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Abstrac t 

A unique apparatus recorded eye and head movements of 
subject s a s the y tappe d o r  onl y looke d a t  sequence s o f  2 ,  4  o r 
6 nearby ,  3- D targets .  Eac h sequenc e wa s repeate d 1 0 time s 
t o allo w a n opportunit y fo r  learning .  A  stereotypica l  patter n 
of  movement s wa s establishe d afte r  2- 3 repetitions .  Subject s 
almos t  alway s looke d a t  eac h targe t  jus t  befor e tappin g it . 
Looking-onl y wa s mor e difficul t  tha n tappin g i n tha t  i t  too k 
mor e tim e and ,  unlik e tapping ,  usuall y di d no t  benefi t  from 
practice .  Th e numbe r  o f  target s i n a  sequenc e affecte d 
timeA^ge t  i n bot h tasks .  Sequenc e lengt h an d practic e effect s 
sho w tha t  memor y wa s involved .  Th e persisten t  strateg y o f 
lookin g befor e tappin g an d th e subjects '  inabiUt y t o U p a 
weU-leame d patte n wit h eye s closed ,  sho w tha t  visua l  cue s 
wer e als o importan t  W e conclud e tha t  moto r  plarmin g 
occurre d firs t  a t  th e leve l  o f  th e tas k an d the n a t  th e leve l  o f 
specifi c  moto r  programs .  Th e relativ e difficult y o f  th e les s 
natural ,  looking-onl y task ,  i n whic h th e eye s worke d withou t 
a meaningfu l  cognitiv e o r  moto r  purpose ,  suggest s tha t 
efficien t  ey e movemen t  programmin g require s a  natura l  tas k o f 
th e kin d ey e movement s evolve d t o serve . 

I n t r o d u c t i o n 

Until recently eye movements could only be studied 

accuratel y wit h th e subject' s hea d immobilized ,  a  mos t 

unnatura l  condition .  Stimul i  i n mos t  ey e movemen t 

experiment s wer e als o unnatural ,  usuall y a  singl e poin t  o f 

ligh t  see n i n darknes s tha t  ha d t o b e fixate d o r  tracke d a s i t 

m o v ed i n steps ,  ramp s o r  sinusoida l  motion s o n th e fac e o f 

a C R T oriente d a t  righ t  angle s t o th e lin e o f  sigh t 

OccasionaUy ,  subject s wer e give n tw o o r  mor e stationar y 

point s an d aske d t o m a k e saccadi c step s fro m on e t o th e 

next .  Thes e condition s an d task s ar e probabl y neve r 

encountere d outsid e a  laboratory .  But ,  eve n i n suc h 

unnatura l  situations ,  ey e movemen t  pattern s hav e bee n 

show n t o b e governe d b y comple x cognitiv e processes , 

rather  tha n b y simpl e reflexe s o r  habits .  Fo r  example :  (1 ) 

sequence s o f  saccade s ar e pre-planne d lik e man y othe r  moto r 

sequence s (Zingal e &  Kowler ,  1987) ,  (2)  smooU i  pursui t  i s 

affecte d b y expectation s abou t  futur e targe t  motio n (Kowler , 

1989) ,  (3 )  saccadi c ey e movement s sho w speed-accurac y 

tradeoff s (Steinma n e t  ai ,  1973 )  an d primin g effect s (Ros s 

& Ross ,  1980) ,  an d (4 )  smoot h pursui t  an d saccadi c ey e 

movement  subsystem s shar e a  singl e selectiv e attentiona l 

mechanis m wiU i  th e perceptua l  syste m (Khuran a &  Kowler , 

1987 ;  Kowler ,  Doshe r  &  Blaser ,  1993) .  Finding s suc h a s 

thes e encourage d u s t o expec t  a n eve n wide r  rang e o f 

cognitiv e contribution s t o oculomoto r  behavio r  onc e ey e 

movement s coul d b e studie d unde r  m u c h mor e natura l 

condition s -  condition s tha t  migh t  giv e cognitio n mor e roo m 

t o operate .  Ou r  n e w wor k wa s als o motivate d b y recen t 
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evidenc e tha t  oculomoto r  behavior s d o no t  occu r  i n isolation , 

but  a s integra l  part s o f  moto r  pattern s whic h involv e th e 

head ,  tors o an d Umbs (Collewij n e t  al. ,  1992a,b :  Kowle r  e l 

al ,  1992) .  I t  ha s becom e quit e clea r  tha t  studyin g ey e 

movement s whe n onl y th e eye s ar e abl e t o move ,  give s a 

distorte d an d incomplet e pictur e o f  ho w th e oculomoto r 

syste m operate s (se e Steinman ,  Kowle r  &  Collewijn ,  1990 , 

fo r  a  summary) . 

The concentratio n o n unnatura l  condition s an d task s i n 

traditiona l  ey e movemen t  researc h di d no t  necessaril y  reflec t 

th e researchers '  lac k o f  appreciatio n o f  th e complexit y o f  th e 

oculomoto r  system .  Rather ,  unti l  ver y recently ,  limitation s 

of  ey e movemen t  recordin g equipmen t  mad e i t  impossibl e t o 

do experiment s tha t  wer e bot h natura l  an d accurat e i n th e 

sens e th e measuremen t  accurac y an d precisio n wa s bette r 

tha n th e accurac y an d precisio n o f  th e motc» -  syste m unde r 

study .  A  uniqu e apparatus ,  develope d recently ,  eliminate d 

thi s impasse ,  makin g i t  possibl e t o measur e wit h hig h 

precision ,  accurac y an d tim e resolution ,  binocula r  ey e an d 

head movement s o f  unrestrained ,  seate d subjects . 

A serie s o f  experiments ,  takin g advantag e o f  th e ne w 

recordin g apparatus ,  wa s designe d t o b e representativ e o f 

ev^da y lif e situation s i n whic h coordinate d visuomoto r 
performanc e i s used .  Al l  behavior s too k plac e i n a  well-lit , 

visuall y rich  environment ,  wit h 3- D target s locate d withi n 

arm' s reach .  Th e experimenta l  task s (tappin g o r  lookin g a t 

a sequenc e o f  targets )  wer e designe d t o stud y spatia l  an d 
moto r  memory ,  learning ,  planning ,  visua l  searc h an d othe r 

cognitiv e activitie s involve d i n visuomoto r  performance . 

Method 

Apparatus 

The "Maryland Revolving Field Monitor" ot MRFM, is 

describe d nex t  s o a s t o provid e a n inklin g o f  problem s 

inheren t  i n makin g accurat e measurement s o f  eye/head/ar m 
coordinatio n unde r  natura l  conditions .  Th e M R F M consist s 
of  3  subsystem s (Fig.l) : 

(1 )  Th e Revolvin g Fiel d Monitor/sensor-coi l  subsyste m 

(RFM)  measure s hea d an d ey e rotations .  Th e R F M 
produce s 3  mutuall y perpendicular ,  magnet i c fields  revolvin g 
at  differen t  frequencies.  E a c h field  i s produce d b y t w o set s 

o f  ac-current-carrying ,  5-element ,  coil s m o u n t e d o n a  cubica l 

fram e ~  a  "cube-surfac e coil "  tha t  produce s a  spatially -
h o m o g e n e o u s magneti c field  withi n a  larg e fractio n o f  th e 

frame' s vo lume .  Horizonta l  a n d vertica l  ey e rotation s ar e 

measure d wit h silicon e annulus-senso r  coil s {Skalar-Delft ) 

attache d t o eac h ey e b y suction .  Horizontal ,  vertica l  an d 

torsiona l  hea d rotation s ar e measure d wit h 2  sensw-coil s 
mounte d o n th e head .  T h e angl e be twee n th e plan e o f  eac h 

senso r  coi l  an d th e plane s o f  eac h magnet i c field  i s 

proportiona l  t o th e phas e differenc e be twee n th e ac-curren t 
induce d i n th e sensor-coi l  an d th e phas e o f  th e ac-curren t 
induce d i n a  referenc e coi l  associate d wit h eac h field.  T h e 
precisio n o f  angl e m e a s u r e m e n t  i s bette r  tha n 1  minar c wit h 

RFM cube-surfac e coi l 

nuciopDoo a 

ortbogoiollieidccil t 

wot laU c 

I - ^  hom e 

F igur e 1 .  T h e Mary lan d Revolv in g Fiel d Mon i to r  apparatu s 

(MRFM). 

linearity < 0.01%. Sampling rate was set to 488 Hz. 
(2 )  Th e Sparke r  Trackin g Subsyste m (STS )  measure s 3- D 

head translations .  Th e "sparker" ,  mounte d o n to p o f  th e 

head ,  emit s burst s o f  soun d a t  6 1 H z tha t  ar e detecte d b y 4 

microphone s mounte d o n a  rectangula r  fram e nea r  th e 
ceiling .  ST S compute s th e tim e o f  arriva l  o f  eac h spark' s 

wavefron t  an d output s distance s l o eac h microphon e (t o 0. 1 
mm). 

(3 )  Th e "Worktable "  subsyste m consist s o f  a  plasti c table , 
wit h a n 1 1 X  1 4 gri d o f  equally-space d well s int o whic h 
rod s toppe d wid i  colo r  L E D s (targets )  ca n b e placed . 

Tippin g a  targe t  activate s a  microswitch ,  allowin g th e tim e 

of  th e ta p t o b e recorde d (t o 2  msec) .  A  wel l  nea r  th e 

subjec t  wa s designate d th e "home "  positio n (se e Fi g 1) . 

Analyses 

Outputs of the RpM and the STS were converted into 

worktable-coordinate s t o determin e wher e th e subjec t  wa s 
lookin g wit h respec t  t o th e targets .  T o d o this ,  thre e type s 

of  calibration s wer e performed :  (1 )  Sparker s place d i n 
worktable-well s calibrate d "sparker-space" ;  (2 )  Sightin g 
center s o f  eac h ey e wer e measure d wit h th e hea d o n a  bite -

board ;  (3 )  Th e position s o f  th e senso r  coil s o n th e eye s an d 
th e relationshi p o f  th e sparke r  t o th e ey e an d hea d coil s wa s 
measure d a t  th e star t  o f  eac h experimenta l  session .  Fo r  eac h 

fixation  ( a relativel y stabl e gaz e positio n betwee n gaze -
shifts )  th e targe t  wit h th e smalles t  angl e distanc e betwee n 

binocula r  gaz e directio n an d th e targe t  (gaze-error )  wa s 

designate d th e fixation  target .  Th e subjec t  wa s assume d t o 
be fixating  somethin g othe r  tha n on e o f  th e target s whe n th e 

smalles t  gaze-erro r  wa s greate r  tha n 10 °  ( < 1 0 % o f 
fixations). 
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Exper imen t s 

Two series of experiments were performed In the first task 

(TAP) ,  subject s wer e aske d t o tap ,  rapidl y an d accurately , 

target s i n a  predefine d sequence .  I n th e secon d task , 

subject s wer e aske d l o look ,  rapidl y an d accurately ,  a t 

target s i n a  predefine d sequence ,  withou t  tappin g the m 

( L O O K - O N L Y ) . 

At  th e star t  o f  eac h tapin g o r  looking-onl y tria l  th e 

subjec t  wa s seate d i n fron t  o f  th e worktabl e wit h eye s 

closed ,  an d th e inde x finge r  o f  th e preferre d han d holdin g 

d o wn th e h o m e target .  Befor e th e first  tria l  o f  eac h 10-tria l 

block ,  th e experimente r  arrange d th e target s i n a 

configuratio n randoml y chose n b y th e computer .  Th e 

number  o f  target s (sequenc e length )  wa s varie d betwee n 

block s (2 ,  4  o r  6 )  an d tria l  lengt h (3, 6 o r  9  sec )  wa s varie d 

accordin g t o numbe r  o f  targets .  Th e subjec t  starte d eac h 

trial ,  whe n ready,  b y pressin g a  butto n wit h hi s fre e han d 

and the n opene d hi s eyes .  Th e orde r  fo r  tappin g o r  lookin g 

was specifie d b y targe t  colo r  an d wa s no t  change d i n thi s 

serie s o f  experiments .  Fo r  th e longes t  sequenc e (6 )  th e 

orde r  was :  release  th e h o m e target ,  yellow ,  green ,  red , 

flashing  yellow ,  flashin g green ,  flashin g red ,  home .  Fo r  se t 

size s 2  an d 4 ,  th e orde r  wa s th e sam e wit h th e sequenc e 

endin g o n th e h o m e targe t  afte r  onl y 2  o r  4  targets .  A t 

sequenc e end ,  th e subjec t  kq) t  hi s eye s close d unti l  startin g 
th e nex t  trial .  Eac h targe t  configuratio n wa s see n fo r  th e 

first  tim e a t  th e star t  o f  th e first  tria l  i n a  block . 

Results 

All 4 subjects reported that tapping targets was very 

differen t  fro m onl y lookin g a t  them :  th e tappin g tas k wa s 

eas y an d eve n fun ,  bu t  th e lookin g tas k wa s effort-ful l  an d 

eve n somewha t  annoying .  Subject s als o though t  tha t  the y 

use d differen t  scannin g pattern s i n th e tw o tasks .  Namely , 

the y di d no t  loo k a t  ever y targe t  afte r  th e first 2  o r  3 

repetitions  i n th e tappin g task ,  bu t  tha t  the y di d loo k a t  ever y 

targe t  whe n require d onl y t o look . 

A ne w notation ,  calle d a  "look-t ^  diagram" ,  wa s 

develope d t o chec k thes e subjectiv e impressions .  Fig .  2 

shows loc4t-ta p diagram s fo r  a  bloc k o f  1 0 T A P trial s (top ) 

and a  bloc k o f  1 0 L O O K - O N L Y trial s (bottom )  fo r  subjec t 

C E.  Eac h diagra m rq)resent s 1  trial .  T im e i s o n th e 

abscissa .  Eac h horizonta l  lin e represent s on e target ,  wit h th e 

first  targe t  i n th e sequenc e a t  th e bottom .  Th e symbol s 

draw n o n eac h lin e sho w whe n a  targe t  wa s looke d a t  o r  wa s 

t£4)ped ,  wit h circle s representing  tappin g an d rectangle s 

representin g looking .  Th e widt h o f  eac h rectangl e 

represent s h o w lon g th e subjec t  looke d a t  th e targe t 

Sometime s tw o o r  mor e rectangle s appear  adjacen t  t o eac h 

othe r  o n th e sam e line .  Thi s occur s whe n th e subjec t  mad e 

smal l  saccade s whil e keepin g hi s gaz e o n th e sam e target . 

Th e look-ta p patter n show n i n Fig .  2  wa s ver y typical . 

Error s i n scannin g orde r  occurre d durin g th e first  1  o r  2 

repetitions ,  a s th e subjec t  ha d t o find  th e targets .  Afte r  that . 

subject s looke d a t  eac h targe t  i n orde r  i n bot h tappin g an d 

lookin g tasks .  Interestingly ,  eve n i n th e earlio -  repetition s 

most  saccade s lande d nea r  targets ,  demonstratin g th e 

efficienc y o f  searc h - -  eccentri c visio n wa s use d t o fin d 

target s an d fovea l  visio n t o confir m thei r  color .  W h e n 

tapping ,  al l  subject s almos t  alway s (o n 9 3 % o f  al l  trials ) 

use d th e strateg y o f  shiftin g gaz e t o th e nex t  targe t  an d 

continuin g t o loo k a t  i t  unti l  jus t  befor e t̂ ^pin g it .  I n th e 

rar e instance s wher e th e subject s di d no t  loo k a t  th e targe t 

jus t  befor e tappin g it ,  th e skippe d targe t  wa s usuall y locate d 

i n th e ro w neares t  t o th e subjec t  wher e i t  coul d b e tappe d 

whil e th e ar m wa s closes t  t o th e body .  Thi s look-before-ta p 

patter n remained  th e sam e eve n o n th e ver y rar e trial s (<2% ) 

tha t  ha d error s i n th e tappin g sequence ,  a s i n repetitio n 7  i n 

Fig .  2 .  W h e n th e ar m mad e a  mistake ,  s o di d th e eyes . 

Thi s implie s tha t  th e error s aros e fi^om  imprope r  targe t 

selection ,  no t  fro m an y difficult y i n coordinatin g th e ar m an d 

th e eyes . 

Th e subject s wer e quit e unawar e o f  havin g looke d a t  eac h 

targe t  i n th e tappin g task ,  believin g tha t  the y ofte n skippe d 

lo(*in g a t  targets .  Thei r  impressio n tha t  scannin g pattern s 

wer e differen t  i n th e tw o task s di d no t  agre e wit h th e 

behaviora l  fact s a s outline d above .  W a s thei r  impressio n 

tha t  looking-onl y wa s mor e difficul t  tha n t̂ ^pin g als o 

erroneous ? T o compar e tas k difficulty ,  w e examine d th e 

tota l  tim e neede d t o complet e th e sequenc e divide d b y th e 
number  o f  targets .  Thi s measur e (time/target )  i s  show n i n 

Fig .  3 a a s a  functio n o f  th e repetition  o f  a  sequence .  Ta p 

time s wer e no t  onl y considerabl y shorte r  tha n looking-cml y 

times ,  bu t  f w 3  o f  th e 4  subjects ,  onl y th e tappin g 

performanc e becam e faste r  wit h practice .  Fo r  3  o f  th e 4 

subjects ,  time/targe t  decrease d b y nearl y a  facto r  o f  2  fo r 

tappin g an d no t  a t  al l  fo r  looking-only .  Th e fourt h subject , 

R S,  improve d i n both ,  evidentl y finding a  strateg y f w 

lookin g efficientl y tha t  elude d th e othe r  subjects .  Bu t  eve n 

fo r  R S ,  tapin g time s remaine d shorte r  tha n looking-onl y 

time s afte r  practice . 
Th e shorte r  time/targe t  fo r  tappin g wa s genuin e an d no t 

du e t o tappin g error s (i.e. ,  a  speed-accurac y trade-off) . 

Subject s mad e ver y fe w error s (<2% )  i n tippin g sequences , 

and nearl y al l  o f  thes e error s occurre d durin g th e first  3 

repetitions .  Th e subject s actuall y mad e mor e sequencin g 

error s whe n lookin g only ,  wit h almos t  al l  o f  thes e error s du e 

t o extr a fixations  embedde d i n a n otherwis e correc t  lookin g 

sequence .  Thes e dat a confir m th e subjectiv e impression s 

tha t  "lo(^ng-only "  -  th e basi s o f  mos t  o f  ou r  knowledg e 

abou t  saccade s obtaine d i n th e laborator y -  i s  inherentl y 

artificia l  an d no t  representative  o f  wha t  w e d o wit h th e eye s 

i n everyda y life . 

Nanira l  visuomoto r  behavior s ofte n involv e sequence s o f 

movements .  Figur e 3 a show s tha t  longe r  sequence s require d 

mor e time/target .  Th e effec t  o f  sequenc e lengt h diminishe d 

somewhat  wit h practice .  Sequenc e lengt h effect s 

demonstrat e tha t  a n individua l  respons e depend s o n 

propatie s o f  th e sequenc e i n whic h i t  i s  embedded ,  an d 
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Figur e 2 .  Look-U ^  diagram s fo r  a  bloc k o f  1 0 TA P trial s  (top )  an d a  bloc k o f  1 0 LOOK-ONLY trial s (bottom )  fo r  subjec t 
CE wit h 4  targets .  Se e tex t  fo r  explanatio n o f  notation . 

impl y tha t  a t  leas t  som e aspect s o f  th e entir e sequenc e wa s 

planne d a s a  whol e befor e executio n bega n (Sternber g e t  al. , 

1978 ;  Zingal e &  Kowler ,  1987) .  Thes e results ,  a s wel l  a s 
th e learnin g effects ,  illustrat e th e rol e o f  m e m o r y i n th e 
performanc e o f  th e tap in g task . 

Gaze accurac y wil l  b e considere d next .  Subject s usuall y 
require d tw o o r  mor e saccade s t o reach  eac h targe t  I n Fig . 

3 b th e ope n bar s s h o w binocula r  gaze-errOT s fo r  th e first 

saccad e an d th e filled  bar s s h o w gaze-error s afte r  th e final 

saccad e m a d e t o eac h target .  Gaze-error s wer e no t 
significand y affecte d b y sequenc e lengt h o r  practic e withi n 

th e bloc k o f  1 0 trials ,  s o Fig .  3 b show s dat a average d ove r 

thes e conditions .  Gaze-errors ,  eve n afte r  corrections ,  wer e 
smalle r  i n th e looking-onl y tha n i n th e tappin g task .  Thi s 

suggest s tha t  s o m e o f  th e additiona l  tim e take n i n th e look -

onl y tas k migh t  hav e bee n use d t o improv e saccadi c 

accuracy .  H o w e v e r ,  w e doub t  tha t  suc h a  speed-accurac y 
trade-of f  explain s thes e gaze-error s becaus e tappin g 
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Figur e 3 .  (a )  Time/targe t  a s a  functio n o f  repetitio n i n a  sequenc e fo r  T A P (soli d lines )  an d L O O K - O N L Y (dashe d lines) . 

(b )  M e a n (SE )  gaze-shif t  errcx- s (ope n bars )  an d fixation-error s (fille d bars) . 

continue d t o becom e faste r  wit h practic e (Fig .  3a )  whil e 

gaze-error s di d no t  change .  Eve n R S ,  w h o di d ge t  faste r 

wit h practic e whe n onl y looking ,  di d no t  d o s o b y increasin g 

hi s gaze-errors . 

Pertuqj s gaze-errw s wer e large r  durin g tappin g becaus e th e 

subject s di d no t  hav e t o pa y attentio n t o thei r  gaze-accuracy . 

The y onl y neede d t o pa y attentio n t o th e accurac y o f  thei r 

taps .  Thi s differenc e i n th e allocatio n o f  attentio n m a y b e 

th e reaso n tha t  subject s wer e unde r  th e impressio n tha t  the y 

had skippe d lookin g a t  target s mor e ofte n tha n prove d t o b e 

th e case ,  an d als o w h y the y tolerate d large r  gaze-error s whe n 

the y tapped .  Gaz e cam e onl y a s nea r  t o th e targe t  a s 

require d t o perfor m th e tappin g task . 

But  w h y loo k directl y a t  th e targe t  a t  al l  durin g tapping ? 

Th e tappin g tas k wa s simpl e an d mad e onl y modes t  demand s 

on visua l  acuity .  Th e strateg y o f  lookin g a t  eac h targe t 

befor e tappin g i t  wa s s o pervasiv e tha t  w e ar e encourage d t o 

assume tha t  i t  ha d som e utility .  I f  subject s ha d bee n abl e t o 

lear n th e sequenc e o f  ar m movements ,  lo(4cin g woul d no t 
hav e bee n necessar y afte r  th e firs t  fe w repetitions .  W e were , 
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however ,  abl e t o sho w tha t  suc h learnin g di d no t  occur .  W e 

foun d tha t  th e tappin g coul d no t  b e don e wit h th e eye s 

close d (th e subject s grope d aroun d fo r  th e targets) .  Tappin g 

was bette r  wit h th e target s Uluminate d i n a n otherwis e 

darkene d room ,  bu t  i t  too k a n additiona l  5 0 t o 10 0 

msecAarge t  t o complet e th e sequenc e tha n whe n th e roo m 

light s wer e on .  Finally ,  w e move d 1  targe t  b y on e gri d 
spac e afte r  7  repetition s wit h a  targe t  configuration ,  an d th e 

subjec t  tappe d th e modifie d configuratio n 3  mor e times .  I f 

th e arm' s moto r  progra m include d th e exac t  location s o f  th e 

targets ,  th e subject s shoul d hav e take n mor e tim e befor e 

tapin g th e relocate d targe t  becaus e th e initia l  ar m 

movement  woul d b e inaccurate .  Thi s di d no t  happen . 

Movin g a  targe t  a  smal l  distanc e ( ~ 5 °  o n avwage )  ha d n o 

effec t  o n tota l  tim e t o complet e th e sequenc e no r  o n th e tim e 

befor e th e relocate d targe t  wa s tapped .  Thes e result s sugges t 

that ,  eve n afte r  practice ,  subject s relie d o n visua l  cue s 
(obtaine d fro m th e fovea )  rathe r  tha n o n memor y fo r 

determinin g th e exac t  location s o f  th e targets .  However , 

performanc e di d depen d o n th e propertie s o f  th e sequenc e 

and o n practic e (Fig .  3a) ,  showin g tha t  memor y playe d som e 

role ,  perhap s i n specifyin g th e genera l  location s o f  th e 
target s o r  providin g roug h estimate s o f  ar m trajectories . 

Conclusion 

Tapping a sequence of targets might on the face of things 
see m harde r  tha n jus t  lookin g a t  the m becaus e mor e activit y 

i s require d an d becaus e th e movement s o f  th e ar m mus t  b e 
coordinate d wit h movement s o f  ey e an d head .  But ,  w e 
foun d tha t  al l  thes e additiona l  requirement s mad e th e tas k 
easier ,  no t  harder .  Tappin g no t  onl y fel t  easie r  tha n looking -

onl y bu t  sequence s wer e complete d faster ,  performanc e wa s 

more receptiv e t o th e benefit s o f  learnin g an d practice ,  an d 
th e requirement s f w accurat e gaze-shift s wer e relaxed . 

Thes e result s sugges t  tha t  moto r  plannin g i s hierarchical . 

occurrin g first  a t  th e leve l  o f  th e tas k ~  tha t  is .  "orien t  t o th e 
target "  - -  an d subsequentl y a t  th e leve l  o f  specifi c  moto r 

program s fo r  eyes ,  hea d an d limb .  Thes e specifi c  plan s ar e 
derive d fro m th e higher ,  task-leve l  plans ,  whic h incorporat e 

th e spatia l  an d tempora l  constraint s neede d t o ensur e 

coordinatio n o f  di e individua l  movement s (e.g ,  Lashley's . 
1951 ,  share d spatia l  m a p an d tempora l  clock) .  Ou r  result s 
sugges t  tha t  looking ,  i n an d o f  itself ,  doe s no t  constitut e suc h 

a high-leve l  plan .  Acces s t o efficien t  routine s fo r  th e 
generatio n o f  saccadi c sequence s ma y requir e simultaneou s 
performanc e o f  a  "real "  tas k (tapping ,  reading ,  counting , 

searching )  i n whic h ey e movement s ar e use d t o satisf y th e 
kin d o f  rea l  visua l  nee d tha t  ey e movement s evolve d t o 
serve .  Onc e thi s i s accepted ,  understandin g ho w ey e 

movement s wor k wil l  requir e a  radica l  revisio n i n traditiona l 

laborator y approaches .  I t  become s essentia l  t o stud y ey e 

movement s i n conjunctio n wit h othe r  cognitiv e and/ w moto r 
act s t o determin e thei r  natur e an d function .  Th e M R F M 

apparatu s make s thi s hn e o f  researc h jnactical . 
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