, and by the cerebellum

’s
contribution

to regulating
em

otion
through

its
connections

to the frontallobe
and the lim

bic
system

. C
urrent

neuropsychologicaltheories
associate positive m

ood and affectw
ith 

increased
dopam

ine levels, one
of the reasons

thatm
any

of the new
er

antidepressants
acton the dopam

inergic
system



M
usic enjoym

ent
The release of 
dopam

ine into
the 

nucleus
accum

bens
is

a precursor of the 
m

echanism
through

w
hich

the brain gets
pleasure

signals.
Feeling pleasure

abets
us

to repeatbehaviors
thatare vitalfor 
survival
But, drugs

of abuse
also

causes
alike

phenom
enon

and in 
som

e cases, these
drugs

are accountable
for augm

ented
dopam

ine release than
the naturalrew

ards
https://w

w
w.youtube.com

/w
atch?v=f7E0m

TJQ
2KM

https://w
w

w.youtube.com
/w

atch?v=3_zgB19TE-M



M
usic enjoym

ent
The N

ucleus 
Accum

bens
(N

A) is at 
the center of the brain’s 
rew

ard system
, playing 

an im
portant role in 

pleasure and addiction
By releasing dopam

ine 
(neurotransm

itter) the 
N

A regulates the m
ood

Ventral Tegm
ental Area 

(VTA) produces 
dopam

ine and sends it 
to the N

ucleus 
Accum

bens
(N

A)

https://academ
ic.oup.com

/scan/article/14/4/459/5400657/



M
usic enjoym

ent



M
usic enjoym

ent
–

V
TA = experience
•

Fires in response to stim
uli proportionally to rew

ard value

–
N

A = expectation
•

R
eleases dopam

ine in relation to the expectation of rew
ard

https://w
w

w.youtube.com
/w

atch?v=6J73tzP2zFg

https://w
w

w.youtube.com
/w

atch?v=YzC
YuKX6zp8



M
usic enjoym

ent
•

B
rain im

aging studies using
fM

R
I found that the experience of 

m
usical pleasure w

as reflected in three brain regions: 
–

A
m

ygdala (processing em
otions)

–
H

ippocam
pus (m

em
ory)

–
A

uditory cortex (processing sounds) 
A

ctivity in the nucleus accum
bens

(processing rew
ard 

expectations) had previously been believed to play a role in 
m

usical pleasure. Today it only reflects uncertainty
•

M
usical pleasure depends on the dynam

ic interplay betw
een 

prospective and retrospective states of expectation
•

O
ur fundam

ental ability to predict is therefore an im
portant 

m
echanism

 through w
hich abstract sound sequences acquire 

affective m
eaning and transform

 into a universal cultural 
phenom

enon that w
e call 'm

usic'

C
heung, V. K., H

arrison, P. M
., M

eyer, L., Pearce, M
. T., H

aynes, J. D
., & Koelsch, S. (2019). U

ncertainty and 
surprise jointly predict m

usical pleasure and Am
ygdala, H

ippocam
pus, and auditory cortex activity.C

urrent 
B

iology,29(23), 4084-4092.



M
usic enjoym

ent
•

R
ecent research suggests that m

usical pleasure com
es from

 positive rew
ard prediction 

errors, w
hich arise w

hen w
hat is heard proves to be better than expected

•
C

entral to this view
 is the engagem

ent of the nucleus accum
bens

(a brain region that 
processes rew

ard expectations) to pleasurable m
usic and surprising m

usical events
•

H
ow

ever, expectancy violations along m
ultiple m

usical dim
ensions (e.g., harm

ony and 
m

elody) have failed to im
plicate the nucleus accum

bens, and it is unknow
n how

 m
usic 

rew
ard value is assigned

•
W

hether changes in m
usical expectancy elicit pleasure has thus rem

ained elusive
•

In (*) authors show
ed that pleasure varies nonlinearly as a function of the listener’s 

uncertainty w
hen anticipating a m

usical event, and the surprise it evokes w
hen it deviates 

from
 expectations. Taking W

estern tonal harm
ony as a m

odel of m
usical syntax, they used 

a m
achine-learning m

odel to m
athem

atically quantify the uncertainty and surprise of 
80,000 chords in U

S Billboard pop songs. 
–

Behaviorally, they found that chords elicited high pleasure ratings w
hen they deviated substantially from

 w
hat 

the
listener had expected (low

 uncertainty, high surprise) or, conversely, w
hen they conform

ed to expectations in an 
uninform

ative context (high uncertainty, low
 surprise)

–
N

eurally, they found using fM
R

I that activity in the am
ygdala, hippocam

pus, and auditory cortex reflected this 
interaction, w

hile the nucleus accum
bens

only reflected uncertainty

•
These findings challenge current neurocognitive m

odels of m
usic-evoked pleasure and 

highlight the
synergistic interplay betw

een prospective and retrospective states of 
expectation in the m

usical experience

C
heung, V. K., H

arrison, P. M
., M

eyer, L., Pearce, M
. T., H

aynes, J. D
., & Koelsch, S. (2019). U

ncertainty and 
surprise jointly predict m

usical pleasure and Am
ygdala, H

ippocam
pus, and auditory cortex activity.C

urrent 
B

iology,29(23), 4084-4092.



M
usic and the C

reative Process
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Stages
of the Sleep

C
ycle

•
There

are fourstages
of sleep: N

on-R
EM

 (N
R

EM
) sleep

(Stages
1, 2 & 3) 

and R
EM

 sleep. Periods
of w

akefulness
occurbefore

and interm
ittently

throughoutthe various
sleep

stages
or as

one
shifts

sleeping position.
•

W
ake is

the period
w

hen
brain w

ave
activity

is
atits

highestand m
uscle

tone
is

active

(* )



Im
portance

of sleep
•

S
leeping plays

a crucialrole
in m

em
ory

consolidation
and creativity

(notto 
m

ention
health

and w
ell-being)

•
S

leep
phases

are characterized
by eye

m
ovem

ents
and are classified

accordingly
–

N
R

E
M

: N
on R

apid-E
ye-M

ovem
entsleep

phase
–

R
E

M
: R

apid-E
ye-M

ovem
entsleep

phase

•
S

leep
is

thoughtto be regulated
by tw

o
m

echanism
s: 

–
a hom

eostatic
m

echanism
, w

hich
responds

to 
the body's

internalcues
for sleep

–
a circadian

m
echanism

thatresponds
to 

externalcues
such

as
darkness

and light, 
signaling

appropriate tim
es

for sleep
and 

w
akefulness

(* )



Stages
of the Sleep

C
ycle
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Sleep
C

ycles
•

A sleep
cycle

is
the progression

through
the various

stages
of N

R
EM

 sleep
to R

EM
 sleep

before
beginning

the progression
again

w
ith N

R
EM

 sleep.
–

Typically, a person
w

ould
begin

a sleep
cycle

every
90-120 m

inutes resulting
in fourto five

cycles
per sleep

tim
e, or hours spentasleep.

•
A sleep

cycle
progresses

through
the stages

of non-R
EM

 sleep
from

 light to 
deep

sleep, then
reverse back from

 deep
sleep

to light sleep, ending
w

ith 
tim

e in R
EM

 sleep
before

starting
over in light sleep

again
–

Stage 1: the body begins
to relax and a drow

sy
state occurs

w
ith slow

 rolling
eye

m
ovem

ents. Though
arousals

or aw
akenings

are prevalent, Stage 1 is
im

portantas
itallow

s
for the body to enterStage 2; the first quantifiable

stage of N
R

EM
 sleep

–
Stage 2 occurs

for longerperiods
than

Stage 1. For m
ost, Stage 2 sleep

com
prises

approxim
ately

40-60%
 of totalsleep

tim
e

–
Stage 3 is

m
ostoften

found
nextin the progression. This

restorative
stage does

notlast as
long as

Stage 2, lasting
betw

een
5-15%

 of totaltim
e asleep

for m
ostadults. For children

and 
adolescents

Stage 3 is
m

uch
higherin duration

–
R

EM
 can occuratattim

e during
the sleep

cycle, buton average
itbegins

90 m
inutes 

follow
ing

sleep
onsetand is

short in duration
as

itis
the first R

EM
 period

of the night. 
Follow

ing
R

EM
, the process

resum
es

starting
w

ith periods
of Stage 1, 2 & 3 interm

ixed
before

returning
to R

EM
 again

for longerperiods
of tim

e as
sleep

tim
e continues

–
D

eep
Sleep

occurs
in Stage 3 of N

R
EM

 sleep. Brain w
aves

during
Stage 3 are 

called
delta w

aves
due to the slow

 speed
and large am

plitude. O
f allof the sleep

stages, Stage 3 is
the m

ostrestorative
and the sleep

stage leastlikely
to be 

affected
by externalstim

uli.
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Sleep
C

ycles
•

R
EM

 Sleep: A person’s
sleep

tim
e (approxim

ately
6-8 hours for adults) can 

be thoughtof as
2 halves.  The first halffor a m

ajority
of people

consists
m

ostly
of Stages

2 and 3 w
ith sporadic

periods
of Stage 1 and short R

EM
 

periods.  As
the night progresses, Stage 3 begins

to dim
inish

in quantity
w

hile
Stages

1 and 2 rem
ain

w
ith lengthening

periods
of R

EM
 occurring. 

•
A person

typically
experiences

three
to five

R
EM

 periods
throughoutsleep

tim
e w

ith the longestR
EM

 period
right before

aw
akening

for the day.  If
w

oken
prem

aturely
from

 com
pleting

the R
EM

 period
a person

can 
experience

a period
of sleep

inertia
w

hereby
a heightened

sensation
of 

sleepiness
can occurfor severalm

inutes or even
severalhours.

•
In the R

EM
 period, breathing

becom
es

m
ore rapid, irregularand shallow, 

eyes
jerk

rapidly
and lim

b
m

uscles
are tem

porarily
paralyzed. Brain 

w
aves

during
this

stage increase
to levels

experienced
w

hen
a person

is
aw

ake

(* )



Sleep
C

ycles
and D

ream
s

•
R

EM
 is

the tim
e w

hen
the m

ost
vivid

dream
s

occur. Brain w
aves

during
R

EM
 sleep

are of low
am

plitude
and m

ixed
frequency

•
A person

m
ay

dream
4 to 6 tim

es
each

night
•

M
uscle

paralysis
often

accom
panies

R
EM

 sleep
(to 

preventus
from

 acting
out our

dream
s)

•
D

uring
R

EM
 respirations

are 
irregularand shallow

and 
irregularities

in heartrate and body 
tem

perature also
occur.

(* )



Sleep
C

ycles

•
R

EM
: sleep

tim
e (~6-8hrs for adults) can be thoughtof as

2 halves
–

First halfusually
consists

of Stages
2 and 3 w

ith sporadic
periods

of Stage 1 and 
short R

EM
 periods

–
As

the night progresses, Stage 3 begins
to dim

inish
in quantity

w
hile

Stages
1 and 

2 rem
ain

w
ith lengthening

periods
of R

EM
 occurring

•
A person

typically
experiences

3 to 5 R
EM

 periods
throughoutsleep

tim
e w

ith the longestR
EM

 period
right before

aw
akening

–
Ifw

oken
prem

aturely
from

 com
pleting

the R
EM

 period
a person

can experience
a 

period
of sleep

inertia
w

hereby
a heightened

sensation
of sleepiness

can occurfor 
severalm

inutes or even
severalhours

–
D

uring
R

EM
, breathing

becom
es

m
ore rapid, irregularand shallow, eyes

jerk
rapidly

and lim
b

m
uscles

are tem
porarily

paralyzed. 
–

D
uring

R
EM

 brain w
aves

increase
to levels

experienced
w

hen
a person

is
aw

ake

(* )



Sleep
and the creative process

•
N

R
E

M
 sleep: crucialfor m

em
ory

consolidation
–

R
evise

m
em

ory
traces

and transfer them
onto

long-term
m

em
ory

–
C

lean
up & recycle

process

•
R

E
M

 sleep: ram
dom

association
of m

em
ory

traces
–

G
o over m

em
ory

traces
and try

associations
betw

een
them

to 
attem

ptm
odeling, in orderto decide w

hatto keep
(in long-term

m
em

ory) and w
hatto getrid

of
–

This
also

involves
m

otorcortex
m

em
ory

traces, w
hich

is
w

hy
w

e
often

experience
«sleep

learning» of difficultm
usical passages

–
D

ream
s

are a m
anifestation

of random
 associations

of m
em

ory
traces

and so are creative ideas

(* )



The creative process
(in the w

ake
state) 

•
D

aydream
ing

is
the stream

of consciousness
that

detaches
from

 currentexternaltasks
w

hen
attention

drifts
to a m

ore personal and internaldirection
–

This
phenom

enon
is

com
m

on in people's
daily

life show
n

by a large-
scale study

in w
hich

participants
spend

47%
 of theirw

aking
tim

e on 
average

on daydream
ing

[1]
–

O
thernam

es: m
ind

w
andering, fantasy, spontaneous

thoughts, etc.
–

R
esearch

w
ith fM

R
Ishow

s thatbrain areas
associated

w
ith com

plex
problem

-solving
becom

e
activated

during
daydream

ing
episodes

•
C

reative thoughts
arise

w
hen

w
e

allow
ourselves

to enter
the daydream

ing
m

ode under pressure of tim
e

•
Ifyou

are engaged
in any

kind
of creative pursuit, your

goal is
to m

axim
ize

creativity. W
hen

w
e

getblissfully
lost

in an activity, losing
track

of tim
e and ignoring

outside
signals

or ourow
n

problem
s

•
A hum

anistic
psychologist, Abraham

 M
aslow, (1908-

1970) nam
ed

this
situation «state of flow

» in 1950
•

The state of flow
 w

as
laterdescribed

in betterdetailby 
by the H

ungarian-Am
erican psychologistM

ihaly
C

sikszentm
ihalyiin «Flow

 and the psychology
of 

discovery
and invention» [2]

1.G
ilbert, D

aniel T.; K
illingsw

orth, M
atthew

 A
.: «A

 W
andering

M
ind

Is
an U

nhappy
M

ind».S
cience.330

(6006): 932.
2. C

sikszentm
ihalyi, M

. (1996). «C
reativity: Flow

 and the psychology
of discovery

and invention». N
ew

 Y
ork: H

arper/C
ollins (* )



The creative process
•

The «state of flow
» feels

like
a com

pletely
differentstate of being, 

a state of heightened
aw

areness
coupled

w
ith feelings of w

ell-
being

and contentm
ent.

•
It’s

a neurochem
ically

and neuro-anatom
ically

distinctstate as
w

ell. 
•

A
cross

individuals, flow
 states

appearto activate
the sam

e
regions

of the brain, including
the the leftprefrontalcortex

(specifically
areas

44, 45, and 47) and the basalganglia
•

D
uring

flow
 tw

o
key

regions
of the brain deactivate: 

–
the portion

of the prefrontalcortex
responsible

for self-criticysm
–

the am
ygdala, the brain’s

fearcenter. This
res po

. .

This
is

w
hy

creative artists
often

report feeling fearless
and as

though
they

are taking
creative risks

they
hadn'ttaken

before. it's
because

the tw
o

parts
of theirbrain thatw

ould
otherw

ise
prevent

them
from

 doing
so have

significantly
reduced

activity

(* )



The creative process
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Achieving
a «state of flow

»
Tips

offered
by M

ihaly
C

sikszentm
ihalyi:

•
Tip

#1: D
efine

clearborders
for the task athand

–
Flow

 grow
s

w
ithin

constraints. Itis
part of hum

an nature to try
and overstep

a lim
it. Ifa task has

clearly
defined

borders, yourinnerdrive to cross those
borders

w
illbring

you
tow

ards
a state of flow

•
Tip

#2: D
o things

thatrequire
skill

–
Your m

ind
w

anders
47%

 of the tim
e and, according

to psychologistM
atthew

 K
illingsw

orth, this
w

andering
ham

pers
yourflow

. Your m
ind

belongs
in one

place
and so the requirem

entto use a skillto fulfila task 
w

illhelp you
to focus w

hich
in turn w

illbring
you

closerto being
in flow

.

•
Tip

#3: D
o things

thatare intrinsically
rew

arding
–

You
can’tgetinto

flow
 for ‘have

to do’tasks. O
f course, w

e
allhave

to do things
w

e
don’tgetvery

excited
about, butw

ith a bit of effort, you
can easily

identify
the sm

all things
w

hich
w

illgive
you

personal 
fulfilm

entin even
the m

osttedious
tasks.

•
Tip

#4: Focus on ongoing
feedback

–
For a task to becom

e
effortless, you

need
to know

how
you

are doing. Trust yoursenses
and, m

ore 
im

portantly, trust yourself. B
y continuously

evaluating
w

hatyou
are doing, flow

 w
illbecom

e
your

dom
inating

force.

•
Tip

#5: D
o the task intentionally

•
Tip

#6: R
ealise

thatFlow
 isn’tinstantaneous.

–
Flow

 requires
skill, and so itrequires

the investm
entof tim

e. O
nly

the m
ostaccom

plished
practitioners

can m
ake

som
ething

look effortless. D
on’texpectm

iracles, expectto need
som

e tim
e to getw

arm
ed

up.

•
Tip

#7: Be free of interruptions
and avoid

m
ulti-tasking

–
Turn off yourphone, close

yourbrow
ser and shutthe door. Flow

 requires
focus and tim

e, yourchances 
are best w

hen
you’re

alone concentrating
on the one

task athand. The w
orld isn’tas

hurried
as

w
e

m
ake

itto be: things
can w

ait.

•
Tip

#8: R
em

em
berthatflow

 and happiness
are different
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Progression
of research

in m
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