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Addin g Resolutio n t o a n O l d Problem :  E y e M o v e m e n t s a s a  M e a s u r e o f  Visua l 

Searc h 

Gregory J. Zelinsky^ Rajesh P.N. Rao^ Mary M. Hayhoe' and Dana H. Ballard^ 
^Cente r  fo r  Visua l  Scienc e an d ̂ Compute r  Scienc e Departmen t 

Universit y o f  Rocheste r 
Rochester ,  N Y 14627-027 0 

g z e l i n s k a c a s p e r . b e c k m a n . u i u c . e d u ,  r a o « c s . r o c h e s t e r . e d u 
m a r y « c v s . r o c h e s t e r . e d u ,  d a n a « c s . r o c h e s t e r . e d u 

The proces s b y whic h w e locat e a  targe t  i n a  cluttere d vi -
sual  scen e ha s bee n th e topi c o f  fierc e debat e fo r  th e pas t 
severa l  decades .  Whil e th e obviou s reaso n fo r  thi s debat e 
i s tha t  man y competin g model s d o a n excellen t  jo b o f  de -
scribin g th e basi c searc h phenomeno n (a n increas e i n manua l 
reactio n tim e [RT ]  wit h th e numbe r  o f  object s i n th e display) , 
a mor e dista l  caus e m a y b e linke d t o a  limitatio n o f  th e de -
penden t  measure s commonl y use d t o stud y search .  Fo r  ex -
ample ,  on e popula r  clas s o f  model s like n searc h behavio r  t o 
th e movement s o f  a  fixed-diamete r  bea m o r  spodigh t  (Treis -
man e t  al ,  1980 ,  Treisman ,  1988) .  Th e mor e item s i n a  dis -
play ,  th e mor e time s thi s spotligh t  mus t  move ,  resultin g i n 
longe r  searc h times .  Not e howeve r  tha t  thi s ver y specifi c  the -
or y abou t  th e spatia l  evolutio n o f  searc h ove r  tim e i s bein g 
inferre d from  a  R T resul t  withou t  an y direc t  measur e o f  thi s 
spotUgh t  o r  it s movements .  Thi s failur e t o directl y measur e 
th e theoretica l  construc t  i n questio n open s th e doo r  fo r  othe r 
model s o f  searc h t o offe r  thei r  o w n explanation s fo r  wh y RT s 
increas e wit h se t  size .  I n thi s sens e a  R T measur e simpl y lack s 
th e resolutio n neede d t o unambiguousl y describ e th e spatio -
tempora l  change s occurrin g durin g search . 

I n respons e t o thi s resolutio n problem ,  thre e experiment s 
use d th e sequenc e o f  saccade s an d fixation s accompanyin g 
searc h t o mor e directl y describ e th e searc h process .  Stim -
ul i  fo r  th e first  experimen t  wer e colo r  image s o f  eithe r  1 ,  3 , 
or  S  realisti c object s arrange d o n a n appropriat e surfac e (i.e. , 
toy s o n a  crib ,  tool s o n a  workbench ,  etc.) .  Eac h o f  thes e 
object s subtende d abou t  2. S degree s o f  visua l  angle ,  an d ap -
peare d initiall y  a t  7  degree s eccentricit y from  a  fixation  cross . 
The entir e scen e subtende d 1 6 degrees .  Th e si x subject s par -
ticipatin g i n thi s experimen t  ha d t o indicat e th e presenc e o r 
absenc e o f  a  designate d targe t  objec t  i n 36 0 o f  thes e scene s 
by makin g a  speede d keypres s response . 

Based solel y o n th e R T data ,  i t  woul d b e possibl e t o frame 
a fairl y  stron g argumen t  fo r  a  seria l  searc h proces s underly -
in g thi s task .  Increasin g th e numbe r  o f  object s i n th e searc h 
displa y yielde d a  concomitan t  increas e i n RT ,  an d th e rat e o f 
thi s increas e fo r  th e target-absen t  trial s wa s abou t  1. 5 time s 
th e slop e observe d i n th e target-presen t  data .  However ,  whe n 
th e patter n o f  ey e movement s ar e considered ,  evidenc e fo r 
a differen t  searc h proces s emerges .  Rathe r  tha n a  sequenc e 
of  saccade s directe d t o individua l  item s i n th e display ,  initia l 
saccad e landin g position s clustere d nea r  th e cente r  o f  th e im -

ages ,  eve n thoug h n o object s eve r  appeare d a t  thi s location . 
Thi s center-of-gravit y averagin g behavio r  (Core n &  Hoenig , 
1972 ,  Findley ,  1982 )  wa s mos t  pronounce d i n th e 3  an d 5 
ite m display s wher e th e mea n distanc e betwee n th e endpoint s 
of  thes e saccade s an d th e targe t  wa s approximatel y 5  degrees . 
I n th e singl e ite m trials ,  thi s measur e o f  initia l  oculomoto r  er -
ro r  decrease d significantl y t o 3. 1 degrees .  Targetin g accurac y 
improve d markedl y b y th e secon d saccades ,  mainl y du e t o 
gaz e shiftin g t o th e sid e o f  th e displa y containin g th e target . 
Secon d saccad e endpoin t  erro r  a t  a  se t  siz e o f  I  wa s 0. 8 de -
gree s an d increase d linearl y t o 2. 7 degree s a t  th e larges t  se t 
size .  Th e slop e o f  thi s erro r  functio n flattened  b y th e third , 
and typicall y last ,  fixations. 

Instea d o f  th e seria l  movement s o f  a  spotlight ,  w e inter -
pre t  thi s ey e positio n dat a a s evidenc e fo r  a  global-lo-loca l 
searc h strategy .  Accordin g t o thi s interpretation ,  th e inaccu -
rat e first  saccade s reflec t  a n initia l  distributio n o f  th e searc h 
proces s ove r  a  broa d regio n o f  th e scene ,  wit h eac h subse -
quen t  saccad e describin g a  mor e restricte d regio n unti l  onl y 
th e targe t  i s selected .  Recen t  wor k i n ou r  la b ha s show n h o w a 
simpl e colo r  an d spatia l  filtering  computatio n als o unfoldin g 
ove r  tim e ca n implemen t  suc h a  searc h dynami c an d parsi -
moniousl y accoun t  fo r  th e ey e dat a result s (Ra o e t  al ,  1995) . 
Earl y i n th e searc h proces s ther e m a y b e man y part s o f  a  real -
isti c  scen e tha t  ca n b e easil y confuse d wit h th e target ,  thereb y 
forcin g th e searc h computatio n t o b e distribute d ove r  m u c h 
of  th e image .  Programmin g a n ey e movemen t  a t  thi s stag e i n 
th e searc h proces s woul d allo w eac h o f  thes e spuriou s candi -
date s t o contribut e (weighte d b y targe t  similarity )  t o th e spa -
tia l  computation ,  givin g rise  t o th e averagin g tendenc y ob -
serve d i n th e initia l  saccades .  Ove r  time ,  a s th e decisio n pro -
ces s converge s an d les s likel y candidate s dro p ou t  o f  th e com -
putation ,  th e searc h regio n narrow s an d gaz e move s steadil y 
toward s th e target . 

To tes t  thi s interpretation ,  tw o additiona l  experiment s var -
ie d th e signal-to-nois e characteristic s o f  thes e searc h display s 
whil e agai n monitorin g ey e movements .  W e predicte d tha t 
a lowe r  signal-to-nois e rati o woul d caus e mor e point s i n th e 
scen e t o matc h th e target ,  yieldin g increase d averagin g be -
havio r  an d a  mor e difficul t  searc h task .  Likewise ,  removin g 
backgroun d nois e from  th e scen e shoul d reduc e th e numbe r  o f 
matchin g point s an d attenuat e oculomoto r  averaging .  T o cre -
at e stimul i  wit h a  lowe r  signal-to-nois e ratio ,  w e simpl y re -
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moved chromati c informatio n fro m th e origina l  colo r  scenes . 

To mak e stimul i  wit h a  mor e favorabl e signal-lo-nois e ratio , 
th e comple x background s fro m th e origina l  scene s wer e re -

place d wit h unifor m colore d fields.  A s predicted ,  thes e ma -
nipulation s ha d opposin g effect s o n oculomoto r  averaging . 

Initia l  saccade s i n th e singl e ite m grayscal e trial s lande d al -
most  a  degre e furthe r  fro m th e targe t  tha n i n th e correspond -
in g colo r  scenes ,  wherea s makin g th e backgroun d unifor m 

resulte d i n a  1. 5 degre e increas e i n first  saccad e accurac y rel -

ativ e t o th e origina l  singl e ite m data .  Initia l  saccad e endpoin t 

error s fo r  th e 3  an d 5  ite m display s remaine d essentiall y  un -
change d acros s al l  thre e experiments ,  demonstratin g th e ro -

bustnes s o f  thi s averagin g tendency . 
To conclude ,  th e greate r  spatio-tempora l  resolutio n o f  a n 

oculomoto r  measur e allow s th e searc h proces s t o b e viewe d 
mor e directl y an d i n finer  detai l  tha n wha t  i s possibl e fro m a 
manual  RT .  Not e als o tha t  thi s direc t  assessmen t  o f  searc h be -
havio r  make s i t  unnecessar y t o speculat e abou t  a n ill-define d 
attentiona l  process .  Th e onl y assumptio n bein g mad e her e i s 
tha t  ey e movement s ar e aligne d wit h searc h durin g fre e view -
in g (Gould ,  1973 ,  Jacobs ,  1986 ,  Zelinsk y &  Sheinberg ,  i n 
press) .  Base d o n thi s oculomoto r  evidence ,  searc h i n thes e 
realisti c task s ca n b e bette r  describe d a s a  global-to-loca l  be -
havio r  rathe r  tha n a  seria l  process .  Furthermore ,  th e exten t 
t o whic h searc h i s globall y distribute d ove r  th e displa y an d 
th e timecours e ove r  whic h thi s proces s become s mor e loca l 
appear s t o b e influence d b y th e signal-to-nois e characteristic s 
of  th e scene . 
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