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Nonlinea r  D y n a m i c s an d Sequenc e Effect s 

Barbar a Bruhn s Fre y (FREYBA@CTRVAX.VANDERBILT.EDU) 
Keit h N .  Clayto n (CLAYTOKN@CTRVAX.VANDERBILT.EDU) 

Departmen t  o f  Psychology ,  Vanderbil t  Universit y 
111 21s t  Ave .  South ,  r m 301 ,  Nashville ,  T N 3724 0 U S A 

A characteristi c assumptio n o f  contemporar y model s o f 
cognitio n i s tha t  trial-to-tria l  variation s ar e treatmen t  effect s 
plu s rando m "noise" ,  tha t  is ,  error s tha t  ar e independentl y 
and identicall y distribute d (IID) .  A n alternativ e view , 
beginnin g t o receiv e som e attention ,  i s tha t  variation s are ,  a t 
leas t  i n part ,  th e produc t  o f  a  nonlinea r  deterministi c system . 
A nonhnea r  dynami c (NfLD )  perspectiv e encourage s bot h th e 
examinatio n o f  performanc e o n successiv e trial s a s a  tim e 
serie s an d th e investigatio n fo r  trial-to-tria l  dependencies .  A 
widel y observe d phenomenon ,  th e sequenc e effect ,  ha s 
alread y establishe d tha t  performanc e o n a  give n tria l  depend s 
on th e orde r  o f  response s o n precedin g trials .  Sequenc e 
effect s occu r  acros s a  numbe r  o f  behaviora l  paradigm s an d 
dependen t  measure s (cf .  Luce ,  1986) . 

The presen t  repor t  extend s som e preliminar y researc h 
(Clayto n &  Frey ,  i n press ;  Fre y &  Clayton ,  1996 )  i n whic h 
a batter y o f  N L D analyse s i s applie d t o respons e latencie s i n 
two-choic e classificatio n tasks .  Thes e tests ,  whic h includ e 
Broc k e t  al.' s  (1991 )  tes t  o f  ELD,  spectra l  analysis ,  nonlinea r 
forecastin g (Sugihar a &  May ,  1990) ,  an d tw o estimate s o f 
dimensionalit y (Grassberge r  &  Procaccia ,  1983 ;  Judd ,  1994) , 
provide d initia l  suppor t  fo r  th e feasibilit y o f  a  N L D 
perspective .  W e ad d her e analyse s o n dat a fro m a  simpl e 
spatia l  judgmen t  tas k an d ne w analyse s usin g nois e 
reductio n technique s tha t  discriminat e variou s type s o f  nois e 
from  nois y N L D dat a (Kenne l  &  Abarbanel ,  i n press) . 

Bot h th e observe d tim e serie s (Obs-TS )  an d shuffle d 
surrogate s ar e submitte d t o th e tests .  Th e shufflin g operatio n 
destroy s th e trial-to-tria l  structur e whil e maintainin g othe r 
importan t  characteristic s o f  th e tim e serie s (e.g. ,  mea n & 
variance )  a s wel l  a s controllin g fo r  sampl e size .  Th e result s 
from  th e shuffle d dat a ar e consisten t  wit h a n II D account . 

The expecte d outcome s fo r  th e tw o account s o f  trial-to -
tria l  variabilit y  ar e presente d i n Tabl e 1 .  Result s fro m th e 
tes t  o f  E D ,  spectra l  analysis ,  an d forecastin g al l  suppor t  a 
N L D accoun t  o f  th e Obs-TS .  Th e dimensionalit y estimate s 
(i.e. ,  th e minimu m numbe r  o f  variable s neede d t o model )  ar e 
les s clear .  Bot h estimate s o f  dimensionalit y sugges t  tha t  th e 
dimensionalit y o f  th e Obs-T S i s no t  les s tha n 6  an d i n man y 
case s th e estimate s d o no t  diffe r  from  th e shuffle d data . 

One proble m wit h estimate s o f  dimensionalit y  i s tha t  the y 
ar e over-estimate d whe n ther e i s nois e i n th e tim e series . 
Furthe r  wor k i s neede d t o tes t  i f  th e dimensionalitie s ar e 
over-estimated .  Overall ,  th e test s sugges t  tha t  th e trial-to -
tria l  variabilit y i s  no t  II D an d tha t  th e variabilit y ha s 
characteristic s tha t  ar e consisten t  wit h NLD . 

Tabl e 1 :  Summar y o f  th e Expecte d Outcome s 

Statisti c II D Outcom e N L D Outcom e 

Tes t  fo r  canno t  rejec t  hypothesi s o f 
II D II D 

rejec t  hypothesi s o f  II D 

Spectra l  broa d frequenc y spectrum , 
analysi s zer o slop e 

broa d frequenc y spectrum , 
zer o o r  non-zer o slop e 

Forecastin g predictabilit y  doe s no t 
chang e a s predictio n tim e 
increase s 

predictabilit y  decrease s a s 
predictio n tim e increase s 

D i m Est .  infinit e dimensionalit y finite  dimensionalit y 
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