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Oscillator s an d entrainmen t  ar e jus t  a s muc h a  par t  o f 
th e Basi c Auditor y Toolki t  o f  cognitio n a s the y ar e o f  th e 
Basi c Moto r  Contro l  Toolkit .  Th e kind s o f  rhyth m tha t 
ar e foun d i n h u m a n language s m a y reflec t  eithe r  auditio n 
or  moto r  control ,  o r  both .  A n d i t  m a y b e har d t o tel l 
whic h i s th e primar y source .  Languag e i s bot h moto r 
and perceptual ,  yet ,  fundamentally ,  neither .  Languag e 
i s a n abstract ,  medium-independen t  structur e -  a  syste m 
tha t  i s share d t o varyin g degree s b y member s o f  a  speec h 
community .  Al l  o f  thi s i s wha t  i s mean t  b y sayin g tha t 
languag e i s a  cognitiv e syste m (va n Gelde r  an d Port , 
1995) . 

W h at  factor s constrai n th e phoneti c o r  phonologica l 
for m o f  word s an d phrase s i n languages ? Th e stan -
dar d answe r  i s  tha t  th e physiolog y o f  th e speec h or -
gans provide s constraint s (e.g. ,  Hockett ,  1955 ;  Chom -
sk y an d Halle ,  1968) .  Fo r  example ,  linguist s usuall y 
describ e speec h i n articulator y terms :  'labials' ,  "stops' , 
'hig h vowels. '  Eve n prosodi c pattern s (ove r  a  longe r  tim e 
scale )  m a y b e describe d a s i n suc h articulator y term s a s 
'breat h group' .  Bu t  traditiona l  articulator y descriptions , 
suc h a s thos e o f  linguists ,  hav e typicall y bee n completel y 
vagu e abou t  what ,  say ,  a  'labial '  gestur e reall y  is .  Recen t 
development s i n th e theor y o f  moto r  contro l  hav e im -
prove d th e situatio n b y showin g ho w dynamica l  system s 
can mode l  speec h gesture s a s object s tha t  ar e stil l  flex-
ibl e an d abstrac t  (Kels o e t  al. ,  1986 ;  Saltzman ,  1995) . 
So articulatio n stil l  provide s th e mos t  widesprea d vo -
cabular y fo r  describin g speech .  W e observ e tha t  whe n 
producin g speec h th e lip s jaw ,  tongu e an d laryn x mov e 
quasi-periodicall y an d exhibi t  strongl y stereotype d be -
havior .  Fo r  eac h language ,  w e find  tha t  speaker s maste r 
quit e differen t  ye t  apparentl y difficul t  articulator y skill s 
-  a s evidence d b y th e persistenc e o f  foreig n accen t  whe n 
adult s lear n a  ne w language . 

However ,  independen t  o f  th e moto r  constraints ,  th e 
perceptua l  syste m mus t  als o maste r  difficul t  skill s  whe n 
learnin g a  language .  I t  m a y tak e year s t o lear n languag e 
t o asymptote ,  and ,  fo r  a n adult ,  som e aspect s o f  th e per -
ceptio n (an d production )  o f  a  secon d languag e m a y b e 
efl'ectivel y unlearnabl e (Logan ,  Lively ,  an d Pisoni ,  1991) . 
So wha t  i s hearin g tha t  i t  coul d b e s o difficult ? 

But  th e proble m o f  hearin g mus t  se t  i n ver y genera l 
terms .  W h a t  doe s th e auditor y syste m learn ? I t  learn s 
soun d patterns .  Bu t  wha t  ar e th e requirement s fo r  be -
in g a  learnabl e pattern ? No t  ever y comple x soun d i s a n 
auditor y pattern .  Pattern s mus t  hav e particula r  kind s 

of  symmetr y -  suc h a s bein g a  spatiotempora l  even t  tha t 
recur s ofte n i n th e environment .  T h e frequenc y spac e 
ca n b e modelle d a s linea r  summatio n o f  independen t  fre -
quencies .  Bu t  wha t  kin d o f  structure s ove r  tim e ca n thei r 
be? W e thin k ther e ar e 3  basi c types :  slopes ,  period s an d 
sequences .  O n e limi t  i s  tha t  pattern s tha t  ar e periodi c 
at  tim e scale s betwee n abou t  . 2 H z ( T =  5  sec )  an d 1 0 
Hz ( T =  . 1 sec )  ca n b e directl y predicted .  S o m e non -
speec h event s exhibi t  oscillation s i n thi s frequenc y range : 
cricke t  chir p patterns ,  wate r  waves ,  tre e branche s an d 
leave s i n th e wind ,  anima l  gait s fro m mic e t o elephants , 
resonanc e o f  air-fille d tube s (fro m th e siz e o f  pe n ca p t o 
a 10-f t  tre e trunk) . 

I f  perceptua l  system s ar e t o recogniz e suc h time -
distribute d auditor y objects ,  the n the y mus t  predic t 
the m wit h oscillator y mechanism s (McAuley ,  1995) . 
Thu s i t  i s  likel y tha t  oscillator s an d entrainmen t  ar e es -
sentia l  component s o f  th e Basi c Auditor y Toolki t  -  th e 
inventor y o f  mechanism s tha t  ar e exploite d i n learnin g 
auditor y pattern s tha t  occu r  i n time . 

Languag e i s permeate d wit h rhyth m -  bot h becaus e i t 
involve s moto r  contro l  A N D becaus e i t  involve s percep -
tua l  processe s (Port ,  C u m m i n s an d Gasser ,  1996) .  Bot h 
get  lot s o f  benefit s fro m oscillation .  S o i t  m a y b e diffi -
cul t  t o b e sur e jus t  wh y speec h exhibit s an y rhyth m on e 
observes .  On e sourc e o f  complexit y i n th e proble m i s 
tha t  language s d o no t  jus t  diffe r  fro m eac h othe r  i n thei r 
rhythmi c structur e (e.g. ,  Japanes e mor a timin g versu s 
Englis h so-calle d "stressed-timing') .  Eve n W I T H I N lan -
guage s ther e i s alway s grea t  variet y i n rhythmi c style . 
For  example ,  compar e baby-tal k wit h th e speec h o f  m a -
ch o athletes ,  o r  pros e pronunciatio n wit h th e sing-son g 
recitatio n o f  a  limerick ;  o r  th e speec h o f  a n emotiona l 
preache r  poundin g hi s fist  o n th e Bible .  A  wid e rang e o f 
speec h rhythm s ar e availabl e t o skille d speaker s o f  an y 
language . 

I n fact ,  i n m y la b w e ar e studyin g wha t  speaker s d o 
when aske d simpl y t o repea t  a  phras e ove r  an d ove r  t o a 
slo w metronom e tha t  signal s whe n the y shoul d star t  eac h 
repetitio n (Cummins ,  1995 ;  C u m m i n s an d Port ,  1996) . 
Surprisingly ,  a  variet y o f  unexpecte d constraint s o n th e 
locatio n o f  stresse d syllabl e onset s coul d b e observe d 
suc h a s tha t  a  stresse d syllabl e withi n th e phras e mus t 
begi n a t  a  simpl e harmoni c fractio n o f  th e whol e sentenc e 
repetitio n (tha t  is ,  a t  1/ 3 o r  1/ 2 wa y throug h th e cycl e 
of  th e whol e phrase) . 

Thi s easil y encourage d behavio r  o f  subject s reinforce s 
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our  sens e tha t  speec h i s alway s o n th e edg e o f  rhythmic -  Motion :  Exploration s i n th e Dynamic s o f  Cognition , 
tty .  I t  i s  certainl y no t  highl y periodi c al l  th e time ,  bu t  i t  page s 1-43 .  Bradfor d Books/MI T Press . 
seems tha t  speec h i s ver y susceptibl e t o entrainmen t  b y 
any periodi c sourc e tha t  happen s t o b e availabl e -  b y th e 
beat  o f  a  drum ,  b y a  melody ,  b y th e leg s o f  talkin g jog -
ger ,  an d b y th e clic k o f  ou r  la b metronome .  W e d o no t 
yet  kno w ho w t o desig n model s tha t  exhibi t  thi s kin d 
nearl y periodi c behavio r  i n a  usefu l  way ,  bu t  i t  seem s 
importan t  t o wor k on . 

Rhyth m i s widesprea d i n nature .  Mos t  often ,  i t  result s 
fro m mechanica l  constraint s (e.g. ,  o f  wav e reflectio n i n 
a unifor m mediu m lik e a  strin g o r  a  ba r  o r  tube ,  etc ) 
tha t  resul t  i n harmonicall y relate d frequencie s tendin g 
t o co-occur .  I t  m a y b e tha t  ultimately ,  thi s result s i n 
rhythmic ,  harmoni c entrainmen t  bein g on e o f  th e basi c 
auditor y mechanisms .  Th e rhyth m o f  speec h probabl y 
result s fro m som e combinatio n o f  mechanica l  constraint s 
on th e dynamic s o f  th e voca l  trac t  combine d wit h percep -
tua l  constraint s o n th e oscillator y syste m tha t  recognize s 
spoke n language . 
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