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L e a r n e d Categorica l  Perceptio n Effect s i n N e u r a l  N e t w o r k s 

Jane t  K .  Andrew s (andrewsj@vassar.edu ) 
Kennet h R .  Livingsto n (livingst@vassar.edu ) 

Dalindyeb o Shabalal a (dashabalala@vassar.edu ) 
Vassa r  Colleg e Progra m i n Cognitiv e Scienc e 

124 Raymon d Avenue ,  Poughkeepsie ,  N Y 1260 4 U S A 

B a c k g r o u n d 

A numbe r  o f  recen t  studie s hav e demonstrate d wha t  hav e 
come t o b e know n a s "learne d categorica l  perception "  effect s 
i n human s (e.g. ,  Goldstone ,  1994) .  Th e mos t  common 
for m o f  thes e effect s i s calle d "compression" :  Peopl e hav e 
greate r  difficult y discriminatin g o r  judg e t o b e mor e simila r 
pattern s tha t  the y hav e learne d t o classif y together ,  compare d 
t o peopl e wh o hav e no t  learne d t o classif y  th e patterns . 

Harnad ,  Hanson ,  &  Lubi n (1995 )  traine d simple ,  three -
laye r  net s t o categoriz e input s code d t o correspon d t o line s o f 
differen t  lengths .  Th e net s wer e firs t  require d t o produc e a s 
outpu t  line s identica l  i n lengt h t o th e inputs ,  an d the n 
traine d t o sor t  th e input s int o th e categorie s "short, " 
"medium, "  "long "  whil e maintainin g auto-associatio n 
performance .  Additiona l  outpu t  unit s marke d categor y 
membership .  Ther e wer e stron g compression/expansio n 
effect s i n hidden-uni t  activatio n space ,  a s measure d b y 
comparin g th e interstimulu s distance s fo r  auto-associatio n 
alon e wit h thos e fo r  auto-associatio n wit h categorization . 

The purpos e o f  th e presen t  stud y i s t o determin e whethe r 
categorica l  perception-lik e compression/expansio n effect s 
woul d occu r  i n three-laye r  network s traine d usin g bac k 
propagatio n t o categoriz e a  different ,  mor e comple x se t  o f 
input s whic h d o generat e compressio n effect s i n huma n 
categor y learner s (se e Livingsto n &  Andrews ,  1997) . 

Experiments and Results 

Input s t o th e net s wer e generate d fro m stimul i  use d i n 
Livingsto n an d Andrew s (1997) :  drawing s o f  th e genitali a 
of  si x mal e an d si x femal e day-ol d chick s fo r  trainin g an d 
tw o additiona l  drawing s fo r  transfe r  testin g (se e th e lef t  sid e 
of  Figur e 1 ;  th e leftmos t  picutr e i s o f  a  male ,  th e on e t o it s 
immediat e righ t  a  female) .  Eac h drawin g wa s mappe d t o a 
25 b y 2 0 gri d ( 4 pixel s pe r  region )  an d th e mea n intensit y o f 
each regio n wa s determined .  Thes e value s wer e presente d t o 
th e 50 0 inpu t  unit s  o f  eac h net . 

A ne t  wit h 50 0 outpu t  unit s wa s first  traine d t o auto -
associat e th e twelv e stimuli .  T o preven t  i t  fro m 
memorizin g individua l  inpu t  pattern s whil e stil l  achievin g 
satisfactor y learning ,  si x hidde n unit s wer e used .  Twent y 
outpu t  unit s wer e the n added ,  wit h te n correspondin g t o eac h 
of  th e categorie s "Male "  an d "Female. "  Th e ne t  wa s traine d 
t o classif y th e twelv e inpu t  patterns .  Thi s proces s wa s 
repeate d fo r  te n differen t  randoml y seede d nets . 

The nets '  categor y trainin g an d transfe r  performanc e wa s 
comparabl e t o tha t  reporte d i n Livingsto n an d Andrews ' 
(1997) .  T o tes t  whethe r  th e net s displaye d categorica l 

perceptio n effects ,  th e hidde n uni t  activatio n level s o f  eac h 
inpu t  patter n wer e determine d fo r  eac h auto-associatio n ne t 
and it s expande d categor y learnin g version .  Interprete d a s 
point s i n a  multidimensiona l  space ,  distance s wer e calculate d 
betwee n ever y possibl e pai r  o f  item s an d mea n distanc e wa s 
determine d fo r  male-mal e pairs ,  female-femal e pairs ,  an d 
mixe d pair s fo r  eac h net .  Surprisingly ,  n o compressio n wa s 
observe d i n th e categorizin g net s relativ e t o thei r 
autoassociatio n onl y versions ,  i.e. ,  withi n categor y ite m 
pair s di d no t  mov e close r  togethe r  followin g learning . 

To analyz e th e natur e o f  th e hidde n uni t  representation s w e 
converte d th e fina l  weight s fro m th e inpu t  unit s t o eac h 
hidde n uni t  o f  th e categorizin g net s int o greyscal e images . 
Thi s wa s don e fo r  a  ne t  usin g onl y tw o outpu t  unit s (on e fo r 
each category )  an d tw o hidde n unit s (HUs )  tha t  di d no t 
underg o autoassociatio n i n a n effor t  t o maximiz e th e 
category-relevan t  informatio n extracte d b y th e hidde n units . 
These image s ar e show n o n th e right  sid e o f  Figur e 1 ;  th e 
one show n furthes t  t o th e right  performe d wel l  b y itsel f  o n 
female s bu t  no t  males ,  an d th e othe r  on e wa s th e reverse . 

Figur e 1 :  Sampl e stimul i  (left )  an d H U image s (right) . 
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