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Abstrac t 
Identificatio n peifoimanc e wa s measure d fo r  letter s whic h wer e 
briefl y presente d a t  differen t  spatia l  location s an d tim e delay s 
relativ e t o th e beginnin g o f  manua l  movemen t  preparation . 
Identificatio n performanc e depende d o n th e complexit y o f  th e 
upcomin g movemen t  an d decrease d prio r  t o movemen t  onset . 
Furthe r  finding s o f  simila r  identificatio n performanc e wit h 
differen t  spatia l  relations  betwee n prob e locatio n an d manua l 
movement  directio n cas t  doub t  o n th e generalit y o f  a  premoto r 
theor y o f  attention . 

I n t r o d u c t i o n 
I n studie s o f  visuo-spatia l  attention ,  th e experimente r  typicall y 
biase s a  subject' s attentio n towar d particula r  location s i n th e visua l 
fiel d an d probe s fo r  identificatio n accurac y o r  detectio n time ; 
difference s betwee n (unbiased )  baselin e an d experimenta l  performanc e 
ar e interprete d a s attentiona l  effects .  Unti l  recently ,  however , 
attentio n researc h ha s neglecte d a  crucia l  aspec t  o f  performance , 
becaus e subject s wer e typicall y instructe d t o suppres s over t 
movement s towar d attentio n probes .  Th e presen t  pape r  argue s tha t 
attendin g t o th e moto r  par t  o f  cognitio n migh t  provid e a  ne w 
understandin g o f  th e natur e o f  attentiona l  processes . 

Recent  finding s sugges t  tha t  attentiona l  effect s o n perceptio n migh t 
be a  consequenc e o f  cover t  movemen t  planning .  Fo r  example , 
Stoffe r  (1991 )  demonstrate d tha t  th e curren t  attentiona l  focu s 
determine s spatia l  compatibilit y  effects ,  providin g a n attentiona l 
accoun t  fo r  thi s manua l  respons e selectio n problem .  Meega n an d 
Tippe r  (1993 )  showe d tha t  a n irrelevan t  distracto r  interfere d mor e 
wit h over t  reachin g whe n i t  wa s blocke d b y a n obstacle ;  thus ,  th e 
complexit y o f  potentia l  reache s incurre d attentiona l  costs .  Further , 
interferenc e wa s stronge r  whe n th e distracto r  wa s locate d betwee n th e 
hand an d th e targe t  tha n w h e n i t  wa s beyon d th e targe t  locatio n 
(Tippe r  e t  al. ,  1992) ;  attentiona l  gradient s i n 3-spac e ca n thu s b e 
conceive d a s reflectin g action-centere d attentio n (se e als o Downin g & 
Pinker ,  1985) .  Moreover ,  attentiona l  benefit s appea r  t o b e "attached " 
t o objects ,  movin g wit h the m t o n e w spatia l  location s (Tippe r  e t  al. , 
1991 )  an d thu s suggestin g th e continuou s revisio n o f  actio n plan s 
towar d object s i n th e visua l  field .  A n attentiona l  effec t  m a y therefor e 
be understoo d a s th e updatin g o f  a n objec t  representation ,  includin g 
"...th e response s i t  shoul d appropriatel y evoke "  (Kahnema n e t  al. , 
1992 ,  p .  178) . 

Thes e an d othe r  finding s suppor t  th e assumptio n tha t  attentiona l 
cuin g lead s t o cover t  preparatio n o f  orientin g responses ,  whic h ar e 
then ,  however ,  successfull y inhibite d b y th e subject .  Th e instructio n 
t o suppres s over t  movement s o f  th e eye s o r  th e hand s towar d th e 
stimulu s migh t  therefor e dissociat e a  natura l  relationshi p betwee n 
perceptio n an d action .  Thi s i s als o eviden t  fro m th e well-know n 
Simo n effec t  (Simon ,  1969) :  A  tendenc y t o selec t  response s base d 
on th e irrelevan t  locatio n o f  a n imperativ e stimulu s lead s t o faste r 
(an d eve n erroneous )  response s o f  th e han d tha t  i s  close r  t o th e sourc e 
of  stimulation .  T o bette r  understan d th e attentiona l  componen t  i n 
thi s relationshi p betwee n perceptio n an d action ,  a  systemati c 
investigatio n o f  th e tim e cours e o f  attentiona l  effect s relativ e t o 
movement  plannin g an d it s over t  executio n seem s warranted . 

Th e Premoto r  Theor y o f  Attentio n (Rizzolatt i  e t  al. ,  1987 ;  Umilt a 
et  al. ,  1991 )  offer s a  framewor k fo r  suc h a n investigation .  Thi s 
theor y postulate s a n identit y o f  cover t  orientin g (attentio n shifts )  an d 
m o v e m e nt  preparatio n (moto r  programming) .  Specifically ,  i t 
assume s tha t  a  subjec t  canno t  refrai n fro m preparin g a  movemen t 
(typicall y o f  th e eyes )  towar d a n attende d location .  Thi s preparator y 
proces s i s  assume d t o b e hierarchicall y organized ,  wit h th e 
specificatio n o f  m o v e m e n t  directio n (relativ e t o th e midsagitta l 
plane )  precedin g th e specificatio n o f  movemen t  amplitude .  Whil e 
ther e i s evidenc e fo r  suc h hierarchica l  preparatio n prio r  t o manua l 
movement  executio n (Rosenbaum ,  1980) ,  th e premoto r  theor y itsel f 
i s  largel y base d o n indirec t  evidenc e i n th e absenc e o f  over t 
movement s (othe r  tha n simpl e ke y presses) .  Suppor t  fo r  th e notio n 
of  attentio n a s a  moto r  progra m i s reflecte d i n a n increas e i n respons e 
latencie s t o event s a t  recentl y bu t  n o longe r  attende d locations .  I f  th e 
withdrawa l  o f  attentio n i s a  decisio n t o no t  overtl y orien t  towar d a 
location ,  the n thi s inhibitio n o f  retur n effec t  reflect s th e tempora l 
cos t  o f  reprogrammin g thi s movement .  A  fe w studie s hav e show n 
thi s effec t  wit h over t  movement s o f  th e eye s (e.g. ,  Vaughan ,  1984 ; 
Rafa l  e t  al. ,  1989) ,  bu t  i t  i s  unknow n whethe r  thi s relationshi p 
betwee n perceptio n an d actio n hold s fo r  movement s i n general . 

Conside r  th e dua l  tas k o f  performin g a  han d movemen t  an d 
simultaneousl y tryin g t o identif y a  lateralize d probe .  Bot h task s ta p 
specifi c  area s o f  th e brain ;  identificatio n performanc e therefor e 
systematicall y depend s o n th e spatia l  relationshi p betwee n sid e o f 
movement  an d sid e o f  probing .  I f  th e motori c tas k engage s th e 
attentiona l  resource s o f  a  hemisphere ,  ipsilatera l  prob e identificatio n 
wil l  b e poor ,  relativ e t o a  conditio n i n whic h th e moto r  tas k i s 
controlle d b y th e othe r  hemispher e {intrahemispheri c interferenc e 
hypothesis ;  e.g .  K i n s b o u m e &  Hicks ,  1978) .  If ,  however , 
lateralize d activit y fro m moto r  plarmin g support s othe r  cognitiv e 
processe s i n th e sam e hemisphere ,  the n ipsilatera l  prob e 
identificatio n wil l  b e better ,  relativ e t o a  conditio n i n whic h th e 
moto r  tas k i s controlle d b y th e othe r  hemispher e {intrahemispheri c 
facilitatio n hypothesis ;  e.g .  Verfaelli e e t  al. ,  1988) .  Finally ,  i f 
attentiona l  effect s o n perceptio n reflec t  moto r  programmin g activity , 
the n th e visua l  hemifiel d towar d whic h th e movemen t  i s directe d wil l 
exhibi t  improve d identificatio n performanc e (premoto r  theor y o f 
attention) .  T w o experiment s teste d thes e predictions .  Th e finding s 
of  th e firs t  experimen t  ar e i n conflic t  wit h th e facilitatio n 
hypothesis ,  becaus e lette r  identificatio n wa s bette r  i n th e visua l  field 
contralatera l  t o th e sid e o f  movement .  Th e finding s o f  th e secon d 
experimen t  cas t  doub t  o n th e generalit y o f  a  premoto r  theor y o f 
attention ,  becaus e lateralize d lette r  identificatio n wa s no t  affecte d b y 
movement  directio n o f  th e hand . 
Experiment 1 
Th e firs t  experimen t  examine d h o w th e spatia l  relatio n betwee n 
m o v e m e nt  preparatio n an d prob e presentatio n affect s prob e 
identification .  Crossin g H a n d o f  M o v e m e n t  (left/right )  wit h 
Hemifiel d o f  Prob e Presentatio n (ipsilateral/contralateral )  yielde d fou r 
conditions .  Th e hemispheri c interferenc e hypothesi s predict s a 
perceptua l  advantag e i n th e tw o contralatera l  condition s (left/righ t  an d 
right/left)  ove r  th e tw o ipsilatera l  conditions ;  th e hemispheri c 
facilitatio n hypothesi s make s th e opposit e prediction .  Th e predictio n 
of  th e premoto r  theor y depend s o n th e movemen t  directio n o f  th e 
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hand .  T o m a k e ey e movement s unlikely ,  subject s i n thi s firs t 
experimen t  move d thei r  hand s fro m periphera l  t o centra l  key s o n a 
keyboar d centere d i n thei r  midsagitta l  plane ,  s o tha t  bot h th e 
movement  cu e an d th e movemen t  targe t  wer e centere d i n fovea l 
vision .  Th e premoto r  theor y predict s a  perceptua l  advantag e fo r  th e 
tw o contralatera l  hemifields ,  becaus e movemen t  directio n plannin g 
shoul d induc e contralatera l  attentio n allocation . 

A corollar y o f  al l  theorie s regard s th e siz e o f  attentiona l  effects . 
Th e tw o hemispheri c activatio n theorie s predic t  tha t  th e amoun t  o f 
interferenc e o r  facilitatio n depend s o n th e amoun t  o f  require d 
movement  preparation .  Th e premoto r  theory ,  however ,  predict s n o 
synerg y a t  al l  betwee n actio n an d perceptio n i f  a  movemen t  doe s no t 
requir e specificatio n o f  directio n and/o r  amplitude .  Thus ,  tw o 
differen t  Movemen t  Instruction s wer e compared :  Subject s eithe r  jus t 
lifte d th e inde x finge r  fro m a  star t  ke y o r  ha d t o mov e i t  ont o a  targe t 
key . 

Th e perceptua l  consequence s o f  movemen t  preparatio n wer e 
investigate d b y briefl y presentin g a  prob e lette r  an d measurin g th e 
subject' s identificatio n performanc e directl y afte r  movemen t 
completion .  T o captur e th e tim e cours e o f  attentiona l  effects ,  th e 
Prob e Dela y relativ e t o th e movemen t  cu e onse t  wa s varied ;  th e 
prob e appeare d eithe r  50 ,  150 ,  250 ,  o r  35 0 m s afte r  th e movemen t 
sid e ha d bee n instructe d b y a  centrall y presente d g o signal . 

Apparatus 
Subject s sa t  i n front  o f  a  Macintos h Plu s compute r  wit h a  blac k o n 
whit e scree n o f  2 2 c m diagona l  siz e (se e Fig .  1) .  T w o vertica l 
woode n panels ,  positione d o n bot h side s o f  th e keyboard ,  hel d tw o 
tillabl e mirror s horizontall y abov e th e keyboard .  Th e uppe r  mirro r 
obstructe d th e subject' s vie w o n th e scree n an d reflecte d stimul i  o n 
th e lowe r  mirror ,  fit) m whic h the y coul d b e rea d b y th e subjec t  whil e 
at  th e sam e tim e visuall y monitorin g th e movement .  Thi s devic e 
was use d t o encourag e th e sharin g o f  spatia l  attentio n betwee n tasks . 
Th e "1" ,  "=" ,  "6" ,  an d "7 "  key s i n th e to p ro w o f  th e keyboar d wer e 
use d t o registe r  reactio n time s an d movemen t  time s i n th e movemen t 
task ,  an d th e remainin g alphabe t  key s ("a "  throug h "z" )  registere d th e 
subject' s perceptua l  identificatio n responses .  Th e movemen t  distanc e 
betwee n a  peripho-a l  star t  an d centra l  targe t  ke y (cente r  t o center )  wa s 
95 m m,  an d eac h key' s widt h wa s 1 3 m m. 

Method and Stimuli 
Sixtee n right-handed  subject s (mea n ag e 2 1 years )  wit h norma l  o r 
correcte d visio n wer e randoml y assigne d t o on e o f  th e tw o Movemen t 
Instructio n groups .  Al l  bu t  thre e reporte d som e basi c skil l  i n 
touchtyping .  Al l  subject s wer e instructe d t o giv e priorit y t o th e fas t 
completio n o f  th e movemen t  tas k an d the n t o typ e i n th e lette r  the y 
had see n (o r  t o gues s i f  necessary )  a t  thei r  leisure .  The y adjuste d th e 
keyboar d a s wel l  a s bot h mirror s suc h tha t  a  fixatio n cros s ("+" ) 
appeare d o n th e lowe r  mirro r  clos e t o an d abov e th e tw o centra l  targe t 
keys . 

Afte r  th e subjec t  presse d d o w n bot h periphera l  star t  keys ,  a  warnin g 
ton e (350 0 Hz )  sounded ,  an d afte r  40 0 m s th e Hxatio n cros s wa s 
replace d b y th e movemen t  cue .  Th e cu e wa s a  smal l  arrowhea d 
pointin g t o th e lef t  o r  right  ("< "  o r  ">") .  Afte r  th e prob e dela y a 
lowercas e lette r  appeare d fo r  11 7 m s a t  on e sid e o f  th e arrow ,  wit h a n 
eccentricit y o f  4 °  (th e star t  key s ha d a  visua l  eccentricit y o f  17°) .  A t 
th e en d o f  th e presentatio n interva l  th e scree n wa s blanke d t o white . 
A ton e followin g th e correc t  respons e (liftof f  from  th e periphera l  ke y 
"1 "  o r  "= "  i n th e Lif t  group ,  touchdow n o n th e centra l  ke y "6 "  o r  "7 " 
i n th e M o v e group )  prompte d th e subjec t  t o typ e (o r  guess )  th e lette r 
he/sh e ha d seen . 

Design and Procedure 
Movement  Instructio n wa s a  between-subjec t  factor ,  wherea s Han d o f 
Movement ,  Hemifiel d o f  Prob e Presentation ,  an d Prob e Dela y wer e 
randomize d withi n subjects .  Eac h subjec t  firs t  practice d th e 
movement  tas k withou t  concurren t  lette r  identificatio n an d the n 
participate d i n tw o block s o f  16 0 experimenta l  trial s (1 0 pe r 

condition) .  Onl y dat a fro m th e secon d bloc k wer e analyzed .  Trial s 
wit h reactio n time s belo w 20 0 o r  abov e 100 0 m s wer e discarde d 
(1.1 % o f  al l  observations) . 

Movement  error s a s wel l  a s reactio n an d movemen t  time s an d th e 
proportio n o f  correctl y identifie d letter s fro m trial s wit h correc t 
movement  completio n wer e analyze d wit h 2  (Movemen t  Instruction ) 
x 2  (Hemifiel d o f  Prob e Presentation )  x  2  (Han d o f  Movement )  x  4 
(Prob e Delay )  A N O V A s . 

'arge t  Key s 

Star t  Key s 

Compute r 

Lowe 
Mirro r 

^ 

Upper  Mirro r 

Monitor 

Har d Dis k 

Lower  Mirro r 

Keyboar d 

Figur e 1 :  Experimenta l  Setup .  A :  To p view ;  B :  Sid e view . 
(Part s o f  th e mirro r  devic e hav e bee n omitte d fo r  clarity. ) 

R e s u l t s 
M o v e m e nt  Errors .  Fo r  th e M o v e an d th e Lif t  grou p 2 6 an d 10 0 
erroneou s lift-off s wer e counte d ( 2 % an d 7.9%) ,  respectively ,  F(1.14 ) 
= 15.89 .  p  <  .01 .  A  significan t  interactio n o f  Movemen t 
Instruction .  Prob e Delay ,  an d Hemifield .  F(3.42 )  =  2.98 .  p  <  .05 . 
indicate d differen t  erro r  pattern s i n th e tw o groups :  Error s i n th e 
M o ve grou p wer e evenl y distribute d acros s conditions ;  fo r  th e Lif t 
group ,  m a n y error s occurre d wit h th e 15 0 m s Prob e Delay , 
irrespectiv e o f  hemifield ,  an d contralatera l  probin g induce d mor e 
error s a t  th e 5 0 m s compare d t o th e othe r  prob e delays .  N o othe r 
mai n effec t  o r  interactio n wa s significant . 

Reaction Times. The times from directional cuing to movement 
onse t  wer e o n averag e 45 2 m s fo r  liftin g an d 51 3 m s fo r  aimin g wit h 
th e finger,  F(l,14 )  =  6.82 ,  p  <  .05 .  Response s wer e o n averag e 1 1 
ms faste r  whe n probin g a t  th e sid e o f  movemen t  preparation , 
compare d t o contralatera l  probing ,  F(l,14 )  =  10.20 ,  p  <  .01 .  Thi s 
effec t  wa s restricte d t o th e 5 0 m s prob e delay .  Th e effec t  o f  Prob e 
Dela y wa s highl y significant ,  F(3 ,  42 )  =  36.76 ,  /> < .001 ;  a t  th e 35 0 
ms dela y response s wer e o n averag e 4 8 m s slowe r  tha n fo r  th e 
shorte r  delays ,  whic h di d no t  differ .  Th e right  han d wa s no t  reliabl y 

308 



faste r  tha n th e lef t  hand ,  an d al l  remainin g interaction s wer e no t 
significant .  Figur e 2  show s that ,  asid e fro m th e mai n effec t  o f 
Movement  Instniction ,  th e reactio n tim e pattern s fo r  th e tw o group s 
wer e quit e similar . 
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Figur e 2 :  Movemen t  Onse t  Time s fo r  eac h Probe  Delay . 
Ipsi :  Prob e an d movin g han d i n th e sam e visua l  hemifield ; 

Contra :  Prob e an d movin g han d i n opposit e visua l  hemifields . 

Identificatio n Performance .  Th e Lif t  grou p identifie d o n 
averag e 7 2 % o f  th e letters ,  th e M o v e grou p onl y 5 6 % ,  F(l,14 )  = 
5.84 ,  p  <  .05 .  Identificatio n wa s 1 1 % bette r  whe n th e right  han d 
moved tha n whe n th e lef t  han d moved ,  F(l,14 )  =  17.33 .  p  <  .001 . 
A significan t  effec t  o f  Prob e Delay ,  F(3.42 )  =  12.97 ,  p  <  .001 .  wa s 
due t o poore r  performanc e a t  35 0 m s compare d t o th e othe r  delays . 
Whil e th e Hemifiel d effec t  wa s no t  significant ,  F(l,14 )  =  3.14 ,  p  > 
.09 ,  ther e wa s a  larg e advantag e o f  co/i/ralatera l  ove r  ipsilatera l  prob e 
trial s  a t  th e 25 0 m s prob e delay ,  F(3.42 )  =  5.45 .  / » <  .01 .  Thus ,  25 0 
ms afte r  th e movemen t  preparatio n ha d begun ,  probe s wer e identifie d 
more accuratel y whe n the y appeare d i n th e visua l  hemifiel d towar d 
whic h th e subjec t  planne d t o move .  Fig .  3  show s that ,  asid e from 
th e mai n effec t  o f  Movemen t  Instruction ,  th e performanc e pattern s o f 
th e tw o group s wer e agai n similar . 

Movement Times. For the Move group, average time from 
liftof f  t o touchdow n o n th e targe t  ke y wa s 32 0 ms ,  an d n o 
significan t  difference s acros s condition s wer e obtained . 

Discussion 
The fin t  experimen t  foun d stron g interaction s betwee n attentiona l 
processe s an d movemen t  preparatio n i n a  dua l  task .  Lette r 
identificatio n depende d o n th e degre e o f  concurren t  movemen t 
preparation :  Whe n subject s ha d t o prepar e a  goal-directe d movement . 
les s attentio n wa s availabl e t o ai d perceptio n tha n whe n subject s 
merel y ha d t o lif t  a  finger .  Thi s wa s reflecte d i n a  reactio n tim e 
differenc e o f  6 1 m s an d a n identificatio n differenc e o f  1 6 % betwee n 
th e groups .  Th e lo w performanc e befor e movemen t  onse t  furthe r 
support s thi s notio n o f  a  resourc e conflic t  (intrahemispheri c 
interference )  an d show s tha t  subject s i n bot h group s coul d 
strategicall y an d rapidl y allocat e attentio n betwee n th e visua l  an d 
motori c task ;  i t  als o suggest s tha t  goal-directe d movement s deman d 
controlle d processing ,  eve n fo r  thei r  initial ,  ballisti c  par t 
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Figur e 3 :  Identificatio n Performanc e fo r  eac h Prob e Delay . 

Th e spatia l  relatio n betwee n planne d movemen t  activit y an d 
locatio n o f  probin g affecte d probe  identificatio n performance .  Thi s 
was eviden t  a t  bot h th e 5 0 m s an d th e 25 0 m s prob e delays .  Fo r  th e 
50 m s probe  delay ,  reactio n time s i n bot h group s wer e abou t  3 2 m s 
shorte r  whe n th e prob e ha d appeare d a t  th e sid e o f  instructe d 
movement  rathe r  tha n i n th e opposit e hemifield .  Thi s effec t  o f 
spatia l  compatibilit y  betwee n locatio n o f  probin g an d locatio n o f 
moto r  activit y i s  no t  i n agreemen t  wit h th e notio n o f 
intrahemispheri c interference .  I t  rathe r  suggest s facilitate d plannin g 
w h en th e prob e onse t  c o m m a n d s attentio n int o th e sam e hemifield . 
T h e erro r  patter n i n th e Lif t  grou p support s thi s interpretation ;  i t 
show s tha t  earl y periphera l  onset s ca n induc e fault y effecto r 
specification ,  leadin g t o th e observe d tendenc y t o respon d wit h th e 
effecto r  tha t  i s  close r  t o th e sourc e o f  stimulatio n (Simon .  1969) . 

Identificatio n performanc e a t  th e 2 5 0 m s prob e delay ,  however , 
remaine d accurat e i n th e contralatera l  hemifiel d only :  Plannin g t o 
respon d wit h th e lef t  han d improve d perceptio n o f  letter s i n th e right 
visua l  field ,  an d vic e versa .  Suc h a  findin g wa s predicte d b y th e 
premolo r  theor y o f  attentio n an d b y th e intrahembpheri c interferenc e 
hypothesis ;  thus ,  th e benefi t  ca n b e interprete d eithe r  a s a n indicatio n 
tha t  attentio n shifte d i n th e directio n o f  th e forthcomin g movement , 
or  a s a  relativ e improvemen t  o f  lette r  processin g i n th e hemispher e 
tha t  wa s les s taxe d b y moto r  plarming . 

T h e strikingl y simila r  identificatio n patter n fo r  bot h group s acros s 
th e tim e cours e o f  m o v e m e n t  preparatio n suggest s tha t  th e 
underlyin g preparator y processe s wer e similar .  Thi s findin g migh t 
be take n a s evidenc e agains t  th e premoto r  theory ,  becaus e subject s i n 
th e Lif t  grou p presumabl y planne d a  les s comple x m o v e m e n t  wit h 
differen t  directio n an d amplitude .  However ,  subject s i n bot h group s 
typicall y use d th e sam e finger  the y ha d jus t  m o v e d (accordin g t o th e 
m o v e m e nt  instruction )  t o subsequentl y typ e i n th e perceive d letter , 
an d kep t  thei r  othe r  inde x finge r  o n th e star t  ke y throughou t  a  trial . 
Sinc e al l  relevan t  lette r  key s wer e locate d betwee n th e tw o star t  ke y 
locations ,  i t  i s  conceivabl e tha t  subject s i n bot h group s alway s 
prepare d movement s directe d t o th e midsagitta l  plane . 

Thi s argumen t  call s fo r  a  contro l  experimen t  i n whic h m o v e m e n t 
directio n coul d als o b e fro m th e cente r  o f  th e keyboar d outwards . 
Thi s situatio n provide s a  direc t  tes t  o f  th e premoto r  theor y agains t 
th e hemispheri c interferenc e hypothesis :  T h e premoto r  theor y 
predict s improve d ipsilatera l  identificatio n fo r  outwar d movement s 
and improve d contrdatera l  identificatio n fo r  inwar d movements .  Th e 
hemispheri c interferenc e hypothesi s predict s that ,  irrespectiv e o f 
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movement  direction ,  probe s i n th e hemifiel d contralatera l  t o th e sid e 
of  movemen t  preparatio n shoul d alway s b e identifie d bette r  tha n 
ipsilatcra l  probes . 

Experiment 2 
The secon d experimen t  addresse d th e issue s raise d i n th e discussio n o f 
th e initia l  study .  First ,  Movemen t  Directio n varie d betwee n fou r 
experimenta l  blocks :  Movin g fro m th e periphera l  t o th e centra l 
keys ,  movin g fro m th e centra l  t o th e periphera l  keys ,  liftin g th e 
finge r  fro m th e periphera l  keys ,  an d liftin g th e finger s fro m th e 
centra l  keys .  Thi s wa s achieve d b y simpl y assignin g th e targe t  key s 
from  Experimen t  1  a s star t  key s (an d vic e versa )  i n th e tw o ne w 
condition s o f  th e presen t  experiment .  Th e othe r  condition s wer e 
direc t  replication s o f  th e firs t  experiment .  T o accorrunodat e concern s 
regardin g th e between-group s compariso n i n th e previou s study ,  al l 
subject s participate d i n al l  condition s i n a  counterbalance d order .  T o 
contro l  fo r  th e possibilit y  o f  anticipator y preparatio n o f  typin g 
response s i n th e Lif t  conditions ,  subject s touche d dow n o n thei r  star t 
key prio r  t o typin g th e perceive d letter .  Thus ,  eve n i f  a  directiona l 
componen t  fo r  thi s simpl e moto r  progra m wer e specified ,  it s valu e 
woul d b e irrelevan t  fo r  a  possibl e attentio n shift . 

Anothe r  modificatio n o f  th e metho d concerne d th e fac t  tha t  manua l 
reactio n time s increase d wit h longe r  prob e delay s i n th e firs t 
experimen t  Thi s coul d simpl y reflec t  a  procrastinatio n strateg y wit h 
whic h subject s trie d t o improv e thei r  lette r  perception .  Note , 
however ,  tha t  i n th e previou s experimen t  th e movemen t  cu e wa s 
alway s erase d a t  th e en d o f  prob e presentation ;  longe r  prob e delay s 
may therefor e hav e delaye d attentiona l  disengagemen t  from  th e cue . 
Thi s coul d accoun t  fo r  th e observe d increas e i n reactio n time s acros s 
prob e delays ,  becaus e th e offse t  o f  a n attende d stimulu s facilitate s 
manual  a s wel l  a s ey e movemen t  latencie s (Fische r  &  Rogal ,  1986) . 
Alternatively ,  th e advanc e o f  movemen t  preparatio n wit h longe r 
prob e delay s migh t  hav e mad e i t  harde r  t o diver t  attentio n bac k t o th e 
visua l  domain ,  thu s makin g th e require d attentio n switc h fro m th e 
primar y (motor )  tas k t o th e secondar y (perceptual )  tas k costlie r  fo r 
th e late r  probes .  Th e secon d experimen t  attempte d t o clarif y thi s 
issu e b y leavin g th e movemen t  cu e visibl e afte r  prob e presentation . 
I f  th e increas e o f  reactio n time s wit h longe r  prob e delay s i n th e first 
experimen t  wa s du e t o th e easie r  disengagemen t  o f  attentio n fo r  earl y 
prob e delays ,  the n thi s effec t  shoul d disappear . 

Becaus e al l  subject s participate d i n al l  movemen t  conditions ,  th e 
extensiv e trainin g regim e o f  th e firs t  experimen t  wa s replace d b y 
onl y te n practic e trial s i n eac h movemen t  conditio n prio r  t o dat a 
collection .  T o mainui n a  reasonabl e leve l  o f  identificatio n accuracy , 
th e eccentricit y o f  th e periphera l  prob e letter s wa s slightl y reduce d 
from  4 °  t o 3 °  (increas e th e prob e duratio n woul d hav e invite d ey e 
movements) .  T o furthe r  preven t  ey e movement s (e.g. ,  towar d th e 
periphera l  targe t  keys) ,  i n 2 0 % o f  th e trial s o f  eac h conditio n th e 
prob e wa s presente d fo r  onl y 1 7 m s jus t  abov e th e centra l  arrow ; 
identificatio n performanc e fo r  thes e trial s serve d a s a n objectiv e 
fixatio n contro l  measure .  Furthermore ,  subject s wer e repeatedl y 
instructe d t o fixate  th e arro w a t  th e cente r  o f  th e displa y an d coul d 
als o no t  predic t  th e locatio n o f  a  forthcomin g probe .  Finally ,  th e 
fac t  tha t  th e movemen t  cu e wa s n o longe r  delete d wit h th e prob e als o 
reduce d th e likelihoo d o f  ey e movements . 

The apparatus ,  method ,  stimuli ,  design ,  an d procedur e wer e th e 
same a s i n Experimen t  1 ,  wit h th e abov e modifications .  Eigh t  right-
hande d subject s wit h norma l  o r  correcte d visio n (mea n ag e 2 3 years ) 
participated .  Al l  reporte d t o hav e som e touchtypin g skills .  Th e dat a 
wer e analyze d wit h 2  (Movemen t  Instruction )  x  2  (Hemifiel d o f 
Prob e Presentation )  x  2  (Star t  Location )  x  2  (Han d o f  Movement )  x 
4 (Prob e Delay )  A N O V A s. 
Results 
M o v e m e nt  Errors .  I n th e M o v e an d Lif t  conditions ,  8.7 % an d 
7.5 % erroneou s lift-off s wer e observed ,  respectively ,  F  <  I .  A 
significan t  interactio n o f  Hemifiel d wit h Prob e Delay ,  F(3,21 )  = 
7.40 ,  p  <  .01 .  indicate d tha t  a t  th e earlies t  dela y th e contralatera l 

probe s induce d mor e error s tha n al l  othe r  conditions .  Thi s effec t  wa s 
more pronounce d fo r  th e righ t  tha n fo r  th e lef t  hand ,  F(3,21 )  =  3.42 , 
p <  .05 .  A n interactio n o f  Movemen t  Instructio n wit h Star t 
Location ,  F(l,7 )  =  6.33 .  p  <  .05 ,  showe d tha t  liftin g th e correc t 
inde x finge r  wa s easie r  a t  th e periphera l  tha n a t  th e centra l  star t 
location ,  wherea s movin g th e inde x finge r  t o a  differen t  ke y wa s 
easie r  whe n startin g a t  th e centra l  tha n whe n startin g a t  th e periphera l 
star t  location .  Finally ,  ther e wer e mor e error s associate d wit h 
contralatera l  tha n wit h ipsilatera l  probing ,  F(l,7 )  =  8.83 .  p  <  .05 . 

Fixation Control. An overall identification level of 93% for 
letter s presente d fo r  onl y 1 7 m s abov e th e centra l  arro w show s tha t 
th e subject s conforme d wit h th e instructio n t o fixat e th e movemen t 
cue durin g movemen t  preparation .  However ,  wit h longe r  delay s o f 
th e centra l  prob e th e probabilit y  t o correctl y identif y thi s lette r  wa s 
reduce d from  96.5 % t o 89.8% .  F(3 ,  21 )  =  2.95 ,  p  <  .06 . 

Reaction Times. Reaction times were on average 465 ms for 
liftin g an d 47 4 m s fo r  movin g th e finger ,  F(l,7 )  =  1.06 ,  p  >  .34 . 
Response s wer e initiate d 3 3 m s late r  from  th e periphera l  tha n fro m 
th e centra l  star t  keys ,  F{\,7 )  =  10.34 ,  p  <.02 .  Ther e wa s n o mai n 
effec t  o f  Prob e Delay ,  F(3,21 )  =  2.23 ,  p  >  .1 ,  bu t  contralatera l 
probin g le d t o 1 2 m s slowe r  reaction s o n averag e tha n ipsilatera l 
probing ,  F(l,7 )  =  23.87 ,  p  <.01 .  Thi s mai n effec t  o f  Hemifiel d wa s 
qualifie d b y a  significan t  interactio n wit h Prob e Delay ,  f(3,21 )  = 
6.90 ,  p  <.01 :  Whil e reactio n time s fo r  ipsilatera l  probin g increase d 
wit h Prob e Delay ,  contralatera l  probin g le d t o slowe r  response s a t 
th e 5 0 m s dela y tha n a t  an y othe r  prob e delay .  Finally ,  ther e wa s a n 
interactio n o f  Prob e Dela y wit h Hand ,  F(3.21 )  =  5.11 .  p  <.01 ,  suc h 
tha t  al l  left-han d trial s wer e mor e affecte d b y th e earl y probe s tha n 
right-hand  trials .  N o othe r  mai n effec t  o r  interactio n wa s significan t 
Figur e 4  focuse s o n th e tw o Mov e conditions ;  i t  show s that ,  asid e 
from  th e mai n effec t  o f  Star t  Location ,  th e reactio n tim e pattern s fo r 
bot h movemen t  direction s wer e similar . 
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Figur e 4 :  Movemen t  Onse t  Time s fo r  th e Mov e conditions . 
lO :  Insid e ou t  movements ;  OI :  Outsid e i n movements . 

Identificatio n Performance .  I n th e Lif t  an d Mov e condition s 
subject s identifie d o n averag e 81.6 % an d 77.0 % o f  th e probe s 
correctly ,  F(l,7 )  =  6.45 ,  p  <  .05 .  Performanc e wa s abou t  8 % wors e 
fo r  left-han d compare d t o right-han d trials ,  F(l,7 )  =  15.85 ,  p  <  .01 . 
However ,  thi s effec t  o f  Han d onl y hel d fo r  ipsilatera l  probing .  F(l,7 ) 
= 7.43 ,  p  <  .05 .  Ther e wa s a  mai n effec t  o f  Prob e Delay .  F(3,21 )  = 
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9.58 ,  p  <  .001 :  Identificatio n improve d from  a n initia l  78.3 % a t  5 0 
ms t o 83.4 % a t  th e 15 0 m s prob e delay ;  the n i t  droppe d fro m 79.6 % 
t o 75.9 % a t  th e longes t  delay .  Thi s mai n effec t  wa s qualifie d b y 
interaction s o f  Prob e Dela y wit h Movemen t  Instruction ,  F(3,21 )  = 
7.38 .  p  <  .01 ,  wit h Star t  Location ,  F(3,21 )  =  2.97 ,  p  <  .06 .  an d 
wit h Han d o f  Movement ,  F(3,21 )  =  8.05 ,  / > <  .001 .  Th e peake d 
performanc e patter n wa s onl y presen t  i n th e Mov e conditions , 
wherea s i n th e Lif t  condition s subject s wer e abou t  equall y accurat e 
acros s al l  prob e delays .  Th e pea k fo r  15 0 m s wa s als o mor e 
pronounce d whe n startin g a t  th e cente r  tha n whe n movin g towar d th e 
center ,  an d i t  wa s largel y du e t o th e performanc e i n left-han d trials . 
However ,  n o othe r  mai n effec t  o r  interactio n wa s significant .  Figur e 
5 focuse s o n th e tw o Movemen t  conditions ;  i t  show s that ,  asid e 
fro m th e mai n effec t  o f  Movemen t  Instruction ,  performanc e fo r  th e 
tw o movemen t  direction s (in-ou t  an d out-in )  wa s similar . 
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Figur e 3 :  Identificatio n Performanc e fo r  th e Mov e conditions . 
10:  Insid e ou t  movements ;  OI :  Outsid e i n movements . 

Movement  Times .  I n th e Mov e conditions ,  averag e tim e from 
liftof f  t o touchdow n o n th e targe t  ke y wa s 34 7 ms .  wit h n o 
significan t  difference s betwee n conditions . 

Discussion 
The finding s o f  th e secon d experimen t  allo w u s t o qualif y th e 
differen t  hypothese s regardin g th e possibl e relationship s betwee n 
perceptio n an d action .  Mos t  importantly ,  ther e wer e n o effect s o f 
Movement  Direction ,  bu t  als o no t  o f  Hemifiel d o f  Probin g o n lette r 
identificatio n perfomiance .  Thi s resul t  fail s  t o replicat e th e earlie r 
findin g o f  highe r  identificatio n performanc e i n th e contralatera l  visua l 
field,  especiall y a t  th e 25 0 m s prob e delay .  T o accommodat e thi s 
finding ,  bot h th e inrahemispheri c facilitatio n hypothesi s an d th e 
intrahemispheri c interferenc e hypothesi s requir e th e a d ho c 
assumptio n tha t  th e degre e o f  interactio n betwee n th e tw o task s use d 
i n th e secon d experimen t  wa s noncritical .  Th e presen t  findin g i s 
especiall y damagin g fo r  th e premoto r  theory ;  not e that ,  du e t o th e 
directin g o f  attentio n durin g movemen t  preparation ,  th e premoto r 
theor y predicte d performanc e t o improv e wit h longe r  prob e delay s fo r 
outwar d movement s wit h ipsilatera l  probin g (blac k squares )  an d fo r 
inwar d movement s wit h contralatera l  probin g (whit e circle s i n Figur e 
5) .  I t  i s no t  clea r  whic h o f  th e modification s i n th e experimenta l 
procedur e cause d thi s failur e t o replicat e a  previou s fmding .  I t  i s 
probabl y no t  du e t o th e shortene d practic e wit h th e ne w subjects , 
becaus e th e advantag e o f  contralatera l  probe s a t  th e 25 0 m s prob e 
dela y i s presen t  eve n i n th e practic e dat a from  Experimen t  1 .  Th e 
continuou s presentatio n o f  th e movemen t  cu e afte r  prob e exposur e 

coul d no t  hav e affecte d perceptua l  processin g o f  th e probe ,  bu t  i t 
migh t  hav e prevente d immediat e acces s t o th e probe' s representatio n 
i n visua l  short-ter m memor y (Sperling .  1960). 
On th e othe r  hand ,  th e secon d experimen t  replicate d severa l  fmding s 

from  th e fu-s i  study .  Probe s appearin g onl y 5 0 m s afte r  th e onse t  o f 
th e arro w cu e induce d erroneou s response s i f  the y wer e i n th e 
hemifiel d contralatera l  t o th e sid e o f  movemen t  preparation . 
Subject s overcam e thi s interferenc e onl y a t  th e cos t  o f  delaye d 
respons e times .  Th e fac t  tha t  thi s Simo n effec t  i s  limite d t o th e 5 0 
ms prob e dela y suggest s tha t  15 0 m s afte r  presentatio n o f  th e 
movement  cu e th e directio n componen t  o f  th e moto r  progra m wa s 
reliabl y installed .  However ,  th e disadvantag e fo r  th e lef t  han d i n 
thes e right-dominan t  subject s implie s tha t  th e movemen t  task s 
require d controlle d processin g a t  al l  time s whe n the y wer e performe d 
wit h th e non-dominan t  hand . 

The findin g o f  increase d reactio n time s fo r  longe r  prob e delays , 
eve n wit h continuou s exposur e o f  th e movemen t  cue .  rule s ou t  a n 
explanatio n o f  thi s increas e i n term s o f  delaye d attentiona l 
disengagemen t  from  th e cue .  I t  rathe r  support s th e notio n tha t 
attentiona l  resource s ar e strategicall y allocate d t o th e preparatio n o f 
th e forthcomin g movement ,  thu s incurrin g highe r  cost s o f  switchin g 
bac k t o th e visua l  fiel d fo r  mor e delaye d probes .  Thi s hypothesi s 
als o account s fo r  th e systemati c decreas e o f  performanc e i n th e 
fixation  contro l  trials . 

The absenc e o f  effect s o f  manua l  respons e selectio n o n visua l 
perceptio n wa s previousl y reporte d b y Rafa l  e t  al .  (1989 ,  Exp .  5 )  an d 
by Pashle r  (1991) .  Thei r  us e o f  les s comple x moto r  tasks ,  however , 
di d no t  allo w u s t o specificall y evaluat e th e premoto r  theor y o f 
attention .  Th e presen t  stud y showe d that ,  irrespectiv e o f  movemen t 
complexity ,  manua l  preparatio n doe s no t  induc e differentia l  effect s o f 
movement  directio n plannin g o n lateralize d prob e identification . 
Togethe r  wit h th e fac t  tha t  performanc e pattern s wer e simila r  fo r  th e 
Move an d Lif t  conditions ,  thi s indicate s tha t  th e genera l  identit y 
betwee n movemen t  preparatio n an d attentio n allocation ,  a s propose d 
i n th e premoto r  theor y o f  attention ,  doe s apparentl y no t  appl y t o 
manual  movemen t  preparation .  Studie s o f  hierarchica l  manua l 
preparatio n (e.g. ,  Rosenbaum ,  1980 )  d o therefor e no t  provid e suppor t 
fo r  th e premoto r  theory . 

Subsequen t  experiment s usin g thi s probin g techniqu e ca n 
investigat e lette r  perceptio n durin g movemen t  executio n a s wel l  a s 
durin g movemen t  preparation ,  t o addres s th e issu e o f  whethe r  visuo -
spatia l  attentio n remain s organize d i n extrinsi c o r  i n action-centere d 
coordinates .  T o tes t  th e relevanc e o f  movemen t  amplitud e plarmin g 
fo r  attentio n allocation ,  probe s coul d als o b e presente d a t  th e targe t 
locatio n o f  a  movement .  Thi s will ,  however ,  requir e a  touch-scree n 
interface .  Furthermore ,  a  compariso n o f  performanc e wit h an d 
withou t  overla p o f  visua l  an d moto r  spac e ca n revea l  whethe r 
attentiona l  effect s operat e o n a n intrinsi c representation .  Th e us e o f 
nonlateralize d (e.g. ,  vocal )  response s t o identif y th e prob e letter s ma y 
clarif y th e exten t  t o whic h th e lette r  probe s ma y hav e activate d 
concurren t  motori c representation s i n th e presen t  subjects ,  wh o wer e 
mostl y semi-skille d typists . 

I n summary ,  th e concep t  o f  attentio n a s moto r  preparatio n carmo t 
accoun t  fo r  th e presen t  result s obtaine d wit h han d movements , 
suggestin g tha t  th e inferenc e fro m ey e movement s t o moto r 
preparatio n i n genera l  ma y hav e underestimate d th e complexit y o f  th e 
mechanism s linkin g perceptio n wit h action . 
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