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Musica l  Pleasur e throug h th e 

Unificatio n o f  Melod i c Sequence s 

Bruc e F .  Kat z 
Schoo l  o f  Cognitiv e an d Computin g Sciences , 

Universit y o f  Sussex 
Brighto n B N 1 9 Q H U K 
brucek@cogs.susx.ac.u k 

A b s t r a c t 

Th e purpos e o f  thi s pape r  i s  t o exten d a n earlie r 
theor y o f  pleasur e associate d wit h harmoni c sequence s 
t o melodi c sequences .  Th e theor y state d tha t  th e 
sequence s tha t  wil l  b e pleasurabl e wil l  b e th e one s 
tha t  allo w a  coheren t  transitio n fro m on e menta l  stat e 
t o th e next .  Thi s ca n b e measure d i n a  connectionis t 
model  b y notin g th e strengt h o f  th e activatio n boos t 
i n a  competitiv e laye r  categorizin g th e element s o f 
th e sequence .  I t  i s  suggeste d tha t  a  simila r 
mechanis m wil l  wor k fo r  melodi c sequence s i f  tw o 
condition s ar e met .  First ,  th e melodi c sequence s 
must  b e represente d suc h tha t  tw o sequence s judge d t o 
be simila r  b y th e ea r  hav e a n overlappin g distribute d 
representation .  Next ,  a  mechanis m mus t  b e posite d 
t o separat e melodi c sequence s int o significan t  groups . 
The result s o f  a  networ k accomplishin g thes e task s 
ar e presented . 

I n t r o d u c t i o n 

This paper will attempt to answer a question which is 
fundamenta l  t o musica l  cognition ,  and ,  b y extension , 
t o cognitio n i n general .  W h y i s musi c pleasurable ? 
By wha t  principle s ca n on e deriv e it s powe r  t o stir , 
and t o move ,  bu t  als o t o calm ? Cognitiv e scienc e 
finds  itsel f  i n th e uncomfortabl e positio n o f  no t  bein g 
abl e t o mak e th e simples t  prediction s abou t  musica l 
pleasur e despit e th e fac t  tha t  ther e ar e n o difficultie s 
i n describin g th e (raw )  stimulus .  Th e situatio n i s 
comparabl e t o th e proble m o f  chess-playin g befor e 
th e adven t  o f  th e concep t  o f  heuristi c search ;  ther e 
wer e n o hidde n variable s i n th e game ,  ye t  h o w t o 
creat e a  competen t  playe r  remaine d a  mystery . 

Curren t  cognitiv e theorie s o f  musi c concentrat e 
primaril y o n categorization .  Fo r  example ,  L e m a n 
(1991 )  ha s show n tha t  th e cycl e o f  fifth s i s  a n 
emergen t  propert y o f  applyin g a n unsupervise d 
learnin g algorith m t o a  representatio n tha t  i s rich  i n 

harmoni c overtones .  A  theor y o f  musica l 
categorization ,  i n th e absenc e o f  hedoni c principles , 
wil l  no t  yiel d a  theor y o f  musica l  pleasure ,  however , 
fo r  th e simpl e reaso n tha t  ther e i s n o reaso n t o 
suppos e tha t  on e categor y i s preferre d t o an y other .  I t 
m ay see m possibl e t o us e th e result s o f  categorizatio n 
t o graf t  th e driv e towar d musi c ont o simpler ,  innat e 
drives .  Th e ga p tha t  need s t o b e bridge d her e i s large , 
however ,  an d ther e ar e fe w supportin g pylon s alon g 
th e way .  Th e pleasur e associate d wit h a  Bac h fugu e 
doe s no t  translat e wel l  int o th e theoretica l  vocabular y 
of  hunge r  driv e reduction ,  o r  secondar y driv e 
reduction . 

Anothe r  possibl e explanatio n o f  musica l  affec t 
has bee n suggeste d b y Jackendof f  (1991 )  w h o ha s 
show n ho w a  theor y o f  musica l  parsin g m a y wor k i n 
conjunctio n wit h Meyer' s (1956 )  theor y o f  musica l 
affect .  Meyer' s governin g principl e i s tha t  affec t  i s 
generate d whe n a  tendenc y t o respon d i s inhibited . 
O ne immediat e difficult y wit h suc h a  theor y i s tha t  i t 
predict s tha t  a  well-know n piece ,  which ,  b y 
hypothesis ,  i s  completel y predictable ,  shoul d no t 
generat e an y affect .  I n fact ,  a s Jackendof f  point s out , 
goo d musi c need s man y hearing s befor e bein g full y 
appreciated .  Hi s solutio n t o thi s dilemm a i s t o retai n 
Meyer' s framework,  bu t  clai m tha t  th e musica l  parse r 
operate s independentl y o f  musica l  memory ;  thus ,  th e 
parse r  continue s t o hav e it s expectation s violate d o r 
confirme d regardles s o f  th e familiarit y o f  th e 
composition . 

Jackendof f  s  extensio n i s problematic ,  however ,  a s 
i t  rest s upo n a  theor y whic h i s weakl y predictiv e o f 
affect .  Conside r  th e cadenc e i n Figur e 1 .  Meye r  i s 
abl e t o sho w ho w th e compose r  m a y generat e affec t 
by evadin g th e cadence ,  i.e. ,  b y postponin g th e 
appearanc e o f  th e toni c (I) ,  thu s violatin g a n 
expectation .  W h a t  h e canno t  explai n i s  th e 
ubiquitou s presenc e o f  thi s transitio n i n bot h classica l 
and moder n popula r  music .  Assumin g i t  i s  no t 
evaded ,  a s i s ofte n th e case ,  i t  wil l  b e completel y 
expecte d b y anyon e familia r  wit h th e genr e o f  th e 
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Figur e 1 .  A n authenti c cadence . 
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Figur e 2 .  Mode l  o f  th e cadentia l  resolution . 

composition .  I t  doe s no t  hel p t o transfe r  generatio n 
of  affec t  t o th e parser ,  a s thi s processo r  wil l  als o 
expec t  th e toni c a s th e mos t  c o m m o n resolutio n o f 
th e dominan t  (V) .  Moreover ,  predictin g th e variet y i n 
cadentia l  forms ,  an d thei r  relativ e degre e o f  thrust , 
place s a  burde n o n th e expectatio n theor y tha t  i t 
canno t  b e b o m easily . 

I n th e nex t  section ,  i t  wil l  b e show n tha t  a  simpl e 
connectionis t  mode l ,  i n conjunctio n wit h a n 
assumptio n concernin g th e relatio n betwee n 
activatio n an d affect ,  wil l  suffic e t o predic t  th e powe r 
of  th e cadence ,  an d variation s thereon .  Thi s mode l 
wil l  the n b e extende d t o melodi c sequences . 

A m o d e l  o f  m u s i c a l  resolut io n 

Katz (1993a) has described a model of musical 
resolutio n base d o n a  mode l  o f  resolutio n i n humo r 
(Katz ,  1993b) .  Th e theor y i s base d o n th e fac t  tha t  a n 
activatio n boos t  wil l  resul t  w h e n a  concep t  i s 
partiall y  maintaine d fo r  a  shor t  tim e whil e a 
competin g concep t  i s triggered .  Fo r  example .  Figur e 
2 show s a  mode l  io r  th e cadentia l  resolutio n i n Figur e 
1.  Pane l  A  illustrate s th e situatio n whe n th e networ k 
detect s th e firs t  chord .  Th e appropriat e note s ar e 
triggered ,  an d activatio n spread s fro m thes e note s t o 
th e chor d recognitio n uni t  vi a feedforwar d connection s 
t o th e chor d layer ,  whic h i s a  competitive ,  winner -
take-al l  subnetwork . 

Thi s competitiv e networ k wil l  mak e th e uni t 
receivin g th e mos t  activatio n full y activ e (i n thi s cas e 
V )  an d al l  othe r  chor d unit s full y  inactiv e (i n thi s 
case ,  I) .  Pane l  B  show s wha t  happen s whe n th e ne w 
chord ,  I ,  i s  detected .  Th e uni t  fo r  thi s chor d wil l  wi n 
th e competition ,  a s i t  n o w receive s th e greates t  input . 
T h e V  unit ,  however ,  wil l  als o b e maintained , 
becaus e o f  th e inpu t  from  th e share d note ,  g" .  Th e 
effec t  wil l  b e furthe r  enhance d i f  note s a t  a  semiton e 
(suc h a s th e b "  an d c" )  o r  whol e ton e distanc e (suc h a s 
th e d "  an d e" )  ar e assume d t o shar e a n overlappin g 
distribute d representatio n b y virtu e o f  thei r  perceive d 
similarit y (no t  show n i n th e diagram) .  Thi s explain s 
w hy note s resolv e b y step ,  tha t  is ,  b y fallin g o r 
risin g a  whol e ton e o r  less .  Eventually ,  I  win s th e 

competition ,  an d drive s V  t o a  quiescen t  state ,  a s 
show n i n Pane l  C . 

W h en a  concep t  i s supporte d whil e it s 
competitiv e counterpar t  i s  triggered ,  a s i n Pane l  B , 
th e tota l  activatio n o f  th e competitiv e laye r  wil l  b e 
greate r  tha n tha t  o f  th e relaxe d state ,  i n whic h onl y 
one uni t  ca n b e active .  Ther e ar e tw o relate d reason s 
why thi s boos t  i s hypothesize d t o underli e positiv e 
affect .  Th e firs t  derive s fro m th e classica l  aestheti c 
goal  o f  unit y i n diversity .  T o th e exten t  tha t  tha t  th e 
tw o chord s ar e maintaine d simultaneously ,  th e 
networ k i s unitin g tw o concept s tha t  ar e ordinaril y 
foun d i n opposition .  Alternativel y on e ca n argu e tha t 
th e perceive d coherenc e o f  th e transition s i s 
proportiona l  t o th e boost .  Tha t  is ,  i f  th e shif t  from 
one concep t  t o th e nex t  i s  abrupt ,  ther e wil l  b e littl e 
tim e whe n th e tw o ar e simultaneousl y active .  A n 
activatio n boos t  wil l  onl y resul t  i n thos e case s wher e 
ther e i s a  smooth ,  coheren t  transfe r  betwee n concepts . 

The networ k dynamic s ar e sufficientl y comple x 
suc h tha t  th e theor y doe s no t  reduc e t o on e o f 
similarit y betwee n successiv e concepts .  Fo r 
example ,  th e theor y i s abl e t o sho w w h y th e V  t o 1 
transitio n i s o f  greate r  perceived  thrus t  tha n th e 
revers e transitio n o f  I  t o V ,  althoug h th e similarit y o f 
I  t o V  i s th e sam e a s V  t o I .  Th e g" ,  a s th e roo t  o f  V 
i n C  major ,  strongl y support s V ,  whil e a s th e fift h o f 
I ,  weakl y support s I .  Thus ,  V  wil l  receiv e greate r 
suppor t  durin g transfe r  fro m V  t o I  tha n th e I  wil l 
receiv e durin g transfe r  fro m I  t o V ,  resultin g i n a 
large r  boost . 

M e l o d i c s e q u e n c e s 

The goal of this paper is to extend the above model to 
th e appreciatio n o f  melodi c sequences .  Conside r  th e 
thre e sequence s i n figur e 3 .  Eac h sequenc e i s 
comp)ose d o f  tw o phrases ,  A  an d B ,  an d i n eac h B 
resemble s A  i n ke y aspects .  I n sequenc e 1 ,  th e fu^ t 
fiv e bar s i n th e melod y o f  Beethoven' s Fift h 
Symphony ,  th e secon d phras e i s identica l  t o th e first , 
but  transpose d dow n (diatonically )  b y a  second .  I n 
sequenc e 2 ,  chimes ,  phras e B  repeat s th e sam e note s 
i n phras e A  bu t  i n differen t  order .  Sequenc e 3 
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Figur e 3 .  Thre e melodi c sequences . 

present s a n inexac t  retrograde,  whereb y phras e B 
return s t o th e toni c note ,  c ,  i n approximatel y th e 
same wa y phras e A  approache s th e fift h o f  th e key ,  g . 

I n eac h o f  th e thre e cases ,  phras e B  share s feature s 
wit h A .  I f  a  networ k ca n b e create d i n whic h A  an d B 
correspon d t o a  uniqu e category ,  an d i f  th e inpu t  t o 
thi s networ k capture s th e similarit y betwee n A  an d 
B,  the n a  large r  activatio n boos t  wil l  resul t  fro m th e 
transfe r  o f  categor y A  t o B  tha n fro m A  t o a  categor y 
tha t  doe s no t  resembl e A .  Thus ,  a  simila r  mode l  t o 
tha t  describe d earlie r  wil l  captur e th e fac t  tha t  preferre d 
melodi c sequence s ar e thos e wit h phras e similarity . 
Thre e condition s mus t  b e me t  fo r  thi s mode l  t o work . 
First ,  som e mechanis m mus t  exis t  t o pars e th e 
melodi c sequenc e int o groups .  Nex t  i f  tw o group s ar e 
hear d a s similar ,  thi s mus t  b e reflecte d i n th e 
representation .  Finally ,  ther e mus t  exis t  som e 
unsupervise d learnin g mechanis m whic h create s 
categorie s correspondin g t o th e groups . 

Pa rs in g 

A successful parse is necessary for both the 
understandin g an d enjoymen t  o f  music .  T h e 
alternative ,  a  sor t  o f  continuou s categorizatio n tha t 
treat s al l  possibl e grouping s o n equa l  footin g (a s 
foun d i n Gjerdingen ,  1991 ,  e.g. )  misse s th e essenc e 
of  musica l  communicatio n a s m u c h a s an y 
interpretatio n o f  verba l  utterance s tha t  di d no t  hav e 
th e concept s o f  th e paus e an d th e ful l  stop . 

Parsin g a n intricat e piec e o f  musi c int o group s i s 
tas k rivalle d i n complexit y onl y b y th e parsin g o f  a n 
intricat e linguisti c sentenc e int o part s o f  speech ; 
accordingly ,  thi s sectio n wil l  no t  offe r  a  complet e 
solutio n t o thi s problem .  Rather ,  th e purpos e o f  thi s 

Figur e 4 .  Th e parsin g o f  simpl e melodies . 

sectio n i s t o sho w tha t  tw o o f  th e preferenc e rule s i n 
Lehrda l  an d Jackendoff s (1983 )  groupin g theor y ca n 
reduce d t o a  singl e principle .  Thei r  firs t  principle , 
proximity ,  i s  illustrate d i n cas e A  o f  Figur e 4 .  Th e 
rul e state s tha t  a  grou p boundar y wil l  b e preferre d a t 
th e '* '  a s th e ga p betwee n th e note s o n bot h side s o f 
th e res t  i s  relativel y large . 

Thei r  othe r  principle ,  change ,  i s illustrate d b y 
melod y B  i n Figur e 4 .  A  ne w grou p wil l  b e preferre d 
when ther e i s a  relativel y larg e chang e i n register .  I f 
one assume s tha t  th e inpu t  laye r  o f  a  networ k decay s 
i n a  regula r  fashion ,  the n proximit y i s a  specia l  cas e 
of  change .  Tha t  is ,  i f  on e compare s th e curren t  inpu t 
t o th e stat e o f  a  bufferin g layer ,  i n whic h th e 
activatio n o f  pas t  note s fall s  of f  a s the y reced e i n 
time ,  the n a  larg e chang e wil l  b e detecte d i f  ther e i s a 
significan t  ga p betwee n a  note' s attac k an d th e 
succeedin g note .  Thus ,  a  simpl e rul e tha t  detect s 
chang e (fo r  th e purpose s o f  th e simulation s below ,  a 
euclidia n measur e i s used )  wil l  b e sufficien t  t o detec t 
grou p boundaries ,  an d rese t  th e categorizatio n process . 
Thi s parsin g mechanis m i s  fa r  fro m complete ,  bu t 
adequat e fo r  th e simpl e melodie s i n thi s paper . 

Representa t io n 

The representation is crafted such that similarity in 
melodi c sequence s ca n b e recognized .  Figur e 5  show s 
th e representatio n scheme ,  an d th e stat e o f  th e unit s 
afte r  th e e  ha s bee n sounde d a t  th e en d o f  th e firs t 
phras e i n chime s (melod y 2  i n Figur e 3) .  T h e 
representatio n i s divide d int o thre e set s o f  units . 

Th e first  se t  encode s th e pitc h an d th e recenc y o f 
attac k o f  th e note ;  th e strengt h o f  a  not e decay s 
exponentiall y  wit h time .  A n alternativ e i s t o creat e a 
variabl e window ,  equa l  i n siz e t o th e numbe r  o f  note s 
i n th e group .  Bu t  thi s woul d no t  captur e th e 
perceive d similarit y betwee n note s repeate d i n 
differen t  order .  I n addition ,  th e not e fadin g schem e 
help s th e parsin g mechanism . 

Th e secon d se t  o f  unit s contai n interva l 
information .  Th e curren t  scheme ,  whic h indicate s 
lea p u p ( a jum p o f  greate r  tha n a  second) ,  ste p up ,  n o 
movement ,  ste p d o w n ,  an d lea p d o w n ,  i s  a 
compromis e betwee n representin g th e exac t  se t  o f 
intervals ,  an d contou r  information ,  whic h woul d onl y 
indicat e up ,  n o change ,  o r  down .  Th e interval s ar e 
store d wit h a  reverbator y circuit ,  suc h that ,  upo n 
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Figur e 5 .  Representationa l  scheme . 

receivin g th e las t  not e o f  a  grou p o f  n  notes ,  th e 
interva l  unit s wil l  contai n i n sequentia l  orde r  th e n- 1 
interval s i n th e group .  N o neura l  mechanis m o f 
extractin g interval s wil l  b e propose d here ,  althoug h 
ther e ca n b e n o doub t  tha t  th e auditor y corte x 
s o m e h o w extract s thi s information .  Eve n th e 
musicall y untraine d hav e littl e troubl e recognizin g a 
transpose d (i.e. ,  interva l  preserved )  melody ; 
conversely ,  musica l  sophisticatio n i s n o guarante e o f 
absolut e pitch . 

Finally ,  th e lengt h unit s encod e th e duratio n o f 
th e units ,  wit h a  simila r  fad e mechanis m t o th e pitc h 
units .  I n a  ful l  representation ,  i t  i s  probabl y 
necessar y t o encod e th e riiythm  i n a  simila r  manne r  t o 
th e encodin g o f  th e interva l  information ,  althoug h th e 
indicate d representatio n wil l  prov e adequat e fo r  th e 
simulation s describe d below . 

Categor iza t io n 

This section describes an unsupervised learning 
algorith m suc h tha t  th e strengt h o f  th e connectio n 
betwee n a n inpu t  uni t  an d a  winnin g uni t  i n th e 
categor y laye r  i s proportiona l  t o th e mutua l  activatio n 
betwee n th e tw o unit s (cf. ,  Rumelhar t  an d Zipser , 
1986) . 

Weight s fro m th e inpu t  laye r  t o th e competitiv e 
cluste r  o f  unit s ar e initiall y  se t  t o 0 .  A t  eac h detecte d 
grou p boundary ,  th e winnin g categor y i s detecte d i n 
th e followin g manner .  I f  ther e i s a  categor y uni t 
suc h tha t  th e cosin e betwee n th e inpu t  vecto r  an d th e 
weigh t  vecto r  t o thi s uni t  i s  greate r  tha n a  paramete r 
betwee n 0  an d 1.0 ,  |x ,  (cf .  Grossberg ,  1980) ,  tha n thi s 
i s th e winne r  (i f  ther e ar e m a n y suc h products ,  th e 
larges t  i s  chosen) .  Otherwise ,  a n uncommitte d unit , 
i.e. ,  a  uni t  whic h ha s no t  ye t  w o n a  competition ,  i s 
selecte d a s th e winner .  Onc e th e winne r  i s found ,  th e 
weigh t  vecto r  t o thi s uni t  i s  se t  t o b e th e weighte d 
averag e o f  th e existin g weigh t  vecto r  an d th e curren t 
inpu t  vector ,  typicall y givin g greate r  prominenc e t o 
th e existin g vector .  Th e resultin g weigh t  vecto r  i s 
the n normalize d t o lengt h 1.0 . 

Th e abov e wil l  suffic e fo r  a  singl e laye r  o f 
recognition ,  bu t  i s deficien t  i f  th e goa l  i s  highe r  orde r 
categorization .  Consider ,  e.g. ,  th e c o m m o n binar y 
melodi c for m A B A ' C ,  wher e eac h o f  th e letter s stand s 

fo r  a  grou p o f  notes .  O n e woul d lik e t o appl y th e 
abov e algorith m hierarchicall y t o recogniz e th e unit y 
of  th e firs t  half .  A B ,  wit h th e second .  A'C . 
Hierarchica l  categorizatio n ca n b e achieve d b y addin g 
tw o ne w layer s t o th e network ,  on e bufferin g th e 
resul t  o f  th e categorizatio n layer ,  an d on e t o for m 

higher-orde r  categories .  However ,  i f  | i  i s  abov e a 
critica l  value ,  the n A  an d A '  wil l  b e place d i n a 
differen t  categories ,  an d ther e wil l  b e n o similarit y 
betwee n A B an d A'C .  I f  |J .  i s to o low ,  the n A  an d A ' 
wil l  b e see n a s th e same ,  confoundin g th e melod y 
A B AC wit h A B A ' C .  O n e solutio n t o thi s proble m i s 
t o for m a  distribute d representatio n b y allowin g 
multipl e competitiv e cluster s i n eac h categorizatio n 
layer ,  wit h ̂  varyin g fro m cluste r  t o cluster . 

Simulation results 

This is the solution adopted for the purposes of this 
section .  Th e paramete r  ̂ i  range s fro m 0. 1 t o 0.9 , 
correspondin g t o eac h o f  9  competitiv e clusters .  Eac h 
cluste r  consist s o f  eigh t  unit s wit h self-connection s 
set  t o +0.75 ,  an d latera l  inhibitio n t o al l  othe r  unit s 
i n th e cluste r  se t  t o -0.5 .  Th e tota l  activatio n t o eac h 
laye r  i s normalize d t o 1. 0 t o ensur e prope r  operatio n 
of  th e cluster s regardles s o f  th e absolut e siz e o f  th e 
input .  A  sigmoi d transfe r  functio n i s  used ,  wit h 
threshol d 0.75 .  Th e networ k consist s o f  fou r  layers , 
an inpu t  layer ,  a  categorizatio n layer ,  containin g th e 
competitiv e cluster s an d classifyin g th e input ,  a  laye r 
tha t  buffer s th e resul t  o f  thi s categorizatio n layer ,  s o 
tha t  th e fourt h laye r  ca n i n tur n categoriz e it s state . 

Testin g o f  al l  melodie s consist s o f  tw o phases , 
first  a  trainin g phase ,  i n whic h th e categorie s fo r  th e 
melod y ar e acquired ,  an d the n a  testin g phase ,  i n 
whic h th e mea n activatio n i n th e secon d an d fourt h 
layer s i s measured .  Trainin g alway s begin s wit h a  a n 
empt y networ k (i.e. ,  al l  feedforwar d weight s ar e 0.0) ; 
thi s enable s th e networ k t o judg e th e wort h o f  th e 
melod y free  fro m interferenc e o f  familiarit y effects . 

Hedonic tone and complexity 

Intuitively, good music lies somewhere between 
uniformit y an d chaos .  Vit z (1966 )  confirme d thi s b y 
showin g tha t  subjects '  hedoni c ton e wa s a n inverte d 
U-shape d curv e a s th e functio n o f  th e complexit y o f 
randoml y generate d music .  Simila r  result s ar e 
obtaine d wit h th e curren t  model .  I n th e grap h i n 
Figur e 6  eac h dat a poin t  i s  th e averag e o f  5 0 
melodies .  M e a n activation ,  measurin g th e numbe r 
and strengt h o f  th e activatio n boosts ,  i s  graphe d a s a 
functio n o f  th e rang e o f  randoml y chose n note s i n a 
16-not e melod y (th e lengt h o f  th e not e i s  allowe d t o 
var y randoml y betwee n a n eight h an d hal f  not e fo r  al l 
ranges) .  Inverte d U' s ar e obtaine d i n bot h th e low -
orde r  categories ,  whic h categoriz e th e parse d group s o f 
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Figur e 6 .  Mea n activatio n o f  lo w orde r  an d highe r 
orde r  categorie s a s a  functio n o f  not e range . 

categor y fo r  th e first  phrase . 

A typica l  s o n g 

I 

notes ,  an d high-orde r  categories ,  whic h classif y th e 
low-orde r  categories .  A t  lo w complexity ,  ther e i s 
hig h unit y betwee n successiv e groups ,  bu t  ther e wil l 
be littl e chang e i n th e disU-ibute d representatio n 
betwee n thes e groups .  Conversely ,  a t  hig h 
complexity ,  th e distribute d representatio n fo r 
successiv e group s wil l  b e almos t  completel y 
different ,  bu t  activatio n boost s associate d wit h thes e 
change s wil l  b e small ,  becaus e o f  Ui e lo w similarit y 
betwee n th e groups .  Significantly ,  th e high-orde r 
curv e i s alway s belo w tha t  o f  th e low-order , 
consisten t  wit h fac t  tha t  composition s generate d b y 
statistica l  mean s ten d t o lac k globa l  unity . 

A common melodic form 

Melody 3 in Figure 3 was tested in two ways; first in 
th e norma l  direction ,  an d the n b y reversin g th e 
phrases .  A n additiona l  assumptio n wa s mad e fo r  thi s 
experiment ,  viz. ,  tha t  note s i n th e inpu t  laye r  trigger , 
t o a  lesse r  extent ,  thei r  relativ e fifth  i n additio n t o 
thei r  fundamenta l  frequency .  Thi s assumptio n ca n b e 
justifie d o n th e basi s tha t  al l  instrument s generat e 
overtones ;  a  not e an d it s fifth  shar e th e stronges t 
overtones ,  wit h th e exceptio n o f  a  not e an d it s octav e 
equivalents . 

I n thi s experiment ,  th e fift h wa s give n hal f  th e 
valu e o f  th e fundamental .  Thi s assumptio n yielde d 
th e a  mea n activatio n i n th e norma l  directio n o f  9.6 4 
and 9.4 4 i n th e reverse .  Bot h ar e abov e an y o f  th e 
rando m melodies .  Th e norma l  direction ,  however ,  i s 
preferre d fo r  reason s analogou s t o th e preferenc e fo r 
th e dominan t  t o toni c cadence .  Becaus e o f  th e fad e 
mechanis m i n th e representation ,  th e las t  not e o f  th e 
melod y i s th e mos t  important .  I n th e norma l 
direction ,  th e melod y end s o n a  c ,  bu t  support s a  ke y 
componen t  o f  th e categor y fo r  th e firs t  phras e becaus e 
of  th e partia l  tiiggering  o f  th e fifth,  o r  th e g .  I n th e 
revers e direction ,  th e g  doe s no t  activat e th e c ,  bu t  th e 
nex t  highes t  d ,  resultin g i n les s suppor t  fo r  th e 

Figur e 7 .  S o m e folk s do . 

Figur e 7  show s a  typica l  fol k song .  Th e networ k i s 
abl e t o pars e th e melod y int o fiv e phrases ,  becaus e o f 
th e relativel y lon g note s tha t  en d th e phrases .  Th e 
networ k als o correcU y parse s thes e five  phrase s int o 
higher-orde r  categories ;  th e secon d an d thir d phras e 
end u p i n th e sam e grou p becaus e o f  thei r  intervalli c 
and rhythmi c similarity .  O n e metho d o f  judgin g 
musicalit y i s t o hav e peopl e judg e th e wort h o f  goo d 
musi c tha t  ha s bee n altere d i n som e way ;  the y shoul d 
prefe r  th e closes t  t o th e original .  A  simila r 
experimen t  ha s bee n performe d here .  A  fixed  numbe r 
of  note s wer e altere d fro m thei r  origina l  valu e t o tha t 
of  a  randoml y chose n not e i n a  tw o octav e range . 
Th e grap h i n Figur e 8  show s mea n activatio n fo r 
bot h th e low-orde r  an d high-orde r  layer s a s a  functio n 
of  th e numbe r  o f  note s changed .  Not e tha t  high-orde r 
value s fo r  zer o note s change d (th e origina l  melody ) 
ar e considerabl y abov e an y o f  th e rando m melodies ; 
high-orde r  unit y i s achieved  b y th e nea r  identitie s o f 

low-orde r 

high-order 

Z 9.2 -

B 9.0 -

10 
no.  o f  note s 
change d 

Figur e 8 .  M e a n activatio n fo r  a  simpl e fol k son g a s a 
functio n o f  th e degre e o f  resemblanc e t o th e original . 
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phrase s 1  an d 4 .  Th e low-orde r  activatio n leve l  fall s 
of f  i n a  near-linea r  fashion .  Th e high-orde r  measur e 
i s somewha t  mor e sensitiv e t o th e disturbanc e o f  th e 
melody ,  reflectin g th e greate r  difficult y i n achievin g 
globa l  unity . 

Discussion 

Numerous problems arise in moving from simple 

fol k song s t o full-fledge d polyphoni c music .  Her e 
jus t  thre e correspondin g t o th e thre e aspect s o f  th e 
model  wil l  b e mentioned .  First ,  th e parsin g 
mechanis m wil l  no t  wor k wit h counterpoint ,  i n 
whic h a n imitativ e phras e ma y b e begi n befor e th e 
end o f  th e voic e i t  i s  imitating .  Next ,  th e 
representatio n onl y weakl y capture s a n importan t  typ e 
of  unit y i n a  piece ,  viz. ,  rhythmi c repetition . 
Finally ,  th e categorizatio n schem e i s to o efficien t  t o 
model  familiarit y effects ;  b y slowin g th e learnin g 
down,  i t  ma y b e possibl e t o sho w wh y i t  take s 
repeate d hearing s befor e a  piec e i s understoo d an d 
ĵfHeciated . 

None o f  thes e problem s ar e trivial ;  an d ye t  non e 
fatall y detrac t  fro m th e centra l  clai m o f  thi s paper , 
tha t  a  networ k mode l  ca n measur e th e coherenc e o f 
th e transition s betwee n musica l  categorie s b y notin g 
th e firequency  an d heigh t  o f  th e activatio n boost s o f 
thes e transitions .  On e aspec t  o f  musica l  cognitio n 
tha t  i s  no t  capture d i n thi s mode l  i s th e possibl e 
pleasur e associate d wit h affectiv e connotations , 
learne d o r  otherwise ,  o f  a  piec e o f  music .  Thi s 
objectio n coul d b e met  b y claimin g tha t  coherenc e i s 
a necessar y bu t  no t  sufficien t  conditio n fo r  musica l 
pleasure .  Alternatively ,  i t  ma y b e possibl e t o sho w 
tha t  thes e connotation s contribut e onl y minimall y t o 
enjoyment ,  an d whe n present ,  ma y b e amenabl e t o a 
theor y o f  th e sor t  propose d i n thi s paper . 
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