
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Does Subitizing Depend on the Magnocellular Visual Pathway ?

Permalink
https://escholarship.org/uc/item/0482j31v

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 18(0)

Authors
Simon, Tony J.
Peterson, Scott
Patel, Gargi
et al.

Publication Date
1996
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/0482j31v
https://escholarship.org/uc/item/0482j31v#author
https://escholarship.org
http://www.cdlib.org/


D o es Subitizin g D e p e n d o n th e Magnocellula r  Visua l  P a t h w a y ? 
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I n t r o d u c t i o n 

Visua l  searc h o f  a  multi-elemen t  displa y leads ,  unde r  certai n 
conditions ,  t o "popout "  o r  preattentiv e perceptio n o f  a 
uniqu e o r  highl y salien t  ite m i n th e displa y (Treisman , 
1988) .  W h a t  migh t  b e th e neura l  locu s o f  mechanism s 
underlyin g suc h preattentiv e visua l  j)erception ? Visua l 
processin g occur s alon g tw o relativel y distinc t  pathways , 
terme d th e magnocellula r  ( M )  an d parvocellula r  (P )  pathway s 
(Livingston e &  Hubel ,  1987) .  Sinc e respondin g an d 
orientin g rapidl y t o salien t  feature s i n th e environmen t 
carrie s a  hig h surviva l  value ,  w e hypothesize d tha t  th e 
phylogeneticall y olde r  M pathwa y preferentiall y  mediate s th e 
preattentiv e processin g leadin g t o eventua l  captur e o f 
attentio n b y th e stimulu s o f  iimnediat e interest . 

D ue t o a  numbe r  o f  physiologica l  difference s i n th e 
respons e propertie s o f  neuron s i n th e tw o pathways ,  thei r 
relativ e contribution s t o visua l  perceptio n ca n b e 
psychophysicall y dissecte d (Livingston e &  Hubel ,  1987) . 
For  instance ,  perceptio n o f  colore d stimul i  o n a n 
isoluminan t  backgroun d depend s exclusivel y o n chromati c 
cue s an d thu s predominantl y o n th e P  system ,  th e M syste m 
bein g relativel y uninvolve d (Livingston e &  Hubel ,  1987) . 
We predicte d tha t  thi s shoul d selectivel y impai r  preattentive , 
paralle l  visua l  processin g whil e leavin g later ,  seria l 
processin g relativel y unaffected . 

The tas k chose n fo r  thi s examinatio n wa s subitizing ;  th e 
abilit y t o rapidl y an d accuratel y enumerat e smal l  set s o f 
item s (e.g .  Tric k &  Pylyshyn ,  1994) .  Subitizin g i s a 
robus t  phenomeno n tha t  ha s recentl y bee n associate d wit h 
preattentiv e mechanisms .  Fo r  example ,  Tric k &  Pylyshy n 
(1994 )  showe d that ,  whe n adult s wer e aske d t o enumerat e 
targe t  lette r  O s i n a  field  o f  distracto r  X s ( a conditio n wher e 
th e target s typicall y "po p out") ,  th e standar d subitizin g 
profil e wa s observed .  Thi s i s a  smal l  reactio n tim e slop e o f 
aroun d 5 0 m s pe r  ite m fo r  collection s o f  u p t o 4  item s wit h a 
steepe r  slop e i n th e rang e o f  300m s fo r  large r  sets . 
However ,  whe n th e X s wer e replace d b y distracto r  Q s (thu s 
inducin g attentiv e visua l  searc h fo r  targets )  reactio n tim e 
was linearl y relate d t o th e numbe r  o f  item s bein g enumerate d 
fo r  al l  se t  sizes .  Sinc e subitizin g i s apparentl y possibl e 
onl y whe n preattentiv e mechanism s ar e i n operation ,  w e 

reasone d tha t  i t  migh t  b e affecte d b y manipulation s affectin g 
preattentiv e processing .  W e therefor e adopte d a  subitizin g 
tas k t o tes t  th e hypothesi s tha t  preattentive ,  paralle l  visua l 
processin g depend s preferentiall y  o n th e M system . 

Methods and Results 

I n a  within-subject s design ,  subject s ha d thei r  isoluminanc e 
poin t  individuall y establishe d an d the n wer e presente d wit h 1 
t o 8  gree n rectangle s whic h wer e eithe r  isoluminan t  wit h 
(ISO )  o r  considerabl y greate r  i n luminanc e (NI )  tha n a  re d 
background .  Thei r  tas k wa s t o repor t  a s quickl y a s possibl e 
h o w m a n y rectangle s the y saw .  Presentatio n tim e wa s 
terminate d b y subjec t  response .  W e predicte d tha t 
enumeratio n performanc e woul d b e affecte d detiimentall y b y 
th e isoluminan t  stimul i  onl y an d tha t  th e effec t  woul d occu r 
onl y i n th e subitizin g range .  Ou r  dat a showe d a  subitizin g 
spa n o f  3  object s fo r  bot h IS O an d N I  stimuli .  Withi n 
subitizin g ther e wa s a  significan t  increas e i n mea n reactio n 
tim e (o f  abou t  1 5 m s )  fo r  th e IS O stimul i  ove r  th e N I 
stimul i  (F(l,29 )  =  20.70 ,  p  <  .001) .  Outsid e th e subiUzin g 
range ,  performanc e wa s no t  significantl y differen t  (F(l,29 )  = 
.14 ,  p  =  .713) .  Thus ,  ou r  initia l  result s ar e a s predicted . 
Whil e furthe r  researc h i s neede d i n orde r  t o examin e thi s 
effec t  i n greate r  detail ,  ou r  findings  appea r  t o suppor t  th e 
suggestio n tha t  th e magnocellula r  visua l  pathwa y i s th e 
preferentia l  processin g rout e fo r  a  subitizin g task ;  on e tha t 
i s  closel y associate d wit h preattentiv e visua l  processing . 
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