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WHEW IS MUSIC NOISY? 
BIOLOGICAL CONSTRAINTS OM PERCEPTION awD PERFORMANCE 

Diane HcGuinness 
Univers i ty  of C a l i f o r n i a ,  Santa  Cruz 

Music is unique a s  an a r t  form t h a t  lends  i t s e l f  t o  s c i e n t i -  

f i c  s c r u t i n y .  Any at tempt  t o  reduce a  Rembrandt p a i n t i n g  t o  a  

s e r i e s  of luminance va lues ,  o r  t o  d e p i c t  it i n  terms of i ts  i n t e r -  

fe rence  p a t t e r n s  of l i g h t  would s t r i k e  u s  a s  absurd.  Yet, physics  

and music a r e  compatible bedfel1o~:s and we a r e  t a n t a l i z e d .  The 

psychology of  music,  meanwhile, occupies  a  p o s i t i o n  i n  t h a t  gray 

wasteland be twix t  physics  and a e s t h e t i c s  and s t r u g g l e s  p a i n f u l l y  

t o  i n t e g r a t e  t h e  two. The wasteland is i n h a b i t e d  by d i f f e r e n t  

s o r t s  of nomads, each with t h e i r  own pe rp l ex ing  i s s u e s .  On the  

one hand, t h e r e  a r e  those  who seek  an  understanding of music 

through p h y s i c a l l y  quant i fy ing  a  musica l  e v e n t ,  assuming a non- 

s u b j e c t i v e  s t a n c e .  A t  t h e  o t h e r  extreme a r e  t hose  who claim t h a t  

no t  only a . r t  b u t  a l l  sc ience  is  a  product  of  a  s u b j e c t i v e  f i c t i o n ,  

and a s  a r t  i nven t s  r e a l i t y  it cannot  be  reduced t o  o b j e c t i v e  

terms. Somewhere i n  t h e  middle a r e  t h o s e  psycho log i s t s  who be l i eve  

t h a t  an a n a l y s i s  of  t h e  product of  a s u b j e c t i v e  c r e a t i o n  can g ive  

i n s i g h t  i n t o  t h e  na tu re  of t h e  s u b j e c t ,  and i n t o  t h e  na tu re  of t h e  

b r a i n  i t s e l f .  

The extreme form of t he  s u b j e c t i v e  s t a n c e  towards a r t  was 

expressed by Kant when he claimed, "Aes the t ic  contemplation i s  

e n t i r e l y  i n d i f f e r e n t  t o  t h e  e x i s t e n c e  o r  nonexistence of i t s  

ob jec t . "  And s o  it is ,  bu t  t h e  s c i e n t i f i c  contemplat ion of t h e  

a e s t h e t i c  is n o t  i n d i f f e r e n t ,  and t h i s  poses  a  procedural  and 

l o g i c a l  dilennna. Bny at tempt  t o  unders tand  music o r  t o  acqu i r e  



knowledge by analyzing only its physical components rather than to 

experience it, takes music out of the realm of art and destroys 

the very substance of the quest. It is like freezing a pond in 

order to analyze how it is moved by the wind. As an example, 

musicologists are able to produce a formal analysis of a Beethoven 

symphony, yet apart from giving us an outline of the superstructure 

it tells us nothing whatsoever about the impact of the music. If 

we go further and specify the mathematical ratios of the harmonic 

progressions, we have described in more precise notation what 

Beethoven set out originally. Nothing of the immediate quality of 

the music which elicits in us the emotional responses of "magnifi- 

cent" or "serene1' can be derived from the mathematics. 

There is, nevertheless, a solution which stems from the 

nature of the psychological method. This method states that what 

most - people report tells us something about the nature of the 

mental process. Yet the method flounders on the fundamental issue 

of whether the process is innate or a product of the culture. 

Here ethology comes to the rescue. 

The current thrust of ethological argument is to combine a 

renewal of the belief in the potency of i ~ a t e  or biological 

mechanisms with the understandicg of how such factors are influen- 

ced and altered by the force of cultural variables. As a discip- 

line it has moved us a good deal further from the early specificity 

models of Lorenz and the environmentalist exclusiveness of the 

behaviorists. Through an analysis of inter- and intra- species 

universals it can be determined which factors have genuine biolog- 

ical antecedents and in what way these antecedents are modified by 



( 2 5 )  

t h e  c u l t u r e .  

The psychology of  music f a c e s  t h e  same dilemma a s  a l l  phenom- 

ena under psychologica l  s c r u t i n y :  What a r e .  t h e  neu ra l  o r  b io log i -  

c a l  c o n s t r a i n t s  i n  p roces s ing  a  sequence of complex events? 

Researchers  i n  t h e  f i e l d  of psychoacous t ics  have come t o  recognize 

t h a t  s u b j e c t s  d e a l  e a s i l y  w i th  complex tones  and t h a t  experiments 

based on pure tones  ( s i n e  waves) have weak explana tory  power. But 

i s  t h i s  due t o  ou r  c u l t u r e ,  ou r  b r a i n s ,  o r  t h e  n a t u r e  of  sound? 

One c l u e  comes from r e s u l t s  ob ta ined  i n  t h e  Haskins l abo ra to ry  

on t h e  a n a l y s i s  of speech.  P a t t e r n s  of  i npu t  a r e  t h e  proper  

s t i m u l i  f o r  speech pe rcep t ion .  A s i n g l e  phoneme i s  incorpora ted  

i n t o  a  complex r e l a t i o n s h i p  wi th  o t h e r  phonemes w i t h i n  a  morpheme, 

each  modifying t h e  o t h e r .  P h y s i c a l l y  i d e n t i c a l  phonemes can sound 

d i f f e r e n t  when p a i r e d  wi th  d i f f e r e n t  phonemes. S i m i l a r l y ,  t he  

ca tegory  boundaries  of phoneme recogn i t i on  a r e  wide enough t o  

encompass a  l e t t e r  such a s  "t" us ing  d r a m a t i c a l l y  d i f f e r e n t  physi-  

c a l  r e p r e s e n t a t i o n s .  Yet ,  s u r p r i s i n g l y ,  t h e  width and t h e  demarca- - 

t i o n  of t h e s e  boundar ies  a r e  u n i v e r s a l  phenomena c r o s s - c u l t u r a l l y .  

If t h i s  were no t  t h e  c a s e ,  t h e  l e a r n i n g  of a second language would 

be impossible .  

S i m i l a r l y ,  most c u l t u r e s  sha re  a  l oga r i thmic  s c a l e  wi th  t h e  

oc t ave  a s  a  b a s i c  musical  c o n s t r a i n t .  Dowling (1978) provides 

ev idence  f o r  t h e  u n i v e r s a l  p rocess  o f  mistuning oc t aves  t o  t h e  

same degree a c r o s s  c u l t u r e s .  We know t h e  b r a i n  i s  a  "sloppy" 

system, be ing  i m p e r f e c t l y  responsive t o  v a r i a n t s  i n  mistuning 

(broad ca tegory  bounda r i e s ) ,  b u t  we a l s o  know t h a t  it resonates  

r a t h e r  remarkably t o  t h e  harmonic s e r i e s ,  and t h a t  t h i s  s e n s i t i v i -  



t y  i s  c o n s i s t e n t  across  many c u l t u r e s  with a musical he r i t age .  

Although Western l i s t e n e r s  a r e  t r a i n e d  i n  the  major and minor 

modes, they a r e  ab le  t o  l i s t e n  t o  music of d i f f e r i n g  c u l t u r e s  and 

a r e  not  l i k e l y  t o  mistake o t h e r  musical idioms f o r  noise.  Why 

should t h i s  be t h e  case? 

I t  i s  my convict ion t h a t  t h e  b r a i n ,  i n  processing s i g n a l s  

t h a t  c r e a t e  t h e  psychological  modes of percept ion ,  memory, cogni- 

t i o n ,  and motoric programming, imposes c o n s t r a i n t s  on what w e  a s  

l i s t e n e r s  a r e  prepared t o  accept  a s  music and what we w i l l  d i sca rd  

a s  cacophony o r ,  i n  Benne t t ' s  term, "perceptual  chaos." The 

extreme i n t e l l e c t u a l i z a t i o n  of musical idioms causes a  breakdown 

i n  our a b i l i t y  t o  process incoming information.  When t h e  overload 

is too  g r e a t ,  both i n  terms of memory and perceptual  acumen, our 

to le rance  is breached, the  concer t  h a l l s  empty, and t h e  composer 

f a i l s  t o  share  anything of importance with h i s  audience. This  i s  

no t  t o  deny t h e  process of h i s t o r i c i t y .  However, i n  moving too 
I 

r a p i d l y  beyond our i n b u i l t  expecta t ions  based on learning,  the  

c o n s t r a i n t s  remain and these  a r e  of p a r t i c u l a r  i n t e r e s t  t o  our 

understanding of music and t h e  b ra in .  

I f  our b r a i n  imposes a system of c o n s t r a i n t s  on what w e  w i l l  

t r e a t  a s  musical and on what w e  consider  p leas ing ,  t h i s  provides a 

c l u e  t o  t h e  meaning of the  a e s t h e t i c  experience.  For t h i s  reason 

t h e  a n a l y s i s  of music has p a r t i c u l a r  potency i n  providing an 
I 

i n s i g h t  i n t o  t h e  meaning of a l l  a r t .  I 

Perceptual  Const ra in ts  

Through t h e  work of Ohm, Helmholtz, and von Bekesy , .we have 

. .  
come t o  understand t h a t  ghe ca r ' ope ra tes  a s  a  frequency a'&hgzkr. 



Although Pythagoras'  not ion of the  pe r fec t ion  of harmonic r a t i o s  

is somewhat wide of t h e  mark, t h e  audi tory  system is pecu l i a r ly  

s e n s i t i v e  t o  t h e  i n t e r a c t i o n  between t h e  harmonic s e r i e s  of two 

complex tones .  This means t h a t  tunings w i l l  be roughly Pythago- 

rean,  though, a s  i n  speech perception,  t h e  category boundaries a r e  

wide. 

A s i m i l a r  frequency ana lys i s  i n  sensory processing has been 

es tab l i shed  f o r  t h e  t a c t i l e  and v i s u a l  systems. I r r e f u t a b l e  data  

from numerous l a b o r a t o r i e s  around the  world confirm t h a t  i n  a t  

l e a s t  t h r e e  moda l i t i e s ,  the  b r a i n  opera tes  t o  break down complex 

waves i n t o  t h e i r  s i n e  wave components by a process analogous t o  

Four ier  a n a l y s i s .  Evidence from Blakemore and Campbell (1969) 

has shown t h a t  no t  only i s  t h e  e a r  pecu l i a r ly  adapted t o  resonat-  

ing  t o  t h e  harmonics of  a  fundamental frequency, but  t h a t  t h e  

v i s u a l  system i s  s i m i l a r l y  s e n s i t i v e  t o  t h e  harmonics of frequen- 

c i e s  over space. Adapting t h e  sub jec t  t o  a  g ra t ing  of a  s inuso ida l  

s p a t i a l  frequency, produces an e leva t ion  of threshold t o  t h a t  

fundamental frequency, and a l s o  t h e  t h i r d  and f i f t h  harmonics. 

S imi la r ly ,  work by Pribram and Lassonde ( i n  prepara t ion) ,  and 

o t h e r s ,  has i l l u s t r a t e d  t h a t  s i n g l e  c e l l s  i n  t h e  v i s u a l  cor tex  a r e  

p a r t i c u l a r l y  s e n s i t i v e  t o  one s p a t i a l  frequency and t h a t  t h e  

tuning g rad ien t  is roughly wi th in  an octave band. Stimulat ing 

var ious  por t ions  of b r a i n  t i s s u e  which have previously been shown 

t o  a l t e r  recovery cyc les  i n  neura l  f i r i n g  had - no e f f e c t  on t h e  

p r e c i s i o n  of tuning s p e c i f i c i t y ,  which remained constant  over 

hours of t e s t i n g .  

Any p a r a l l e l  inpu t ,  whe-them: a complex v i s u a l  p a t t e r n  on a 



harmonic progress ion,  c r e a t e s  an i n t e r a c t i o n  between these  neura l  

elements i n  the  form of an i n t e r f e r e n c e  p a t t e r n .  In  the  v i s u a l  

modali ty fundamental f requencies  i n  the  low t o  medium s p a t i a l  

frequency range ca r ry  information about edges and boundaries. 

I n t e r f e r e n c e  between high s p a t i a l  frequency waves c r e a t e s  v i s u a l  

i l l u s i o n s  ( sub jec t ive  d i s t o r t i o n s  of two-dimensional l i n e  draw- 

i n g s ) ,  a s  has been demonstrated by Ginsberg (personal communica- 

t i o n ) .  The g r e a t e r  t h e  i n t e r f e r e n c e ,  measured physica l ly ,  the  

g r e a t e r  the  i l l u s i o n .  This process may be analogous t o  t h e  audito-  

ry s e n s a t i o n  of in te r fe rence  p a t t e r n s  generated by the  upper 

harmonics (high frequencies)  of two o r  more fundamentals i n  complex 

r a t i o s .  Here the  i n t e r f e r e n c e  p a t t e r n  i s  heard a s  noise  o r  d i s -  * 

sonance. The verbal  d e s c r i p t i o n  i s  "edgy" though the  sub jec t ive  

exper ience  between the  two modes is  d i f f e r e n t .  This i s  because 

t h e  v i s u a l  system "sees" ( i s  aware o f )  t h e  nodes of in te r fe rence ,  

whereas, i n  the. audi tory  realm the  fundamental alone i s  "heard", 

t h e  i n t e r f e r e n c e  p a t t e r n  of harmonic r a t i o s  producing a sensat ion  

of  p l e a s i n g  o r  unpleasing sound q u a l i t y .  

Dixon Ward (1972) r a i sed  a r e l a t e d  i s s u e  concerning the  

r e l a t i o n s h i p  between aud i to ry  and v i s u a l  processing by comparing 

sound and color  frequencies over time. He pondered on t h e  quest ion 

of why two fundamental frequencies of  electromagnetic  energy 

combine t o  produce t h e  sensa t ion  of t h e  frequency value midway 

between t h e  two (yellow and red combine t o  orange). When we 

p r e s e n t  two complex sound waves, t h e  e a r  maintains each fundamental 

a s  d i s t i n c t  e n t i t i e s ,  t he  harmonics c r e a t i n g  t h e  q u a l i t y  of pleas- 

a n t n e s s  o r  unpleasantness depending on t h e  r a t i o s  involved. The 



analogy may perhaps be more meaningful i f  soundwave f requencies  

a r e  compared t o  s p a t i a l  wave f requencies .  Here t h e  eye is  even 

b e t t e r  than  t h e  e a r  i n  d i s t i n g u i s h i n g  t h e  fundamental f requencies  

i n  t h e  p a t t e r n .  The d iscovery  t h a t  t h e  v i s u a l  system performs a 

s i n e  wave a n a l y s i s  on s p a t i a l  f requencies  could provide  an impetus 

t o  research  i n  t h e  v i s u a l  a r t s .  S imi l a r  p r i n c i p l e s  of  harmonic 

combinations, i n t e r f e r e n c e  p a t t e r n s ,  and rhy thmic i t i e s  may be  

ope ra t ing  i n  o t h e r  a r t  forms. A s  y e t  we have no answers t o  t h e s e  

ques t ions .  

What then a r e  t h e  pe rcep tua l  c o n s t r a i n t s  i n  process ing  musical 

events? F i r s t ,  t h e  essence  of c o r t i c a l  a n a l y s i s  i s  t h a t  of  spec i -  

f i c i t y  f o r  p a t t e r n e d  i n p u t .  Phonemes combine i n t o  morphemes b u t  

by themselves a r e  i n s u f f i c i e n t  da t a  t o  determine speech u t t e r a n c e s .  

S i m i l a r l y ,  complex tones  wi th  an enduring fundamental f r e q u e n c y .  

a r e  t h e  phonemic c o n s t i t u e n t s  of music, b u t  t hese  tones  must be 

combined i n t o  p a t t e r n s  e i t h e r  melodical ly  o r  harmonically.  Because 

t h e  a u d i t o r y  system has long p e r s i s t e n c e ,  tones  i n  a melodic 

s e r i e s  w i l l  over lap  i n  t ime not  only phenomenally, b u t  phys io logi -  

c a l l y .  The system i s  i n t o l e r a n t  of complex r a t i o s  and is spec i -  

f i c a l l y  responsive t o  sequences with a t o n a l  c e n t e r  ( t h e  harmonic 

s e r i e s ) .  Tona l i t y  is  a c r u c i a l  f a c t o r  i n  memory a s  t h e  competency 

of t h e  nervous system t o  process  a p a t t e r n  i n  a t o n a l  series i s  

much g r e a t e r  t han  t h a t  f o r  an  a tona l  s e r i e s .  Tona l i t y  provides  

c a t e g o r i c a l  boundaries  which a i d  i n  chunking t h e  inpu t .  The 

problem of  memory i s  considered i n  t h e  next  s e c t i o n .  

Memory and the  Span of Apprehension. 

Pe rcep t iona l  u n i t s  a r e  conf igura t ions  t h a t  a r e  maintained 



i n  awareness by a  so -ca l l ed  shor t - te rm memory system. We know 

from memory r e sea rch  and from H i l l e r ' s  (1956) review of t h e s e  

s t u d i e s  t h a t  t h e  span of apprehension,  which r e l a t e s  t o  what we 

can be aware of from moment t o  moment, i s  cons t ra ined  t o  seven 

b i t s  of  in format ion ,  p l u s  o r  minus two. The competency of neu ra l  

systems t o  process  incoming informat ion  i s  o f t e n  expressed i n  

terms of  "chunking" o r ,  more s p e c i f i c a l l y ,  recombining pe rcep tua l  

e v e n t s .  Thus, t h e  system i s  most , cons t ra ined  when t h e  u n i t s  a r e  

u n r e l a t e d  t o  one ano the r  (cannot be combined) a s  i n  a  s e r i e s  of 

d i g i t s ,  l e t t e r s ,  un re l a t ed  tones ,  o r  a  s e r i e s  of combinations of 

l e t t e r s ,  such a s  a  random s t r i n g  of  words. When a  s e r i e s  o f  words 

provides  r e f e r e n t i a t e d  meaning, it i s  t h e  r e f e r e n t  t h a t  i s  proces-  

sed and no t  t h e  i n d i v i d u a l  words. Thus, t h e  l e a r n i n g  h i s t o r y  of 

t h e  i n d i v i d u a l  becomes engaged. To i l l u s t r a t e  t h i s  p o i n t ,  a 

member of an audience a t t e n d i n g  a  conference on an unknown t o p i c  

may be a b l e  t o  e x t r a c t  on ly  a  few major p o i n t s  from an addres s .  

Those who a r e  s teeped  i n  t h e  d i s c i p l i n e  may be a b l e  t o  process  and 

main ta in  a  g r e a t e r  number of t h e  e s s e n t i a l  p o i n t s .  However, i n  

bo th  cases  t h e  i n d i v i d u a l  words a r e  l o s t ,  and only  t h e  semantic  

r e f e r e n t i a l  c o n t e n t ,  t ransformed i n t o  t h e  l i s t e n e r ' s  own r e fe ren -  

t i a l  system, i s  r e t a i n e d .  

Music is  no excep t ion  t o  t h i s  process ,  b u t  because music has 

no r e f e r e n t i a l  meaning, on ly  s t r u c t u r a l  meaning, a  d i f f e r e n t  s e t  

o f  c o n s t r a i n t s  i s  ope ra t ing .  F i r s t ,  it i s  e s s e n t i a l  t h a t  t h e  

number of  pe rcep tua l  u n i t s  a r e  w i t h i n  t h e  span of apprehension. 

Dowling (1978) has reviewed evidence on t h e  u b i q u i t y  of  t h e  pen- 

t a t o n i c  and h e p t a t o n i c  s c a l e s  i n  a l l  c u l t u r e s .  Second, a s  noted 



above, when t h e  u n i t s  a r e  p a t t e r n e d  i n  such a  way t h a t  a  sense  of 

t o n a l i t y  emerges, t h e s e  u n i t s ,  l i k e  a  meaningful s en tence ,  can be 

maintained more r e a d i l y .  A t o n a l  c e n t e r  . a l l ows  t h e  l i s t e n e r  t o  

chunk the  u n i t s  i n t o  more complex and memorable p a t t e r n s .  

Fu r the r ,  t h e  r e p e t i t i o n  of a  p a t t e r n  of p i t c h  changes wi th in  

a  musical phrase provides  another  a i d  t o  memory. Absolute  t r a n s -  

p o s i t i o n  from one oc tave  t o  another  oc tave ,  o r  a  modified t r a n s -  

p o s i t i o n  wi th in  an oc tave  (main ta in ing  s i m i l a r  r e l a t i o n s h i p s )  a r e  

memorable forms of r e p e t i t i o n .  The work of Dowling and F 2 j i t a n i  

(1971) have shown t h a t  t o n a l i t y  i s  p a r t i c u l a r l y  c r i t i c a l  t o  t h e  

memory process .  I n  f a c t ,  both t r a i n e d  and un t r a ined  l i s t e n e r s  

were unable t o  d e t e c t  t h e  d i f f e r e n c e  between a  t ransposed  melody 

and a  " tonal"  answer, t h e  former p re se rv ing  i d e n t i c a l  p i t c h  r e l a -  

t i o n s h i p s ,  t h e  l a t t e r  main ta in ing  contour  only  b u t  u s ing  t h e  same 

t o n a l  c e n t e r .  

Deutsch 's  research  (1977) has  shown t h a t  t h e  c o n s t r a i n t s  of 

p i t c h  r e l a t i o n s h i p s  a r e  o f t e n  f i x e d  t o  s p e c i f i c  i n t e r v a l s ,  and 

t h a t  octave t r a n s p o s i t i o n s ,  such a s  s u b s t i t u t i n g  a  t e n t h  f o r  a  

t h i r d ,  cannot be perce ived  a s  a  s i m i l a r  p a t t e r n .  Memory f o r  t h e  

p a t t e r n  breaks down i n  t h e s e  cond i t i ons .  I n  f a c t ,  melodies extend- 

ed ,over two o r  more oc t aves  a r e  gene ra l ly  unmemorqble, un le s s  

s imple r a t i o s  a r e  employed. The opening theme of Brahms' t h i r d  

symphony i l l u s t r a t e s  t h e  l a t t e r  ca se .  where a  s imple descending 

arpeggio  of t o n i c ,  f i f t h ,  t h i r d  ( second) ,  t o n i c ,  and cont inuing ,  

r e p r e s e n t s  a  memorable melodic s t r u c t u r e .  I n  essence  Brahms has 

provided t h e  l i s t e n e r  w i t h  only  two chunks of in format ion  - two 

arpeggios  o u t l i n i n g  t h e  major chord of  t h e  key, w i t h  t h e  second 



tone in the scale acting as an appoggiatura. 

Finally, another powerful organizing principle in musical 

memory is the rhythm of the melodic string. Rhythmic repetition 

can substitute for transpositions of pitch relationships when 

pitch boundaries are stretched well beyond simple repetition of 

exact relationships. When pitch relationships and rhythmic forms - 
are reproduced exactly, memory is considerably enhanced. The 

system has two pieces of information rather than only one and 

these are mutually reinforcing. By a process of association, a 

rhythmic pattern can call up a melodic phrase and vice versa. 

Thus, the memory system does not operate in isolation from 

the categorization process. Certain combinations of elements are 

significantly more memorable than others, and certain categories 

of repetitions sound familiar, whereas others seem unrelated even 

when they are mathematically similar as in an exact inversion of a 

melodic string. 

Motor Systems and Rhythmicity 

In his' book Perception and Communication Broadbent (1958) 

raised the issue of a limited channel capacity for processing 

incoming information. The limited channel hypothesis relates to 

the discussion above, when we are aware (that we are aware) of 

only a few items of information at one time. Limited channel 

capacity, short-term memory, and attention span are all synonymous 

terms for the same phenomenon. Broadbent concluded that informa- 

tion is blocked from entering the system, but later revised this 

view in the light of subsequent research. However, he postulated 

"..>.. ... 
that the system was unable to process all the infonna'tion .avail- 



a b l e .  Erde ly i ,  reviewing the  l i t e r a t u r e  i n  1974, concluded t h a t  

the  in take  of information may not  be l imi ted  and t h a t  t h e  reason 

f o r  a r e s t r i c t e d  span of apprehension i s  due t o  our i n a b i l i t y  t o  

code everyth ing i n t o  long-term memory. Yet we know t h a t  b r a i n  

t i s s u e  i s  almost inexhaus t ib le  i n  i t s  capaci ty  t o  s t o r e  informa- 

1 

t i o n .  The mechanism f o r  t h i s  process has been ou t l ined  i n  the  

holographic theory of Pribram (1971). 

Therefore,  one has t o  look elsewhere t o  the  c o n s t r a i n t s  on 

a t t e n t i o n  which a r e  psychological ly r e a l .  I n  my view, t h e  ~ r o b l e m  

l i e s  i n  t r a n s l a t i n g  incoming information,  which a r r i v e s  i n  a 

p a r a l l e l  fashion,  t o  a l i n e a r  sequen t i a l  mode compatible with 

motor output  systems. We a r e  behaving organisms and have t o  

t r a n s  l a t e  p a r a l l e l  input  i n t o  movement over t i m e .  This  mapping 

process r equ i res  a t ransformation of the  information i n t o  some 

temporal order .  Thus, the  l i m i t s  on apprehension a r e  due t o  t h e  . 

l i m i t s  of our  a b i l i t y  t o  - a c t  on incoming information. An a c t i o n  

can be o v e r t l y  motoric, o r  cover t ly  monitoring and s o r t i n g .  

Temporal sequencing involves rhythmicity.  This rhythm i s  

ev iden t  i n  a l l  our motor behavior ,  e s p e c i a l l y  i n  s k i l l e d  perform- 

ance, inc luding speech. Rhythmicity i n  speech has been s tudied  by 

Martin (1972) and he concludes from h i s  da ta  t h a t  rhythmic group- 

ing  of output  not  only f a c i l i t a t e s  speech production, b u t  he lps  

t h e  l i s t e n e r  t o  process information because important words i n  an 

u t t e rance  f a l l  on the  accented bea t s  i n  a phrase. S imi la r ly ,  

tfcGuimess ( i n  prepara t ion)  showed t h a t  rhythms with metr ic  markers 

(barred  phrases)  were more memorable than i d e n t i c a l  rhythms wi th  

no accen i  cues. 



The pe rcep tua l  u n i t s  p rov id ing  t h e  frame f o r  rhythm p a t t e r n s  

a r e  u l t i m a t e l y  r educ ib l e  t o  duples  and t r i p l e s .  The arrangement 

of s t r o n g  and weak a c c e n t s  can be r e s t r i c t e d  t o  t h e  temporal 

domain w i t h i n  t h e  duple o r  t r i p l e  frame o r  can extend beyond and 

encompass s e v e r a l  marker boundar ies .  However, t he  c r i t i c a l  e l e -  

ments a r e  those  marker boundar ies .  Even when they a r e  absen t  we 

impose them, a s  we do when l i s t e n i n g  t o  a  t i c k i n g  c lock  dur ing  a  

bout  of insomnia. When t h e y  a r e  imposed by the  composer, they  

c l e a r l y  a i d  ou r  process ing  s k i l l  and serve  memory p a r t i c u l a r l y  

w e l l .  

I n  a  s ense ,  rhythm i s  more a  given than a  c o n s t r a i n t .  I t  

occurs  almost  w i l l y - n i l l y  and any a t tempt  t o  e l i m i n a t e  rhythmic 

groupings i n  a  composition r e q u i r e s  t h e  utmost e f f o r t  a s  we l l  a s  

t h e  d e n i a l  of t h e  very  b a s i s  o f  o u r  neu ra l  systems. (Yet ,  compos- 

e r s  have t r i e d ! )  

A t  a  d i f f e r e n t  l e v e l  t h e r e  i s  another  c o n s t r a i n t  r e g u l a t i n g  

t h e  bandwidth of our  temporal window. The marker boundaries  must 

f a l l  w i t h i n  t h i s  band-l imited domain, o therwise ,  they a r e  t o o  slow 

t o  form a pe rcep tua l  group, o r  t o o  f a s t  t o  be perce ived  a s  d i s -  

t i n c t .  The former d i f f i c u l t y  i s  w e l l  known t o  us when we o r  our  

s t u d e n t s  t a c k l e  a  p i ece  w i t h  a  metronome mark of "60". I n  o r d e r  

t o  main ta in  a  s t r i c t  tempo, w e  i n t e r p o l a t e  bea ts  o r  markers t h a t  

a r e  n o t  t h e r e ,  a s  i n  "one-and-a-two", e t c .  This  fundamental f a c t  

has  something t o  do wi th  t h e  t iming  of a l l  our motor behavior  and 

may r e l a t e  t o  c e r e b e l l a r  s e rvo -con t ro l  systems t h a t  wipe o u t  t h e i r  

commands a t  a  f a i r l y  r ap id  r a t e .  We have a  g r e a t  d e a l  of  d i f f i -  

c u l t y  walk ing ,  or hammering a nail at one movement/second - though 



musicians might be b e t t e r  a t  such t a s k s  than most people.  

S i m i l a r l y ,  i n  t h e  execut ion  of s k i l l e d  a c t s  which r e q u i r e  

speed,  we regroup t h e  movements i n t o  chunks wi th  l a r g e r  temporal 

boundaries .  The accented  groups of fou r  no te s  i n  a  four-octave 

s c a l e  sequence is  a good example. This  a b i l i t y  t o  regroup, o r  t o  

chunk ou tpu t ,  p rov ides  t h e  same b e n e f i t  t o  t h e  motor system t h a t  

chunking inpu t  does t o  memory and understanding.  Without t h i s  

capac i ty  t o  r eo rgan ize  motor'commands h i e r a r c h i c a l l y ,  r ap id  d i g i t a l  

execut ion  shown i n  musical  performance would be imposs ib le ,  given 

t h e  output  speed of  each i n d i v i d u a l  motor neurone. Rhythmicity is  

t h e  t o  e f f i c i e n c y  i n  motor r eo rgan iza t ion  f o r  t h i s  reason. 

Thus, we have seen  t h a t  t h e  b r a i n  organizes  i npu t  i n t o  i t s  

temporal o r  s p a t i a l  frequency c o n s t i t u e n t s ,  e f f e c t i v e l y  d i s t r i b u t e s  

and regroups t h e  informat ion ,  maps it onto  t h e  motor system, and 

o u t p u t s  a  f requency-spec i f ic  c o n t r o l l e d  a c t i o n .  I t  i s  a  phenomenon 

o f  music t h a t ,  a s  l i s t e n e r s ,  we unwi t t i ng ly  e n t e r  i n t o  t h i s  r e s t r u c -  

t u r i n g  process  from i n p u t  t o  output .  This  is t h e  essence of a l l  

a r t  forms. The a r t i s t  l e ads  us through t h e  very  s t r u c t u r i n g  

procedures  t h a t  genera ted  t h e  work of a r t .  Hence, we say  we a r e  

moved by t h e  a c t  of p a r t i c i p a t i n g  i n  a r t .  

Cogni t ive  Processes  and Transformations 

As was seen  above, t h e  s epa ra t ion  of pe rcep t ion ,  memory, and 

motor process ing  i s  impossible  -- a l l  a r e  i n t e r a c t i n g  i n  complex 

ways. S i m i l a r l y ,  t h e  s e p a r a t i o n  of cogn i t i on  from pe rcep t ion  and 

memory i s  d i f f i c u l t ,  b u t  can be maintained by t h e  view t h a t  percep- 

t i o n  groups incoming even t s  ( c a t e g o r i e s )  whereas cogn i t i on  performs 

o p e r a t i o n s  and t r ans fo rma t ions  on those  even t s .  The more complex 



the event, the more learning is involved, the more "cognitive" the 

process. 

We have already dealt with the basic cognitive operation of 

chunking or regrouping perceptual units into complex entities. 

'The process of chunking is most cognitive when we are aware of the 

effort involved, such as training ourselves to put a series of 

accents into a rapid extended sequence, or in employing organizing 

strategies during the memorization of a work: "a B-minor melodic 

scale ending on a dominant 7th chord." In fact, one aspect of 

cognitive endeavor is the integration of cross-modal information 

including mapping sensory input onto motor output. When we devel- 

op facility in these skills they become habitual and thus the 

awareness and sense of effort diminish. 

An important, but often overlooked cognitive domain is proba- 

bility coding. Storing information about probabilities of events 

is perhaps the most extraordinary function of the nervous system. 

In man it is elevated to a phenomenal degree, and underlies all of 

our intellectual achievements. Despite the complexity of this 

achievement, it can occur without conscious intervention. An 

example is the discovery by Mildred Mason (1975) that in acquiring 

reading skills, good readers code the probabilities of letter pair 

combinations and particularly the probabilities of spatial redun- 

dancies of individual letters in various letter'strings. Poor I i 
readers, by contrast, see each letter string as a totally novel 

event and attempt to decipher each word phonemically as if it were 

a random string of letters. (Note here the critical issue of 

individual differences which may explain why certain people spon- 



taneously react favorably to classical music with a minimal musical 

history, and why others in a musical household never acquire the 

taste. This is undoubtedly due to some innate predisposition to 

find probability information memorable or unmemorable.) 

As noted earlier, simple melodies or harmonies are pleasing 

or "musical" to most people in most cultures. When composers 

begin to develop more complex harmonic progressions or melodic 

sequences, these developments extend our repertoire of experience 

and ultimately become part of a cultural heritage of musical 

expression, truly "cognitive." In particular, transitional proba- 

bilities, such as harmonic progressions and cadence forms are 

either probable or improbable in our culture. The important fact 

about probabilities is that they build expectancies in the listen- 

er. These expectancies turn out to be the key to our understanding 

of how music engages our interest throughout an extended work. 

At the extreme end of the cognitive dimension is the evolution 

of musical form. Form is a purely intellectual construct, but one 

which is derived from the more basic notion of repetition. Music 

is, after all, a means of structuring repetitious events (see 

chapter by Pribram, this volume). From a simple chant (a phenom- 

enon common in children) involving strict and monotonous repeti- 

tion, Western music has evolved immensely complex formal systems 

such as Sonata Allegro, Theme and Variations, Rondo, etc. These 

elegant superstructures are a means of achieving unity in a work; 

a unity which is beyond the restriction of mere tonality, in 

itself a more primitive unifying principle. 

The important aspect of cognitive or intellectual intervention 



i n  e l a b o r a t i n g  a r t i s t i c  endeavors is t h a t  some recogni t ion  of t he  

h i s t o r y  of e x p e c t a t i o n s  must be encompassed by t h e  a r t i s t .  Each 

s u c c e s s f u l  Western composer extended our  r e p e r t o i r e  of p robab l l i -  

t i e s .  Often t h e  l i s t e n e r  ba lks  and may even become ,so d i s t r e s s e d  

t h a t  r i o t s  break ou t  i n  concer t  h a l l s ,  a s  was t h e  case  with S t r a -  

v insky ' s  Sacre du Printemps. U l t ima te ly ,  i t  i s  t h e  l i s t e n e r  and 

not  t h e  composer, who determines t h e  accep tab le  boundaries.  With 

p e r s i s t e n c e  these  boundaries  can be en la rged ,  b u t  only by degrees;  

not by a  r a d i c a l  over turn ing  of a l l  our  p r i o r  l e a r n i n g  experience,  

nor by d e n i a l  of the  way pe rcep t ion ,  memory and a c t i o n  occur .  

Fee l ings  of I n t e r e s t  

When any event  i s  repeated we h a b i t u a t e  t o  t h a t  event  both 

n e u r a l l y  and behav io ra l ly .  I f  some dimension of t h e  s t imulus i s  

a l t e r e d ,  an o r i e n t i n g  response occurs  and upon f u r t h e r  r e p e t i t i o n  

h a b i t u a t i o n  s e t s  i n  once more. Hab i tua t ion  t o  one ' s  environment 

produces a  f e e l i n g  of f a m i l i a r i t y  b u t  can l e a d  t o  boredom. What 

we a r e  most comfortable  wi th  t h e r e f o r e ,  can  u l t i m a t e l y  produce t h e  

g r e a t e s t  d i s i n t e r e s t .  However, t h i s  p roces s  of responding t o  new 

informat ion ,  coding it over time u n t i l  it i s  h a b i t u a l l y  ignored,  

engages ano the r  a s p e c t  of our  behavior ,  and t h a t  i s  "competency." 

I n t e r e s t  i s  maintained when competency i s  just inadequate t o  d e a l  

w i th  t h e  complexity of t he  informat ion  i n  t h e  environment. I f  

competency i s  too  l i t t l e  o r  in format ion  demands too  g r e a t ,  s t r e s s  

i s  induced, and we at tempt  t o  s h u t  down o r  avoid t h e  s i t u a t i o n .  

Likewise,  when competency exceeds t h e  cha l l enge  i n  t h e  environment, 

we become bored. We l i k e  t h e  f a m i l i a r  o n l y  up t o  a p o i n t ,  and 

t h e n  something must change, f o r  boredom, a s  over load ,  l e a d s  s imi- '  



l a r l y  t o  s t r e s s .  

The impor tan t  a s p e c t s  of t h e  phenomena of h a b i t u a t i o u  and 

i n t e r e s t  f o r  music is t h a t  t he  r e p e t i t i o n  must be s t r u c t u r e d  i n  

such a  way t h a t  a l l  our  expec tanc ie s  a r e  - not  met, on ly  some of 

them. This  i s  analogous t o  t h e  d iscovery  t h a t  p a r t i a l  r e i n f o r c e -  

ment causes  an  animal t o  p e r s i s t  i n  a  t a s k  f o r  a  much longer  t ime 

than  when reinforcement  i s  suddenly withdrawn a l t o g e t h e r .  

Our competence i n  t u r n  determines our  expec tanc ies .  When we 

a r e  f a m i l i a r  wi th  a  composer 's s t y l e ,  we can fo l low t h e  music more 

r e a d i l y  with a g r e a t e r  degree  of involvement.  When t h e  composer 

produces a ph rase ,  cadence,  o r  rhythm which i s  incongruous o r  

unexpected, our  i n t e r e s t  i s  aroused.  Because competency i s . r e l a t e d  

t o  memory, what i s  i n i t i a l l y  most - memorable becomes l e a s t  i n t e r e s t -  

ing  i n  t h e  f a s t e s t  t ime.  Th i s  exp la ins  why experiments a sk ing  

s u b j e c t s  ahout  t h e i r  p re fe rences  f o r  popular  music versus  c l a s s i c a l  

music demonstrate  t h a t  t h e  most l i k e d  i n i t i a l l y  (popular  music.) 

becomes l e a s t  l i k e d  a f t e r  s e v e r a l  r e p e t i t i o n s .  (A number of such 

experiments  a r e  reviewed by Lundin, 1967.) 

This  a n a l y s i s  i s  a p p a r e n t l y  somewhat a t  odds wi th  t h a t  pro-  

posed by Zajonc (1968) who has shown t h a t  l i k i n g  i n c r e a s e s  w i t h  

f a m i l i a r i t y .  What i s  ignored  i n  t h i s  s e t  of experiments i s  t h e  

oppor tun i ty  f o r  competence t o  i n c r e a s e  wi th  f a m i l i a r i t y  and t o  

reach  a  l e v e l  a t  which it exceeds t h e  cha l lenge  of t h e  informat ion .  

~ a j o n c ' s  r e s u l t s  a r e  t h e r e f o r e  n o t  comparable t o  t h e  r e s u l t s  of 

t h e  s tudy  o u t l i n e d  above. 

However, Za jonc ' s  r e s e a r c h  i s  i n t e r e s t i n g  because of h i s  

d i scove ry  t h a t  each  s e n s e  exper ience  evokes a dual  a f f e c t i v e / c o g -  



n i t i v e  r eac t ion .  The a f f e c t i v e  response,  which i s  l a r g e l y  an 

approach/ avoidance r e a c t i o n ,  i s  e n t i r e l y  independent of cogn i t i ve  

judgment. The f i n d i n g  t h a t  s t u d e n t s  who i n i t i a l l y  l i k e  c e r t a i n  

forms of music, bu t  who on r e p e t i t i o n  l i k e  t h i s  music l e s s  i n d i -  

c a t e s  t h a t  a t  some p o i n t  i n  t h e  process  an a f f e c t i v e  domain i n t e r -  

a c t s  with the  c o g n i t i v e  domain and t h e  two become i n t e g r a t e d  a t  a  

f u r t h e r  l e v e l  which could be c a l l e d  t h e  " a e s t h e t i c . "  

I t  would seem t h a t  given t h e  c o n s t r a i n t s  s e t  o u t  i n  t h i s  

c h a p t e r ,  and the  l i s t e n i n g  h i s t o r y  of a  s u b j e c t ,  t h e r e  might be a  

c u r v i l i n e a r  func t ion  of  musical  a p p r e c i a t i o n  r e l a t e d  t o  t h e  cogni- 

t i v e  e f f o r t  involved i n  p roces s ing  t h e  music. A t  some optimum 

p o i n t  music engages o u r  i n t e r e s t  because i t  i s  n e a r l y ,  but  never 

e n t i r e l y  p r e d i c t a b l e  o r  memorable (performers  can modify phras ing ,  

tempi,  etc.). Music which i s  easy  t o  memorize soon bores  us;  and 

o v e r l y  complex music music ( a s  a  l i s t e n e r )  f r i g h t e n s  o r  f r u s t r a t e s  

US. 

Fee l ings  and Emotion 

An a f f e c t i v e  response is  emotional  i n  t h e  t r u e  meaning of t h e  

word: t o  be t aken  o u t  of motion. Any s u f f i c i e n t l y  novel even t ,  a  

sudden loud sound, e t c . ,  produces t h e  o r i e n t i n g  response o u t l i n e d  

above. I f  t h e  i n t e r r u p t i o n  i s  moderate,  we a r e  i n t e r e s t e d .  If 

t h e  i n t e r r u p t i o n  i s  g r e a t  o r  t h e  informat ion  overwhelming, we 

become f r igh tened  o r  angry. The same b r a i n  systems t h a t  can be 

s t imu la t ed  t o  induce behaviora l  o r i e n t i n g  can,  wi th  a s u f f i c i e n t  

i n c r e a s e  i n  e l e c t r i c a l  c u r r e n t ,  cause  an  animal t o  a t tempt  escape 

o r  go i n t o  a  r age ,  a t t a c k i n g  any moving o b j e c t  i n  h i s  f i e l d  of 

v i s i o n .  Thus, o r i e n t i n g  behavior  i s  on a  continuum wi th  f e a r  and 



rage.  

F e e l i n g s  a r e  engaged when t h e r e  i s  an a p p r a i s a l  of  t h e  e n v i r -  

onmental s i t u a t i o n  i n  con junc t ion  with' t h e  a n t i c i p a t e d  competen- 

c i e s  t o  d e a l  w i t h  i t .  F e e l i n g s  a r e  c o g n i t i v e  l a b e l s  f o r  degrees  

of q u i t e  b a s i c  r e a c t i o n s  t o  u p s e t .  A s  Zajonc noted an  a f f e c t i v e  

r e a c t i o n  i s  p r i m a r i l y  "approach-avoid." A t  a  s l i g h t l y  h igher  

l e v e l  of  a n a l y s i s ,  we make f a i r l y  au tomat ic  g u a l i t a t i v e  judgments 

o f  a l l  our  expe r i ence .  Osgood (1953) has  determined through 

f ' j c tor  a n a l y s i s  t h a t  t h e s e  judgments a r e  e v a l u a t i v e  (good-bad) and 

have a  potency dimension (powerful-weak),  a s  we l l  a s  an a c t i v e  

dimension ( s l o w - f a s t ) .  Most of  ou r  complex l a b e l s  f o r  f e e l i n g s  

a r e  merely g u a n t i t a t i v e  dimensions f o r  t h e s e  b a s i c  r e a c t i v i t i e s ,  

which occu r  below t h e  awareness of  conscious process ing ;  e . g . ,  we 

do not  know why t h a t  p a r t i c u l a r  o b j e c t  is r a t e d  a s  f a i r l y  slow, 

not a t  a l l  powerfu l ,  and q u i t e  awful .  

I t  i s  i n t e r e s t i n g  t h a t  Za jonc ' s  "gut - leve l"  r e a c t i o n  occurs  

i n s t a n t l y  t o  music.  "Turn it o f f "  o r  " t u r n  i t  up" a r e  t h e  ends of  

a  continuum a t  t h e  middle of  which i s  t h a t  i n d e c i s i v e  s t a t e  where 

one j u s t  cannot  be bothered t o  g e t  up and change t h e  music. 

Also of  i n t e r e s t  i s  how w e l l  Osgood's dimensions f i t  c e r t a i n  

a s p e c t s  o f  t h e  musical  expe r i ence .  Degree of t o n a l i t y ,  harmony, 

melody, e t c . ,  evoke f e e l i n g s  o f  consonance-dissonance (p l ea san t -  

unpleasant  o r  good-bad). P a t t e r n s  of rhythm and tempo evoke 

f e e l i n g s  of  be ing  moved o r  slowed down ( t h e  ac t i ve -pas s ive  dimen- 

s i o n ) .  F i n a l l y ,  dynamics and p h r a s i n g ,  i nvo lv ing  s h i f t s  i n  volume 

and t iming ,  supply  t h e  powerful-weak domain, and a l s o  convey 

urgency and calm. A s  an example of t h e  importance of  dynamics t o  



affect, an experiment during World War 11 attempted to output 

control-tower information more efficiently by electronically 

clipping the amplitude (volume) informatiorl in the signal. The 

speech was completely intelltgible, but pilots refused to act on 

instructions because the intentional content could not be deter- 

mined. Pilots could not tell whether or not the operators were 

sincere. The affective meaning was lost. Thus, feelings are both 

immediate (affective) and cognitive, and derive from a number of 

Levels of experience. 

Coda -- 

Art is parti.cular1y powerful in inducing feeling states for 

several reasons: 

a) Music, in particular, taps consonances, is in tune with 

our perceptual-motor systems, and maps simply onto neural 

processing mechanisms. 

b) Certain perceptual configurations are pleasing when they 

have psychologically valid categorical boundaries, giving 
I 

them unity and completeness, and when they are readily relat- 

ed to surrounding configurations - temporarily or spatially. 
c) Art moves us through a certain degree of ambivalence 

(surprise, novelty) towards respose and finality. This cre- 

ates a resolution of tension. 

d) Interest produced by the meshing of information with our 

competencies creates feeling of intellectual quality. We 

admire a composer for stretching our awareness of the possi- 

ble - for surprising us. 



Thus,  t h e  key t o  u n d e r s t a n d i n g  t h e  meaning o f  a l l  a r t  i s  t h a t  

t h e  p e r c e i v e r  s h a r e s  i n  t h e  p r o c e s s  of t h e  c r e a t i v e  a c t ,  t h e  

s t r u c t u r i n g ,  r a t h e r  t h a n  t h e  s t r u c t u r e .  However, i f  an  a r t i s t  i s  

t o  engage our  i n t e r e s t  and o u r  f e e l i n g s ,  h i s  own c r e a t i v e  e n e r g i e s  

g e n e r a t i n g  t h i s  p r o c e s s  must s p r i n g  from t h e  same s o u r c e  o f  energy  

a s  o u r  own. His p s y c h o l o g i c a l  r e a l i t y  must r e l a t e  t o  o u r s .  I n  

B e r n s t e i n ' s  words ,  music i s  r o o t e d  i n  t h e  e a r t h  t h e  "ground" o f  
-3 

common e x p e r i e n c e ,  i n  n a t u r e .  When we s h a r e  i n  t h e  a r t i s t i c  

p ~ o c e s s  we a l l o w  o u r s e l v e s  t o  be  moved, l i t e r a l l y  and e m o t i o n a l l y .  

As t h e  a r t i s t  moves us t h r o u g h  h i s  world of e x p e r i e n c e  we f o r e g o  

momentari ly o u r  own s e n s e  o f  time and j o i n  i n  a n o t h e r ' s  t empora l  

wor ld .  Thus,  a r t  e n f o l d s  t i m e .  A t  some p o i n t ,  t h e  whole emerges 

and e n c o r p o r a t e s  b o t h  t h e  u n i t s  and t h e  p r o c e s s .  

Because t h e  a r t i s t  engages  us  i n  h i s  c r e a t i v e  endeavor ,  t h i s  

i s  n o t  t o  s a y  t h a t  t h e  a r t i s t  wants  t o  communicate something t o  

h i s  aud ience .  I t  i s  n o t  h i s  i n t e n t i o n  t o  communicate (music h a s  

no r e f e r e n t i a l  mean ing) ,  b u t  t o  t u n e  us  t o  h i s  dance.  If he i s  

s u c c e s s f u l ,  he can s h a r e  h i s  a r t .  T h e r e f o r e ,  a r t  i s  n o t  a  cornmuni- 

c a t i o n  ( a  l a n g u a g e ) ,  b u t  a  communion, something t o  be  s h a r e d .  

U l t i m a t e l y ,  a n  a r t i s t  i s  d e f i n e d  by h i s  aud ience ;  o t h e r w i s e ,  he i s  

i n  communion o n l y  w i t h  h i m s e l f .  
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