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ABSTRACT 

A primary goal of music cognition is to understand mental representations for musical 

knowledg e tha t  allo w communicatio n o f  thought s an d emotions .  Theorie s o f  musica l 

competenc e generall y mode l  menta l  representation s i n term s o f  structur e give n i n th e musica l 

text ,  an d d o no t  mode l  performers '  preferentia l  choice s o f  structura l  conten t  fo r  emphasis . 

Such choice s ar e a n importan t  componen t  o f  musica l  interpretation .  T w o source s o f 

convergin g evidenc e ar e describe d tha t  suppor t  th e rol e o f  phrase s a s structure s i n menta l 

representation s fo r  musi c performance :  evidenc e fro m expressiv e timin g i n skille d performanc e 

and fro m performanc e breakdown s (errors) .  Th e locatio n an d amoun t  o f  expressiv e timing , 

and th e likelihood s o f  differen t  erro r  type s coincide d wit h musicians '  notate d interpretations . 

Evidenc e fro m bot h idea l  an d non-idea l  musica l  behavio r  implicat e th e sam e structure s i n 

representatio n o f  musica l  knowledge ,  an d sugges t  tha t  individua l  preference s ca n explai n muc h 

variatio n i n musi c performance . 

Introduction 

Many theories of music cognition attempt to specify mental representations for musical 

knowledge ;  tha t  is ,  th e knowledg e tha t  performer ,  listener ,  an d compose r  have ,  tha t  allow s 

communicatio n o f  thought s an d emotions .  Th e topi c o f  thi s paper ,  musi c performance , 

provide s a  ric h are a i n whic h t o stud y th e interactio n betwee n representation s o f  musica l 

structur e an d skille d performanc e i n a  naturalisti c setting .  Menta l  representation s underlyin g 

musi c performanc e shoul d affec t  ou r  perceptio n an d comprehensio n o f  musi c a s well . 

Several theories tackle the problem of modelling our musical competence (Cooper & 

Meyer ,  1960 ;  Lerdah l  &  Jackcndoff ,  1983 ;  Meyer ,  1973) .  O n e o f  th e mos t  explici t  attempt s t o 

formaliz e musica l  competenc e i s a  recen t  theor y tha t  model s experience d listeners '  knowledg e 

of  Wester n tona l  musi c (Lerdah l  &  Jackendoff ,  1983) .  Th e theor y predict s th e relativ e 

importanc e o f  musica l  events ,  base d o n a  combinatio n o f  well-formednes s rule s tha t  specif y th e 

set  o f  possibl e structura l  descriptions ,  an d preferenc e rules ,  tha t  resolv e amon g th e competin g 

alternativ e structures .  Thi s theor y represent s a  c o m m o n approac h i n musi c cognition :  t o 

model  structura l  aspect s i n term s o f  informatio n i n th e musica l  text ,  usuall y derivin g on e se t  o f 

structure s pe r  musica l  excerpt . 
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Thi s ambitiou s undertakin g ha s me t  wit h som e succes s i n predictin g effect s i n musi c 

perceptio n (Dcliege ,  1987 ;  Palme r  &  Krumhansl ,  1987) .  Ther e are ,  however ,  severa l  problem s 

i n it s applicatio n t o musi c performanc e (share d b y al l  curren t  theorie s o f  musica l  competence) : 

th e mode l  i s no t  algorithmi c (th e particula r  rule s an d orde r  i n whic h the y ar e applie d ar e no t 

specified) ,  an d i t  i s  no t  clea r  h o w preference s resolv e amon g alternativ e interpretation s i n 

many ambiguou s musica l  passages .  O f  mos t  concer n fo r  thi s paper ,  th e theoretica l  prediction s 

d o no t  tak e int o accoun t  th e differen t  expressiv e variation s introduce d i n differen t 

performance s o f  th e sam e musica l  text .  Thes e problem s illustrat e th e task s face d b y an y 

theor y o f  musica l  competenc e -  h o w t o choos e amon g possibl e structure s compose d o f 

differen t  constituents ,  an d h o w t o appl y procedure s t o combin e o r  contras t  the m i n thei r 

relativ e importance . 

This paper addresses how the musical structures and processes in a mental representation 

influenc e musi c performance .  Th e specifi c  question s include :  ho w doe s a  musica l  performanc e 

communicat e som e intende d meanin g o r  structura l  content ? H o w d o abstrac t  intention s 

differentiat e on e performanc e fro m another ? Wha t  kind s o f  structure s an d operation s compris e 

th e mappin g o f  abstrac t  musica l  intention s t o sounde d performance ? I  wil l  refe r  t o musica l 

intention s a s interpretations .  Interpretation s ar e th e musicians '  modellin g o f  a  piec e accordin g 

t o thei r  o w n choice s o f  appropriat e musica l  structur e fo r  emphasis ,  suc h a s melody ,  phrasing , 

and dynamic s (Apel ,  1972) .  A  skille d performe r  play s no t  onl y wha t  i s specifie d i n th e 

musica l  text ,  bu t  add s muc h intentiona l  expressivenes s tha t  doe s no t  appea r  i n th e text .  Smal l 

variation s i n frequency ,  timing ,  intensity ,  an d timbr e ar e though t  t o gover n th e assignmen t  o f 

musica l  meanin g t o expressiv e performanc e (Nakamura ,  1987 ;  Palmer ,  1989 ;  Shaffer ,  Clarke ,  & 

Todd ,  1985 ;  Todd ,  1985) . 

Two sources of evidence are presented that support musical phrases as structures common 

t o menta l  representation s underlyin g musi c performance .  Phrase s ar e a  goo d candidat e fo r 

musica l  structure ;  the y ar e typicall y describe d i n musi c a s a  uni t  o f  meaning ,  ofte n define d b y 

element s a t  thei r  boundarie s (Coga n &  Escot ,  1976) .  Pausin g an d increasin g duration s a t 

phras e boundarie s i n bot h musi c (Todd ,  1985 )  an d speec h (Coope r  &  Paccia-Cooper ,  1980 ) 

ar e assume d t o b e determine d b y syntacti c an d prosodi c structure .  Algorithm s hav e bee n 

develope d tha t  predic t  pausin g i n speec h an d musi c b y a n amoun t  proportiona l  t o th e 

hierarchica l  leve l  o r  dept h o f  phras e embeddin g (Grosjean ,  Grosjea n &  Lane ,  1979 ;  Todd , 

1985) .  Not e tha t  thes e algorithm s predic t  temp o change s fro m th e informatio n i n th e text ,  no t 

by th e individua l  performer' s intentions ,  an d thu s resul t  i n on e predictio n pe r  musica l  piece . 

I will describe two effects of individual performers' interpretations on mental 

representation s fo r  musi c performance .  Th e tw o source s o f  evidenc e are :  fro m timin g 

variation s i n skille d performanc e (idea l  performance )  an d fro m performanc e breakdown s 

(errors) .  A  se t  o f  pian o performance s wer e collected ,  alon g wit h th e phrasin g interpretation s 

of  th e pianists .  Al l  th e performance s describe d her e wer e recorde d o n a  computer-monitore d 

Bosendorfe r  concer t  gran d piano ,  containin g optica l  sensor s an d solenoids .  Thi s instrumen t 

allow s precis e measurement ,  recording ,  an d playbac k o f  timin g an d velocit y (loudness ) 

parameter s o f  a  performance ,  withou t  affectin g th e touc h o r  soun d o f  th e acousti c instrument . 
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Expressiv e Timin g i n Musi c Performanc e 

I will first describe a study that addresses the effect of phrasing interpretation on musical 

performanc e b y comparin g eac h performer' s intende d structura l  conten t  wit h expressiv e timin g 

variation s i n th e sounde d performance .  Si x professiona l  pianist s wer e aske d t o perfor m th e 

same musica l  piece ,  a  Pian o Prelud e b y Chopi n (th e musica l  tex t  wa s hel d constant) . 

Afterwards ,  pianist s notatc d thei r  phrasin g interpretation s o n a n unedite d musica l  score . 

Figur e l a contain s a  5-measur e excerp t  fro m tha t  piece ,  wit h on e o f  th e pianist' s  notate d 

phrasing s abov e th e musica l  score . 

A common method for emphasizing phrasing in music performance is to alter the relative 

timin g o f  event s b y usin g rubat o (change s i n tempo) .  Th e experimenta l  goa l  i s  t o fin d 

correspondence s betwee n th e intende d phrasin g an d th e us e o f  rubato .  Th e timin g variation s 

i n eac h recorde d performanc e wer e therefor e analyze d relativ e t o eac h pianists '  phrasin g 

interpretation .  Show n i n Figur e l b ar e th e rubat o pattern s fro m on e performance ,  expresse d 

i n percen t  deviatio n fro m a  mechanicall y regula r  performance .  Th e deviation s wer e calculate d 

relativ e t o eac h pianist' s  mea n temp o o r  rate ;  thus ,  a  larg e positiv e valu e indicate s slowin g 

down,  an d a  negativ e valu e indicate s speedin g up .  Th e correspondenc e betwee n amoun t  o f 

rubat o an d intende d phrasin g i s mos t  eviden t  a t  phras e boundarie s (indicate d b y gap s i n 

Figur e lb) ;  phras e ending s ar e accompanie d b y larg e positiv e value s (indicatin g slowin g down) , 

relativ e t o beginning s o f  phrases . 

A . 

B , 

C t o r V r ^  r r  n 

i i 
I i 

Y - 1 0 

Figur e 1 .  A  pianist' s  performanc e o f  th e Prelud e i n D-fla t  Majo r  b y Chopin ,  a )  Notate d 

phrasin g o f  performer ,  b )  Tempora l  deviation s from  mechanica l  regularit y o f  th e score . 

351 



P A L M ER 

Afte r  performin g th e musica l  excerpt ,  eac h pianis t  wa s asice d t o pla y i t  again ,  excep t  thi s 

time ,  t o pla y i t  mechanically ,  no t  t o ad d an y expressiv e interpretatio n t o th e musica l  tex t  (th e 

lin e aroun d zer o i n Figur e l b reflect s a  strictl y regula r  performance) .  Th e dashe d lin e i n 

Figur e 1  reflect s th e pianist' s  "mechanical "  performance ;  th e relationshi p betwee n rubato  an d 

intende d phrasin g disappear s i n th e mechanica l  performance ,  suggestin g tha t  th e us e o f  rubat o 

i s bot h voluntar y an d par t  o f  th e performer' s intentio n t o emphasiz e phrasing . 

I will turn to a study of phrasing in a more ambiguous musical example. Pianists 

consistentl y notate d th e sam e phrasin g fo r  th e Chopi n excerp t  describe d above .  I n contrast , 

the y differe d ofte n i n choic e o f  phrasin g fo r  a  Brahm s Pian o Intermezzo ,  show n i n Figur e 2 

wit h tw o phrasin g interpretation s (notate d b y differen t  pianists) .  T o stud y th e uniquenes s o f 

th e mappin g fro m phrasin g interpretatio n t o timin g variations ,  on e pianis t  wa s aske d t o pla y 

th e sam e musi c twice ,  wit h th e tw o differen t  phrasin g interpretations .  Eac h performanc e wa s 

analyze d i n term s o f  th e differen t  interpretations . 

The graphical notation shown in Figure 3 demonstrates the expressive timing variations in 

th e tw o performances .  Thi s nontraditiona l  notatio n offer s th e advantag e o f  increase d 

resolutio n o f  tempora l  an d intensit y (loudness )  information .  Pitc h heigh t  i s represente d o n th e 

abscissa ,  tim e o n th e ordinat e axis ;  blac k denote s lou d musica l  events ,  whit e denote s quiet . 

Th e tw o boxe s displa y th e firs t  si x note s i n th e melod y (i n thi s excerpt ,  th e highes t  pitches )  fo r 

eac h performance .  Th e intende d phrasin g i s marke d wit h lines .  Th e gap s coinciden t  wit h 

intende d phras e boundarie s indicat e a n increas e i n expressiv e timin g (pause s occu r  a t  phras e 

boundaries) .  A s show n here ,  th e mappin g o f  interpretatio n t o performanc e i s unique .  W h e n 

a performanc e i s examine d i n term s o f  a n interpretatio n othe r  tha n tha i  intende d b y th e 

performer ,  th e timin g variation s n o longe r  coincide ;  onl y th e performer' s intende d phrasin g 

characterize s th e timin g accurately . 

B . 

0 4 § i 

i 

S 

^ r ^ 

Figur e 2 .  T w o phrasin g interpretation s ( A an d B ) 

of  openin g sectio n o f  Pian o Intermezzo ,  Opu s 11 8 N o .  2 ,  b y Brahms . 
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A . 

Fip̂ r̂ ^̂ ^ ^ 

B . 

I  1 

I  I 

F igu r e 3 .  G r a p h i c a l  notat io n o f  p e r f o r m a n c e s o f  th e t w o phras in g interpretation s 

( A an d B )  o f  openin g sectio n fro m Brahms '  Pian o Intermezzo . 

Thus, the use of rubato to emphasize phrasing accommodates different interpretations 

of  th e sam e musi c an d disappear s i n th e absenc e o f  interprclalio n (a s see n i n th e mechanica l 

performance) .  Thes e finding s suppor t  a  framewor k o f  menta l  rcprcsenlation s fo r  musi c 

performanc e i n whic h expressiv e timin g i s directl y relate d t o th e performers '  choic e o f  phrase s 

as constituen t  structures .  However ,  phrase s ma y serv e a s constituent s a t  a  globa l  level , 

realize d onl y i n performanc e output ;  the y ma y b e combine d fro m other ,  mor e primitiv e unit s 

of  representation .  A  secon d sourc e o f  evidenc e fo r  phrase s a s basi c unit s o f  menta l 

representatio n i s described ,  tha t  argue s agains t  thi s conclusion :  evidenc e fro m performanc e 

breakdowns ,  o r  errors . 

Performance Errors 

Performance breakdowns, or errors resulting in unintended output, are fairly common in 

many behavior s an d ofte n resul t  fro m confiic t  amon g severa l  possibl e actions ,  thoughts ,  o r 

plans .  Fro m a n analysi s o f  th e type s an d amount s o f  errors ,  i t  i s  possibl e t o construc t  a 

theor y tha t  specifie s wha t  kind s o f  structure s compete ,  an d wha t  kind s o f  processe s operat e o n 

thes e structure s i n menta l  representation s fo r  music .  I f  phrase s ar c a  basi c constituen t  i n 

menta l  representations ,  the n performanc e error s shoul d reflec t  processe s operatin g o n phras e 

structures .  I  wil l  describ e performanc e error s an d ho w the y coincid e wit h phrasin g 

interpretations .  Eigh t  differen t  performance s o f  th e sam e Brahm s Pian o Intermezz o wit h 

ambiguou s phrasin g structur e (show n i n Figur e 2 )  ar e described ,  includin g fou r  performance s 

of  eac h phrasin g interpretation .  Th e pian o performance s wer e recorde d o n th e sam e 

computer-monitore d musica l  instrument .  Becaus e th e compute r  detect s wron g pitche s an d 

rhythms ,  w e d o no t  hav e t o rel y o n a  listener' s capabilities .  Thi s allow s u s t o avoi d a  proble m 

encountere d wit h speec h errors ;  becaus e error s frequentl y resul t  fro m competin g item s tha t 

ar e simila r  i n class ,  form,  o r  soun d (Dell ,  1986 ;  Garrett ,  1975) ,  the y ofte n g o unnotice d b y a 

listener . 
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Error s i n pian o performanc e ca n involv e element s o f  pitch ,  duration ,  o r  both .  I  wil l 

describ e error s restricte d t o pitc h elements ,  an d ho w the y coincid e wit h th e constituen t 

structure s indicate d b y eac h performer' s phrasin g interpretations .  I  wil l  concentrat e o n thre e 

erro r  types :  deletio n errors ,  perseveratio n errors ,  an d substitutio n errors .  Deletio n error s 

occu r  whe n a n intende d musica l  even t  i s droppe d o r  missin g i n th e performance . 

Perseveratio n error s occu r  whe n a n intende d musica l  even t  i s inappropriatel y repeale d a t  a 

late r  tim e i n th e performance .  Substitutio n error s occu r  whe n a n intende d musica l  even t  i s 

replace d o r  substitute d b y a n unintende d event . 

The frequency of occurrence of each error type differed significantly, relative to the 

performers '  intende d phrasing .  Th e firs t  erro r  type ,  deletio n errors ,  wa s mor e likel y t o occu r 

withi n (71% )  tha n betwee n (29% )  phras e boundaries .  Thi s findin g i s simila r  t o phonemi c 

slippag e effect s i n speech ,  i n whic h a  phonem e i s delete d mor e ofte n withi n a  wor d tha n a t 

wor d boundaries .  Deletion s ar e foun d mos t  commonl y i n variou s recal l  task s fo r  unimportan t 

events ,  presumabl y becaus e activatio n o r  relativ e strengt h o f  unimportan t  event s i s les s tha n 

tha t  o f  importan t  events .  I n thi s musica l  context ,  thos e event s withi n a  phras e appeare d t o b e 

most  susceptibl e t o deletion ;  thi s findin g coincide s wit h explanation s o f  phrase s define d b y 

element s a t  thei r  boundarie s (Coga n &  Escot ,  1976) . 

The second error type, perseveration errors, was more likely to occur between (100%), 

tha n withi n ( 0 % ) ,  phras e boundaries .  Notic e tha t  thi s i s i n contras t  t o th e frequencie s o f  th e 

deletio n errors ;  bot h erro r  type s ar e affecte d b y intende d phrasing ,  i n alternat e ways . 

Spreadin g activatio n model s predic t  tha t  perseveratio n error s resul t  fro m th e activatio n o r 

strengt h o f  intende d element s bein g lowe r  tha n tha t  o f  unintende d (perseverating )  element s 

(Dell ,  1986) .  Th e mor e strongl y activate d element s dominat e th e intende d elements .  Thus , 

withi n phras e boundaries ,  th e intende d element s ar e strong ,  whil e betwee n phrases ,  unintende d 

element s ar e mor e likel y t o intrude . 

The third error type, substitution errors, did not coincide with musical phrase locations 

(the y wer e jus t  a s likel y t o occu r  withi n a s betwee n phrases) .  Instead ,  substitutio n error s wer e 

relate d t o typ e o f  unit :  chords ,  o r  simultaneou s not e events ,  wer e substitute d fo r  eac h othe r 

mor e ofte n (100% )  tha n wer e element s withi n chord s (0%) .  Thi s finding  suggest s tha t  error s 

ar e no t  jus t  a  resul t  o f  attentiona l  biase s towar d phras e boundaries ,  becaus e no t  al l  erro r 

type s ar e affecte d b y positiona l  similarit y (tha t  is ,  simila r  phras e locations) .  Instead , 

substitution s ar e mor e likel y t o involv e element s o f  simila r  form . 

Thus, while the substitution errors reflect processes operating on type of unit or form, the 

deletio n an d perseveratio n error s reflec t  processe s operatin g o n positiona l  informatio n 

(reflecte d i n frequenc y o f  occurrenc e o f  error s a t  simila r  locations) ,  determine d b y th e 

performers '  phrasin g interpretations . 

Conclusions 

Both the use of expressive timing and the likelihood of various performance errors support 

th e notio n o f  phrase s a s structure s i n menta l  representation s fo r  music .  Th e timin g 
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mcasurcmcni s fro m skille d pian o performance s demonstrate d expressiv e variation s coincidin g 

wit h intende d phras e structure s (a s determine d b y eac h performer) .  Th e flexibilit y  o f 

expressiv e timin g wa s emphasize d b y th e accommodatio n o f  differen t  phrasin g interpretation s 

i n th e sam e piece ,  an d b y reductio n o f  expressiv e timin g whe n pianist s attempte d t o pla y 

withou t  phrasin g interpretatio n (mechanically) .  Th e analysi s o f  performanc e error s als o 

implicate d phrase s a s unit s i n musi c representation .  Susceptibilit y  t o erro r  wa s directl y relate d 

t o positiona l  informatio n specifie d b y th e performers '  intende d phrasing .  Thes e tw o source s o f 

evidenc e converg e o n th e sam e menta l  structure s determine d b y performers '  choice s o f  musica l 

constituents ,  no t  b y th e musica l  text . 

Ideal and non-ideal (errorful) performances may tap different cognitive resources, such as 

thos e hypothesize d i n a  distinctio n betwee n competenc e an d performance .  Thus ,  th e evidenc e 

fro m expressiv e timin g ma y represen t  "idealized "  competenc e an d th e evidenc e fro m 

breakdown s "othe r  performanc e variables" .  However ,  bot h source s o f  evidenc e wer e derive d 

fro m highl y skilled ,  well-learne d performance s unde r  natura l  conditions .  An d bot h case s 

provid e evidenc e tha t  intention s t o emphasiz e structura l  conten t  directl y affec t  musica l 

behavior .  Bot h th e idea l  an d non-idea l  musica l  behavio r  implicat e th e sam e structure s i n 

menta l  representation s underlyin g musi c performance . 

Instead, differences between well-formedness processes (constraints on mental structures) 

and preference s (probabilisti c  influence s tha t  choos e amon g th e lawfu l  alternatives )  ma y 

gover n th e formatio n o f  menta l  representation s fo r  music .  M u c h o f  expressiv e performanc e 

can b e explaine d b y th e performer' s individua l  preferences ,  rathe r  tha n b y a  generalize d se t  o f 

rule s derivin g musica l  structur e fro m a  give n text .  Thus ,  preferenc e rule s ma y pla y a  large r 

rol e i n performanc e tha n d o well-formednes s rule s (whic h ar e alread y constraine d b y th e 

composer) .  Thi s implie s tha t  preference s pla y a  large r  rol e i n comprehensio n o f  (sounded ) 

performance s tha n the y d o i n comprehensio n o f  (notated )  musica l  text :  th e performer' s 

preference s ca n determin e th e likelihoo d wit h whic h th e listene r  assign s a  particula r  structura l 

interpretatio n t o a  performance ,  reinforcin g th e communicatio n o f  musica l  thought . 
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