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T h e D e v e l o p m e n t  o f  t h e N o t i o n o f  S a m e n e s s : 

A C o n n e c t i o n i s t  M o d e l 

Michael Gasser and Linda B. Smith 

Indian a Universit y 

Abstrac t 

Comparison is of two types, the implicit sort that 
i s  behin d al l  categorizatio n an d th e explici t  sor t  b y 
whic h tw o objec t  representation s ar e compare d i n 
short-ter m memory .  Childre n lear n earl y o n bot h 
t o categoriz e an d t o compar e explicitly ,  bu t  the y 
onl y lear n t o us e dimension s i n thes e processe s 
considerabl y later .  I n thi s pape r  w e presen t  a  con -
nectionis t  mode l  whic h bring s togethe r  categoriza -
tio n an d comparison ,  focusin g o n th e developmen t 
of  th e us e o f  dimensions .  Th e mode l  posit s (1 )  a 
genera l  compariso n mechanis m whic h i s blin d t o 
th e natur e o f  it s  input s an d (2 )  th e sharin g o f 
interna l  objec t  an d dimensio n representation s b y 
categorizatio n an d compariso n processes .  Traine d 
on th e tw o processes ,  th e syste m learn s t o us e di -
mensio n input s a s filters  o n it s representation s fo r 
objects ;  i t  i s  thes e filtered  representation s whic h 
ar e matche d i n comparison .  Th e mode l  provide s 
an accoun t  o f  th e tendenc y fo r  earl y compariso n 
alon g on e dimensio n t o b e disrupte d b y similari -
tie s alon g othe r  dimension s an d o f  th e proces s b y 
whic h th e chil d migh t  overcom e thi s deficiency . 

Background 

Compariso n an d Cognitio n 

Generalizatio n fro m pas t  t o presen t  experienc e involve s 
a measur e o f  th e similarit y o f  presen t  perceptua l  in -
put  t o wha t  ha s bee n perceive d before .  Th e likelihoo d 
tha t  w e cal l  som e objec t  a  do g i s a  functio n o f  ho w 
simila r  tha t  objec t  i s  t o othe r  object s know n t o b e 
dogs.  Bu t  human s d o mor e tha n categoriz e objects ;  w e 
als o compar e object s alon g a  wid e arra y o f  perceptua l 
dimensions .  Fo r  example ,  w e judg e a  do g t o b e th e 
same colo r  a s ou r  ca t  o r  t o b e larg e fo r  dog s i n general . 
Indeed ,  wha t  w e conside r  highe r  menta l  functioning — 
metaphor ,  poetry ,  scienc e itself—involve s pointin g t o 
and discoverin g nove l  kind s o f  similarity . 

The proble m o f  ho w a  chil d develop s a  syste m o f 
multipl e kind s o f  perceptua l  similarit y togethe r  wit h 
device s fo r  linguisticall y communicatin g abou t  similar -
it y i s clearl y o f  grea t  importanc e t o cognitiv e science . 

Thi s i s a n are a i n whic h ther e i s ric h an d detaile d dat a 
abou t  huma n developmen t  bu t  n o curren t  theor y tha t 
adequatel y explain s it . 

I n thi s pape r  w e describ e a  connectionis t  mode l  o f 
some o f  th e basi c fact s o f  compariso n alon g percep -
tua l  dimensions .  Th e working s o f  th e mode l  ar e bcise d 
on th e ide a tha t  categorizatio n (wha t  color? )  an d com -
pariso n {sam e color? )  mak e us e o f  th e sam e dimensio n 
representation s an d th e sam e interna l  representation s 
fo r  objects .  W e propos e tha t  thes e representation s de -
velo p i n respons e t o th e demand s o f  th e tw o tasks . 

Categorization and Comparison 

Categorizatio n involve s comparin g a  stimulu s i n 
short-ter m memor y t o representation s o f  previousl y en -
countere d stimul i  i n long-ter m memory .  A  simpl e pat -
ter n associato r  perform s thi s implici t  for m o f  compar -
iso n throug h th e connectio n weight s tha t  mak e u p it s 
long-ter m memory .  Categorizatio n ca n b e i n term s o f 
eithe r  comple x categorie s suc h a s DOG an d CHAI R o r 
dimensiona l  attribute s suc h a s RE D an d BIG. ^ 

But  th e implici t  compariso n betwee n a n ite m i n 
short-ter m memor y an d long-ter m representation s ma y 
be quit e differen t  fro m th e compariso n o f  tw o item s i n 
short-ter m memory .  W e shal l  cal l  th e latte r  explici t 
comparison .  I f  w e tak e th e evidenc e fro m languag e 
seriously ,  thi s proces s goe s o n ofte n i n huma n cogni -
tion .  A  sentenc e suc h a s m y bal l  i s  th e sam e colo r  a s 
your s require s speake r  an d heare r  t o maintai n repre -
sentation s o f  bot h object s i n short-ter m memory ,  wher e 
the y ca n b e compared .  I n thi s pape r  w e wil l  onl y 
be concerne d wit h tha t  subtyp e o f  explici t  compariso n 
whic h i s signalle d i n Englis h b y th e wor d sam e alon g 
wit h a  perceptua l  dimensio n nou n suc h a s size . 

I n orde r  fo r  a n abstrac t  compariso n devic e whic h 
look s fo r  symmetr y i n it s tw o inpu t  pattern s t o mak e 
judgement s o f  "sam e thing, "  "sam e color, "  an d "sam e 
size, "  i t  mus t  hav e acces s t o representation s i n whic h 
onl y th e relevan t  dimensio n manifest s itself .  Irrelevan t 
dimension s nee d someho w t o b e "filtered "  out . 

*  W e ar e concerne d her e wit h categorizatio n i n th e sens e 
of  namin g a n objec t  o r  si n attribut e an d no t  i n th e sens e o f 

th e underlyin g meanin g o f  concepts . 
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D e v e l o p m e n t a l  Fact s 

Ther e i s a  well-documente d tren d i n th e developmen t 
of  objec t  an d dimensiona l  comparison s an d objec t  an d 
dimensione d language .  Th e followin g specifi c  fact s ar e 
thos e tha t  w e ar e intereste d i n accommodating . 

1.  Earl y objec t  categorization s ar e principall y acros s al l 
dimension s a t  onc e [Smit h 1989a ,  1989b] .  Th e sen -
sor y feature s ar e someho w compresse d int o a  singl e 
representatio n i n whic h al l  constituent s ar e weighte d 
more o r  les s equally . 

2.  Th e compariso n o f  object s b y overal l  similarity—th e 
judgemen t  tha t  tw o identica l  cup s ar e alik e i n th e 
same wa y a s tw o identica l  dogs—appear s ver y earl y 
[Smith ,  1984] .  B y 2 4 months ,  childre n commen t  o n 
th e similarit y o f  object s throug h iterativ e naming , 
counting ,  an d us e o f  th e plura l  [Sugarman ,  1983] . 
The productiv e us e o f  a  for m suc h a s th e plura l  a t 
thi s ag e suggest s tha t  ther e i s a  compariso n compo -
nent  tha t  operate s earl y an d tha t  i s independen t  o f 
specifi c  perceptua l  properties . 

3.  Th e abilit y  t o mak e judgement s o f  samenes s alon g a 
singl e dimension—t o kno w tha t  tw o gree n object s 
ar e alik e i n th e sam e wa y a s tw o blu e objects — 
develop s later ,  afte r  th e acquisitio n o f  th e word s b y 
whic h w e tal k abou t  th e perceptua J propertie s o f  ob -
ject s [Smith ,  1984 ,  1989b] . 

4.  Earl y judgement s o f  samenes s alon g a  dimensio n ap -
pear  t o b e contaminate d b y overad l  similarity .  Tha t 
is ,  3 -  an d 4-year-ol d childre n wil l  cal l  a  bi g re d squar e 
and a  bi g orang e squar e th e sam e siz e bu t  wil l  refus e 
t o cal l  a  bi g re d squar e an d a  bi g blu e squar e th e 
same siz e [Kemler ,  1982] . 

The Model 

We mode l  thes e phenomen a usin g a  connectionis t  net -
wor k whic h take s a s input s "pre-perceived "  image s an d 
dimensio n word s suc h a s siz e an d yield s lexica l  output s 
suc h a s bi g an d same .  Th e architectur e o f  th e mode l 
i s show n i n Figur e 1 .  Boxe s denot e bank s o f  unit s 
and soli d arrow s complet e connectivit y betwee n banks . 
The mai n feature s o f  th e mode l  ar e th e following : 

1.  Globe d compariso n an d compariso n alon g variou s di -
mension s ar e handle d b y th e sam e subnetwork . 

2.  Th e dimensio n an d th e interna l  objec t  representa -
tion s ar e share d b y th e compariso n an d categoriza -
tio n component s o f  th e system . 

3.  Followin g trainin g o n categorizatio n an d compari -
son ,  inpu t  fro m dimensio n word s "filters "  ou t  irrel -
evan t  dimension s i n th e representation s o f  objects . 

Categorization 

The CATEGORIZATION component ,  show n o n th e righ t 
sid e o f  Figur e 1 ,  i s  compose d o f  a  simpl e patter n as -
sociator .  Inpu t  t o thi s componen t  come s i n i n th e 
for m o f  a  "pre-perceive d object "  (hereafte r  "PPO") , 

SIMILARIT Y 

CATEGORY 
WORDS 

/ ^ % ^ 
COMPARISON 

BUFFER 
PERCEIVED 

OBJECT 

DIMENSION 
WORDS PRE-PERCEIVED 

OBJECT 

Figur e 1 :  Architectur e o f  th e Mode l 

correspondin g t o th e outpu t  leve l  i n a  theor y suc h a s 
Treisma n an d Gelade' s [1980 ]  (se e als o Smit h [1989b]) . 
The PP O ha s bee n segregate d fro m backgroun d object s 
and contain s informatio n abou t  it s perceptua l  features . 
Ther e ar e separat e set s o f  unit s fo r  eac h o f  severa l 
"pre-dimensions "  a t  thi s level .  However ,  th e syste m 
does no t  recogniz e thes e dimension s a s such ;  the y can -
not  b e use d i n makin g categorization s o r  comparison s 
alon g particula r  dimensions .  Th e PERCEIVED OBJECT 
("Po" )  laye r  correspond s t o wha t  i s perceive d o r  ex -
perienced .  A  patter n o n thi s laye r  i s a  compressio n o f 
th e PP O patter n an d ma y b e influence d b y inpu t  fro m 
othe r  layers ,  i n particula r  fro m th e DIMENSIO N WORDS 
("dw" )  layer .  Thi s influenc e take s th e for m o f  th e fo -
cusin g o f  attentio n o n on e o r  mor e dimensions .  Fo r 
example ,  th e questio n wha t  colo r  i s it ? shoul d caus e 
colo r  informatio n t o dominat e th e representation . 

On th e CATEGORY WORDS level ,  attribut e word s lik e 
re d an d bi g an d comple x categor y noun s suc h a s do g 
and chai r  ar e eac h assigne d a  singl e unit .  I n catego -
rizatio n thi s laye r  i s th e outpu t  o f  th e network ;  th e 
syste m "sees "  a n objec t  an d name s i t  o r  assign s i t  a n 
attribute .  Whil e th e networ k i s designe d t o lear n bot h 
comple x categorie s suc h a s DOG an d attribute s suc h a s 
BIG,  w e wil l  b e concerne d onl y wit h th e latter .  Th e 

CATEGORY WORDS laye r  ma y als o functio n a s a n in -
put  laye r  (indicate d b y th e thi n arro w i n th e figure) , 
e.g. ,  i n modehn g th e system' s respons e t o a n utteranc e 
lik e th e marbl e i s green .  I n thi s case ,  i t  influence s th e 
patter n o f  activatio n o n th e P O layer . 

Durin g trainin g an d testin g o n categorization ,  th e 
networ k i s presente d wit h a  PP O o n it s inpu t  layer , 
consistin g o f  a  patter n o f  feature s o n th e variou s pre -
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dimensions .  A  singl e uni t  i s  als o turne d o n o n tli c 
DW layer ,  correspondin g t o a  questio n abou t  on e di -
mension ,  e.g. ,  wha t  colo r  i s th e object? .  Th e nclwor k 
i s trjiine d usin g backpropagatio n (Runiclliar t  e t  al. , 
1986] .  I n a n effor t  t o mak e th e degre e o f  supervisio n re -
alistic ,  outpu t  target s ar e provide d onl y fo r  thos e unit s 
whic h ar e abov e a  respons e threshold ,  unles s n o uni t 
goes abov e th e threshold ,  i n whic h cas e a  targe t  (1.0 ) 
i s provide d fo r  a  singl e appropriat e unit . 

Comparison 

Alongsid e th e CATEGORIZATION subnetwork ,  w e pro -
pose a  "dumb "  COMPARISON componen t  whic h doe s 
not  kno w wha t  object s ar e bein g compare d o r  th e di -
mension s o n whic h the y ar e t o b e compared .  I t  simpl y 
compare s pattern s o f  activation .  Selectiv e attention — 
change s i n th e dimension s alon g whic h th e compariso n 
i s t o made—i s accomplishe d b y th e sam e mechanism s 
tha t  ar e involve d i n categorizatio n b y dimension .  Th e 
overla p betwee n thes e mechanism s i s suggeste d b y th e 
fac t  tha t  language s refe r  t o dimensio n categorizatio n 
(wha t  color? )  usin g th e sam e noun s a s ar e use d fo r 
sameness compariso n {sam e color). ^ 

The COMPARISON componen t  i s show n o n th e lef t 
sid e o f  Figur e 1 .  Thi s i s anothe r  patter n associator , 
simila r  t o th e symmetr y networ k describe d b y Rumel -
har t  e t  al .  [1986] ,  wit h a  hidde n laye r  t o handl e input s 
whic h ar e no t  linearl y separable .  Th e compare d pat -
tern s appea r  o n tw o inpu t  groups .  On e i s jus t  th e P O 
layer ,  whic h als o participate s i n categorization .  Th e 
othe r  i s a  short-ter m memor y buffe r  whic h contain s a 
copy o f  a  recen t  patter n fro m th e P O layer . 

Thi s componen t  implement s tw o sort s o f  processes . 
Run i n on e direction ,  i t  compare s tw o inpu t  objects . 
Inpu t  fro m th e PP O an d D W layer s produce s a  patter n 
on th e P O layer .  I f  a  D W uni t  i s  on ,  th e P O patter n 
i s a  "filtered "  versio n o f  th e object .  Thi s patter n i s 
copie d t o th e COMPARISON BUFFER layer ,  an d a  sec -
ond PP O i s fe d t o th e networ k togethe r  wit h th e sam e 
DW pattern .  Finall y th e tw o (possibl y filtered )  objec t 
representation s ar e compare d a t  th e SIMILARIT Y layer , 
whic h consist s o f  a  singl e unit . 

Run i n th e othe r  directio n (th e thic k arrow s i n th e 
figure),  th e networ k model s response s t o assertion s 
abou t  th e samenes s o f  object s {m y dol l  i s  th e sam e 
as yours) .  Th e inpu t  i s a  patter n o n th e COMPARI-
SON BUFFER unit s representin g on e object ,  a  patter n 
on th e SIMILARIT Y uni t  representin g sameness ,  an d a 
patter n representin g (possibl y incomplete )  knowledg e 
abou t  th e secon d objec t  o n th e P O layer .  Th e outpu t 
i s a n update d representatio n o n th e P O layer . 

Dimension as a Filter 

The CATEGORIZATION an d COMPARISON component s 
shar e th e P O representations ,  whic h ar e subjec t  t o th e 

^It remains to be established whether children know the 
use o f  word s suc h a s colo r  i n compariso n onc e the y hav e 
acquire d thei r  us e i n categorization . 

filtering  effect s o f  dimensiona l  input .  I n orde r  fo r  th e 
CATEGORIZATION subnetwor k t o succee d o n a  dimen -
sion d categorizatio n tas k {wha t  colo r  i s  it?) ,  th e inpu t 
fro m th e D W laye r  shoul d highligh t  th e relevan t  di -
mensio n an d attenuat e th e othe r  dimension s t o th e ex -
ten t  tha t  onl y th e appropriat e outpu t  uni t  (e.g. ,  RED) 
reache s th e respons e threshold .  I t  i s  thu s possibl e fo r 
th e networ k t o produc e a n appropriat e respons e eve n 
wit h som e contaminatio n fro m irrelevan t  dimensions . 
That  is ,  trainin g o n categorizatio n ma y no t  resul t  i n 
DW-to-P O connectio n weight s whic h completel y elimi -
nat e irrelevan t  dimension s fro m a  representation . 

The compariso n tas k i s mor e demanding .  Conside r 
th e cas e o f  tw o object s whic h ar e th e sam e o n th e di -
mensio n i n questio n bu t  significantl y differen t  o n al l 
others .  An y contaminatio n fro m th e irrelevan t  dimen -
sion s a t  al l  woul d adversel y affec t  th e outpu t  o n th e 
SIMILARIT Y unit . 

How migh t  th e system' s performanc e o n th e compar -
iso n tas k var y wit h time ? W e assum e th e COMPARISON 
componen t  i s first  traine d simpl y t o detec t  similarit y 
betwee n pair s o f  inpu t  patterns .  A t  thi s point ,  th e 
syste m woul d b e unabl e t o mak e us e o f  dimensio n in -
formation .  Next ,  trainin g o n th e categorizatio n tas k 
woul d resul t  i n som e filtering  ou t  o f  dimension s othe r 
tha n th e on e tha t  i s inpu t  fro m th e D W layer .  No w 
th e networ k shoul d als o begi n t o b e abl e t o detec t  sim -
ilarit y betwee n tw o object s cdon g a  give n dimension . 
But ,  a s i n children ,  similarit y judgement s a t  thi s stag e 
shoul d stil l  depen d o n th e overal l  similarit y betwee n 
th e objects .  Trainin g o n th e compariso n tas k itsel f 
woul d the n refin e th e behavio r  o f  th e dimensio n filter. 
Give n tw o object s an d th e assertio n tha t  the y ar e th e 
same o n a  give n dimension ,  thei r  filtered  representa -
tion s shoul d b e identicjJ .  Thu s th e filtered  representa -
tio n o f  th e first  coul d b e use d a s a  targe t  fo r  th e filtered 
representatio n o f  th e second .  Togethe r  wit h continue d 
trainin g o n th e categorizatio n task ,  thi s shoul d resul t 
i n a n adequat e representatio n o f  dimension . 

Experiment 

We ra n a n experimen t  i n whic h th e sam e networ k wa s 
traine d o n categorizatio n an d compariso n tasks .  Th e 
procedure s describe d belo w wer e repeate d si x time s 
wit h differen t  initia l  rando m connectio n weights . 

Categorization Task 

A categorizatio n networ k wa s first  se t  u p wit h rando m 
initia l  weights .  Th e PP O laye r  consiste d o f  2 8 units , 
7 fo r  eac h o f  4  simpl e linea r  "pre-dimensions" .  Th e 
PO laye r  consiste d o f  2 0 units ;  tha t  is ,  ther e wa s som e 
compressio n o f  th e pattern s fro m th e inpu t  layer .  Th e 
DW laye r  containe d 3  units ,  on e fo r  eac h o f  th e outpu t 
dimensions ,  tha t  is ,  thos e fo r  whic h ther e wer e targe t 
categories .  Ther e wer e 9  CATEGORY WORDS units ,  on e 
fo r  eac h o f  th e targe t  categories . 

The networ k wa s traine d t o perfor m dimensio n 
categorizatio n o n 250 0 randoml y generate d "pre -
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Tabl e 1 :  "Same "  an d "Different "  Patter n Distance s 

Befor e trainin g 
Afte r  categorizatio n trainin g 
Afte r  compariso n trainin g 

Same 

1.46 4 
1.17 2 
0.31 4 

Differen t 

0.96 G 
1.21 1 
0.51 9 

perceived "  inpu t  objects .  Inpu t  object s wer e con -
straine d i n waj' s designe d t o mode l  i n a  gros s fashio n 
th e structur e tha t  i s  presen t  i n th e world ;  th e detail s 
need no t  concer n u s here .  Als o give n t o th e networ k 
was inpu t  fro m a  singl e uni t  i n th e D W layer .  Thu s th e 
network' s tas k corresponde d t o a  questio n suc h a s wha t 
colo r  i s thi s object? .  Outpu t  target s wer e provide d us -
in g th e procedur e describe d above .  Tha t  is ,  target s 
depende d o n th e system' s ow n output ,  i n way s tha t 
see m t o correspon d t o wha t  goe s o n i n actua l  languag e 
acquisitio n contexts . 

The performanc e o f  th e networ k o n categorizatio n 
improve d overall ,  a s woul d b e expected ,  thoug h wit h 
th e output-generate d targets ,  improvemen t  wa s no t  a s 
smoot h a s i t  woul d hav e bee n wit h completel y super -
vise d learning .  Fo r  mos t  o f  th e runs ,  th e networ k suc -
ceede d i n correctl y categorizin g a t  leas t  2 5 consecutiv e 
inpu t  object s b y th e en d o f  th e traiining . 

The critica l  question ,  however ,  i s  ho w wel l  th e net -
wor k learn s t o selectivel y atten d t o singl e dimensions . 
To determin e this ,  w e create d a  se t  o f  4 5 tes t  patter n 
pairs .  Thes e wer e o f  tw o types ,  thos e i n whic h th e 
object s wer e th e sam e o n th e inpu t  dimensio n an d dif -
feren t  o n th e othe r  thre e dimension s (hereafte r  referre d 
t o a s th e "same "  pairs )  an d thos e i n whic h th e object s 
wer e differen t  o n th e inpu t  dimensio n an d th e sam e 
on th e othe r  thre e dimension s (hereafte r  referre d t o a s 
th e "different "  pairs) .  Testin g th e networ k consiste d 
i n runnin g i t  wit h th e object s i n th e tes t  pair s a s in -
put s an d determinin g th e Euclidia n distanc e betwee n 
th e P O response s t o th e input s fo r  eac h pair .  O f  in -
teres t  i s  th e relativ e distanc e betwee n th e pairs .  T o 
th e exten t  tha t  th e dimensio n inpu t  i s behavin g lik e 
a filter ,  a s describe d above ,  th e distanc e betwee n th e 
hidden-laye r  pattern s fo r  th e "same "  pair s shoul d b e 
smalle r  tha n tha t  betwee n th e "different "  pairs . 

We mad e thes e comparison s befor e th e networ k wa s 
trained ,  afte r  th e categorizatio n trainin g o n 250 0 in -
puts ,  an d agai n followin g th e second ,  compariso n phas e 
of  trainin g (describe d below )  o n 250 0 additiona l  in -
puts .  Tabl e 1  show s th e result s o f  th e comparisons , 
average d ove r  th e 6  runs . 

The "same "  pair s star t  ou t  considerabl y furthe r 
apar t  tha n th e "different "  one s becaus e the y diffe r  o n 
thre e ou t  o f  four ,  vs .  on e ou t  o f  four ,  inpu t  dimen -
sions .  Th e effec t  o f  trainin g o n th e categorizatio n tas k 
i s t o significantl y { p <  .01 )  diminis h thi s difference , 
thoug h th e "same "  pair s ar e onl y slightl y close r  tha n 
th e "different "  pairs .  Althoug h th e dimensio n filter  i s 
not  doin g a  ver y goo d jo b o f  eliminatin g irrelevan t  di -

mension s fro m th e input ,  th e networ k ha s learne d t o 
categoriz e quit e well .  Goo d categorizatio n alon g di -
mension s an d a n inabilit y  t o ignor e overal l  similarit y 
i n comparin g object s o n on e dimensio n ar e precisel y 
th e behavior s exhibite d b y 4 -  an d 5-year-ol d children . 

Comparison Task 

During the second phase of training, the network was 
traine d o n mor e categorizatio n o n hal f  o f  th e trial s an d 
on explici t  compariso n o n th e othe r  half .  Th e compari -
son tas k wa s designe d t o fit  th e rea l  tas k i n whic h ther e 
ar e tw o object s i n fron t  o f  th e chil d an d th e adul t  say s 
X i s th e sam e colo r  a s Y .  Thi s tas k conform s t o run -
nin g th e networ k i n th e directio n indicate d b y th e thic k 
arrow s i n th e COMPARISON par t  o f  Figur e 1 .  Give n a n 
inpu t  objec t  whic h i s red ,  big ,  round ,  an d smooth ,  an d 
anothe r  whic h i s red ,  small ,  square ,  an d rough, ^  th e 
syste m wa s expecte d t o us e th e informatio n tha t  th e 
object s wer e th e sam e colo r  t o hel p i t  late r  mak e same -
ness judgement s o f  it s  own . 

Thi s tas k wa s implemente d i n th e followin g manner . 
The inpu t  patter n fo r  on e objec t  wa s presente d t o th e 
PPO laye r  togethe r  wit h on e lexica l  dimensio n o n th e 
DW layer ,  jus t  a s fo r  th e categorizatio n task .  Th e pat -
ter n thi s yielde d o n th e P O laye r  wa s the n saved .  Nex t 
th e secon d inpu t  object ,  identica l  t o th e first  o n th e 
inpu t  dimension ,  wa s presente d i n th e sam e way .  No w 
th e store d patter n wa s treate d a s a  targe t  fo r  th e P O 
layer .  Not e tha t  th e ide a i s no t  tha t  th e respons e t o th e 
first  objec t  i s  someho w superio r  t o th e respons e t o th e 
second ,  onl y tha t  trainin g i n thi s manne r  shoul d brin g 
th e pattern s close r  together .  Th e importan t  poin t  i s 
tha t  a n effectiv e filtering  mechanis m i s learne d vi a th e 
explici t  compariso n o f  object s alon g singl e dimensions . 

We di d no t  actuall y us e th e COMPARISON componen t 
fo r  th e implementatio n o f  thi s task .  W e assume d tha t 
th e COMPARISON network ,  give n a  filtered  representa -
tio n o f  on e objec t  i n th e COMPARISON BUFFER an d a n 
indicatio n o f  samenes s t o anothe r  objec t  o n th e SIM -
ILARIT Y unit ,  coul d generat e it s ow n interna l  targe t 
fo r  th e filtered  representatio n o f  th e secon d objec t  b y 
simpl y copyin g th e patter n fo r  th e first  object . 

Result s o f  comparison s betwee n th e "same "  an d "dif -
ferent "  pair s followin g thi s phas e ar e show n i n Tabl e 1 . 
As predicted ,  th e "same "  distance s hav e decrease d sig -
nificantl y ( p <  .01 )  relativ e t o th e "different "  dis -
tances .  Ther e i s als o a  significan t  overad l  decreas e i n 
distance s fo r  bot h pairs .  Becaus e w e traine d th e net -
wor k onl y o n compariso n o f  object s tha t  wer e mean t  t o 
be th e same ,  thi s i s no t  surprising .  Thoug h i t  learne d 
t o trea t  som e a s mor e simila r  tha n other s (thos e tha t 
ar e th e sam e o n th e inpu t  dimension) ,  i n genera l  i t 
moved objec t  representation s close r  together . 

''Label s fo r  th e variou s dimension s ar e use d fo r  conve -
nienc e only . 
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Discussio n 

I n ou r  mode l  dimensio n word s suc h a s colo r  h;\\ v  tlu -
same interna l  representation s whethe r  the y appl y t o 
categorizatio n o r  t o compariso n o f  objects .  Th e tw o 
task s plac e simila r  demand s o n th e dimensio n repre -
sentations :  withi n th e distribute d P O representations , 
feature s o f  th e inpu t  dimensio n mus t  b e playe d u p an d 
feature s o f  othe r  dimension s playe d down .  A s w e hav e 
seen ,  however ,  th e compariso n tas k i s mor e demand -
in g i n thi s regard .  Thi s aspec t  o f  ou r  model ,  whic h fits 
wit h on e curren t  mathematica l  mode l  o f  children' s sim -
ilarit y judgement s [Smith ,  1989b] ,  ma y hel p u s under -
stan d wh y youn g childre n ar e abl e t o categoriz e object s 
even seemingl y b y a  singl e attribut e lon g befor e the y 
can mak e explici t  comparison s alon g singl e dimensions . 

Trainin g o n categorizatio n i s insufficien t  fo r  th e for -
matio n o f  a n effectiv e dimensiona l  filter.  Followin g cat -
egorizatio n trainin g only ,  th e distanc e betwee n pair s o f 
dimension-filtere d representation s i s abou t  th e sam e 
when th e tw o object s ar e th e sam e onl y o n th e inpu t 
dimensio n £i s i t  i s  whe n the y diffe r  onl y o n th e inpu t 
dimension .  I t  i s  trainin g o n explici t  compariso n i n ou r 
model  tha t  give s ris e t o effectiv e dimensio n filters.  Th e 
developmenta l  implication s o f  thi s finding  ar e clear . 
Trainin g childre n o n th e languag e o f  dimensiona l  com -
pariso n ma y b e a  causa l  forc e i n th e emergenc e o f  th e 
abilit y  o f  childre n i n th e lat e preschoo l  perio d t o selec -
tivel y atten d t o singl e dimensions . 

One possibl e criticis m o f  ou r  experimen t  i s th e se -
quencin g tha t  w e impose d o n th e learning .  Com-
pariso n trainin g bega n onl y afte r  categorizatio n wa s 
learned .  Thi s orde r  fits  th e developmenta l  fact s [Mac -
namara ,  1982] .  Nonetheless ,  determinin g whethe r  (an d 
how)  ou r  result s depen d o n th e sequencin g o f  trainin g 
wil l  b e a n importan t  aspec t  o f  futur e research . 

Thi s researc h make s thre e contributions .  First ,  i t 
provide s a  mode l  o f  on e o f  th e majo r  trend s i n hu -
man development ,  fro m wholisti c objec t  compariso n 
t o dimensiona l  comparisons .  Second ,  th e mode l  distin -
guishe s categorizatio n an d compariso n i n way s whic h 
clarif y th e theoretica l  issue s an d sugges t  ne w experi -
ments .  Fo r  example ,  i t  suggest s tha t  children' s earl y 
use o f  plura l  an d iterativ e namin g ma y depen d o n 
globa l  similarity ,  i n additio n t o categor y identity ,  a  hy -
pothesi s tha t  coul d b e teste d empirically .  Third ,  ou r 
model  ma y brin g insight s t o connectionis t  modelin g o f 
cognitiv e development .  Fo r  example ,  th e ide a o f  usin g 
one interna l  representatio n a s a  targe t  fo r  anothe r  ma y 
be applicabl e generall y whe n ther e i s reaso n t o posi t 
representation s tha t  ar e share d b y processe s whic h con -
strai n the m i n differen t  ways . 

Conclusions 

The centra l  proble m i n understandin g developmen t  i s 
understandin g ho w ne w behavior s emerge .  Th e inher -
ent  difficult y o f  thi s proble m ha s le d muc h o f  th e bes t 
wor k i n cognitiv e developmen t  t o b e essentiall y  adevel -
opmental .  Th e dominan t  empirica l  strateg y consist s o f 

describin g behavio r  a t  differen t  developmenta l  points . 
We kno w fo r  exampl e tha t  5-month-old s ca n discrim -
inat e colors ,  tha t  2-year-old s hav e difficult y learnin g 
colo r  word s relativ e t o othe r  words ,  tha t  5-year-old s 
hav e a  rudimentar y mappin g o f  colo r  word s t o th e colo r 
space ,  an d tha t  adult s exhibi t  sophisticate d an d highl y 
structure d colo r  concepts .  Bu t  w e d o no t  kno w ho w 
th e abilitie s o f  babie s translat e int o th e difficultie s o f 
toddlers ,  th e minima l  competenc e o f  children ,  an d th e 
sophisticatio n o f  adults . 

Whil e th e mode l  describe d i n thi s pape r  i s stil l  prim -
itive ,  i t  alread y demonstrate s ho w a  syste m ca n ge t 
fro m a  stag e a t  whic h i t  judge s tw o object s t o b e th e 
same colo r  onl y i f  the y ar e simila r  overal l  t o a  stag e a t 
whic h i t  ca n mak e th e judgemen t  withou t  payin g at -
tentio n t o irrelevan t  features .  I t  doe s thi s b y adjustin g 
it s connectio n weight s i n suc h a  wa y tha t  dimensiona l 
inpu t  ha s th e effec t  o f  filtering  ou t  th e irrelevan t  fea -
ture s i n it s interna l  representation s fo r  objects .  Thus , 
fo r  th e crucia l  are a o f  compariso n an d categorization , 
thi s connectionis t  mode l  provide s a  startin g poin t  fo r 
understandin g developmenta l  change . 
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