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We often attribute the human ability to general-
lE e fro m pas t  experienc e t o th e us e o f  store d 
representation s (schemas ,  prototypes ,  etc. )  I n whic h 
generalization s ar e explicitl y  represented .  Thi s vie w 
i s ver y appealing ,  bu t  i t  raise s tw o problems .  First , 
ther e need s t o b e som e mechanis m fo r  arrivin g a t  gen -
eralization s tha t  ar e no t  store d explicitly ,  sinc e i t 
I s  unlikel y tha t  memor y contain s explici t  representa -
tion s tha t  anticipat e al l  o f  th e possibl e generaliza -
tion s w e migh t  eve r  wis h t o make .  Second ,  w e mus t 
explai n ho w generalization s whic h ar e store d expli -
citl y  wer e obtaine d i n th e firs t  place . 
A mechanism that could Induce generalizations 
fro m store d representation s o f  specifi c  object s o r 
event s coul d solv e bot h thes e problem s a t  once .  I t 
woul d explai n ho w w e coul d generaliz e whe n n o explici t 
generalizatio n i s stored ,  an d i t  woul d als o sugges t 
how w e migh t  hav e induce d thos e generalization s whic h 
ar e stored . 
Such a mechanism would also force us to consider 
whethe r  w e reall y stor e generalization s explicitl y  a t 
all .  I f  w e ca n generat e generalization s fro m store d 
representation s o f  specifi c  object s whe n w e nee d to , 
explici t  representatio n o f  thes e generalization s migh t 
tur n ou t  t o b e unnecessary . 

Medln and Shaffer (1978) have suggested a first 
ste p towar d th e kin d o f  mechanis m I  hav e i n mind . 
Thei r  mode l  explain s ho w w e ca n assig n a  categor y 
labe l  t o a  ne w object ,  base d onl y o n store d knowledg e 
of  th e propertie s o f  previousl y encountere d object s 
and th e categor y label s tha t  hav e bee n assigne d t o 
them.  Thei r  idea s ca n b e extende d t o sugges t  ho w w e 
may b e abl e t o d o suc h thing s a s answe r  question s 
abou t  th e genera l  characteristic s o f  classe s o f 
object s w e hav e experience d before ,  an d t o fil l  I n 
plausibl e defaul t  value s fo r  unspecifie d attribute s o f 
new exemplars . 

The basic Idea is that representations of 
previously-experience d exemplar s store d I n memor y ar e 
activate d vi a a  spreadin g activatio n mechanism . 
Activate d exemplar s themselve s activat e representa -
tion s o f  thei r  properties .  Mutuall y exclusiv e pro -
pert y value s compet e s o tha t  propertie s whic h ar e sup -
porte d b y a  larg e subse t  o f  th e activ e instance s o f 
th e categor y ar e reinforce d an d becom e strongl y activ e 
whil e thos e whic h ar e no t  ar e suppressed .  Suc h a 
mechanis m ha s recentl y bee n propose d b y Glushk o (1979 ) 
t o accoun t  fo r  ou r  abilit y  t o construc t  apparentl y 
rule-guide d pronunciation s o f  nonword s (e.g. ,  MAVE) 
withou t  actuall y havin g an y rules ,  an d ha s bee n use d 
by Ruraelhar t  an d me (McClellan d an d Rumelhart ,  I n 
press ;  Rumelhar t  an d McClelland ,  i n press )  t o accoun t 
fo r  facilitatio n o f  perceptio n o f  letter s i n word s an d 
nonwords .  I n bot h o f  thes e applications ,  th e 
activation/competitio n mechanis m I s use d t o generat e 
apparentl y rule-governe d performanc e fro m store d 
knowledg e o f  specifi c  words . 

I will illustrate the mechanism I am proposing by 
showin g ho w i t  ca n b e use d t o generaliz e fro m store d 
representation s o f  specifi c  objects .  Th e representa -
tion s o f  th e object s ar e highl y simplified ,  an d ar e 
not  sufficien t  t o captur e th e varietie s o f  struct\ir e 
of  rea l  objects .  I t  I s  no t  my intentio n t o advocat e 
th e representation .  Rather ,  I  us e I t  t o explicat e th e 
generalizatio n mechanism ,  whic h I s th e mai n focu s o f 
Interes t  here .  We shal l  se e that ,  eve n wit h a  simpli -
fie d representationa l  system ,  th e activatio n an d com -
petitio n mechanis m ca n construc t  th e genera l  proper -
tie s o f  classe s o f  object s fro m store d knowledg e o f 

exemplars .  I t  ca n als o generaliz e alon g a n Indefinit e 
number  o f  differen t  lines ,  retriev e th e specifi c 
characteristic s o f  particula r  exemplars ,  an d fil l  I n 
plausibl e defaul t  value s fo r  missin g properties . 

Table 1 
The Jet s an d Th e Shark s 

Name 

Art 
Al 
Sam 
Clyd e 
Mik e 
Ji m 
Greg 
Joh n 
Doug 
Lanc e 
Georg e 
Pet e 
Fre d 
Gene 
Ralp h 

Phi l 
Ik e 
Nic k 
Don 
Ned 
Kar l 
Ken 
Ear l 
Ric k 
01 
Neal 
Dave 

Gang 

Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 

Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 

Age 

40' s 
30- 8 
20' s 
40' s 
30- 8 
20' s 
20' s 
20- 8 
30- 8 
20- 8 
20- 8 
20' s 
20' s 
20' s 
30' s 

30' s 
30' s 
30' s 
30' s 
30' s 
40' s 
20' s 
40' s 
30' s 
30' s 
30' s 
30' s 

Edu 

J.H . 
J.H . 
COL. 
J.H . 
J.H . 
J.H . 
H.S . 
J.H . 
H.S . 
J.H . 
J.H . 
H.S . 
H.S . 
COL. 
J.H . 

COL. 
J.H . 
H.S . 
COL. 
COL. 
H.S . 
H.S . 
H.S . 
H.S . 
COL. 
H.S . 
H.S . 

Mar 

sing . 
mar . 
sing . 
sing . 
sing . 
dlv . 
mar. 
mar . 
sing . 
mar . 
dlv . 
sing . 
sing . 
sing . 
sing . 

mar . 
sing . 
sing . 
mar . 
mar . 
mar . 
sing . 
mar . 
dlv . 
mar. 
sing . 
dlv . 

Occupatio n 

pushe r 
burgla r 
booki e 
booki e 
booki e 
burgla r 
pushe r 
burgla r 
booki e 
burgla r 
burgla r 
booki e 
pushe r 
pushe r 
pushe r 

pushe r 
booki e 
pushe r 
burgla r 
booki e 
booki e 
burgla r 
burgla r 
burgla r 
pushe r 
booki e 
pushe r 

I  wil l  Illustrat e th e feature s o f  th e mode l  b y 
considerin g ho w I t  ca n b e use d t o retriev e Informatio n 
abou t  th e member s o f  tw o gang s calle d th e Jet s an d th e 
Sharks .  Characteristic s o f  hypothetica l  member s o f 
thes e tw o gang s ar e liste d i n th e Tabl e 1 . 

The model's knowledge of these individuals Is 
capture d i n a  nod e network .  Eac h nod e i s a  simpl e 
processin g devic e whic h accumulate s excitator y an d 
inhibitor y input s fro m othe r  node s continuousl y an d 
adjust s It s (real-valued )  outpu t  t o othe r  node s con -
tinuousl y i n response ,  muc h a s a  neuro n adjust s It s 
rat e o f  firin g i n respons e t o a  varyin g patter n o f 
excitator y an d inhibitor y Inputs . 
The model has a node for each of the individuals 
i t  know s an d a  nod e fo r  eac h o f  th e propertie s o r 
attribute s thes e individual s may have .  Th e forme r  ar e 
calle d instanc e node s an d th e latte r  ar e calle d pro -
pert y nodes .  Ther e I s a  propert y nod e fo r  eac h 
Individual' s name ,  on e fo r  eac h gang ,  on e fo r  eac h ag e 
range ,  on e fo r  eac h educationa l  level ,  an d s o on . 
Propert y node s ar e arrange d int o group s o r  cohort s o f 
mutuall y exclusiv e values .  Th e instanc e node s ar e 
als o treate d a s a  cohor t  o f  mutuall y exclusiv e nodes . 
I n th e followin g Figure ,  th e Instanc e node s hav e bee n 
place d i n th e cente r  wit h th e propert y node s al l 
around .  Node s withi n a  cohor t  (bounde d region )  ar e 
mutuall y inhibitory . 
The system's knowledge of an individual consists 
simpl y o f  a n Instanc e nod e an d a  se t  o f  bl-dlrectlona l 
excitator y link s betwee n i t  an d th e node s fo r  th e pro -
pertie s tha t  individua l  i s  know n t o have .  Fo r  exam -
ple ,  th e system' s representatio n o f  Lanc e i s a n 
Instanc e nod e wit h mutua l  excitator y connection s t o 
th e nam e nod e "Lance" ,  th e gan g membershi p nod e "Jet" , 
th e ag e nod e "20'k" ,  th e educatio n nod e "Junio r  High" , 
th e marita l  statu s nod e '"married" ,  an d th e occupatio n 
node "burglar" . 
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Figur e 1 .  Th e representa t io n o f  severa l  o f  th e Indiv i -
dual s l iste d I n Tab l e 1 . 

Fi l l in g I n Proper t ie s I n Respons e t o a  Prob e 

The system Is queried by presenting It with a 
probe .  Fo r  example ,  t o fin d ou t  abou t  th e proper t ie s 
of  th e Jet s w e ca n prob e th e syste m b y act iva t in g th e 
propert y nod e "Membe r  o f  J e t s " .  A  prob e migh t  b e a 
name o r  an y othe r  s ingl e p roper ty ,  o r  i t  m a y cons is t 
of  a  lis t  o f  p rope r t i es . 

Before a probe is presented, each node Is assumed 
t o b e a t  res t ,  wi t h a n ac t i va t io n va lu e be lo w 0 . 
Prob e presentat io n cause s a n exc i ta to r y inpu t  t o b e 
applie d t o eac h nod e speci f ie d i n th e p robe .  Th i s 
exci tator y inpu t  i s  a l lowe d t o sta y o n ,  an d a s t im e 
passe s i t  dr ive s th e ac t i va t ion s o f  th e speci f ie d p r o -
pert y node s abov e 0 ,  int o wha t  i s  cal le d th e act iv e 
range .  Act iv e node s sen d exc i ta to r y s ignal s t o th e 
instanc e node s the y ar e l inke d t o an d sen d inh ib i to r y 
signal s t o th e othe r  node s i n th e sam e cohor t .  Thes e 
signal s ar e g raded ,  an d thei r  s t rengt h i s  p ropor t iona l 
t o th e sourc e node ' s ac t i va t i on .  A s process in g c o n -
t inues ,  som e o f  th e instanc e node s becom e a c t i v e . 
The y the n begi n t o exc i t e th e proper t y node s the y ar e 
connecte d t o ,  an d t o inhibi t  a l l  th e othe r  instanc e 
nodes .  Eventua l l y ,  p roper t y node s no t  presen t  i n th e 
prob e ma y becom e ac t i va ted . 

The excitation and inhibition processes are 
allowe d t o g o t o equ i l i b r ium .  A t  thi s p o i n t ,  th e s y s -
te m ha s genera l l y act ivate d proper t y node s fo r  p r o p e r -
tie s no t  speci f ie d i n th e p robe .  Thes e ac t i va t ion s 
ar e th e system' s respons e t o th e p r o b e .  I f  al l  o f  th e 
activ e instanc e node s " a g r e e "  o n a  p roper ty ,  th e nod e 
fo r  tha t  p roper t y w i l l  ten d t o b e s t rong l y ac t i va ted . 
On th e othe r  hand ,  i f  the y al l  speci f y d i f fe ren t 
value s w i th i n th e sam e c o h o r t ,  man y value s wi l l  becom e 
partial l y  act ivate d an d the y wi l l  a l l  ten d t o cance l 
eac h othe r  ou t .  I n an y c a s e ,  wha t  i s  f i l le d I n ca n 
the n b e use d a s a  basi s fo r  over t  respons e t o th e 
probe .  Fo r  examp le ,  a  statemen t  o f  th e typica l  ag e o f 
th e member s o f  th e Jet s coul d b e base d o n th e resu l t -
in g pat ter n o f  ac t i va t io n ove r  th e ag e n o d e s .  I  w i l l 
go throug h som e example s o f  wha t  th e syste m f i l l s i n 
I n respons e t o var iou s probe s af te r  g iv in g a  fe w mor e 
detai l s o f  th e work in g o f  th e m o d e l . 

Quantitative Details 
The net input to node 1 at time t Is given by: 
tnputj(t) - pj(t) + EZ;e,j(t) - lElij(t). 
p (t) stands for the probe Input to node 1. It is set 
t o +. 2 I f  th e prob e drive s nod e 1  an d t o 0  otherwise . 
The s,.(C )  ar e th e activations  o f  th e activ e cxcitor s 
of  noff t  1  an d th e 1 ,  (t )  ar e th e activation s o f  th e 
activ e Inhibitor s o f  rrod e 1 .  Th e constant s E  an d I 
ar e simpl y weight s w!i1c h modulat e th e excitator y an d 
Inhibitor y effect s o f  th e input .  Thei r  value s (.0 5 
and .03 )  ar e th e sam e fo r  al l  node s excep t  a s note d 
below . 

The effec t  o f  th e ne t  Inpu t  t o nod e I  l a modu -
late d b y th e curren t  activatio n (a,(t)) .  I f  th e ne t 
Inpu t  I s excitator y (I.e. ,  greate r  tna n o r  equa l  t o 0 ) 
the n th e effec t  I s 

effectj(t) - (M-aj(t))lnput^(t) 

If the net Input is inhibitory (i.e., less than 0) 
the n th e effec t  i s 

effectj(t ) (aj(t)-m)inputj(t ) 

Her e M stand s fo r  th e maximu m possibl e activatio n o f 
th e nod e an d m stand s fo. r  th e minimum .  Thi s formula -
tio n ensure s tha t  th e activatio n o f  eac h nod e stay s 
betwee n th e maximu m an d minimu m values ,  whic h ar e se t 
t o 1. 0 an d -. 2 respectively . 

There is a tendency for the activation of each 
node t o deca y a t  som e rat e D  bac k t o it s restin g valu e 
R.  Thi s tendenc y i s subtracte d fro m th e effec t  o f  th e 
net  inpu t  t o th e nod e t o determin e th e rat e o f  it s 
activation : 

d(a^(t))/dt - effect^(t) - D(aj(t)-R) . 

The values of D and R are .05 and .1. 

Simulatio n 

The behavior of the system described above Is 
simulate d o n a  digita l  compute r  b y usin g discret e 
rathe r  tha n continuou s time .  On e ever y tic k o f  th e 
discret e clock ,  th e activations  o f  eac h nod e ar e 
adjuste d t o reflec t  th e effect s o f  th e activation s o f 
othe r  node s a t  th e en d o f  th e previou s tick .  Th e tim e 
slice s ar e kep t  thi n b y usin g smal l  value s fo r  E ,  I , 
and D ,  s o tha t  th e approximatio n t o a  continuou s sys -
te m i s quit e close . 
Examples of the Model's Behavior 

Let us examine the system's response to the probe 
"Member  o f  th e Jets" .  Presentatio n o f  th e prob e 
cause s th e "Jet "  nod e t o becom e active ,  an d thi s i n 
tur n send s activatio n t o th e instanc e node s o f  al l  o f 
th e member s o f  th e Jets .  A s the y becom e activ e the y 
sen d excitatio n t o th e node s fo r  thei r  properties . 
Thes e node s i n tur n reinforc e th e activations  o f  thos e 
jet s wit h activ e properties .  Afte r  abou t  20 0 cycle s 
th e patter n o f  activatio n ove r  th e propert y node s ha s 
stabilize d a t  th e followin g values : 

Name: 
Gang: 
Age: 
Ed: 
Mar: 
Dec: 

— 
Jet s 
20' s 
J.H . 
Sing . 
Pushe r 

.86 9 

.66 3 

.66 3 

.66 3 

.33 4 Booki e .33 A 
Burgla r  .33 4 

Activations  fo r  Instanc e node s ar e omitte d t o sav e 
space .  Al l  propert y node s no t  mentione d ar e belo w 
zer o activation .  Base d o n thes e activation s th e mode l 
coul d generat e a  lis t  o f  it s  conceptio n o f  th e typica l 
propertie s o f  th e Jets .  I n th e cas e wher e onl y on e 
possibilit y  I s active ,  th e syste m woul d simpl y repor t 
tha t  value .  Wher e multipl e possibilitie s ar e active . 
I t  coul d eithe r  lis t  th e se t  o f  possibilitie s o r  mak e 
a probabilisti c  choic e fro m amon g th e alternatives . 
in this case the active age, education, and mari-
ta l  statu s propertie s ar e th e one s whic h ar e typica l 
of  th e Jets .  Thoug h n o Je t  ha s al l  thre e o f  thes e pro -
perties ,  9  ou t  o f  1 5 o f  th e Jet s ar c I n thei r  20's ,  9 
hav e onl y Junio r  Hig h educations ,  an d 9  ar e single . 
The occupations  ar e divide d evenl y amon g th e thre e 
possibilities .  Thus ,  th e mode l  tend s t o activat e th e 
node o n eac h dimensio n whic h i s mos t  typica l  o f  th e 
members o f  th e gang ,  eve n thoug h I t  ha s neve r  encoun -
tere d a  singl e Instanc e wit h al l  o f  thes e properties , 
and ha s n o explici t  representatio n tha t  th e Jet s ten d 
t o hav e thes e properties . 
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An Interestin g featur e o f  th e mode l  I s tha t  I t 
can retriev e th e typica l  propertie s o f  an y subse t  o f 
individual s matchin g a n arbitrar y conjunctio n o f 
specifiabl e properties .  Fo r  example ,  w e ca n prob e 
wit h th e propertie s "Ag e i n 20'8 "  an d "Junio r  Hig h 
Education" .  Fou r  individual s hav e thes e tw o proper -
ties .  Al l  o f  the m ar e Jet s an d Burglar s b y trade . 
Two o f  the m ar e marrie d an d tw o divorced .  Th e 
respons e o f  th e syste m reflect s thes e facts : 

Name: 

Gang: 
Age: 
Ed: 
Mar: 
Occ: 

Lanc e 
Ji m 
Jet s 
20' s 
J.H . 
Mar . 
Burgla r 

.12 7 

.09 4 

.73 2 

.85 5 

.86 2 

.58 9 

.72 1 

Joh n 
Georg e 

Dlv . 

.12 7 

.09 A 

.38 9 

I n thi s cas e th e instanc e node s fo r  th e fou r  individu -
al s matchin g th e prob e becom e strongl y enoug h 
activate d t o driv e th e activation s o f  th e correspond -
in g nam e node s abov e threshold .  Lanc e an d Joh n ge t 
more activ e tha n Ji m an d Georg e becaus e th e Instanc e 
node fo r  Al ,  a  marrie d individua l  wh o i s ver y simila r 
t o Lanc e e t  al. ,  become s slightl y activated ,  thereb y 
boostin g th e activatio n o f  th e "married "  nod e an d 
causin g Lanc e an d Joh n t o gai n a  sligh t  edge . 
The model can also be used to retrieve the pro-
pertie s o f  a  particula r  individual .  I n s o doing .  I t 
exhibit s th e tendenc y t o fil l  I n "default "  value s fo r 
unknow n propertie s o f  a n Instance .  T o Illustrat e 
this ,  w e ca n delet e th e lin k betwee n th e Instanc e nod e 
fo r  Lanc e an d th e "burglar "  nod e an d the n se e wha t 
happen s whe n w e presen t  th e nam e "Lance "  a s a  probe . 
The Lanc e nam e nod e become s activ e an d excite s th e 
correspondin g instanc e node .  Thi s excite s th e node s 
fo r  th e know n propertie s o f  Lance .  Thes e the n excit e 
th e node s fo r  othe r  individual s wh o shar e thes e pro -
perties .  Finally ,  the y I n tur n excit e th e node s fo r 
propertie s tha t  the y share .  When th e patter n o f 
activit y finall y stabilize s (i n abou t  40 0 cycles )  th e 
model  ha s fille d i n a n occupatio n fo r  Lance . Name: 

Gang: 
Age: 
Ed: 
Mar: 
Occ: 

Lanc e 
Jet s 
20' s 
J.H . 
Mar. 
Burgla r 

.79 9 

.71 0 

.66 7 

.70 4 

.55 2 

.64 1 
Dlv . .34 7 

I n summary ,  th e mode l  1  hav e describe d i s capabl e 
of  generalizin g alon g a  numbe r  o f  differen t  line s 
abou t  th e share d propertie s o f  specifie d subset s o f 
familia r  objects .  I t  ca n als o retriev e wha t  i t  know s 
abou t  specifi c  instances ,  and ,  i f  desired ,  fil l  I n 
plausibl e defaul t  value s fo r  unknow n propertie s o f  th e 
retrieve d individuals .  I t  ca n Induc e generalization s 
as I t  need s the m acros s nove l  partition s o f  th e 
knowledg e base .  Sinc e thes e ar e man y o f  th e behavior s 
whic h hav e le d worker s I n variou s field s o f  cognitiv e 
scienc e t o assum e w e explicitl v  stor e generalizations , 
th e mode l  raise s th e possibilit y  tha t  thi s assumption , 
howeve r  plausible ,  may no t  necessaril y  b e tru e I n al l 
cases . 

Ther e ar e man y mor e step s t o b e taken ,  o f  course . 
For  on e thing ,  th e mode l  need s a  representationa l  sys -
te m whic h ca n captur e mor e highl y structure d 
knowledge .  Ho w th e mode l  ca n b e extende d i n thi s wa y 
whil e preservin g it s interestin g propertie s I s 
currentl y bein g explored . 
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The valu e fille d i n i s share d b y th e othe r  individual s 
who ar e mos t  simila r  t o Lanc e (namel y John ,  Ji m an d 
George) .  A t  equilibriu m th e differen t  marita l  situa -
tion s o f  thes e Individual s ar e als o reflecte d i n th e 
patter n o f  activation .  Th e mode l  ha s blende d It s 
representatio n o f  Lanc e wit h it s representatio n o f 
othe r  ver y simila r  instances . 
This kind of blending can be a good or a bad 
thing ,  o f  course .  I t  i s  sometime s Importan t  t o kno w 
what  w e reall y kno w abou t  somethin g rathe r  tha n wha t 
we migh t  plausibl y assum e base d o n ou r  knowledg e o f 
simila r  things .  Fortunately ,  a  singl e paramete r  o f 
th e mode l  — th e strengt h o f  mutua l  competitio n amon g 
Instance s — determine s whethe r  th e mode l  wil l  ten d t o 
fil l  I n value s fro m partia l  activation s o f  relate d 
Instances .  I f  activ e Instance s inhibi t  eac h othe r 
strongly ,  the n th e mos t  strongl y activate d instanc e 
wil l  ten d t o dominat e th e patter n o f  activatio n an d 
kee p othe r  Instance s fro m "contaminating "  th e informa -
tio n retrieved .  I n th e Lanc e example ,  i f  th e strengt h 
of  Instance-to-instanc e inhibitio n I s Increase d fro m 
.0 3 t o .05 ,  th e Instanc e nod e fo r  Lanc e dominate s th e 
Instanc e node s an d th e other s ar e kep t  fro m gettin g 
activ e s o the y canno t  activat e th e missing  occupatio n 
or  th e competin g marita l  status .  Thus ,  th e mode l  ca n 
eithe r  retriev e wha t  i s actuall y know n abou t  a n 
lnst;inc e o r  I t  ra n fil l  i n missin g propertie s fro m th e 
common propertie s o f  simila r  instances . 
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