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Introductio n 

Our  cognitiv e representatio n o f  tim e i s no t  wel l  understood . 
Model s o f  moto r  contro l  assum e tha t  a n acto r  keep s perfec t 
trac k o f  th e tim e tha t  ha s alread y elapse d an d tha t  wil l  elaps e 
unti l  a  targe t  wil l  b e reache d (e.g. ,  Fitts '  law) .  O n th e othe r 
hand ,  explici t  judgment s o f  tim e interval s revea l  cognitiv e 
biases ,  indicatin g tha t  ou r  abilit y t o kee p trac k o f  tim e i s 
quit e limited .  Thi s conflic t  migh t  b e du e t o th e artificia l 
natur e o f  explici t  tim e judgments ,  compare d t o th e implici t 
timin g demand s o f  moto r  behavior .  Thre e experiment s 
sho w tha t  moto r  timin g i s als o pron e t o cognitiv e biases , 
and tha t  tim e estimatio n i s i n tirn i  affecte d b y moto r 
demands . 

General Method 
Participant s alternate d wit h thei r  righ t  han d betwee n tw o 
targe t  location s a t  a  prescribe d rate .  Movement s wer e pace d 
wit h a  metronom e tha t  wa s turne d of f  prio r  t o dat a 
collection .  Target s wer e 1 5 x  1 5 m m button s place d 
approx .  2 5 c m apart .  T w o tim e judgment s wer e obtained : 
(1 )  indirec t  judgment s from  movemen t  time s betwee n 
targets ,  an d (2 )  direc t  reproduction s o f  estimate d sequenc e 
completio n times . 

Experiment 1: Anticipation 
Eigh t  participant s complete d 20-secon d movemen t 
sequence s wit h eithe r  2 4 fas t  o r  1 2 slo w alternation s 
betwee n targets .  Target s wer e als o embedde d i n eas y o r 
difficul t  sequence s b y includin g a  third ,  nea r  vs .  fa r  elemen t 
i n th e alternatio n tasks .  I n additio n t o thes e dynami c 
conditions ,  participant s performe d 2 0 second s o f  stati c 
tappin g o n singl e target s wit h equa l  pacin g instructions ,  an d 
als o retrospectivel y reproduce d thei r  require d sequenc e 
completio n time s i n stati c an d dynami c tasks . 

Movement  time s betwee n identica l  target s wer e faste r 
withi n mor e demandin g sequences ,  presumabl y t o allo w fir 
longe r  movemen t  time s t o mor e distan t  subsequen t  targets . 
Thi s anticipator y effec t  doe s no t  occu r  wit h slo w 
movements .  Stati c tappin g wa s accurat e a t  al l  locations , 
indicatin g tha t  th e timin g bia s wa s no t  relate d t o difference s 
i n posture s (e.g. ,  differentia l  discomfort) .  Retrospectiv e 
sequenc e duratio n estimate s di d no t  discriminat e betwee n 
conditions . 

E x p e r i m e n t  2 :  Uncer ta in t y 

To clarif y whethe r  tim e estimate s woul d b e mor e diagnosti c 
fo r  effect s o f  shorte r  movemen t  sequences ,  3  vs .  6  secon d fas t 
sequence s wer e investigate d wit h 1 5 participants .  T o tes t 
whethe r  th e interpolate d moto r  activit y affect s th e 
representatio n o f  tim e intervals ,  reproduction s o f  require d 
sequenc e completio n time s wer e obtaine d eithe r 
prospectivel y o r  retrospectively . 

Replicatin g th e previou s finding ,  ther e wa s agai n 
anticipatio n o f  sequenc e difficult y i n movemen t  times . 
Overestimatio n o f  shor t  an d underestimatio n o f  lon g 
sequenc e completio n time s wa s presen t  fo r  bot h sequenc e 
length s an d wit h bot h order s o f  tim e judgments .  Suc h 
rang e effect s typicall y indicat e uncertaint y o n behal f  o f  th e 
participants . 

Experiment 3: Physical and Cognitive Load 
T wo sequenc e length s ( 3 an d 6  seconds) ,  an d bot h 
prospectiv e an d retrospectiv e estimate s o f  sequenc e duration s 
wer e use d t o investigat e ho w a  physica l  loa d (453 g wris t 
weight )  an d a  cognitiv e loa d (12 0 vs .  2 7 nra i  contac t  area ) 
affecte d timin g an d tim e estimation .  2 5 student s 
participated . 

Physica l  loadin g le d t o faste r  movement s an d raise d th e 
estimate s o f  tota l  sequenc e durations .  Cognitiv e loadin g 
induce d underestimatio n o f  sequenc e durations . 
Retrospectiv e sequenc e duratio n estimate s wer e shorte r  tha n 
prospectiv e estimate s fo r  bot h shor t  an d lon g sequences , 
indicatin g tha t  th e moto r  activit y itsel f  rathe r  tha n memor y 
decay ,  affecte d th e represente d sequenc e duration . 

Discussion 
Thre e studie s foun d effect s o f  movemen t  contex t  an d spee d 
requirement s o n moto r  timing ,  a s wel l  a s effect s o f  physica l 
and cognitiv e load s o n movemen t  tim e estimation .  Th e 
assessmen t  o f  bot h indirec t  (movement )  an d direc t 
(estimation )  timin g performanc e suggest s a  commo n 
resourc e limitation .  Th e widel y hel d vie w i n moto r  contro l 
researc h o f  a n accurat e time-keepe r  seem s mistaken : 
Cognitiv e biase s simila r  t o thos e i n explici t  tim e estimatio n 
occu r  i n th e timin g o f  behavior ,  thu s enablin g a  movement -
base d approac h t o understandin g th e cognitiv e representation 
of  time . 
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