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S a c c a d i c selectivit y d u r i n g v i sua l  s e a r c h :  T h e ef fec t s o f  s h a p e 

a n d s t i m u l u s f a m i l i a r i t y 

Jiy e S h e n (jiye@psych.utoronto.ca ) 

Eya l  M .  Reingol d (reingold@psych.utoronto.ca ) 
Departmen t  o f  Psychology ;  10 0 St .  Georg e Stree t 

Toronto ,  O N M 5 S 3G3 ,  Canad a 

Abstrac t 

Three experiments were designed to examine the influ-

ence o f  shap e featur e an d stimulu s familiarit y o n sac -
cadi c selectivit y durin g visua l  search .  Robus t  shap e 
featur e base d guidanc e wa s foun d i n Experimen t  1 .  I n 
contrast ,  familiarity-base d guidanc e wa s muc h smalle r 
i n magnitud e an d wa s observe d wit h a n unfamilia r  tar -
get  (Experiment s 2  &  3 )  bu t  no t  wit h a  familia r  targe t 

(Experiment s 1 ,  2  &  3) .  Result s from  th e curren t  stud y 
sugges t  tha t  ther e ar e qualitativ e an d quantitativ e dif -
ference s betwee n th e saccadi c selectivit y produce d b y 
stimulu s familiarit y an d tha t  produce d b y low-leve l 
features . 

The Guided Search Model proposed by Wolfe, Cave and 
Franze l  (1989 )  an d Wolf e (1994 )  argue s tha t  informatio n 
extracte d preattentivel y coul d guid e th e shift s o f  attentio n 
durin g visua l  search .  On e potentia l  predictio n fro m thi s 
theor y i s tha t  i f  a  particula r  featur e o r  stimulu s dimensio n 
guide s visua l  search ,  distractor s whic h shar e tha t  featur e o r 
dimensio n wit h th e targe t  wil l  b e fixate d o n mor e ofte n tha n 
thos e distractor s whic h d o not .  Studie s monitorin g ey e 
movement s hav e produce d ampl e evidenc e tha t  i s  consisten t 
wit h thi s prediction .  Stimulu s dimension s suc h a s color , 
orientation ,  shap e an d siz e (e.g. ,  Findlay ,  1997 ;  Motte r  & 
Belky ,  1998 ;  Williams ,  1967 ;  William s &  Reingold ,  1999 ; 
but  se e Zelinsky ,  1996 )  hav e bee n show n t o bia s th e distri -
butio n o f  th e saccadi c endpoints . 

The curren t  stud y examine d whethe r  participant s coul d 
use learne d stimulu s properties ,  suc h a s th e familiarit y o f 
th e stimuli ,  t o guid e ey e movement s durin g th e searc h proc -
ess .  Stimulu s familiarit y ha s bee n show n t o strongl y influ -
ence visua l  searc h efficienc y i n severa l  studie s (e.g. ,  Fritii , 
1974 ;  Krueger ,  1984 ;  Reicher ,  Snyde r  &  Richards ,  1976) . 
Wang,  Cavanag h an d Gree n (1994 )  furtiie r  claime d tha t 
stimulu s familiarit y behave s lik e a  primitiv e featur e tha t 
coul d b e processe d preattentively .  I f  thi s wer e th e case , 
stimulu s familiarit y shoul d bia s saccadi c endpoint s i n a 
manner  simila r  t o low-leve l  feature s suc h a s colo r  an d 
shape .  I n th e curren t  study ,  thre e experiment s wer e con -
ducte d t o examin e whetiie r  stimulu s familiarit y coul d pro -
duc e saccadi c selectivit y durin g visua l  search . 

G e n e r a l  M e t h o d 

The eyetracker employed in this research was the SR Re-
searc h Ltd .  EyeLin k system .  Thi s syste m ha s hig h spatia l 

resolutio n (0.005°) ,  an d a  samplin g rat e o f  25 0 H z ( 4 m s 
tempora l  resolution) .  B y default ,  onl y th e subject' s domi -
nant  ey e wa s tracke d i n ou r  studies .  I n th e presen t  study , 
th e configurabl e acceleratio n an d velocit y threshold s wer e 

set  t o detec t  saccade s o f  0.5 °  o r  greater . 
Stimulu s display s wer e presente d o n tw o monitors ,  on e 

fo r  th e participan t  ( a 17-inc h Viewsoni c 17PS )  an d on e fo r 
th e experimenter .  Th e experimente r  monito r  wa s use d t o 
giv e feedbac k i n real-tim e abou t  th e participant' s compute d 
gaz e position .  I n general ,  th e averag e erro r  i n th e computa -
tio n o f  gaz e positio n wa s les s tiian  0.5 °  o f  visua l  angle . 

Participant s wer e presente d wit h a  numbe r  o f  visua l 
searc h displays .  A t  th e beginnin g o f  eac h trial ,  a  fixatio n 
dot  wa s displaye d i n th e cente r  o f  th e compute r  scree n i n 
orde r  t o correc t  fo r  drif t  i n gaz e position .  Participant s wer e 
aske d t o fixate  o n th e do t  an d the n pres s a  star t  butto n t o 
initiat e a  searc h displa y i n th e cente r  o f  th e screen .  The y 
wer e aske d t o decid e quickl y an d accuratel y whethC T th e 
targe t  wa s i n th e displa y o r  not .  Th e ti-ial  terminate d i f  parti -

Table 1: Search targets and Distractors used in the current 
stud y 

Experimen t  Target s Familia r 
Distractor s 

Unfamilia r 
Distractor s 

Expt i  P F B D E T 9 0 3 1 

Expt 2 A A F N Y M - : ^ K 

Expt 3 
(Grou p 1 ) 

Expt 3 
(Grou p 2 ) 
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cipant s presse d on e o f  th e respons e button s o r  i f  n o respons e 

was m a d e withi n 2 0 seconds .  Th e particula r  button s use d t o 

indicat e targe t  presenc e o r  absenc e wer e counterbalance d 

acros s participants . 

Experiment 1 

The goal of the first experiment was to examine whether 

shap e featur e an d stimulu s familiarit y woul d produc e sac -

cadi c selectivity .  T w o differen t  searc h target s wer e use d i n 
th e curren t  experiment :  P ,  whic h ha s curvatur e an d closure , 

an d F ,  whic h doe s not .  Eigh t  distractor s (B ,  D ,  E ,  T  an d 

thei r  180 °  degre e rotate d form )  wer e use d (se e Tabl e 1) . 
Thes e distractor s coul d b e categorize d int o fou r  group s 

familia r  distractor s wit h curvatur e an d closur e ( B an d D ) 

familia r  distractor s withou t  curvatur e o r  closur e ( E an d T ) 

unfamilia r  distractor s wit h curvatur e an d closur e (rotate d B 

an d D )  an d unfamilia r  distractor s withou t  curvatur e o r  clo -
sur e (rotate d E  an d T ) .  Al l  stimul i  subtende d 1. 6 degre e 
verticall y an d 1. 3 degre e horizontally .  Display s consiste d o f 

24 stimul i  an d wer e create d usin g a n imaginar y 6 x 6 gri d o f 

stimulu s positions ,  whic h subtend s 1 2 x  1 2 degree s (se e 
Figur e 1  fo r  a n example) . 

Zelinsk y (1996) ,  onl y target-absen t  trial s wer e include d i n 

th e curren t  analysis .  Th e fixation s wer e assigne d t o th e 

neares t  distractor s an d the n proportion s o f  fixation s t o eac h 

typ e (simila r  vs .  dissimila r  feature )  wer e calculated .  W h e n 

F wa s th e searc h target ,  participant s mad e 56. 0 % fixation s 
t o thos e distractor s withou t  curvatur e an d closur e (E ,  T ,  an d 

rotate d E  an d T )  an d 44. 0 % fixation s t o th e distractor s wit h 

curvatur e an d closur e (B ,  D ,  an d rotate d B  an d D ) .  Simi -

larly ,  whe n P  wa s th e searc h target ,  58 .1 % o f  th e fixation s 

wer e directe d t o th e distractor s wit h curvatur e an d closur e 

wherea s 41 .9 % fixation s t o wer e directe d t o th e distractor s 

withou t  curvatur e an d closure .  Th e overal l  shape-base d 

guidance ,  calculate d b y subtractin g th e proportio n o f  fixa-

tion s mad e t o th e distractor s wit h dissimila r  shape-featur e 
fro m th e proportio n o f  fixation s mad e t o th e distractor s wit h 

simila r  shape-feature ,  wa s 14.1% ,  r  (11 )  =  7.75 ,  p  <  .01 . 

Thi s effec t  wa s quit e robus t  an d observe d acros s ai l  1 2 par -
ticipant s an d acros s saccade s o f  differen t  amplitud e (se e 

Figur e 2) .  Th e magnitud e o f  th e saccadi c guidance ,  how -
ever ,  wa s stronge r  fo r  th e saccade s withi n 2  degree s tha n fo r 

thos e abov e 6  degrees .  I n addition ,  th e guidanc e fo r  P  wa s 

slightl y stronge r  tha n tha t  fo r  F  (16.2 % vs .  12.0% ,  r  (11 )  = 
2.2 ,  p  <  .05) . 
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Figur e 1 :  A  sampl e searc h displa y use d i n Experimen t  1 
(targe t  wa s a  P ) .  Th e dotte d gri d wa s no t  show n t o th e par -
ticipants . 

Twelve participants were tested individually in a single 
one-hou r  session .  Eac h participan t  receive d si x block s o f  9 6 

trial s (thre e blocks  fo r  F  an d thre e block s fo r  P ) .  A t  th e 
beginnin g o f  th e experiment ,  participant s receive d tw o 
practic e blocks  o f  1 8 trials ,  on e fo r  eac h searc h target .  Eac h 

participan t  searche d bot h target s wit h th e orde r  o f  targe t 

presentatio n countCTbalance d acros s individuals . 
Trial s i n whic h participant s responde d incorrectl y wer e 

exclude d fro m analysi s (3.4 % o f  al l  tes t  trials) .  Followin g 
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Figur e 2 :  Percentag e o f  saccadi c guidanc e a s a  functio n o f 
precedin g saccadi c amplitude .  Saccadi c guidanc e wa s cal -
culate d a s th e differenc e i n th e proportio n o f  saccade s be -
twee n th e simila r  an d differen t  shape-featur e distractors . 

Following the same procedure, proportions of fixations to 

th e familia r  versu s unfamilia r  distractor s wer e calculated . 
Participant s wer e equall y likel y t o m a k e fixations  t o th e 
familia r  an d unfamilia r  distractor s (49.8 % t o th e familia r 

distractor s vs .  50 .2 % t o th e unfamilia r  distractors) .  Thus ,  i n 
th e presen t  experiment ,  whe n a  familia r  targe t  wa s used , 
ther e wa s n o significan t  guidanc e b y familiarit y (th e differ -
enc e wa s -  0. 4 %,  f  <  1) . 
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E x p e r i m e n t  2 

To examine the generality of the findings from Experiment 

1,  thi s experimen t  employe d a  mor e powerfu l  manipululio n 
of  th e stimulu s familiarity .  I n addition ,  bot h ramiii; u an d 

unfamilia r  target s wer e included . 

The searc h target s use d i n th e curren t  experimen t  wer e A 

and A ,  whic h wa s derive d b y movin g th e middl e ba r  o f  A  t o 

th e top .  Th e familia r  distractor s wer e F ,  N  an d Y  wherea s 
th e unfamilia r  distractor s wer e forme d b y recombinin g th e 
same se t  o f  feature s fro m th e familia r  distractor s (Reingol d 
& Jolicoeur ,  1993 ;  se e Tabl e 1) .  Al l  stimul i  subtende d 1. 6 
degre e verticall y an d 1. 3 degre e horizontally .  Simila r  dis -

pla y compositio n a s i n th e previou s experimen t  wa s use d 
excep t  tha t  th e displa y siz e wa s kep t  a t  1 8 (se e Figur e 3  fo r 
an example) .  Eac h o f  twelv e participant s receive d 6  block s 
of  9 6 trial s precede d b y tw o block s o f  2 4 practic e trial s rep -
resentin g eac h searc h target . 

siz e o f  th e precedin g saccad e wa s withi n 6  degree s bu t  dis -

appeare d a t  large r  amplitude s (se e Figur e 4) . 
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Figur e 3 :  A  sampl e searc h displa y use d i n Experimen t  2 
(Searc h targe t  wa s a  A ) .  Th e dotte d gri d wa s no t  show n t o 
th e participants . 

Similar to the previous experiment, fixations were as-
signe d t o th e neares t  distractors .  Fo r  bot h th e familia r  an d 
unfamilia r  target ,  proportion s o f  fixations  m a d e t o th e fa -
milia r  versu s unfamilia r  distractor s wer e calculated .  W h e n 
participant s wer e searchin g fo r  a  familia r  target ,  ther e wa s 
no differenc e i n th e distributio n o f  fixations  betwee n th e 
famiUa r  an d unfamilia r  distractor s (48. 3 % o f  th e fixations 
t o th e familia r  distractor s vs .  51. 7 % t o th e unfamilia r  dis -
tractors ;  th e differenc e wa s -  3.4% ,  r  (11 )  =  1.75 ,  p  >  .05) . 
I n marke d contrast ,  whe n th e targe t  wa s unfamiliar ,  mor e 
fixation s wer e mad e t o th e unfamilia r  distractor s tha n t o th e 
familia r  one s (45. 4 % t o th e familia r  distractor s vs .  54 .6 % t o 
th e unfamilia r  distractors ;  th e differenc e wa s abou t  9. 2 %,  t 
(11 )  =  8.01 ,  p  <  .01) .  Thi s effec t  wa s observe d whe n th e 
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Figur e 4 :  Percentag e o f  saccadi c guidanc e a s a  functio n o f 
precedin g saccadi c amplitud e (degree )  fo r  th e unfamilia r 
targe t  i n Experimen t  2  (i n square )  an d 3  (i n circle) .  Sac -
cadi c guidanc e wa s calculate d a s th e differenc e i n th e pro -
portio n o f  saccade s betwee n th e familia r  an d unfamilia r 

distractors . 

Experiment 3 

This experiment was designed to replicate the findings from 
Experimen t  2 ,  wit h word s use d a s familia r  stimul i  an d ro -
tate d o r  reflecte d word s a s unfamilia r  stimuli .  T w o group s 
of  si x participant s wer e tested .  Fo r  on e group ,  th e target s 

wer e O F an d it s 180 °  rotatio n wherea s th e distractor s wer e 

G O,  T O ,  O K an d O R ,  an d thei r  180 °  rotate d forms .  Eac h 
stimulu s subtende d 1. 3 degre e verticall y an d 1. 6 degre e 
horizontally .  Fo r  th e othe r  group ,  th e target s wer e F I T an d 
it s left-righ t  reflection ,  wit h distractor s bein g TIN ,  TIP , 
SI T an d BIT ,  an d thei r  left-righ t  reflectio n (se e Tabl e 1) . 
Each stimulu s subtende d 1. 1 degre e verticall y an d 1. 6 de -
gre e horizontally .  Fo r  bot h groups ,  th e displa y siz e wa s 
fixed  a t  16 .  Eac h o f  1 2 participant s receive d si x block s o f 
96 tes t  trial s wit h tw o practic e block s o f  2 4 trials ,  repre -
sentin g eac h o f  th e searc h targets . 

The result s fro m bot h group s wer e identica l  an d thu s wer e 
reporte d together .  Jus t  a s i n previou s tw o experiments , 
ther e wa s n o guidanc e wit h a  familia r  targe t  (49. 5 % o f  th e 
fixations  mad e t o th e familia r  distractor s vs .  50.5 % t o th e 
unfamilia r  distractors ;  th e differenc e wa s -1.0% ,  r  (11 )  <  1) . 
W h en th e searc h targe t  wa s unfamiliar ,  participant s mad e 
mor e fixations  t o th e unfamilia r  distractor s tha n t o th e fa -
milia r  distractor s (51.6 % vs .  48.4% ;  th e differenc e wa s 
3.2% ,  f  (11 )  =  3.43 ,  p  <  .01) .  Thi s effec t  wa s muc h smalle r 
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tha n tha t  observe d i n th e previou s experimen t  (9.1% )  an d 

was eviden t  onl y whe n th e precedin g saccad e siz e wa s be -

lo w 4  degree s (Se e Figur e 4) . 

General Discussion 

The current study examined whether shape feature (curva-

tur e an d closure )  an d stimulu s familiarit y coul d guid e visua l 

searc h effectively .  Result s fro m Experimen t  1  reveale d a 

robus t  shap e featur e base d guidance .  Bot h th e presenc e an d 

th e absenc e o f  th e shap e featur e (curvatur e an d closure ) 

biase d saccadi c endpoints ,  thoug h stronge r  bia s wa s ob -
serve d fo r  th e presenc e o f  th e curvatur e an d closure .  Fur -

thermore ,  th e shaped-base d saccadi c selectivit y wa s ob -
serve d acros s al l  saccadi c amplitude .  Thus ,  th e curren t 

stud y provide d furthe r  evidenc e fo r  guidanc e b y low-leve l 
feature s durin g visua l  searc h (e.g. ,  Findlay ,  1997 ;  Motte r  & 

Belky .  1998 ;  WilUams ,  1967 ;  William s &  Reingold ,  1999 ; 
but  se e Zelinsky ,  1996) . 

Anothe r  finding from  th e curren t  stud y i s tha t  stimulu s 
familiarit y biase d saccadi c endpoint s i n a  differen t  manne r 
tha n th e shap e feature .  Acros s al l  thre e experiments ,  whe n a 
familia r  searc h targe t  wa s involved ,  ther e wa s n o bia s i n th e 

distributio n o f  saccadi c endpoints .  I n Experiment s 2  an d 3 , 

a smal l  bu t  consisten t  familiarity-base d guidanc e wa s ob -
serve d wit h a n unfamilia r  target .  Th e familiarity-base d sac -

cadi c selectivit y wa s onl y observe d whe n th e precedin g sac -
cad e wa s smal l  i n amplitud e (n o mor e tha n 6  degrees) . 

W hy wa s saccadi c selectivit y onl y observe d wit h a n un -

familia r  targe t  bu t  no t  wit h a  familia r  target ? Ther e ar e 
m a ny potentia l  difference s betwee n searchin g fo r  a  familia r 
versu s a n unfamilia r  target .  Suc h difference s m a y includ e 
th e natur e o f  targe t  representatio n a s wel l  a s compariso n 
processin g efficienc y (Reingol d &  Jolicoeur ,  1993) .  There -

fore ,  a  stron g interpretatio n o f  th e curren t  dat a i s premature . 
Nevertheless ,  on e possibl e explanatio n ca n b e base d o n th e 
intCTactio n o f  th e bottom-u p activatio n an d top-dow n acti -

vation s a s postulate d b y th e guide d searc h theor y (Wolfe , 
1994 ;  Wolf e et .  al. ,  1989) .  I t  ha s bee n speculate d tha t  th e 
unfamiUa r  stimul i  elici t  mor e activit y an d constitut e large r 

bottom-u p activatio n durin g th e searc h proces s (Treisma n & 
Gormican ,  1988 ;  W a n g et .  al. ,  1994) .  W h e n a n unfamilia r 
ite m i s specifie d a s th e searc h target ,  bot h th e bottom-u p 
activatio n an d top-dow n activatio n guid e attentio n toward s 
th e unfamilia r  distractors .  Accordingly ,  participant s ten d t o 

direc t  mor e saccade s toward s th e unfamilia r  distractors .  O n 
th e othe r  hand ,  whe n a  famiUa r  ite m i s designate d a s th e 

searc h target ,  th e goal-directe d top-dow n activatio n guide s 
attentio n toward s th e familia r  distractor s wherea s th e bot -

tom-u p activatio n guide s attentio n toward s th e unfamilia r 
distractors .  I n thi s case ,  th e bottom-u p an d top-dow n acti -
vatio n m a y largel y cance l  ou t  eac h other . 

I n summary ,  th e curren t  stud y demonstrate d tha t  th e guid -
anc e wit h presenc e o r  absenc e o f  a  shap e featur e (curvatur e 

and closure )  wa s quit e robus t  wherea s familiarity-base d 
guidanc e wa s m u c h smalle r  i n magnitud e an d onl y observe d 

wit h a n unfamilia r  targe t  bu t  no t  wit h a  familia r  target .  Thi s 

suggest s tha t  th e guidanc e b y stimulu s familiarit y i s qualita -

tivel y an d quantitativel y differen t  fro m tha t  b y low-leve l 
features . 

Acknowledgements 

Preparation of this paper was supported by a grant to Eyal 

M.  Reingol d fro m th e Natura l  Scienc e an d Engineerin g Re -

searc h Counci l  o f  Canada . 

References 

Findlay, J. M. (1997). Saccade target selection during vis-

ual  search .  Visio n Research ,  37 ,  617-631 . 
Frith ,  U .  (1974) .  A  curiou s effec t  wit h reverse d letter s ex -

plaine d b y a  theor y o f  schema .  Perceptio n &  Psycho -
physics ,  16 ,  113-116 . 

Krueger ,  L .  E .  (1984) .  Th e categor y effec t  i n visua l  searc h 

depend s o n physica l  rathe r  tha n conceptua l  differences . 
Perceptio n < & Psychophysics ,  35 ,  558-564 . 

Motter ,  B. ,  &  Belky ,  E .  (1998) .  Th e guidanc e o f  ey e 
movement s durin g activ e visua l  search .  Visio n Research , 

38 ,  1805-1815 . 
Reicher ,  G .  M. ,  Snyder ,  C .  R .  R. ,  &  Richards ,  J .  T .  (1976) . 

Familiarit y o f  backgroun d character s i n visua l  scanning . 
Journa l  o f  Experimenta l  Psychology :  H u m a n Perceptio n 
an d Performance ,  2 ,  522-530 . 

Reingold ,  E .  M. ,  &  Jolicoeur ,  P .  (1993) .  Perceptua l  versu s 
postperceptua l  mediatio n o f  visua l  contex t  effects :  Evi -

denc e fro m th e letter-supa-i w effect .  Perceptio n &  Psy -

chophysics ,  53 ,  166-178 . 
Treisman ,  A. ,  &  Gormican ,  S .  (1988) .  Featur e analysi s i n 

earl y vision :  Evidenc e from  searc h asymmetries .  Psy -
chologica l  Review ,  95 ,  15-48 . 

W a n g,  Q. ,  Cavanagh ,  P. ,  &  Green ,  M .  (1994) .  Familiarit y 
and pop-ou t  i n visua l  search .  Perceptio n &  Psychophys -

ics ,  56 ,  495-500 . 
Williams ,  D .  E. ,  &  Reingold ,  E .  M .  (1999) .  Preattentiv e 

guidanc e o f  ey e movement s durin g tripl e conjunctio n 

searc h tasks .  Manuscrip t  submitte d fo r  publication . 
Williams ,  L .  G .  (1967) .  Th e effect s o f  targe t  specificatio n 

on object s fixated  durin g visua l  search .  Act a Psychologi -

ca ,  27 ,  355-360 . 
Wolfe ,  J .  M .  (1994) .  Guide d searc h 2.0 :  A  revise d mode l 

of  visua l  search .  Psychonomi c Bulleti n &  Review ,  1 ,  202 -

238 . 
Wolfe ,  J .  M. ,  Cave ,  K .  R. ,  &  Franzel ,  S .  L .  (1989) .  Guide d 

search :  A n alternativ e t o th e featur e integratio n mode l  fo r 
visua l  search .  Journa l  o f  Experimenta l  Psychology :  Hu -

m an Perceptio n an d Performance ,  15 ,  419-433 . 
Zelinsky ,  G .  J .  (1996) .  Usin g ey e saccade s t o asses s th e se -

lectivit y o f  searc h movements .  Visio n Research ,  36 ,  2177 -

2187 . 

652 


	cogsci_1999_649-652



