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Attracto r  D y n a m i c s i n Speec h Production : 

Evidenc e f r o m Lis t  Readin g 

Ada m P .  Lear y (adamlear@indiana.edu ) 

CRANIUM 
Indian a Universit y 

40 6 Lindle y Hall .  I N 

Abstrac t 
To date ,  th e vas t  amoun t  o f  researc h don e o n th e isochron y o f 
Englis h speec h rhyth m ha s no t  accounte d fo r  th e emergin g 
organizatio n o f  rhythmicity .  Ou r  observatio n tha t  speec h 
rhythmicit y i s naturall y occurrin g an d eve n preferre d a s a  strateg y 
fo r  optimizin g th e productio n an d perceptio n o f  a  language-relate d 
tas k ha s bee n lef t  untested .  A  se t  o f  experiment s wer e devise d t o 
simulat e lis t  reading ,  i.e. ,  a  finite  se t  o f  wor d token s tha t  a  speake r 
must  conve y t o hearers .  Thre e list s wer e use d tha t  differe d i n 
prosodi c strucnir e t o investigat e th e effec t  o f  stres s patter n o n 
isochrony .  Th e result s ar e analyze d a s a  low-dimensiona l 
dynamica l  syste m i n whic h stres s determine s th e cycl e o f  a n 
oscillator .  Th e subject s sho w consistenc y i n thei r  speec h rhyth m 
acros s al l  lis t  conditions .  Ther e i s evidenc e o f  attracto r  dynamic s i n 
lis t  reading . 

Discussion 

In many studies of isochrony and speech 

rhythmicit y i n English ,  subject s ar e aske d t o liste n to , 
produce ,  and/o r  manipulat e utterance s s o as  t o m a k e thei r 

rhyth m regula r  (Rapp ,  1971 ;  Allen ,  1972 ;  Morton ,  Marcus , 
& Prankis h 1976 ;  Tulle r  &  Fowler ,  1980 ;  Hoequist ,  1983 ; 
Howell ,  1984 ;  Fo x &  Lehiste ,  1987) .  Despit e thi s vas t 
amount  o f  researc h don e o n isochron y i n speech ,  ou r 

observatio n tha t  speec h rhythmicit y i s  naturall y occurrin g 

an d eve n preferre d as  a  strateg y fo r  simplifyin g specifi c 

language-relate d task s ha s bee n lef t  untested .  Thus ,  ou r 
questio n is ,  " D o subject s naturally ,  wit h minima l 

instruction ,  fal l  int o a  speec h rhyth m w h e n aske d t o rea d a 
lis t  o f  randoml y ordere d items? "  Further ,  "Ca n thi s speec h 
rhyth m b e define d b y a  low-dimensiona l  dynamica l 
system? " 

A se t  o f  experiment s wer e carrie d ou t  o n a  grou p o f 
fou r  nativ e speaker s (NSs )  o f  America n Englis h i n whic h 
subject s wer e aske d t o rea d thre e differen t  list s containin g 
letter s (i.e. ,  "A "  "B "  " C "  "D" )  (Lis t  1) ,  monosyllabi c word s 
(Lis t  2) ,  an d bisyllabi c word s wit h alternatin g stres s (Lis t  3) . 

T h e timin g betwee n vowe l  onset s wa s measure d fo r  eac h 
spejike r  acros s al l  thre e list s usin g Be x an d han d 

measurements .  Phas e angle s wer e measure d b y averagin g 
th e thre e previou s inter-stres s interval s (ISIs )  o f  an y 
particula r  IS I  an d the n dividin g th e curren t  IS I  b y th e 
averag e o f  th e previou s three .  Thi s manne r  o f  measuremen t 

coul d b e though t  o f  a s a  simulatio n o f  th e proces s b y whic h 

auditor y perceptua l  oscillator s us e short-ter m memor y t o 
make phas e adjustment s i n rhythmi c spee d (McAuie y 

1995) .  I n strictly-defined ,  task-specifi c  system s suc h a s th e 
readin g o f  a  lis t  fo r  heare r  verification ,  th e establishmen t  o f 

isochronou s rhyth m m a y ac t  a s on e oscillato r  i n a  couple d 
syste m t o whic h th e secon d oscillator ,  th e interna l 

perceptua l  oscillato r  o f  th e heare r  (McAuley ,  1998) ,  ma y b e 
entraine d i n a  1: 1 ratio . 

I n th e readin g o f  al l  o f  thes e lists ,  acros s fou r  N S 

subjects ,  w e observe d a n isochronou s rhythm .  Specifically , 
we conclud e that : 

1) the subjects naturally, with minimal instruction, fall into 

a regular ,  restin g speec h rhyth m w h e n aske d t o rea d a  lis t  o f 

randoml y ordere d items ; 

2 )  th e subject s showe d consistenc y i n thei r  phas e (.8-1. 1 

msec)  acros s al l  thre e lists ; 

3 )  ther e i s  evidenc e fo r  a  low-dimensiona l  dynamica l 

syste m fallin g ou t  o f  lis t  reading ; 

4 )  regressio n plot s o f  phase:phase- l  indicat e th e presenc e o f 

a wea k attracto r  fo r  al l  thre e lists(Lis t  1 :  R=.0 9 R^=.008 ; 

Lis t  2 :  R=.0 5 R^=.002 ;  Lis t  3 :  R=.2 0 R^=.04 1 respectively ) 

(Figure s 1-3.) ,  wit h th e bisyllabi c wor d list s showin g th e 

larges t  differenc e betwee n m e a n phas e an d curren t  phas e 

(F=2.68p<.ll) ; 

5 )  simpl e mete r  i s implicate d a s a  tempora l  objec t  tha t  i s 

use d t o regulat e th e ISI s i n lis t  reading . 

The observed simple meters of 2:1 and 3:1 
suggest s tha t  perhap s speaker s adjus t  th e timin g o f  thei r  lis t 
readin g t o lin e u p onset s o f  stresse d syllable s wit h preferre d 
point s i n th e auditor y oscillator .  Thus ,  a n effec t  simila r  t o a 
Harmoni c Timin g Effec t  (Cummin s &  Por t  1996 )  i s 
suggested .  Also ,  a s phas e i s biase d i n multiple s o f  50 0 an d 
60 0 m s units ,  i t  i s  possibl e tha t  th e preferre d rhyth m o f  ou r 
subject s correspond s t o th e restin g perceptua l  oscillator y 
rat e suggeste d b y M c A u l e y (1995) . 

Thus ,  w e find  evidenc e i n a  simpl e speec h rhyth m 

tas k fo r  attracto r  dynamic s an d vie w isochron y a s a  produc t 
of  a  dynamica l  syste m an d no t  a  segmen t  manipulatio n o n 
th e par t  o f  th e speakers . 
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Figure 3. 

List 3 regression plot of Phase to Mean Phase 
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