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ABSTRACT 

A fundamental problem in music cognition is the question of how the listener 
extract s th e music' s tempora l  organization .  We describ e a  model ,  implemente d 
as a  compute r  simulation ,  tha t  construct s a  hierarchica l  representatio n o f 
metri c structur e tha t  conform s t o th e requirement s o f  Lerdah l  &  Jackendoff' s 
(1983 )  generativ e theory .  Th e mode l  integrate s bottom-u p processin g o f  scor e 
dat a wit h top-dow n processe s tha t  generat e prediction s o f  tempora l  structure , 
and wit h rule s o f  organizatio n tha t  correspon d t o musica l  intuition .  Severa l 
example s o f  th e program' s outpu t  ar e use d t o illustrat e thes e processes . 

INTRODUCTION 

People perceive patterns in temporal events even in the absence of any 
physica l  cues .  Fo r  example ,  w e hea r  a  sequenc e o f  identica l  equall y space d 
tone s a s bein g groupe d b y two s o r  possibl y three s (Fraisse ,  1982) ,  wit h th e 
firs t  ton e o f  eac h grou p accented .  When physica l  cues ,  suc h a s accent s o r 
pauses ,  ar e present ,  perceptua l  groupin g i s tha t  muc h mor e robust .  A  resul t 
of  suc h perceptua l  processe s i s meter .  A  mete r  specifie s a  perceive d puls e 
tha t  mark s of f  equa l  interval s i n time .  Pulse s ten d t o b e grouped ,  wit h th e 
firs t  o f  eac h grou p hear d a s accented .  Withi n groups ,  stron g an d wea k pulse s 
alternat e i n a  wa y tha t  reflect s hierarchica l  organization ,  a s illustrate d 
below .  I n th e do t  notatio n introduce d b y Lerdah l  &  Jackendof f  (1983) ,  th e 
number s a t  th e to p represen t  successiv e equall y space d point s i n time ,  an d th e 
dot s belo w ar e pulses .  Th e firs t  ro w o f  dot s show s a  puls e a t  eac h successiv e 
poin t  i n time .  Pulse s wit h dot s a t  mor e tha n on e leve l  ar e perceive d a s 
stresse d relativ e t o others ,  an d the y hierarchicall y organiz e th e pulse s int o 
pairs ,  pair s o f  pairs ,  an d s o on .  Of  thes e levels ,  th e mos t  perceptuall y 
salien t  i s  wha t  w e intuitivel y cal l  th e beat ,  o r  wha t  Lerdah l  &  Jackendof f 
cal l  th e tactus . 

Pulse 123456789 10 etc. 
1 

Metri c leve l  2  . 
3 . 

Rhythm emerges from the interaction of metric structure with auditory 
events .  Fo r  example ,  syncopate d rhythm s occu r  whe n perceive d musica l  accent s 
ar e hear d a s occurrin g a t  unaccente d position s i n th e metri c structure .  Thus , 
musica l  event s ar e hear d withi n a  framewor k establishe d b y th e metri c 
structure .  O n th e othe r  hand ,  th e musi c itsel f  mus t  als o guid e th e listene r 
i n establishin g a  metri c framewor k fo r  th e interpretatio n o f  th e music .  We 
ar e intereste d i n ho w a  listene r  discover s a  metri c structure . 

We have been developing a model of meter and rhythm perception based on 
Lerdah l  &  Jackendoff' s  (1983 )  Generativ e Theor y o f  Tona l  Music ,  o r  GTTM.  GTTM 
attempt s t o formaliz e th e intuition s o f  a  huma n listene r  regardin g classica l 
Wester n tona l  music .  Th e theor y doe s thi s b y mean s o f  fou r  stage s o f 
analysis ,  eac h embodie d i n tw o set s o f  rules .  Well-formednes s rule s (WFRs ) 
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are analogous to grammatical rules, in that they specify legal structures 
withi n a  stage ,  an d preferenc e rule s (PRs )  correspon d t o law s o f  perceptua l 
organization .  We ar e modeling ,  a s a  compute r  simulation ,  th e firs t  stage , 
metri c analysis ,  whic h yield s a  hierarchica l  representatio n o f  metri c 
structur e tha t  conform s t o traditiona l  intuition s abou t  mete r  an d accent . 

In previous work, there have been five very different computer simulation 
model s o f  mete r  an d rhyth m perception .  Difference s amon g th e model s hav e t o 
do with :  th e metho d o f  analysis—tha t  is ,  note-by-not e o r  all-at-onc e (i.e . 
th e entir e scor e i s availabl e i n constructin g th e analysis) ;  th e typ e o f  dat a 
use d (i.e .  tim e interval s onl y o r  tim e an d pitch) ;  thei r  abilit y  t o dea l  wit h 
anacruci s (initia l  unaccente d notes) ,  syncopation ,  an d ambiguity ;  an d th e 
natur e o f  thei r  output .  Al l  simulation s ar e limite d t o singl e voic e input . 

Simon's (1968) all-at-once LISTENER program groups the note durations it 
use s a s inpu t  int o unit s o f  equa l  duration .  Fro m thi s i t  extract s repeatin g 
rhythmi c phrase s tha t  may spa n severa l  measures .  LISTENE R doe s no t 
distinguis h betwee n mete r  an d rhythm .  Longuet-Higgin s &  Steedma n (1971) , 
develope d a  note-by-not e parse r  tha t  adopt s th e firs t  note-valu e a s th e basi c 
metri c uni t  an d adjust s i t  base d o n successiv e not e values .  I t  canno t  handl e 
passage s o f  note s o f  equa l  duration .  A  late r  progra m b y Steedma n (1977) , 
usin g th e outpu t  o f  th e Longuet-Higgin s &  Steedma n program ,  make s a  secon d 
pas s throug h th e score ,  considerin g no t  onl y note-value s bu t  als o melodi c 
repetition ,  assumin g tha t  siz e an d separatio n o f  a  figur e an d it s repea t 
reflec t  th e metri c structure . 

A fourth program (Longuet-Higgins & Lee, 1982) returns to a time-only 
orientatio n a s wel l  a s a  note-by-not e approach .  Th e progra m take s a  lis t  o f 
not e value s (onse t  t o onset )  a s input ,  an d use s fou r  production s t o generat e a 
metri c uni t  an d th e locatio n o f  ba r  line s a s output .  Thi s progra m i s a  majo r 
improvemen t  ove r  earlie r  programs .  I t  handle s syncopatio n an d anacrucis ,  an d 
i t  i s  als o hierarchical ,  identifyin g mor e tha n on e metri c leve l  a s i t 
progressivel y expand s th e metri c unit .  However ,  sinc e i t  analyze s unti l  th e 
metri c uni t  reache s a  maximu m siz e o f  on e whol e not e an d the n stops ,  i t  canno t 
detec t  change s i n mete r  i n th e middl e o f  a  piece ,  no r  doe s i t  produc e a n 
analysi s o f  th e whol e piece . 

Grid theory (Povel, 1984) is a different approach to time-only all-at-
onc e analysis .  A  gri d i s analogou s t o a  metronom e tha t  tick s a t  a  unifor m 
rate .  I f  a  metronom e tick s whil e musi c plays ,  w e ca n tal k abou t  th e fi t 
betwee n th e tw o i n term s o f  ho w man y tick s coincid e wit h not e onset s (hits; 
th e mor e th e better )  an d ho w man y not e onset s ar e no t  accompanie d b y tick s 
(misses ;  th e fewe r  th e better) .  Fo r  a  give n piece ,  th e fi t  o f  a  gri d i s a 
functio n o f  tha t  grid' s uni t  (inter-tic k interval )  an d phas e (wher e th e tick s 
star t  relativ e t o th e music) .  Th e level s o f  a  metri c hierarch y i n GTTM ca n b e 
though t  o f  a s grid s wit h th e sam e phas e an d differen t  units .  Povel' s insigh t 
provide s a  way .  i n principle ,  o f  quantifyin g th e notio n o f  th e tactus ,  a n 
aspec t  o f  GTTM theor y tha t  i s  o f  grea t  psychologica l  importance .  We sugges t 
tha t  th e tactu s i s tha t  leve l  (grid )  i n th e metri c hierarch y tha t  maximize s 
th e rati o o f  positiv e evidenc e (hits )  t o negativ e evidenc e (misses) . 

Each of the above models produces as output some aspect of the metric or 
rhythmi c structure :  LISTENE R extract s rhythmi c group s o r  phrases ;  th e 

718 



MILLER,  SCARBOROUGH,  JONES 

programs by Longuet-Higgins, Lee, and Steedman extract the time signature, 
wit h som e additiona l  informatio n abou t  th e groupin g structur e withi n eac h 
measure ;  Povel' s progra m identifie s a  singl e metri c uni t  a s th e bea t  o r 
tactus .  Non e o f  thes e simulation s provide s a  complet e analysi s o f  th e metri c 
hierarchy .  Furthermore ,  onl y Longuet-Higgin s &  Le e provid e a  psychologicall y 
plausibl e mode l  o f  ho w listener s discove r  metri c structure .  Th e presen t  wor k 
addresse s thes e shortcomings . 

Where Povel's program selects, out of a large set, a single best-fitting 
grid ,  ou r  mode l  generate s a  famil y o f  grid s representin g a  metri c hierarch y 
tha t  satisfie s th e GTTM metri c well-formednes s rules .  I n addition ,  thi s mus t 
be don e a s th e progra m "listens "  t o th e scor e rathe r  tha n all-at-once .  T o 
thi s end ,  w e hav e adapte d th e productio n rule s develope d b y Longuet-Higgin s & 
Lee (1982) .  We hav e adde d t o thes e rule s b y providing :  a  wa y t o generat e th e 
entir e hierarchy ;  criteri a fo r  excludin g level s generate d b y th e rule s bu t  no t 
acceptabl e i n th e contex t  o f  GTTM;  an d a  mean s o f  generatin g thos e level s no t 
generate d b y Longuet-Higgin s &  Lee' s rule s bu t  require d b y GTTM. 

THE MODEL 

In overview, our model has three types of processes: 1) Bottom-up 
processe s tha t  not e tim e interval s betwee n successiv e not e onset s a s the y 
occur ;  2 )  Top-dow n processe s tha t  tak e thes e interval s an d combination s 
thereo f  an d us e the m t o predic t  th e tim e o f  futur e events ,  wit h differen t 
interval s leadin g t o differen t  predictions .  Thes e predicte d even t  time s 
correspon d t o Povel' s grids ;  an d 3 )  Processe s tha t  evaluat e th e variou s 
predicte d metri c unit s o r  "grids "  fo r  consistenc y wit h a  well-structure d 
hierarch y a s specifie d b y GTTM. 

Below is our analysis of Mozart's Symphony no. 40 (first violin part). 
I t  i s  comparabl e t o GTTM' s analysi s (Lerdah l  &  Jackendoff ,  1983 ,  p .  23) ,  wit h 
tw o differences .  First ,  fo r  reason s t o b e described ,  ou r  analysi s doe s no t 
includ e th e large r  metri c levels .  Second ,  non e o f  th e metri c level s i n ou r 
analysi s begin s o n th e firs t  not e o f  th e symphony ,  becaus e doin g s o i s no t 
psychologicall y plausible .  Onc e th e progra m ha s identifie d metri c levels ,  i t 
generate s expectation s a t  eac h level ,  lik e a  listene r  wh o ha s "go t  th e beat. " 
Gettin g th e beat ,  however ,  take s som e time .  Onc e thi s i s done ,  th e progra m 
generate s a  metri c structur e tha t  conform s t o th e well-formednes s rule s 
(WFRs) :  ther e i s a  do t  a t  ever y not e onse t  (WF R 1 ) ;  i f  ther e i s a  do t  a t  leve l 
L ther e i s a  do t  a t  L- 1 (WF R 2 ) ;  dot s a t  leve l  L  grou p dot s a t  L- 1 eithe r  b y 
two s o r  b y three s (WF R 3 ) ;  tempora l  interval s (represente d b y distance ) 
betwee n dot s a t  an y leve l  ar e unifor m (WF R 4 ) .  Not e als o tha t  stron g beat s 
(thos e wit h dot s a t  highe r  levels )  coincid e wit h onset s o f  longe r  notes .  Thi s 
agree s wit h Mozart' s  ba r  line s an d wit h preferenc e rul e 5 . 

The program begins by placing a marker, Tl, at the onset of the first 
note .  When i t  reache s th e beginnin g o f  th e secon d note ,  i t  place s anothe r 
marker ,  T2 ,  an d establishe s th e T 2 -  T l  interva l  a s th e curren t  metri c uni t 
(MU) .  Th e hypothesi s tha t  thi s interva l  i s  a  uni t  i n th e piece' s metri c 
structur e predict s tha t  anothe r  onse t  wil l  occu r  on e metri c uni t  furthe r  on , 
so th e progra m project s a  thir d marker ,  T3 ,  on e MU int o th e future ,  i.e .  a t  T 2 
+ MU.  Th e hypothesi s i s mad e explici t  i n a  netronome ,  a  proces s tha t  i s use d 
t o generat e a  leve l  i n th e metri c hierarchy .  A t  thi s poin t  th e MU i s a n 

719 



MILLER,  SCARBOROUGH,  JONES 

eighth-note ,  s o a n eighth-not e metronom e i s made .  Whe n thi s metronom e 

" t icks, "  i t  place s a  do t  i n th e growin g metri c hierarch y an d the n set s itsel f 

t o tic k agai n on e M U later .  Th e metronom e count s it s  dots ,  an d whethe r  a  do t 

coincide s wit h a  not e onse t  ( a h i t ) . 

1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 U  1 5 1 6 1 7 1 8 1 9 2 0 

' j A -  I  frl r  C r r  f r i r ^ ^  {  ^ ^ i ^  f r r  ^ 

J 
J 

Mozart' s Synphon y No .  40 ,  Firs t  Movemen t  (1s t  Violi n part ) 

This completes processing at the onset of the second note. The next 
locatio n i s alway s th e lesse r  o f  tw o distances :  th e distanc e t o th e nex t  not e 
onse t  an d th e distanc e t o th e nex t  tic k o f  th e lowes t  leve l  metronome .  Th e 
distanc e t o th e sol e metronome' s nex t  tic k i s th e sam e a s th e distanc e t o th e 
nex t  eighth-note ,  s o th e progra m move s t o thi s location . 

The program finds T3 at this new location, supporting the hypothesis that 
th e eighth-not e i s a  metri c interval .  O n th e strengt h o f  this ,  th e progra m 
hypothesize s a  higher-leve l  tempora l  groupin g a t  doubl e th e curren t  (eighth -
note )  metri c unit .  Ther e ar e tw o reason s fo r  doublin g rathe r  tha n triplin g 
th e curren t  MU t o generat e th e nex t  highe r  level .  First ,  ratio s o f  tw o ar e 
fa r  mor e common.  Second ,  tw o i s th e mos t  common groupin g i n th e subjectiv e 
organizatio n o f  identical ,  isochronou s tone s (Fraisse ,  1982) ,  an d i n 
spontaneou s tappin g (Fraisse ,  1947-1948) .  Th e doublin g operatio n (Longuet -
Higgin s &  Lee' s "Conflate "  procedure )  hold s T l  fixe d an d move s T 2 t o wher e T 3 
i s (i.e .  a t  T l  +  2MU) ,  recalculate s th e MU (T 2 -  Tl )  an d project s T 3 t o T 2 + 
MU.  Th e ne w quarter-not e MU generate s a  ne w metronom e whic h i s se t  t o tic k a t 
Tl  +  MU,  i.e .  T2 .  Ther e ar e no w tw o metronomes ,  wit h differen t  units .  Th e 
progra m examine s eac h i n tur n t o se e i f  i t  i s  du e t o tic k a t  th e curren t 
location .  I f  i t  is ,  th e metronom e produce s a  dot ,  count s it ,  an d score s a  hi t 
i f  ther e i s a  not e onse t  a t  th e curren t  location .  I f  a  metronom e i s no t  du e 
t o tic k bu t  ther e i s a  not e onset ,  th e metronom e record s a  miss ,  a n onse t  i t 
di d no t  predict .  I n ou r  example ,  bot h metronome s ar e du e t o tic k a t  th e 
curren t  locatio n (th e thir d not e onset) ,  s o no w th e metri c hierarch y contain s 
tw o dot s a t  th e eighth-not e leve l  an d on e a t  th e quarter-not e level ,  al l  hits . 

The distance to the next note onset is a quarter-note, while the unit of 
th e lowes t  metronom e i s a n eighth-note ,  s o th e nex t  locatio n i s halfwa y 
betwee n th e onse t  o f  not e 3  an d th e onse t  o f  not e 4 .  Th e progra m examine s 
eac h metronome .  Onl y th e eighth-not e metronom e i s se t  t o tic k here ,  an d i t 
produce s a  dot ,  bu t  ther e i s n o onse t  here ,  s o i t  i s  neithe r  a  hi t  no r  a  miss . 

T3 occurs at the onset of the fourth note, so we might expect the program 
agai n t o doubl e th e MU an d creat e a  ne w metronome .  However ,  somethin g mor e 
importan t  ha s happened .  A t  th e onse t  o f  not e 4 ,  th e progra m reache s th e en d 
of  th e not e 3  quarter-note ,  an d i t  recognize s tha t  thi s not e i s longe r  tha n 
any i t  ha s hear d before .  Sinc e longe r  note s usuall y initiat e higher-leve l 
metri c grouping s (Pove l  &  Essens ,  1985) ,  an d sinc e i t  i s  stil l  earl y i n th e 
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piece, the program retrospectively interprets the first two notes as upbeats 
t o th e thir d note .  Accordingly ,  a n "Update "  proces s move s T l  forwar d s o a s t o 
make th e onse t  o f  not e 3  th e ancho r  poin t  o f  th e metronomes ,  an d project s T 2 
and T 3 a t  on e an d tw o MUs,  respectively ,  fro m Tl .  Th e MU i s no t  changed ,  an d 
no ne w metronom e i s created .  Not e tha t  th e Conflatio n tha t  seeme d warrante d 
at  thi s locatio n i s n o longe r  possible ,  sinc e T 3 ha s bee n projecte d t o a  poin t 
we hav e no t  ye t  reached .  Th e progra m no w examine s th e metronomes :  bot h ar e 
due t o tick ,  an d sinc e ther e i s a n onse t  her e bot h dot s ar e hits . 

At the onset of note 5 the eighth-note metronome yields a hit and the 
quarter-not e a  miss .  A t  th e onse t  o f  not e 6 ,  w e hav e reache d T3 .  Th e progra m 
therefor e Conflates ,  doublin g th e quarter-not e MU t o a  half-note ,  an d make s a 
thir d metronome .  Thi s metronom e i s se t  t o tic k a t  T l  +  MU,  whic h happen s t o 
be wher e w e are .  Not e tha t  i f  T l  ha d no t  bee n Update d befor e thi s Conflation , 
th e firs t  do t  a t  th e half-not e leve l  woul d hav e bee n a t  th e onse t  o f  not e 4 , 
whic h woul d hav e bee n inappropriate .  Instead ,  th e half-not e metronom e 
produce s dot s suc h tha t  ever y othe r  do t  coincide s wit h a  ba r  lin e i n th e 
score .  A t  not e 9  th e progra m reache s T 3 onc e again ,  wher e anothe r  conflatio n 
yield s a  MU o f  a  whole-not e an d a  fourt h metronome . 

We do not allow enlargement of the MU beyond one whole-note, so our 
analysi s doe s no t  produc e GTTM' s two-measure ,  four-measur e an d highe r  metri c 
levels .  Th e poin t  o f  thi s limitatio n i s tha t  highe r  level s are :  a )  les s 
perceptuall y salien t  (the y ar e fa r  abov e th e tactus) ;  an d b )  ar e bette r 
understoo d a s definin g phrasa l  boundarie s tha n metri c unit s (Longuet-Higgin s & 
Lee ,  1982) .  Indeed ,  GTTM allow s fo r  metri c discontinuitie s a t  hig h level s an d 
fo r  violatio n o f  WFR 4  (whic h normall y require s dot s a t  a  give n leve l  t o b e 
equall y space d i n time )  i n suc h cases .  We hav e no t  ye t  attempte d t o 
incorporat e suc h intuition s i n ou r  program . 

The rest of the analysis generates the full metric hierarchy and counts 
th e hit s an d misse s a t  eac h o f  it s  levels .  I n addition ,  a  procedure .  Slide , 
whic h w e hav e adde d t o thos e o f  Longuet-Higgin s &  Lee ,  slide s al l  o f  th e T -
marker s forwar d 1  MU wheneve r  th e progra m catche s u p wit h T3 .  We assum e tha t 
th e listene r  continue s t o predic t  futur e onset s o n th e basi s o f  th e larges t 
experience d metri c unit ,  an d use s thi s projectio n t o detec t  metri c changes . 
When a  metri c chang e occurs ,  th e framewor k o f  T-marker s may b e rese t  a t  th e 
poin t  o f  change .  We hav e no t  ye t  implemente d thes e intuitions ,  bu t  th e 
proble m o f  mete r  chang e wil l  b e a n importan t  tes t  o f  ou r  model . 

Our analysis of Mozart's Piano Sonata K.331, shown below, illustrates 
anothe r  importan t  operation .  When th e progra m get s t o not e 2  i t  put s T 2 ther e 
and declare s th e MU t o b e a  dotte d eighth-note .  Befor e reachin g T 3 th e 
progra m realize s tha t  not e 3  i s longe r  tha n th e not e beginnin g a t  T2 ,  i.e . 
not e 2 .  Again ,  o n th e assumptio n tha t  longe r  note s shoul d initiat e highe r 
leve l  metri c units ,  th e MU i s no w Stretche d t o a  quarter-not e b y movin g T 2 t o 
th e onse t  o f  not e 3 .  Intuitively ,  th e purpos e o f  th e Stretc h procedur e i s t o 
handl e dotte d notes .  A  dotte d not e i s usuall y followe d b y a  complementar y 
not e which ,  adde d t o th e dotte d note ,  yield s a  duratio n tha t  fit s  th e metri c 
hierarch y a t  a  highe r  leve l  tha n eithe r  o f  th e note s alone . 

The program has so far created sixteenth-, dotted eighth- and quarter-
not e metronomes .  B y th e en d o f  not e 4 ,  i t  agai n find s tha t  it s hypothesi s 
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(that there will be an onset at T3) disconfirmed, since note 4 surrounds T3. 
Thi s suggest s tha t  th e MU tha t  generate d tha t  hypothesi s i s  incorrect ,  an d 
tha t  th e H U shoul d b e enlarged .  Th e mos t  conservativ e enlargemen t  i s  mad e b y 
movin g T 2 t o th e onse t  o f  not e 4 ,  yieldin g a  MU o f  a  dotte d quarter-note . 
Bot h application s o f  th e Stretc h procedur e illustrat e a  common principle : 
wheneve r  th e metri c uni t  i s  enlarge d b y som e mean s othe r  tha n doublin g o r 
triplin g i t  i s  assume d tha t  th e ol d MU i s incorrec t  an d shoul d therefor e b e 
eliminate d (b y markin g i t  a s rejected) .  Thi s indicate s tha t  i t  i s  no t  par t  o f 
th e listener' s metri c representation . 
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i 
J. 
J. 

Mozart' s  Pian o Sonata ,  K .  331 ,  Firs t  Movemen t 

I n som e piece s th e listene r  may hea r  a  not e whos e duratio n i s no t 
represente d i n th e metri c hierarchy .  I n suc h case s w e assum e tha t  th e 
listene r  create s a  metronom e t o represen t  tha t  duratio n i f  i t  i s  consisten t 
wit h th e curren t  MU.  B y consisten t  w e mea n tha t  th e duratio n i n questio n i s 
an integra l  multipl e o r  diviso r  o f  th e MU.  Conside r  th e beginnin g o f  th e las t 
movement  o f  Mozart' s  Symphon y no .  4 1 ("Jupiter" )  below .  A t  th e outse t  th e 
listene r  establishe s a  MU o f  a  whole-note ,  an d eventuall y hear s th e firs t  o f 
th e quarter-notes .  Longuet-Higgin s &  Lee' s rule s d o no t  provid e an y wa y t o 
generat e smalle r  metri c levels ,  bu t  w e assum e tha t  th e musi c itsel f  may 
directl y dictat e level s i n suc h cases .  Sinc e th e firs t  quarter-not e i s 
consisten t  wit h th e MU,  th e progra m create s a  quarter-not e metronome .  A  fe w 
note s late r  w e hea r  a  dotte d half-note ;  this ,  too ,  i s  smalle r  tha n th e MU,  bu t 
i t  i s  no t  consistent ,  s o n o metronom e i s made . 
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Mozart' s Symphon y No .  41 ,  Las t  Movemen t 

The "Jupiter" example also illustrates a third way that metric levels are 
created .  Fo r  th e firs t  fou r  bar s th e metri c hierarch y consist s o f  a  singl e 
level .  When th e quarter-not e metronom e i s created ,  it s  uni t  i s  consisten t 
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with the current MU, but the metric hierarchy now violates WFR 3, which limits 
th e rati o betwee n adjacen t  level s t o thre e o r  less .  Th e solutio n i s t o 
interpolat e a  thir d leve l  tha t  satisfie s WFR 3  wit h respec t  t o bot h th e 
quarter-not e leve l  an d th e whole-not e level ,  i.e .  a  half-not e level .  Afte r 
th e dotte d half ,  w e hea r  a  sixteenth-note ,  an d i t  i s  agai n necessar y t o creat e 
a ne w metronome ,  interpolate d a t  th e eighth-not e level . 

CONCLUSION 

Our program yields a psychologically and musically plausible metric 
analysi s o f  a  wid e variet y o f  scores .  Usin g note-by-not e processing ,  i t 
produce s a  metri c hierarch y tha t  conform s t o th e GTTM rules ,  an d i t  identifie s 
one o f  th e metri c level s a s th e tactu s o r  beat .  Ther e ar e man y othe r  scores , 
however ,  tha t  i t  canno t  correctl y analyze .  Thi s i s a  limitatio n o f  duration -
onl y analysis :  rhyth m i s no t  th e sol e carrie r  o f  informatio n abou t  metri c 
structure .  Th e exten t  t o whic h ou r  approac h succeed s reflect s th e redundanc y 
betwee n rhythmic ,  melodi c an d harmoni c dimension s i n mos t  music .  Th e 
importan t  question ,  therefore ,  i s  whethe r  thos e score s tha t  ou r  progra m canno t 
analyz e ar e als o difficul t  fo r  huma n listener s whe n onl y th e rhyth m i s 
presented .  Answerin g thi s questio n wil l  b e a n importan t  tes t  o f  ou r  model . 
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