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P R E A T T E N T I VE I N D E X I N G A N D V I S U A L C O U N T I N G:  F I N S T S 

AND THE ENUMERATION OF CONCENTRIC ITEMS 

LANA TRICK AND ZENON PYLYSHYN 

UNIVERSITY O F W E S T E RN ONTARI O 

Accordin g t o Pylyshyn' s ITNS T hypothesis(i n press )  distinctiv e featur e clusters ,  location s tha t  po p ou t 
i n searc h task s (Treisma n an d Gellade ,  1980) ,  compet e fo r  a  smal l  numbe r  o f  spatia l  referenc e token s o r 
FINSTS .  A  F INS T individuate s a  give n featur e cluster ,  makin g i t  distinc t  from  others .  Onc e assigned , 
a F INS T remain s attache d t o it s respectiv e cluste r  despit e change s i n th e cluster' s position .  TTies e 
spatia l  indice s allo w attentiv e processe s t o acces s selecte d cluster s fo r  fiuther  analysi s thoug h th e retina l 
positio n o f  th e cluste r  chang e throug h objec t  o r  ey e movement .  I t  i s argue d tha t  subitizing ,  th e rapi d 
apprehensio n o f  numbe r  i n th e 1- 4 range ,  exploit s thi s preattentiv e mechanism ;  therefore ,  subitizin g 
shoul d no t  b e possibl e whe n th e countin g tas k i s embedde d i n on e i n whic h subject s hav e t o comput e a 
spatia l  relatio n tha t  require s th e attentiona l  focus ,  suc h a s inside(Ullman,1984) .  Subject s wer e require d 
t o coun t  eithe r  concentri c rectangles ,  whic h implicitl y  entail s computin g th e insid e relation,  o r  coun t 

rectangles  o f  unifor m o r  varyin g size s sprea d acros s th e screen .  Tren d analysi s o f  th e countin g latencie s 
revealed  n o sig n o f  subitizin g whe n subject s wer e require d t o coun t  item s tha t  wer e on e insid e another , 
althoug h subitizin g emerge d a s usua l  i n th e othe r  tw o conditions . 

In constructing robots that can move and manipulate objects in a complex, dynamic visual world we are 

face d wit h a  problem .  T h e propertie s o f  object s i n a n imag e chang e fro m m o m e n t  t o m o m e n t  a s a  resul t 

of  change s i n th e objec t  o r  i n th e object' s projectio n o r  lighting :  a n objects' s positio n i n th e visua l  field 

change s wit h objec t  o r  camer a movement ;  it s  projecte d shap e m a y chang e i f  i t  change s shap e o r  rotate s i n 

depth ;  it s projecte d siz e m a y chang e a s i t  grow s o r  shrinks ,  approache s o r  retreats .  H o w ca n a n ite m b e 

individuate d fro m other s s o tha t  i t  ca n retai n it s identit y despit e change s i n it s properties ? Peopl e 

routinel y solv e thi s problem ;  w e ca n easil y pic k ou t  a n ite m i n a n imag e an d the n m o v e ou r  retina l  o r 

attentiona l  focu s toward s it ,  compensatin g eve n a s th e ite m change s position ,  shap e o r  size .  Moreover , 

we ca n d o thi s eve n i f  w e d o no t  recognis e th e object .  W e appea r  t o b e abl e t o kee p trac k o f  object s 

automaticall y an d effortlessly .  Thi s abilit y ha s bee n calle d indexing(\J\\mdiR,l9^A) .  Th e abilit y t o inde x 

i s prerequisit e fo r  visua l  moto r  coordination ;  w e coul d no t  touc h o r  captur e th e thing s w e wan t  t o 

manipulate ,  o r  dodg e th e thing s w e wan t  t o avoi d i f  w e coul d no t  distinguis h a  particula r  ite m fro m th e 

rest ,  focu s o n i t  an d kee p trac k o f  it .  T h e abilit y t o inde x i s als o prerequisit e fo r  objec t  descriptio n 

becaus e spatia l  attentio n i s though t  necessar y fo r  combinin g features(Treisma n &  Gellade ,  1980 )  an d 

computin g spatia l  relation s betwee n parts(Ullman ,  1984) .  Withou t  th e abilit y  t o inde x a  locatio n i t  woul d 

not  b e possibl e t o m o v e th e attentiona l  focu s t o wher e w e wan t  i t  t o go ,  sinc e i n orde r  t o m o v e attentio n t o 

a particula r  poin t  w e mus t  firs t  b e abl e t o specif y whic h point .  Th e objectiv e o f  thi s researc h i s t o 

imderstan d indexin g b y studyin g visua l  coimting ,  a  proces s tha t  b y it s natur e require s ite m individuation . 

First ,  however ,  i t  i s  necessar y t o discus s countin g i n th e contex t  o f  visua l  processin g i n general . 

Visual processing is thought to have two stages. The first is an automatic preattentive stage diat employs 

loca l  paralle l  operation s t o deriv e feature s (eg .  color ,  lin e orientation ,  depth) .  Th e secon d i s a  goa l  drive n 

attentiv e stag e tha t  employ s a  seria l  spatia l  processin g focu s t o combin e feature s a t  a  locatio n (eg . 

combin e "red "  an d "vertical "  fo r  a  re d vertica l  line ,  Treisma n &  Gellade ,  1980) ,  an d deriv e globa l 

relation s suc h a s insid e an d connecte d tha t  canno t  b e compute d b y loca l  paralle l  umts(Ulhnan,1984) . 

Coordinatio n o f  paralle l  (preattentive )  an d seria l  (attentive )  stage s i s assume d t o involv e a  bottleneck ;  a 

smal l  numbe r  o f  preattendvel y derive d featur e cluster s mus t  b e individuated ,  assigne d uniqu e interna l 

referenc e token s (FINSTs ,  Pylyshyn ,  i n press )  s o the y ca n serv e a s destination s fo r  th e attentiona l  focus . 

F INSTs ,  shor t  fo r  FINger s o f  INSTiation ,  provid e a  wa y o f  indexing ,  "pointin g to" ,  a  cluste r  withou t 

specifyin g retina l  coordinate s o r  propertie s s o tha t  th e cluster' s identit y coul d b e preserve d thoug h th e 

cluste r  m o v e d an d changed .  Althoug h item s m a y b e F INSTe d automaticall y o r  i n respons e t o goals , 

accordin g t o th e theor y onl y F INSTe d location s ca n b e accesse d b y attentiona l  o r  moto r  commands .  A 

smal l  numbe r  o f  featur e cluster s ca n b e F INSTe d simultaneously ;  fo r  example ,  ther e i s evidenc e tha t  u p 

t o 5  independentl y movin g target s ca n b e O^acke d a t  onc e i n a  fiel d o f  identica l  movin g 
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distractors(Pylyshy n &  Storm ,  i n press) .  Th e FINS T mechanis m i s thu s paralle l  bu t  limite d capacity ; 

ther e ar e onl y a  smal l  nimibe r  o f  referenc e token s o r  FlNSTs .  Differentia l  processin g o f  smal l  an d larg e 

number s o f  item s i s henc e predicted .  Fo r  thi s reaso n th e researc h o n subitizin g an d countin g i s important . 

I t  ha s bee n suspecte d fo r  ove r  a  hundre d year s tha t  th e enumeratio n o f  smal l  number s o f  item s employ s 

differen t  processe s tha n th e enumeratio n o f  larg e numbers(Jevons ,  1871) .  Subitizing ,  th e proces s o f 

enumeratin g u p t o 4  items ,  i s rapi d (6 0 msec/item) ,  effortles s an d accurate ;  countin g proper ,  th e proces s 

of  enumeratin g mor e tha n 4  items ,  i s slo w (30 0 msec/item )  effortfu l  an d error-prone .  Th e questio n 

remains ,  however :  W h y ar e ther e tw o enumeratio n processes ? W h y can' t  w e subitiz e an y numbe r  o f 

items ? I  woul d lik e t o argu e tha t  subitizin g i s parasiti c  o n FINSTS ,  th e limite d capacit y preattentiv e 

indexin g system ,  wherea s countin g prope r  involve s movin g th e attentiona l  focu s a s suggeste d b y 

Ulhnan(l984) . 

One way to support this contention is to show that subitizing of small numbers of items cannot be 

accomplishe d i n situation s i n whic h spatia l  attentio n i s require d t o distinguis h on e ite m fro m others .  On e 

suc h situatio n i s whe n subject s ar e require d t o coun t  concentri c items ,  item s tha t  ar e on e insid e another . 

W hy woul d thi s b e th e case ? Conside r  a  displa y o f  whit e outlin e rectangle s o n a  blac k background .  L o w 

leve l  processin g woul d delive r  a  representatio n i n whic h illuminatio n discontinuitie s wer e groupe d int o 

cluster s o n th e basi s o f  th e Gestal t  groupin g principles(Marr ,  1982) ,  primaril y proximit y i n thi s case . 

When object s ar e sprea d acros s th e screen ,  a s i n th e mos t  countin g experiments ,  thes e grouping s woul d 

correctl y reflec t  th e numbe r  o f  objects .  Edge s tha t  wer e closes t  typicall y com e fro m th e sam e object . 

Thus a  FINS T coul d b e assigne d t o eac h cluste r  an d subitizin g coul d carr y o n a s usual .  I f  th e rectangle s 

wer e concentri c thi s woul d no t  b e possible .  Th e edge s tha t  wer e closes t  togethe r  ar e inevitabl y fro m 

differen t  object s whe n item s ar e concentric ,  an d moreover ,  thes e immediatel y adjacen t  edge s an d comer s 

woul d als o hav e th e sam e orientation .  Thus ,  ther e woul d b e a  tendenc y t o grou p th e wron g contour s o n 

th e basi s o f  bot h th e proximit y an d similarity .  Attentio n woul d b e require d t o properl y establis h whic h 

edge s belon g t o whic h objects .  O f  couse ,  thi s laboriou s proces s coul d b e shor t  cu t  i f  th e subjec t  simpl y 

moved th e attentiona l  focu s outward s fro m th e centr e an d counte d edg e crossings .  Regardless ,  subject s 

need t o mov e th e attentiona l  focu s i n orde r  t o coun t  concentri c objects .  Consequently ,  subitizin g shoul d 

not  b e possibl e i n thi s situation . 

Given this prediction it is interesting that one of the few smdies that failed to produce evidence of 

subitizin g ha d subject s countin g concentri c circle s (Saltzma n an d Gamer ,  1948) .  Th e characteristi c 

"bend "  i n th e reactio n tim e curv e cause d b y th e chang e i n slop e afte r  four ,  th e trademar k o f  th e shif t  fro m 

subitizin g t o counting ,  wa s no t  eviden t  i n thi s smdy .  Unfortunately ,  tren d analysi s wa s no t  i n us e a t  th e 

tim e an d th e author s ha d differen t  interests ;  thi s resul t  wa s no t  pursued .  A t  thi s poin t  i t  i s necessar y t o 

replicat e thei r  finding  an d establis h wh y subitizin g wa s no t  eviden t  i n thei r  study .  Thei r  concentri c circl e 

tas k differe d fro m typica l  do t  enumeratio n task s i n thre e ways .  First ,  subject s wer e presente d wit h 

objects ,  circles ,  instea d o f  point s o f  light .  Second ,  thes e object s wer e o f  differen t  sizes .  Third ,  th e object s 

wer e concentric .  I  woul d lik e t o argu e tha t  i t  i s th e fac t  tha t  th e item s ha d a  c o m m o n centre ,  rathe r  tha n 

tha t  the y wer e object s o f  differen t  sizes ,  tha t  mad e subitizin g impossibl e i n thei r  study . 

There were three conditions in the experiment. In the Same size condition subjects were required to count 

rectangle s o f  th e sam e siz e sprea d acros s th e screen .  Th e Differen t  siz e conditio n wa s simila r  excep t  a t 

leas t  on e o f  th e rectangle s wa s a  differen t  siz e tha n th e others .  Finally ,  i n th e Concentri c conditio n 

subject s wer e require d t o coun t  concentri c rectangles ,  thu s implicitl y  computin g th e insid e relation ,  whic h 

require s th e focu s o f  spatia l  attention ,  accordin g t o Ullman(1984) .  I f  subitizin g i s onl y possibl e whe n 

item s wer e sprea d acros s th e scree n the n ther e shoul d b e evidenc e o f  slop e discontinuitie s betwee n th e 1- 4 

and 5- 8 range s i n th e Sam e siz e an d Differen t  siz e condition s bu t  no t  th e Concentri c condition . 
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M E T H OD 

Subjects 

Twelve imdergraduate psychology students participated in the study for course credit. Five were male. 

Each subjec t  participate d i n ever y conditio n o f  th e experiment . 

Apparatus and Materials 

An Apple 11+ computer was used to generate the displays and record the data. Oral response latencies 

wer e measure d usin g a  Gerbrand s G134 1 voic e activate d relay . 

Displays were comprised of up to eight white outline rect:mgles on a black background. Tliere were three 

type s o f  display .  I n th e S a m e si: e conditio n al l  th e item s i n th e displa y wer e rectangle s o f  th e sam e size . 

Ther e wer e thre e possibl e sizes .  W h e n subject s wer e seate d 11 0 c m fro m th e vide o scree n th e rectangle s 

subtende d .2 6 X  .16 ,  .6 0 . V .42 ,  o r  1.0 1 X  .7 8 degree s visua l  angle .  Rectangle s coul d b e locate d m an y o f 

2 4 positions .  Th e closes t  horizonta l  an d vertica l  neighbour s wer e 1. 2 an d .9 4 degree s awa y fro m eac h 

other ,  respectively .  Th e minima l  distanc e betwee n diagona l  neighbour s wa s .1 8 degrees ,  however .  Th e 

maxima l  distanc e betwee n item s wa s 8.3 3 degree s fo r  smal l  square s i n diagona l  comers .  A t  most ,  th e 

entir e displa y woul d occup y 8.0 2 X  5.9 7 degree s visua l  imgle .  Th e siz e o f  item s an d thei r  position s wer e 

chose n randoml y fo r  eac h subjec t  an d display ,  h i  th e Differen t  siz e condition ,  a t  leas t  on e o f  th e 

rectangle s i n th e displa y wa s differen t  i n siz e fro m th e others .  Onc e agai n ther e wer e thre e possibl e size s 

im d 2 4 potentia l  ite m locations .  Ite m size s an d position s wer e chose n randoml y fo r  eac h displa y an d 

subject .  Subject s wer e require d t o coun t  concentri c rectangle s centre d a t  fixatio n i n th e Concentri c 

condition .  Rectangle s cam e i n 1 5 sizes ,  rangin g fro m .2 6 X  .1 6 t o 7.2 5 X  5.7 1 degree s visua l  angle .  Fo r 

th e inne r  si x ring s th e minima l  distanc e betwee n item s wa s .2 1 degree s horizonta l  an d .1 6 degree s 

vertical .  Fo r  th e oute r  nng s th e distanc e wa s m a d e Uu'ge r  becaus e acuit y decrease s towiu"d s th e periphery . 

Thu s fo r  th e oute r  ring s th e minima l  distanc e wa s .2 9 im d .2 1 degree s respectively .  TTi e maxima l 

distance s betwee n ring s wa s 3.4 9 horizonta l  an d 2.7 1 vertica l  degrees .  Th e size s o f  concentri c rectiuigle s 

wer e chose n randoml y fo r  eac h subjec t  an d display. ^ 

Procedure 

The experiment was conducted in a slightly diu^kened room. Subjects were seated 110 cm from a video 

screen ,  wit h a  compute r  keyboar d withi n eas y reach .  Thei r  tas k wa s t o sa y th e tota l  numbe r  o f  rectangle s 

i n eac h displa y a s fas t  a s the y could ,  wit h accuracy .  Th e latenc y o f  thei r  voca l  respons e wa s measure d 

usin g th e voic e activate d timer . 

Each trial had four phases. First subjects were required to fixate on the central iuea of a white screen for 

60 8 msec .  Th e compute r  the n beepe d t o indicat e th e star t  o f  th e trial .  Th e countin g displa y cam e o n 25 6 

msec late r  wit h u p t o eigh t  whit e rectangles .  Th e displa y remaine d o n th e scree n unti l  th e time r  wa s 

activated ,  a t  whic h poin t  th e scree n wen t  white .  Fourth ,  ;d'te r  a  paus e o f  51 2 mse c th e subject s wer e 

prompte d t o typ e i n th e numbe r  the y ha d sai d o r  a n " X "  i f  somelhm g ha d gon e wron g i n th e trial .  Th e 

" X "  respons e wa s reserve d fo r  situation s i n whic h th e time r  faile d t o g o of f  th e firs t  tim e a  respons e wa s 

made,  o r  wen t  of f  befor e th e respons e wa s made .  Thes e "misfire "  trial s wer e readministere d a t  th e en d o f 

eac h block . 

There were 240 experimental trials. At the beginning of the session subjects were also given 24 practise 

trials . 

Recentl y thi s experimen t  ha s bee n replicate d wit h a n increas e i n th e numbe r  o f  rin g sizes ,  an d thu s mxxima l  distanc e betwee n 
contours ,  i n th e Concentri c condition ,  an d a  decreas e i n th e inter-ite m distance s fo r  th e Same siz e an d Differen t  siz e conditions . 
The sam e basi c result s obtaine d althoug h ther e wa s a  relativ e inflatio n i n th e tim e t o coun t  1  ite m i n th e Concentri c condition . 
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RESULTS 

The counting latency data was analyzed in three ways. First, analysis of variance was performed in order 

t o determin e i f  th e configuratio n o f  th e stimuli .  Concentri c a s oppose d t o Sam e siz e an d Differen t  size , 

had a n effec t  o n countin g latencies .  Second ,  tren d analysi s o n average d an d individua l  dataset s wa s don e 

i n orde r  t o determin e i f  ther e wa s evidenc e o f  subitizin g i n th e countin g latenc y functio n fo r  th e thre e 

conditions .  Finally ,  slope s fo r  th e subitizin g an d countin g function s wer e calculate d usin g regression . 

Analysis of variance revealed that condition had an effect (F(2,22)=l 14.6,p<.001) as did number of items 

(F(7,77)=261.9,p<.001) .  Se e figur e 1 .  N e w m an Keul s analysi s reveale d tha t  latencie s fo r  th e Concentri c 

conditio n wer e significantl y greate r  tha n th e othe r  tw o condition s startin g a t  2(p<.05) .  Finally ,  ther e wa s 

a significan t  interactio n betwee n conditio n an d number(F(14,154)=13.2,p<.001) ,  wit h numbe r  havin g a n 

overal l  greate r  effec t  o n latencie s i n th e Concentri c conditio n tha n th e othe r  conditions . 

Trend analysis over averaged data 

The primary difference between die subitizing and counting processes is the speed with which they can be 

carrie d out ;  fo r  subitizin g th e reactio n tim e increas e wit h numbe r  i s sligh t  wherea s fo r  countin g th e 

reactio n tim e increas e i s substantial .  Fo r  thi s reaso n i t  i s importan t  t o loo k fo r  slop e change s i n th e 

functio n tha t  relate s coimtin g latencie s t o th e numbe r  o f  items .  Thes e slop e change s ar e th e principa l 

evidenc e tha t  differen t  processe s ar e bein g employe d fo r  smal l  tha n larg e number s o f  items .  A t  point s 

wher e slop e change s occur ,  tren d analysi s wil l  registe r  significan t  deviation s fro m linearity . 

As predicted, number seemed to produce a more uniform effect on latencies in the Concentric condition 

tha n i t  di d i n th e othe r  two ,  a s woul d b e predicte d i f  subject s coul d n o longe r  subitiz e whe n object s wer e 

concentric .  I n orde r  t o determin e mor e precisel y i f  subitizin g occure d tren d analysi s wa s performe d o n 

th e entir e rang e (1-8 )  fo r  th e thre e conditions ,  t o fm d ou t  i f  significan t  non-linea r  trend s emerged .  I f  th e 

reactio n tim e functio n showe d n o significan t  deviatio n fro m linearit y the n i t  wa s assume d tha t  subitizin g 

di d no t  occur .  I f  ther e wer e significan t  deviation s fro m linearity ,  however ,  i t  wa s necessar y t o find  ou t 

wher e th e tren d emerge d an d i f  i t  wa s i n th e righ t  direction .  Th e poin t  a t  whic h ther e wa s a n upwar d tur n 

i n th e latenc y curv e an d th e functio n bega n t o sho w significan t  deviation s fro m linearit y wa s judge d t o b e 

th e boundar y o f  th e subitizin g range . 

Trend analysis on latencies revealed significant linear trends in all conditions. Only the non-concentric 

condition s showe d an y significan t  deviation s fro m linearity ,  however(non-linea r  deviatio n F(6,88)=7.1 , 

p<.00O I  an d F(6,88)=7.8 ,  p<.000 1 fo r  Sam e siz e an d Differen t  siz e condition s respectivel y a s compare d t o 

F(6,88)=1.5 ,  p>.0 5 fo r  th e Concentri c  condition) .  Give n tha t  non-linea r  trend s indicat e th e chang e fro m 

one enumeratio n proces s t o another ,  i t  woul d see m tha t  th e sam e enumeratio n proces s i s bein g use d fo r 

bot h smal l  an d larg e number s i n th e Concentri c condition .  I n fact ,  considerin g th e magnitud e o f  th e 

latencies ,  i t  seem s probabl e tha t  coimtin g prope r  i s occuring . 

Trend analysis over individual datasets 

Given that there are individual differences in how high people can subitize(Akin and Chase, 1978), 

averagin g acros s subject s coul d obscur e slop e change s i n th e latenc y functions .  Consequently ,  th e dat a 

fo r  eac h subjec t  wer e als o analyze d separately .  Al l  subject s ha d non-linea r  trend s i n th e i n Sam e siz e an d 

Differen t  siz e conditions .  (Se e tabl e 1) .  Onl y thre e o f  th e twelv e subject s showe d significan t  trend s i n th e 

Concentri c condition ,  however ;  thi s represent s a  significand y smalle r  proportio n ( % (2)=6.0,p<.05 )  tha n 

i n th e othe r  tw o conditions .  Furthe r  analyse s wer e performe d o n th e individua l  dataset s t o ascertai n 

wher e th e non-linea r  tren d emerged .  Fo r  bot h th e Sam e siz e an d Differen t  siz e conditions ,  mos t  subject s 

subitize d t o 4 .  O f  th e fe w tha t  showe d non-linea r  trend s i n th e Concentri c condition ,  mos t  subitize d t o 3 . 
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R 

T 

2 8 5 0 - -

2 7 0 0 -

2 5 5 0 -

2 4 0 0 -

225 0 - -

2 1 0 0 • -

195 0 • -

180 0 -

165 0 -

150 0 • ' 

135 0 -

120 0 • -

105 0 • -

9 0 0 -

75 0 -

60 0 -

45 0 

— Differen l  size s 

•• '  Concentri c 

*'• '  Sam e siz e 

A 5 

Number 

Figur e 1 :  Countin g latencie s fo r  Concentri c stud y 
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Tren d analysi s o f  individua l  dataset s 

Number  o f  subject s showin g evidenc e o f  subitizin g 

Same siz e 

Differen t  siz e 

Concentri c 

Number  o f  subject s subitizin g 

Tota l 

# subitizin g t o 2 

# subitizin g t o 3 

# subitizin g t o 4 

# subitizin g t o 5 

t o eac h numbe r 

Same siz e 

(N=12 ) 

1 

3 

7 

1 

12/1 2 

12/1 2 

3/1 2 

Differen t  siz e 

(N=12 ) 

3 

2 

6 

1 

Concentri c 

(N=3 ) 

1 

2 

Regressio n analysi s o f  average d countin g latencie s 

Slope 

SUBITIZING RANGE (1-3) 

Same size 55.6 
Differen t  siz e 66. 3 
Concentric *  198. 8 

(2-3 )  276. 2 

COUNTING R A N GE (5-8 ) 

Same size 300.7 
Differen t  siz e 330. 3 
Concentric(l-8 )  346. 3 

•Onl y th e dat a fro m subject s wh o showe d evidenc e o f  subitizin g wer e include d i n thi s analysis(N=3) . 
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S lop e analysi s 

Regression was performed on the averaged data in order to calculate slopes. Although most subjects 
subitize d t o 4  subitizin g slope s wer e calculate d i n th e 1- 3 rang e t o avoi d inflatin g slope s wit h latencie s 
fro m trial s i n whic h subitizin g di d no t  occiu" .  A s ca n b e see n fro m tabl e 1 ,  th e slope s fo r  th e 1- 3 rang e 
wer e 55. 6 an d 66. 3 fo r  th e Same an d Differen t  siz e conditions ,  respectively .  Th e 9 5 % confidenc e 
interval s fo r  th e slope s overlappe d i n thes e condition s s o ther e wer e n o significan t  differences ,  however . 
I n contrast ,  fo r  th e thre e subject s tha t  showe d evidenc e o f  subitizin g i n th e Concentri c conditio n th e slop e 
i n th e 1- 3 rang e fel l  outsid e thes e confidenc e intervals ,  a t  198. 8 msec/item .  Notic e tha t  th e slop e i n th e 
1-3 rang e o f  th e Concentri c conditio n i s somewha t  lowe r  tha n fo r  th e 2- 3 range ;  latencie s t o coun i  2  i n 
thi s conditio n wer e atypica l  o f  th e res t  o f  th e range .  Perhap s subject s ar e mor e adep t  a t  countin g 2 
becaus e o f  frequen t  exposur e t o concentri c rectangle s i n object s suc h a s pictur e frames .  Slope s fo r  th e 
5- 8 rang e fo r  th e Same siz e an d Differen t  siz e condition s an d th e 1- 8 rang e i n th e Concentri c conditio n 
conditio n ar e i n exces s o f  30 0 msec .  Al l  slope s fel l  withi n eac h other s 9 5 % confidenc e interval ,  an d 
differe d significantl y fro m th e slope s i n th e non-concenhi c condition s fo r  th e 1- 3 range . 

DISCUSSION 

As predicted, subitizing was only evident when items were distributed across the screen. When subjects 
wer e require d t o enumerat e concentri c rectangles ,  th e slop e o f  th e reactio n tim e functio n wa s constan t  an d 
high ,  suggestin g first ,  tha t  th e sam e proces s wa s bein g use d fo r  bot h smal l  an d larg e number s o f 
concentri c rectangles ,  an d second ,  tha t  th e proces s wa s countin g proper .  Th e result s o f  thi s stud y ar e 
consisten t  wit h Saltzma n an d Gamer's(I948 )  an d moreove r  sho w wh y thei r  result s wer e s o differen t  fro m 
thos e o f  do t  enumeratio n studies .  I t  wa s th e fac t  tha t  item s ha d a  common centre ,  rathe r  tha n tha t  the y 
were object s o f  differen t  size s tha t  produce d th e constan t  slope . 

The results of this study are consistent with the idea that subitizing is only possible when items can be 
individuate d o n th e basi s o f  preattentiv e information .  Subitizin g wa s no t  possibl e i n th e Concentri c 
conditio n becaus e movin g th e attentiona l  focu s wa s require d t o discove r  whic h edg e belonge d t o whic h 
object .  Lo w leve l  processin g doe s no t  delive r  th e informatio n necessar y fo r  enumeratio n i n tha t 
condition ;  groupin g o n th e basi s o f  proximit y an d similarit y wil l  delive r  th e wron g numbe r  o f  clusters , 
perhap s fou r  fo r  th e numbe r  o f  comers ,  o r  on e fo r  th e centr e o f  th e radiatin g pattern . 

In contrast, subitizing was evident in the Same size and Different size conditions because low level 
analysi s delivere d cluster s eac h o f  whic h corresponde d t o a n item .  Edge s relativel y clos e t o eac h othe r 
belonge d t o th e sam e item ,  typically .  Groupin g b y similarit y wa s no t  i n evidenc e becaus e th e simila r 
comer s wer e relativel y fa r  awa y fro m eac h other ,  thu s proximit y cue s overode .  Becaus e lo w leve l 
groupin g processe s delivere d a  numbe r  o f  featur e cluster s tha t  corresponde d t o th e numbe r  o f  objects ,  th e 
FINS T mechanis m coul d b e exploite d t o accomplis h enumeratio n o f  smal l  number s o f  objects . 
Consequently ,  movin g th e attentiona l  focu s fro m locatio n t o locatio n i n th e proxima l  stimulu s wa s no t 
necessar y i n thes e cases .  Enumeratio n coul d b e accomplishe d simpl y b y ascertainin g th e numbe r  o f 
assigne d referenc e tokens-performin g a  FINS T rol e call . 
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