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Abstract 
Menta l  representation s o f  structura l  conten t  i n musi c ca n b e communicate d t o listener s b y expressiv e variation s i n 
performance .  W e attemp t  t o recove r  structura l  conten t  fro m pattern s o f  expressio n i n skille d musi c performance ,  an d w e 
contras t  possibl e mapping s betwee n structur e an d expressio n tha t  allo w communicatio n o f  musica l  ideas .  Thre e type s o f 
musica l  structur e ar e investigated :  metric ,  rhythmi c grouping ,  an d melodi c accen t  structures .  Skille d pianist s performe d 
musica l  sequence s whic h wer e examine d fo r  expressiv e variation s tha t  coincid e wit h eac h accen t  structure .  Th e mappin g 
of  structur e t o expressio n i s compare d fo r  musi c i n whic h th e accen t  structure s ar e presente d singly ,  ar e combine d t o 
coincid e o r  conflict ,  o r  naturall y co-occur .  Th e findings  sugges t  tha t  associate d set s o f  expressiv e variation s i n performanc e 
provid e a n unambiguou s an d flexible  syste m fo r  communicatin g musica l  structure . 

A basi c proble m i n domain s suc h a s speech ,  vision , 

an d music ,  i s  h o w a  perceive r  i s  abl e t o recove r 

structur e fro m a  continuou s input .  O n e possibl e solu -

tio n fo r  musi c perceptio n i s tha t  a  performe r  emphasiz -

es structurall y importan t  events ,  drawin g th e listener' s 

attentio n t o the m an d thu s aidin g th e perceptio n o f 

structure .  Successfu l  communicatio n betwee n performe r 

an d listene r  require s tha t  th e listene r  distinguis h be -

twee n musica l  structur e (informatio n usuall y indicate d 

i n a  musica l  score )  an d musica l  expressio n (particula r 

method s o f  emphasizin g structure )  i n musi c perfor -

mance.  Thi s tas k i s complicate d b y th e fac t  tha t  bot h 

ar e code d i n th e sam e acousti c dimension s suc h a s 

frequenc y an d intensity .  However ,  systemati c expres -

siv e markin g o f  structura l  feature s i n musi c perfor -

mance m a y ai d th e perceiver' s recover y o f  structure . 

Thi s pape r  focuse s o n th e communicatio n o f 

musica l  structur e throug h expressiv e variation s i n 

performance .  W e addres s h o w th e mappin g o f  structur e 

t o expressio n m a y b e mediate d b y performers '  menta l 

representations .  Event s interprete d a s structurall y 

importan t  ar e ofte n performe d i n a  w a y tha t  draw s 

attention ,  b y playin g the m louder ,  longer ,  o r  mor e 

legat o tha n surroundin g event s (Clarke ,  1988 ;  Gabriels -

son ,  1974,1982 ;  Palmer ,  1989) .  Hypothetically ,  i t  shoul d 

be possibl e fo r  th e listene r  t o identif y event s playe d i n 

thi s manne r  an d infe r  thei r  structura l  importance . 

Unfortunately ,  thi s direc t  recover y o f  structur e fro m 

expressio n i s  problemati c becaus e musi c i s  typicall y 

compose d o f  severa l  superimpose d structures ,  som e o f 

whic h contradic t  eac h othe r  (Lerdah l  &  Jackendoff , 

1983) .  Thus ,  a  particula r  combinatio n o f  expressiv e 

variation s m a y aris e fro m multipl e structura l  descrip -

tions ,  makin g th e recover y o f  structur e ambiguous . 

Th e questio n arise s a s t o whic h structura l  feature s 

of  musi c receiv e emphasi s throug h expression .  Ac -

cents ,  event s tha t  stan d ou t  an d captur e a  listener' s 

attention ,  ar e possibl e candidates .  Base d o n relate d 

finding s i n musi c perceptio n an d performance ,  w e hav e 

investigate d thre e accen t  structure s (Drake ,  Dowl in g & 

Palmer ,  1991 ;  Drak e &  Palmer ,  i n prep.) .  T h e first , 

metri c accen t  structure ,  partition s th e musica l  sequenc e 

int o a  periodi c patter n o f  alternatin g stron g an d wea k 

beats ,  wit h importan t  event s a t  th e beginnin g o f  eac h 

measure .  A  secon d accen t  structure ,  rhythmi c group -

ing ,  segment s th e sequenc e int o group s o f  temporall y 

proxima l  events :  a n even t  o f  lon g duratio n separate s 

on e rhythmi c grou p fro m th e nex t  an d i s considere d t o 

be structurall y important .  A  thir d accen t  structure , 

melodi c jumps ,  segment s th e sequenc e o n th e basi s o f 

pitc h height ,  an d a n even t  afte r  a  larg e chang e i n pitc h 

i s structurall y important .  Thes e thre e accen t  structure s 

ar e explicitl y  marke d i n th e musica l  scor e an d exam -

ple s ar e show n i n Figur e 1 ,  wit h X' s  indicatin g ac -

cents .  W e predic t  tha t  thes e event s wil l  receiv e empha -

si s i n performance .  Pianist s ca n emphasiz e event s i n a t 

leas t  thre e ways :  b y change s i n intensity ,  timing ,  an d 

articulation .  Intensit y i s  influence d b y th e keypres s 

forc e correlate d wit h pian o h a m m e r  velocities .  Timing , 

i n particula r  interonse t  timing ,  reflect s even t  duration s 

relativ e t o thos e indicate d b y th e musica l  score .  Articu -

latio n i s  affecte d b y th e tim e betwee n successiv e 

keypresse s an d releases ,  resultin g i n legat o (smooth )  o r 

staccat o (disjointed )  events . 

H o w d o expressiv e variation s reflec t  a  performer' s 

interpretatio n o f  musica l  structure ? Theoretically ,  a 

performe r  coul d us e al l  method s o f  expressio n (intensi -

ty ,  interonse t  timing ,  an d articulation )  fo r  eac h o f  th e 
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j - f - j  J  I J  J  ^ M m ^ 

^ ^ N - i - m ^  i  n  m m 

Rhythmi c 
Qroupin g 

J J  J  f  r 
^ ^ S E 

Melodi c 
Jumps 

Figur e 1 .  Example s o f  accen t  structures .  X  denote s a n accent . 

accen t  structure s (meter ,  rhythmi c grouping ,  an d 

melodi c jumps )  s o tha t  eac h typ e o f  accen t  woul d b e 

associate d wit h expressiv e variation s i n al ]  thre e 

performanc e measures .  Thi s i s indicate d i n Figur e 2 A 

wher e line s joi n al l  possibl e accent s wit h al l  possibl e 

expressiv e variations .  I n thi s typ e o f  mapping ,  th e 

recover y o f  structur e fro m expressio n ca n b e ambigu -

ous :  a n even t  m a y b e expressivel y marke d a s struc -

turall y important ,  bu t  i t  m a y b e difficul t  t o distinguis h 

whic h accen t  structur e i s implicated . 

A secon d clas s o f  mapping s associate s eac h accen t 

structur e wit h variation s i n onl y on e expressiv e dimen -

sion .  Fo r  instance .  Figur e 2 B show s metri c structur e 

associate d wit h variation s i n intensity ,  rhythmi c group -

in g wit h tempora l  distortions ,  an d melodi c jump s wit h 

articulation .  Thi s woul d b e a  completel y unambiguou s 

communicatio n system :  fo r  instance ,  a  lou d even t  coul d 

be interprete d unambiguousl y a s bein g metricall y 

important . 

I n a  thir d class ,  eac h accen t  structur e woul d b e 

relate d t o a n associate d se t  o f  expressiv e variation s 

uniqu e t o eac h accen t  structure .  Fo r  instance .  Figur e 

2 C show s metricall y importan t  event s playe d bot h 

loude r  an d longe r  i n duration ,  wherea s rhythmi c 

groupin g accent s ar e playe d longe r  an d mor e legato . 

T o distinguis h betwee n musica l  structure s givin g ris e t o 

th e expressiv e outpu t  i n thi s mapping ,  listener s woul d 

hav e t o b e sensitiv e t o associate d combination s o f 

variations . 

We presen t  evidenc e fro m skille d musi c perfor -

mance tha t  allow s u s t o distinguis h amon g thes e 

mapping s o f  structur e t o expression .  W e wil l  contras t 

fmding s fro m empirica l  studie s presente d i n detai l 

elsewher e (Drak e &  Palmer ,  i n prep.) .  First ,  w e 

examin e performance s o f  musica l  sequence s i n whic h 

onl y on e accen t  structur e i s presente d a t  a  time ,  t o 

determin e expressiv e variation s use d i n th e absenc e o f 

Performanc e 
Variation s Structur e 

Infntlt y 

Rhythmi c 
Qroupin g 

Timin g 

Articulatio n Jumps 

B 

Mete r 

Rhythmi c 
Qroupin g 

Melodi c 
Jump* 

Intensit y 

Timin g 

Articulatio n 

Rhythmi c 
Groupin g 

Jumps 

Intensit y 

Timin g 

Articulatio n 

F i g u r e 2 .  T h r e e theoretica l  m a p p i n g s o f  structur e t o 

express ion . 
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othe r  accents .  Second ,  w e examin e th e performanc e o f 

simpl e musica l  sequence s i n whic h th e thre e accen t 

structure s ar e combine d i n differen t  way s s o tha t  the y 

conflic t  o r  coincide ,  t o determin e h o w th e presenc e o f 

eac h structur e influence s th e expressio n o f  othe r  struc -

tures .  Third ,  w e analyz e a  performanc e o f  comple x 

musi c i n whic h th e thre e accen t  structure s naturall y co -

occur .  B y usin g progressivel y mor e comple x stimuli , 

we hop e t o distinguis h a m o n g possibl e mapping s o f 

structur e t o expressio n i n skille d musi c performance , 

an d t o tes t  whethe r  o r  no t  thi s mappin g i s dependen t  o n 

th e musica l  contex t  i n whic h th e accen t  structure s ar e 

presented . 

A. Isolated accent structures 

Te n skille d pianist s performe d simpl e musica l  se -

quence s i n whic h eac h accen t  structur e wa s presente d 

i n isolation .  Example s o f  th e sequence s ar e show n i n 

Figur e 1 .  T o evaluat e th e relativ e contribution s o f 

emphasi s o f  structurall y importan t  event s versu s lac k o f 

contro l  (noise) ,  pianist s wer e instructe d t o perfor m 

eac h sequenc e i n tw o ways :  firs t  musicall y an d the n 

mechanicall y (withou t  addin g an y expression) .  Perfor -

mances wer e recorde d o n a  Y a m a h a Disklavie r  acousti c 

uprigh t  pian o monitore d b y a  persona l  computer .  Onl y 

result s reachin g statistica l  significanc e ( e <  .05 )  fro m 

analyse s o f  varianc e ar e describe d here .  Fo r  eac h 

accen t  structure ,  th e expressiv e variation s coincidin g 

wit h accente d event s i n Figur e 1  wer e compare d wit h 

thos e o n surroundin g events :  fo r  instance ,  event s o n th e 

firs t  bea t  i n th e measur e wer e compare d wit h al l  othe r 

events ,  th e first  an d las t  event s i n a  rhythmi c grou p 

wer e compare d wit h th e othe r  events ,  an d event s o n 

melodi c j ump s an d turn s wer e compare d wit h event s 

precedin g an d followin g them . 

Musica l  performances .  T h e expressiv e variation s ob -

serve d i n th e musica l  performance s ar e show n i n 

Figur e 3 .  Event s o n th e first  bea t  i n th e measur e wer e 

playe d loude r  an d mor e legat o tha n othe r  event s i n th e 

measure .  T h e en d o f  a  rhythmi c grou p wa s emphasize d 

b y bein g playe d louder ,  delayed ,  an d precede d b y a 

shor t  pause .  Thus ,  consisten t  expressiv e variation s 

wer e relate d t o metrica l  an d rhythmi c groupin g accent s 

but  no t  t o melodi c Jumps . 

Mechanica l  performances .  Th e expressiv e variation s 

observe d i n th e mechanica l  performance s o f  th e sam e 

musica l  sequence s ar e show n i n Figur e 4 .  N o expres -

siv e variation s wer e recorde d fo r  eithe r  mete r  o r 

melodi c jumps ,  bu t  th e rhythmi c group s wer e empha -

size d wit h th e sam e timin g an d overla p variation s a s 

see n i n th e musica l  performances .  Wit h thes e tw o 

exceptions ,  th e mechanica l  performance s demonstrat e 

tha t  th e mappin g o f  structur e t o expressio n i s voluntar y 

an d relate d t o th e performers '  emphasi s o f  musica l 

structure . 

Menta l 
Structur e 

Perlormanc a 
Variation s 

(Irt t  bea t  loude r ntandt y 

Rhythmi c 
Qroupin g 

naet  delaye d 
Timin g 

û ticulatlo n Jutnp a 

F igur e 3 .  O b s e r v e d m a p p i n g s fo r  musica l  pe r f o rmance s 

o f  isolate d accen t  structures . 

Menta l 
Structur e 

Performanc e 
Variation s 

Meter 

Rhythmi c 
Groupin g 

lytatodi c 
J u m p* 

Intenelt y 

las t  even t  onMt_delaye d 
Timin g 

Articulatio n 

Figur e 4 .  Observe d mapping s fo r  mechanica l  perfor -

mances o f  isolate d accen t  structures . 

B.  C o m b i n e d accen t  structure s 

Th e sam e pianist s the n performe d musica l  sequence s 

(i n a  musica l  fashio n only )  i n whic h al l  thre e accen t 

structure s eithe r  coincide d o r  conflicted .  Example s o f 

tune s i n whic h accent s coincid e an d conflic t  ar e show n 

i n Figur e 5 ,  an d th e expressiv e performanc e variation s 

ar e summarize d i n Figur e 6 .  T h e sam e variation s wer e 

observe d fo r  rhythmi c groupin g a s see n i n th e musica l 

performance s o f  th e isolate d accen t  structure s (las t 

even t  playe d louder ,  precede d b y a  pause ,  an d de -

layed) .  N o systemati c variation s wer e observe d fo r 

meter ,  bu t  melodi c j ump s wer e precede d b y a  length -

ene d duratio n delayin g thei r  onset .  Thes e findings  wer e 

consisten t  acros s performance s o f  stimul i  containin g 

coincidin g an d conflictin g accen t  structures .  Not e tha t 

thre e o f  th e si x expressiv e variation s observe d i n th e 

musica l  performance s o f  th e isolate d accen t  structure s 

(Figur e 3 )  wer e als o observe d here ,  suggestin g tha t 

the y ar e unaffecte d b y th e presenc e o r  absenc e o f  th e 

othe r  accents . 
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A [j > 3  }  ^ r r = q i : : a T '  \ ^  r  T  TI J H i 
Meter 

Rhythmi c 
Qroupin g 
Melodi c 
Jumps 

B m - i  f i L f r i r  r  J  J i ^ l J 

Meter 

Rhythmi c 
Qroupin g 
Melodi c 
Jumps 

Figur e 5 .  E x a m p l e s o f  musica l  sequence s i n w h i c h accent s ( A )  coincid e o r  (B )  conflict . 

Menta l 
Structur e 

Performanc e 
Variation s 

((•i»y» d Rhythmi c 
Qroupin g 

Melodi c 
Jump* 

Intantlt y 

Timin g 

Articulatio n 

Figur e 6 .  O b s e r v e d m a p p i n g s fo r  per formance s o f 

comb ine d accen t  structures . 

C.  C o m p l e x m u s i c wi t h co-occurrin g accen t 

structure s 
An experience d concer t  pianis t  performe d Beethoven' s 

Pian o Sonat a Opu s 111 ,  wit h whic h h e wa s familiar ,  o n 

a computer-monitore d gran d piano .  Thi s piec e wa s 

chose n becaus e i t  present s a  mor e comple x cas e i n 

whic h th e thre e accen t  structure s naturall y co-occur :  a 

significan t  correlatio n wa s foun d betwee n th e rhythmi c 

groupin g an d melodi c j u m p accent s i n th e compositio n 

( r  =  .38 ,  p  <  .01) .  Th e performanc e o f  th e melod y i n 

th e firs t  movemen t  wa s chose n fo r  analysi s becaus e i t 

contain s man y metric ,  rhythmi c grouping ,  an d melodi c 

accents . 

Th e expressiv e variation s i n thi s performanc e ar e 

presente d i n Figur e 7 .  Th e metri c accen t  structur e wa s 

marke d b y variation s i n intensity ,  wit h structurall y 

importan t  event s playe d louder .  Rhythmi c groupin g wa s 

emphasize d agai n wit h th e las t  even t  playe d louder , 

delayed ,  an d precede d b y a  pause .  I n addition ,  th e firs t 

event s i n a  rhythmi c grou p wer e precede d b y a  pause . 

Ther e wa s als o a  mor e comple x variatio n fo r  intensit y 

withi n th e rhythmi c group :  th e firs t  even t  wa s th e 

softes t  an d th e las t  even t  th e loudest ,  wit h a  slo w 

increas e throughou t  th e rhythmi c group .  Melodi c jump s 

wer e precede d an d followe d b y a  paus e an d a  longe r 

interval .  Thus ,  simila r  expressiv e variation s wer e 

observe d i n th e performanc e o f  thi s comple x musi c a s 

i n th e performance s o f  th e isolate d accen t  structure s 

(Figur e 3) :  five  o f  th e si x variation s wer e identical ,  a s 

wel l  a s on e additiona l  variatio n relate d t o rhythmi c 

groupin g an d tw o relate d t o melodi c jumps .  Therefore , 

th e mappin g o f  structur e t o expressio n i s highl y consis -

ten t  i n th e presenc e o r  absenc e o f  othe r  co-occurrin g 

accen t  structures . 

Performanc e 
Structur e Variation s 

firs t  bea t  loude r Intensit y 

Rhythmi c 
Qroupin g 

las t  even t  onse t  delaye d Timin g 

Ittelodi c Artic u atlo n Jumps even t  befor e an d o n lum p mor e staccat o 

F igur e 7 .  O b s e r v e d m a p p i n g s fo r  per fo rmance s o f  co -

occurrin g accen t  structures . 

Returnin g t o th e thre e possibl e classe s o f  m a p p i n g 

presente d earlier ,  thes e analyse s provid e suppor t  fo r  th e 

thir d clas s o f  m a p p i n g ;  associate d set s o f  expressiv e 

variation s reflec t  structura l  content .  T h e othe r  t w o 

classe s o f  m a p p i n g s ar e no t  supporte d becaus e eac h 

accen t  structur e i s no t  relate d t o variation s i n onl y o n e 

or  al l  o f  th e expressiv e d imensions . 
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Discuss io n 

Th e recover y o f  structur e fro m a  ric h continuu m o f 

inpu t  i s a  critica l  proble m fo r  man y perceptua l  do -

mains ,  includin g music .  W e hav e demonstrate d that ,  i n 

th e cas e o f  music ,  performer s us e a  wid e rang e o f 

expressiv e variation s t o disambiguat e musica l  structure . 

Thi s mappin g o f  musica l  structur e t o expressio n i n 

musi c performanc e mus t  b e sufficientl y informativ e an d 

robus t  acros s musica l  context s t o accoun t  fo r  c o m m u -

nicatio n from  performe r  t o listener .  Th e mappin g 

describe d here ,  a n associate d se t  o f  expressiv e varia -

tions ,  i s  encouragin g fo r  theorie s tha t  vie w musi c 

perceptio n a s th e recover y o f  structur e fro m expressio n 

becaus e musi c performance s provid e th e primar y 

sourc e o f  inpu t  fo r  perceptio n o f  music .  T o complet e 

th e chai n o f  communication ,  listener s mus t  b e abl e t o 

detec t  an d interpre t  thes e expressiv e variations .  Thos e 

describe d her e fal l  withi n th e rang e o f  perceivabl e 

change s (Drake ,  1990) ,  an d ther e i s evidenc e t o sugges t 

tha t  listener s d o detec t  an d us e thes e variation s t o inter -

pre t  musica l  structur e (Clarke ,  1989 ;  Nakamura ,  1987 ; 

Sloboda ,  1983) . 

I n summary ,  th e consisten t  finding s acros s musica l 

context s sugges t  thre e importan t  propertie s o f  th e 

mappin g o f  musica l  structur e t o expression .  First , 

structurall y importan t  event s ar e indee d emphasize d 

throug h a  limite d se t  o f  expressiv e variations .  I n pian o 

performance ,  importan t  structura l  feature s ma y b e 

performe d louder ,  longer ,  an d mor e smoothly .  On e o r 

mor e o f  thes e variation s ma y b e applie d a t  th e sam e 

time ;  a  singl e expressiv e variatio n ma y b e use d i n 

simpl e musica l  context s an d multipl e variation s i n mor e 

comple x musica l  contexts ,  a s evidence d b y th e in -

crease d complexit y i n th e mappin g fro m performance s 

of  simpl e musica l  sequence s t o mor e comple x musica l 

forms . 

Second ,  th e finding  tha t  man y expressiv e variation s 

greatl y decreas e o r  disappea r  i n mechanica l  perfor -

mances indicate s tha t  the y ar e unde r  voluntar y contro l 

and reflec t  th e performers '  interpretatio n o f  th e musica l 

structure .  Thi s typ e o f  contro l  i s  necessar y fo r  flexibl e 

performanc e tha t  accommodate s musica l  context s i n 

whic h structur e covaries ,  ye t  maintain s a  determinat e 

mappin g o f  structur e t o expression . 

Third ,  thes e fmding s sugges t  tha t  a n associate d se t 

of  expressiv e variation s consistentl y signal s a t  leas t 

some structura l  conten t  acros s musica l  contexts .  Th e 

comple x interpla y betwee n expressio n an d structur e 

reflect s th e flexibilit y  attribute d t o skille d performance , 

i n whic h a n expressiv e dimensio n ca n b e adjuste d t o 

accommodat e differen t  structura l  feature s i n differen t 

performance s o f  th e sam e music .  Thi s vie w require s 

tha t  bot h explici t  expressiv e variation s an d th e structur -

al  feature s implie d b y the m contribut e t o th e menta l 

representation s o f  musica l  knowledg e share d b y per -

forme r  an d listener . 
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