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

Title
Modeling Property Intercorrelations in Conceptual Memory

Permalink
https://escholarship.org/uc/item/7qz0j3qj

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 15(0)

Authors
Mcrae, Ken
de Sa, Virginia R .
Seidenberg, Mark S.

Publication Date
1993
 
Peer reviewed

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

https://escholarship.org/uc/item/7qz0j3qj
https://escholarship.org
http://www.cdlib.org/


Mode l i n g Propert y Intercorrelation s i n Conceptua l  M e m o r y 

Ken McRa e 
Departmen t  o f  Psycholog y 

Universit y o f  Rocheste r 
Rochester ,  N Y 1462 7 

kenm^psych.rochester.ed u 

Virgini a R .  d e S a 
Departmen t  o f  Compute r  Scienc e 

Universit y o f  Rocheste r 
Rochester ,  N Y 1462 7 

desaScs.rochester,ed u 

M a r k S .  Se idenber g 
Neuroscienc e Progra m 

Universit y o f  Souther n Californi a 
Los Angeles ,  C A 9008 9 
marks^neuro.use.ed u 

Abstrac t 

Behavioral experiments have demonstrated that people 

encod e knowledg e o f  correlation s amon g semanti c prop -

ertie s o f  entitie s an d tha t  thi s knowledg e influence s per -

formanc e o n semanti c task s (McRae ,  1992 ;  McRae ,  d e Sa , 

& Seidenberg ,  1993) .  Independently ,  i n connectionis t  the -
ory ,  i t  ha s bee n claime d tha t  relationship s amon g seman -

ti c propertie s ma y provid e structur e tha t  i s  require d fo r 

th e relativel y arbitrar y mappin g fro m wor d for m t o wor d 

meanin g (Hinton&Shallice ,  1991) .  W e explore d thes e is -

sues b y implementin g a  modifie d Hopfiel d networ k (1982 , 

1984 )  t o simulat e th e computatio n fro m wor d for m t o 

meaning .  Th e mode l  wa s use d a s a  vehicl e fo r  developin g 

explanation s fo r  th e rol e playe d b y correlate d propertie s i n 

determinin g shor t  interva l  semanti c primin g effect s an d i n 

determinin g th e eas e wit h whic h a  propert y i s verifie d a s 

par t  o f  a  concept .  Simulation s o f  th e primin g an d propert y 
verificatio n experiment s o f  McRa e (1992 )  ar e reported .  I t 

i s  conclude d tha t  correlation s amon g propertie s encode d 

i n conceptua l  memor y pla y a  ke y rol e i n th e dynamic s o f 

th e computatio n o f  wor d meaning .  Furthermore ,  a  mode l 
i n whic h propert y intercorrelation s ar e centra l  t o formin g 
basin s o f  attractio n correspondin g t o concept s ma y pro -

vid e importan t  insight s int o lexica l  memory . 

Introduction 

An important question in cognitive science involves 

ho w entitie s suc h a s dog s an d chair s ar e represente d i n 
memory.  I n th e wor k reporte d i n thi s article ,  w e ex -

plore d th e rol e o f  correlation s amon g propertie s i n con -

ceptua l  memory .  Behaviora l  experiment s describe d i n 

McRae (1992 )  demonstrate d tha t  peopl e encod e correla -

tion s amon g propertie s o f  real-worl d entities .  Below ,  w e 

presen t  a  connectionis t  mode l  tha t  wa s use d t o investigat e 

a theor y i n whic h propert y intercorrelation s pla y a  ke y rol e 
i n th e computatio n o f  concept s fro m words .  Simulation s 

of  th e behaviora l  phenomen a describe d i n McRa e ar e pre -

sented .  A  mor e complet e descriptio n o f  th e experiment s 

and simulation s i s availabl e i n McRa e e t  al .  (1993) . 

The huma n empirica l  studie s reporte d i n McRa e (1992 ) 

investigate d a n importan t  an d basi c aspec t  o f  people' s 

knowledg e o f  real-worl d entities ,  namely ,  correlation s 

among propertie s (e.g. ,  ha s fu r  an d ha s a  tai l  ar e corre -

late d i n entitie s i n th e world) .  Th e studie s demonstrate d 

a clea r  influenc e o f  correlate d propertie s o n people' s per -

formanc e i n semanti c tasks .  Specifically ,  Experimen t  1 

showed tha t  th e spee d wit h whic h peopl e indicat e tha t  a 

propert y (e.g. ,  hunte d b y people )  i s  reasonabl y tru e o f  a n 

entit y (e.g. ,  D E E R)  ca n b e predicte d fro m ho w strongl y 

th e propert y i s correlate d wit h othe r  propertie s o f  tha t  en -

tity .  I n Experimen t  2 ,  a  shor t  interva l  semanti c primin g 

task ,  similarit y define d i n term s o f  overla p o f  individ -

ual  an d correlate d propertie s wa s use d t o predic t  primin g 

effects .  Similarit y i n term s o f  individua l  propertie s pre -

dicte d primin g effect s fo r  artifact s (thing s tha t  ar e mad e 

by humans) ,  bu t  similarit y i n term s o f  correlate d propert y 
pair s predicte d primin g effect s fo r  biologica l  kind s (livin g 

things) .  Th e result s o f  thes e studie s a s wel l  a s other s fro m 

th e artificia l  concept s literatur e (e.g. ,  Medi n e t  al. ,  1982 ; 

Younge r  &  Cohen ,  1983 )  indicat e tha t  conceptua l  mem-

or y include s informatio n abou t  propert y intercorrelations . 

Connectionis t  model s provid e a  natura l  vehicl e t o stud y 

th e notio n tha t  store d propert y intercorrelation s ar e centra l 

t o concepts .  A  connectionis t  mode l  tha t  use s a  correla -

tiona l  learnin g rul e (e.g. ,  a  Hopfiel d network ,  1982 ,  1984 ) 

can naturall y b e use d t o encod e correlation s amon g th e 

propertie s o f  entitie s i n it s  environment .  Furthermore ,  thi s 

typ e o f  mode l  ma y she d ligh t  o n th e processe s b y whic h 

propert y intercorrelation s influenc e people' s performanc e 

on semanti c tasks .  Ou r  goa l  wa s t o us e a n explici t  com -

putationa l  mode l  t o investigat e a  theor y i n whic h encode d 
knowledg e o f  th e correlationa l  structur e o f  semanti c spac e 

play s a  critica l  rol e i n computin g concept s fro m words . 

Ther e i s  furthe r  independen t  motivatio n fo r  hypoth -
esizin g tha t  encode d correlation s ma y b e importan t  fo r 

computin g wor d meaning .  Th e mappin g fro m wor d for m 

t o meanin g contain s fe w regularities ,  particularl y a t  th e 

monomorphemi c level .  Thus ,  word s tha t  hav e simila r 

pronunciation s o r  spellin g d o no t  ten d t o hav e simila r 

meaning s (e.g. ,  M A T ,  RAT ,  THAT ,  HAT ,  CAT ,  an d SAT) . 

As pointe d ou t  b y Hinto n an d Shallic e (1991) ,  i t  i s  difficul t 
fo r  a  networ k wit h distribute d representation s t o ma p sim -

ila r  input s (e.g. ,  th e orthographi c o r  phonologica l  form s o f 

729 



W i L =  W 

concep tua l  unit s 

w o r d f o r m unit s 

Figur e 1 :  Schemati c o f  th e model' s architecture .  Th e implemente d mode l  containe d 37 9 wor d for m unit s an d 64 6 

conceptua l  units . 

th e word s liste d above )  ont o dissimila r  output s (e.g. ,  thei r 

meanings) .  Thi s observatio n le d the m t o sugges t  tha t  th e 

computatio n o f  wor d meanin g m a y consis t  o f  tw o over -

lappin g stages .  First ,  roughly ,  a  computatio n from  wor d 

for m put s th e syste m int o th e appropriat e regio n o f  seman -

ti c spac e (i.e. ,  int o th e correc t  basi n o f  attraction) .  Next , 

encode d correlation s a m o n g semanti c propertie s ar e use d 

t o driv e th e syste m t o a  stabl e state . 

I n th e nex t  section ,  w e describ e a  modifie d Hopfiel d 

networ k i n whic h correlation s amon g propertie s ar e nat -

urall y encode d an d ar e use d t o construc t  basin s o f  attrac -

tio n tha t  ar e critica l  t o it s abilit y  t o comput e th e meanin g 

of  words . 

The Mode l 

Figure 1 shows the model's architecture. The input was 

a distribute d representatio n o f  wor d form .  Specifically , 

eac h o f  th e 37 9 inpu t  unit s represente d a  tripl e o f  letter s 

(includin g leadin g an d trailin g blanks )  tha t  occurre d i n a t 

leas t  on e o f  th e include d concep t  words .  Thi s schem e pro -

vide d a  spars e distribute d representatio n o f  wor d spellin g 

tha t  encode d lette r  orde r  an d roughl y preserve d ite m sim -

ilarity .  Th e critica l  theoretica l  aspec t  o f  th e inpu t  wa s 

tha t  n o systemati c relationshi p existe d betwee n th e inpu t 

pattern s an d conceptua l  representations .  W e assum e that , 

when al l  word s ar e represented ,  becaus e o f  th e lac k o f  reg -

ularit y i n th e mappin g fro m orthograph y o r  phonolog y t o 

meaning ,  concept s ar e no t  directl y computed .  Ou r  mode l 

possesse d thi s characteristic . 

Outpu t  conceptua l  representation s wer e base d o n se -

manti c propert y productio n norm s tha t  ar e describe d i n 

M c R ae e t  al .  (1993) .  Ther e wa s a n outpu t  uni t  fo r  eac h 

propert y tha t  occurre d a s par t  o f  on e o r  mor e o f  th e 8 4 con -

cept s o n whic h th e mode l  wa s traine d (4 6 artifact s an d 3 8 

biologica l  kinds) .  Outpu t  unit s wer e full y interconnected . 

Each inpu t  uni t  wa s unidirectionall y connecte d t o eac h o f 

th e 64 6 outpu t  units ,  bu t  inpu t  unit s wer e no t  intercon -

nected . 

Th e weight s betwee n th e outpu t  unit s wer e calculate d 

usin g th e modifie d Hopfiel d rul e o f  Tsodyk s an d Feigel -

m an (1988) .  Tha t  i s 

Wij = — Y^Kxip - Mp)(% - tip)] 

p 

where Wjj represented the weight of the connection be-

twee n uni t  /  an d unity ,  n \  wa s th e numbe r  o f  outpu t  unit s 

(646) ,  U p wa s th e numbe r  o f  propertie s possesse d b y con -

cep t  p  expresse d a s a  proportio n o f  th e tota l  numbe r  o f 

properties ,  an d Xi p wa s 1  i f  th e p'' '  patter n possesse d prop -
ert y i  an d 0  otherwise . 

Thi s modifie d rul e allow s a  networ k t o stor e a  greate r 

number  o f  spars e pattern s (Tsodyk s &  Feigelman ,  1988) . 

I t  i s  als o intuitivel y sensibl e i n tha t  i t  capture s th e ide a tha t 

i n a  spars e conceptua l  space ,  th e absenc e o f  a  propert y 

carrie s littl e meaning . 

Th e connection s from  th e inpu t  t o th e outpu t  unit s wer e 
calculate d usin g a  simila r  Hebbia n (1949 )  styl e learnin g 

rule .  Specificall y 

1 
Zi j  =  -Yl^(aip)ixjp-Hp) ] 

where Zij represented the weight of the connection be-

twee n inpu t  uni t  /  an d conceptua l  unity ,  /Z 2 wa s th e num -

ber  o f  inpu t  unit s  (379) ,  ̂ p an d Xj p wer e a s above ,  an d 

Oip wa s th e normalize d activatio n o f  th e /'" '  inpu t  uni t  i n 

patter n p .  Pattern s wer e normalize d t o remov e th e effec t 
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o f  word-lengt h accordin g t o 

2m,„ 
Qi n = _ -̂ "' P 

IIUpl l 
Vp 

w h e r e Ui p i s 1  i f  patter n p  contain s th e tripl e o f  letter s 

represente d b y w o r d f o r m uni t  i  an d 0  otherwise ;  an d ||Mp| | 

i s  th e Euclidea n n o r m o f  th e patter n vecto r  o f  c o m p o n e n t s 

Uip . 

To simulat e th e computatio n o f  wor d meaning ,  th e ap -

propriat e normalize d wor d for m patter n wa s clamped .  T o 

simulat e a n arbitrar y startin g state ,  6 0 randoml y chose n 

semanti c unit s wer e initialize d t o 0.2 5 activatio n (al l  oth -

er s bega n a t  0) .  Activatio n wa s the n propagate d accordin g 

to : 

Xi{t + 1 )  =  g(C i  Y îZjiOj )  +  C i  Y {̂WjiXj(,t) )  -  0 ) 

;  ; 

where g{) was a sigmoidal function defined by 

g(x) = 0.5tanh(c3x) + 0.5 

Xi was the activation of the i"' semantic unit, and a, was 

th e activatio n o f  th e i" '  inpu t  uni t  a s above . 

For  th e simulation s presente d below ,  w e use d th e fol -

lowin g value s fo r  th e constant s c i  =  0.85 ,  C 2 =  0.33 , 

C3 =  400 ,  6  -  0.0105 ,  althoug h simila r  result s wer e ob -
taine d wit h sligh t  variations . 

The mode l  ca n b e understoo d a s a  Hopfiel d networ k 

wit h th e effec t  o f  th e connection s betwee n th e wor d for m 

and conceptua l  unit s a s threshold s tha t  ar e variabl e ove r 
unit s an d patterns .  Thu s th e conceptua l  interconnection s 

determin e th e genera l  topolog y o f  th e energ y functio n 

(whic h combinations  o f  propertie s wer e stable) .  Th e con -

nection s fro m th e wor d for m unit s lowe r  th e energ y o f 

state s involvin g semanti c propertie s tha t  occu r  wit h word s 

tha t  activat e thos e units .  The y als o provid e a n initia l  stat e 
t o th e network . 

The networ k learne d t o comput e a n appropriat e con -

ceptua l  representatio n fo r  8 0 o f  th e 8 4 traine d patterns . 

Becaus e th e model' s behavio r  wa s primaril y drive n b y 

encode d propert y co-occurrenc e information ,  intercorre -

lationa l  densit y o f  a  concept' s propertie s influence d con -

vergence .  Th e networ k mad e a n erro r  o f  omissio n o n th e 

concep t  Y A M ,  becaus e i t  consiste d o f  fe w an d sparsel y 
intercorrelate d properties .  Th e networ k mad e a  numbe r 

of  othe r  interestin g "errors" .  W h e n computin g a  concept , 

propertie s wer e sometime s activate d tha t  wer e no t  par t  o f 

th e concep t  accordin g t o h o w th e mode l  wa s trained ,  bu t 

wer e strongl y intercorrelate d wit h it s properties .  I n th e 
vas t  majorit y o f  thes e cases ,  althoug h fewe r  tha n 5  o f  3 0 

subject s ha d liste d th e activate d propert y fo r  th e concep t 

i n th e norms ,  i t  wa s nonetheles s tru e o f  th e concept .  Th e 

model  activated :  ha s wing s fo r  B U D G I E ,  i s a n anima l 

fo r  B U Z Z A R D,  C A N A R Y,  an d E A G L E ;  i s larg e fo r  C A -

N A R Y,  C H I C K E N ,  an d D U C K ;  i s dangerou s fo r  C A N -

N O N;  i s edibl e fo r  C A R R O T,  R A D I S H ,  an d Z U C C H I N I ; 

has leave s fo r  C A R R O T;  eat s fo r  H A W K;  ha s fou r  leg s 

fo r  M O U S E;  i s lou d fo r  C A N A R Y an d M ISS ILE ;  an d 

wor n b y w o m e n fo r  T R O U S E R S.  Wit h th e exceptio n o f 

i s  larg e fo r  C A N A R Y,  a s wel l  a s bird-lik e propertie s tha t 

wer e activate d fo r  C A T an d J E T (no t  liste d above) ,  thes e 

propertie s ar e reasonabl y tru e o f  thei r  respectiv e concepts . 

Simulating Semantic Priming 

We simulated Experiment 2 of McRae (1992). In that 

study ,  subject s mad e semanti c decision s (e.g. ,  i s  i t  a n ob -

ject? )  t o a  targe t  (e.g. ,  C H A N D E L I E R)  whe n i t  wa s pre -

cede d b y eithe r  a  simila r  (e.g. ,  L A M P )  o r  a  dissimila r 

prim e (e.g. ,  G O O S E ) .  O n eac h trial ,  th e prim e wa s pre -

sente d fo r  20 0 ms ,  followe d b y a  mas k fo r  5 0 m s ,  an d the n 

th e target .  Th e primin g effec t  i s  th e facilitatio n i n deci -

sio n latenc y t o a  targe t  whe n i t  i s  precede d b y a  simila r 

as compare d t o a  dissimila r  prime .  I n M c R a e ,  th e mag -

nitud e o f  primin g effect s wa s predicte d fro m prime-targe t 

similarit y i n term s o f  individua l  an d correlate d properties . 

Concep t  similarit y i n term s o f  individua l  propertie s pre -

dicte d primin g effect s fo r  artifacts ,  bu t  similarit y i n term s 

of  correlate d propertie s predicte d primin g effect s fo r  bio -

logica l  kinds . 

Shor t  interva l  primin g ca n b e understoo d i n term s o f 

inter-concep t  distanc e i n semanti c spac e (fo r  simila r  pro -

posals ,  se e Masson ,  1992 ;  Sharkey ,  1989) .  Computin g 

th e meanin g o f  a  wor d ca n b e understoo d a s drivin g th e 

semanti c syste m fro m it s presen t  stat e t o th e desire d en d 

state ,  whic h correspond s t o th e meanin g o f  th e wor d tha t 
i s bein g rea d o r  heard .  I n a  shor t  interva l  semanti c prim -

in g task ,  becaus e th e prim e determine s th e star t  stat e fo r 

th e computatio n o f  th e target ,  prime-targe t  similarit y de -

termine s amoun t  o f  facilitation .  A  simulate d tria l  bega n 

by clampin g th e prime' s wor d for m patter n an d comput -

in g it s conceptua l  representation .  Wit h th e prime' s mean -

in g active ,  th e wor d for m representatio n o f  th e targe t  wa s 

clampe d an d convergenc e latenc y wa s recorde d fo r  th e 

targe t  concept . 

The basi c ide a o f  thi s simulatio n wa s t o determin e i f 

th e factor s tha t  influenc e primin g i n human s als o influ -

enc e primin g i n th e model .  Specifically ,  i t  wa s importan t 
t o sho w th e interactio n betwee n typ e o f  representatio n (in -

dividua l  versu s correlate d properties )  an d typ e o f  entit y 

(artifac t  versu s biologica l  kind) .  T o accomplis h this ,  w e 

conducte d regressio n analyse s analogou s t o thos e o f  Ex -

perimen t  2  o f  M c R a e (1992) .  Prediction s wer e agai n de -

rive d fro m individua l  an d correlate d propertie s represen -
tations . 

I n th e individua l  propertie s representation ,  eac h con -

cep t  wa s represente d a s a  vecto r  i n whic h th e valu e fo r 
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elemen t  j  wa s th e numbe r  o f  subject s w h o liste d propert y 

J fo r  tha t  concep t  i n th e norms .  I n th e correlate d proper -

tie s representation ,  a  concep t  wa s represente d a s a  vecto r 

i n whic h eac h elemen t  corresponde d t o a  propert y pai r 

tha t  wa s significantl y correlate d a s determine d i n a n anal -

ysi s o f  th e norms .  I f  a  concep t  possesse d bot h member s 

of  th e pair ,  th e elemen t  wa s give n a  positiv e value ;  i f  i t 

possesse d neither ,  i t  wa s give n a  valu e o f  0 ;  i f  i t  possesse d 

on e propert y bu t  no t  th e othe r  (i.e. ,  i t  violate d th e corre -

lation) ,  th e elemen t  wa s give n a  negativ e value .  Concep t 

similarit y wa s compute d a s th e cosin e betwee n th e vector s 

representin g th e prim e an d th e target .  Linea r  regressio n 

analyse s wer e use d t o predic t  primin g effect s (i n term s o f 

convergenc e rates )  fo r  artifac t  an d biologica l  kin d prime -

targe t  pair s fro m concep t  similarit y i n term s o f  individua l 

and correlate d properties .  Thre e measure s o f  convergenc e 

wer e used :  th e numbe r  o f  iteration s fo r  erro r  (define d a s 

th e su m o f  square d erro r  betwee n th e targe t  an d compute d 

vector s ove r  th e conceptua l  units )  t o dro p belo w 1.0 ,  fo r 

erro r  t o b e withi n 0. 1 o f  it s  valu e whe n th e concep t  stabi -

lized ,  an d fo r  erro r  t o b e withi n 0.0 1 o f  th e stabilizatio n 

point .  Onl y 4 0 o f  th e 4 2 simila r  primin g pair s wer e use d 

because ,  a s describe d above ,  th e mode l  di d no t  lear n t o 

comput e th e meaning s o f  C A T an d JET .  Convergenc e rat e 

fo r  a  targe t  precede d b y a  dissimila r  prim e wa s estimate d 

by averagin g acros s thre e prime s tha t  share d n o propertie s 

wit h th e target .  I t  wa s assume d tha t  convergenc e latenc y 

fo r  a  concep t  i n th e mode l  wa s monotonicall y relate d t o 

th e tim e require d fo r  peopl e t o comput e a  word' s meaning , 

and wa s therefor e monotonicall y relate d t o h o w quickl y a 

perso n coul d answe r  a  questio n concernin g it s meaning . 

I n Experimen t  2  o f  M c R a e (1992) ,  individua l  proper -

tie s predicte d primin g effect s fo r  artifact s (r ^  =  .15) ,  bu t 

not  fo r  biologica l  kind s (r ^  =  .04) .  I n contrast ,  corre -

late d propert y pair s predicte d primin g effect s fo r  biolog -

ica l  kind s (r ^  =  .21) ,  bu t  no t  fo r  artifact s (r ^  =  .00) .  Th e 

model  produce d th e sam e patter n o f  results .  Concep t  sim -

ilarit y a s measure d b y overla p o f  individua l  propertie s sig -

nificantl y predicte d primin g effect s fo r  artifact s fo r  eac h 

of  th e thre e convergenc e measures :  les s tha n I :  r ^  =  .27 , 
F(l ,  19 )  =  7.065 ,  p < . 0 2 ;  withi n 0.1 :  r ^  =  .59 ,  F(l ,  19 )  = 

27.074,/7<.001 ;  withi n 0.01 :  / ^  =  .58 ,  F(l ,  19 )  =  26.166 , 

p <  .001 .  Individua l  propertie s di d no t  predic t  biologica l 

kin d primin g effects :  les s tha n 1 :  r ^  =  .07 ,  F(\ ,  15 )  = 

1.138 ,  p  >  .3 ;  withi n 0.1 :  r ^  =  .04 ,  F  <  1 ;  withi n 0.01 : 

r ^  =  .01 ,  F  <  1 .  I n contrast ,  afte r  similarit y i n term s o f 

individua l  propertie s ha d bee n entere d int o th e equation , 

similarit y i n term s o f  correlate d propert y pair s predicte d 

primin g effect s fo r  biologica l  kinds :  les s tha n 1 :  r ^  =  .25 , 

F(l ,  14 )  =  4.609 ,  p < . 0 5 ;  withi n 0.1 :  ̂  =  .44,F(I ,  14 )  = 

10.925,p<.006 ;  within0.01 :  r ^  =  .4I,F(l ,  14 )  =  9.582,/ 7 

< .009 .  Correlate d propertie s di d no t  predic t  artifac t  prim -

ing :  les s tha n 1 :  r ^  =  .03 ,  F  <  1 ;  withi n 0.1 :  r ^  =  .1 7 i n 

th e wron g direction ;  withi n 0.01 :  r ^  =  .01 ,  F  <  I .  Mo r e 

detaile d analyse s o f  th e huma n stud y an d simulatio n dat a 

ca n b e foun d i n M c R a c c t  ai .  (1993) . 

I n summary ,  thi s simulatio n demonstrate d tha t  th e sam e 

factor s influenc e shor t  interva l  semanti c primin g effect s 

i n bot h human s an d th e model .  Specifically ,  similarit y i n 

term s o f  individua l  propertie s predicte d primin g effect s 

fo r  artifacts ,  bu t  similarit y i n term s o f  correlate d propert y 

pair s predicte d primin g effect s fo r  biologica l  kinds .  Not e 

tha t  thi s interactio n wa s foun d wit h a  mode l  i n whic h arti -

fact s an d biologica l  kind s wer e treate d identically .  Thes e 

result s concu r  wit h Kei l  (1989 )  w h o ha s claime d tha t  bi -

ologica l  kind s coher e aroun d cluster s o f  intercorrelate d 

propertie s bu t  artifact s coher e aroun d th e intende d func -

tio n o f  th e creator . 

S i m u l a t i n g P r o p e r t y Verificatio n 

In this section, the model is used to guide an explanation 

of  th e influenc e o f  propert y intercorrelation s o n verifica -

tion .  I n Experimen t  1  o f  M c R a e (1992) ,  a  concep t  (e.g. , 

D E E R)  wa s presente d fo r  40 0 ms ,  followe d b y a  targe t 

propert y (e.g. ,  hunte d b y people) .  Subject s indicate d a s 

quickl y a s possibl e whethe r  th e targe t  propert y wa s rea -

sonabl y tru e o f  th e entit y t o whic h th e concep t  nam e re -

ferred .  Wit h norme d productio n frequenc y equated ,  tar -

get  propertie s tha t  wer e strongl y intercorrelate d wit h othe r 

propertie s withi n a  concep t  (e.g. ,  DEER-hun te d b y peo -

ple )  wer e verifie d mor e quickl y tha n matche d target s tha t 

wer e weakl y intercorrelate d (e.g. ,  D U C K - h u n t e d b y peo -

pie) . 

We bas e ou r  explanatio n o n th e assumptio n tha t  pro -

ductio n frequenc y i s les s sensitiv e tha n verificatio n la -

tenc y a s a  measur e o f  a  property' s activatio n b y a  con -

cep t  name .  Productio n frequenc y measure s th e probabil -

it y  tha t  a  propert y i s on e o f  th e first  fe w generate d b y a 

subjec t  whe n readin g a  concep t  name .  Fo r  example ,  i f 

subject s lis t  a n averag e o f  eigh t  propertie s fo r  a  concept , 

productio n frequenc y fo r  an y propert y roughl y indicate s 

th e frequenc y (o r  probability )  tha t  i t  wa s generate d a s on e 
of  th e to p eight .  I n contrast ,  i n th e propert y verificatio n 

task ,  a  subjec t  wa s aske d t o indicate ,  a s quickl y a s possi -

ble ,  whethe r  o r  no t  a  specifi c  propert y wa s reasonabl y tru e 

of  a n entity .  Thus ,  verificatio n latenc y provide d a  mor e 

direct ,  precise ,  an d sensitiv e measur e o f  th e relationshi p 

betwee n a  concep t  an d a  property .  I t  migh t  b e assume d 

tha t  subtl e difference s existe d i n a  targe t  propert y s  ac -

tivatio n tha t  wer e to o smal l  t o influenc e productio n fre -

quency ,  bu t  larg e enoug h t o b e detecte d i n th e propert y 

verificatio n task .  I t  migh t  furthe r  b e assume d tha t  thes e 

difference s resulte d fro m encode d knowledg e o f  propert y 

co-occurrences .  Tha t  is ,  propertie s tha t  wer e strongl y in -

tercorrelate d wit h a  numbe r  o f  othe r  propertie s withi n a 

concep t  receive d a  boos t  i n activatio n whe n tha t  concep t 
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Iteratio n 

Figur e 2 :  M e a n activatio n o f  targe t  propertie s fo r  th e strongl y an d weak l y intercorrelate d groups .  Propertie s tha t  ar e 

m o r e strongl y intercorrelate d wit h other s o f  a  concep t  receiv e a  boos t  i n activation . 

was computed. ' 

Th e mode l  containe d 1 4 item s fro m th e propert y verifi -

catio n experimen t  o f  M c R a e (1992 )  tha t  differe d i n term s 

of  th e strengt h wit h whic h th e targe t  propert y wa s cor -

relate d wit h othe r  propertie s o f  th e concept .  T h e group s 

wer e als o roughl y equate d o n thre e variables :  productio n 

frequency ,  concep t  familiarity ,  an d numbe r  o f  individua l 

propertie s liste d pe r  concept .  Fo r  thi s subse t  o f  1 4 items , 

human verificatio n latenc y wa s significantl y faste r  fo r  th e 

strongl y intercorrelate d grou p (78 8 m s ,  3 4 m s )  tha n fo r  th e 

matche d weakl y intercorrelate d grou p (99 8 m s ,  5 1 m s ) , 

/(13 )  =  7.595,/7<.00 1 b y items . 

To tes t  th e hypothesi s tha t  propertie s tha t  wer e strongl y 

intercorrelate d wit h a  numbe r  o f  othe r  propertie s withi n 

a concep t  receive d a  boos t  i n activatio n w h e n tha t  con -

cep t  wa s computed ,  th e wor d for m representatio n o f  eac h 

of  th e fourtee n concept s wa s clampe d an d th e networ k 

was allowe d t o iterat e 1 0 times .  Activatio n o f  th e tar -

get  propert y wa s recorde d afte r  eac h iteration .  Fiv e run s 
wer e used ,  eac h wit h a  differen t  rando m startin g configu -

ration .  Figur e 2  show s th e mea n activatio n o f  th e fourtee n 

targe t  propertie s a s th e concept s converged .  A  one-wa y 

repeate d measure s analysi s o f  varianc e showe d tha t  th e 

activatio n o f  th e targe t  propertie s wa s significantl y highe r 
when a  concep t  fro m th e strongl y intercorrelate d grou p 

was bein g computed ,  F(l ,  13 )  =  10.211 ,  p < .008 .  A n in -

teractio n betwee n grou p an d tim e ste p als o obtained ,  f  (9 , 

117 )  =  5.057 ,  p  <  .0001 .  Simpl e mai n effect s reveale d 

tha t  targe t  propertie s fro m concept s fro m th e strongl y in -

'  Not e tha t  thi s explanatio n i s differen t  fro m th e on e i n McRa e (1992) . 
Bot h explanation s ar e simulate d i n McRa e e t  al .  (1993) . 

tercorrelate d grou p wer e no t  significantl y mor e activate d 

afte r  tim e ste p 1 ,  bu t  wer e afte r  tim e step s 2  throug h 5  (/ ? < 

.05) .  T h e advantag e wa s marginall y significan t  through -
out  tim e step s 6  t o 1 0 ( p <  .07) . 

I n summary ,  th e mode l  provide s fo r  a  reasonabl e expla -

natio n o f  th e influenc e o f  correlate d propertie s o n propert y 

verification .  W h e n a  propert y i s highl y intercorrelate d 

wit h othe r  propertie s o f  a  concept ,  i t  become s mor e ac -

cessible .  Thi s increase d accessibilit y  i s  to o subtl e t o b e 

picke d u p i n a  productio n tas k bu t  facilitate s verificatio n 
latency . 

Discussion 

The modeling presented here illustrates that a network 
whos e computationa l  dynamic s ar e dependen t  o n attrac -

to r  basin s forme d fro m encodin g propert y intercorrela -
tion s capture s som e basi c characteristic s o f  h u m a n per -

formanc e o n semanti c tasks .  Th e semanti c primin g an d 

propert y verificatio n result s wer e naturall y modele d usin g 

a connectionis t  framework ,  specifically ,  a  modifie d H o p -
field  (1982 ,  1984 )  network .  Furthermore ,  althoug h i t  wa s 

not  presente d i n thi s article ,  i n M c R a e e t  al .  (1993) ,  w e 

empiriciall y  verifie d a  primar y characteristi c o f  th e model , 

tha t  is ,  tha t  intercorrelationa l  densit y o f  a  concept' s prop -
ertie s influence s it s convergenc e latency . 

Th e mos t  theoreticall y importan t  aspec t  o f  th e mode l 

was th e wa y i n whic h basin s o f  attractio n resultin g fro m 

encodin g th e relationship s amon g semanti c propertie s 
wer e centra l  t o th e computatio n o f  conceptua l  representa -

tion s fro m words .  Thi s characteristi c i s share d wit h othe r 
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recen t  connectionis t  model s o f  wor d recognitio n (Hinto n 

& Shallice ,  1991 ;  Masson .  1992 ;  Plau t  1991 ;  Sharkey , 

1989)^ .  Th e concep t  o f  attracto r  basin s ma y b e usefu l 

i n understandin g a  numbe r  o f  primar y wor d recognitio n 

phenomena .  Fo r  example ,  th e lexico n i s typicall y con -

ceptualize d a s a  se t  o f  nodes ,  eac h o f  whic h correspond s 

t o a  lexica l  ite m (e.g. ,  Morton ,  1969) .  Alternatively ,  th e 

lexico n ma y b e conceptualize d a s a  se t  o f  attracto r  basins . 

I n thi s view ,  a  lexica l  ite m correspond s t o a  stabl e stat e 

i n representationa l  space .  Hinto n an d Shallic e (1991 )  an d 

Plau t  (1991 )  hav e use d thi s approac h t o sho w tha t  attrac -

to r  basin s ar e critica l  t o understandin g phenomen a tha t 

characteriz e dee p dyslexia . 

Thi s ide a m a y als o she d ligh t  o n a  recen t  issu e o f  grea t 

interes t  t o wor d recognitio n researchers ,  mediate d prim -

in g (McNamara ,  1992) .  I t  ha s bee n show n that ,  althoug h 

tw o concept s ar e no t  directl y associate d accordin g t o fre e 

associatio n norm s (e.g. ,  L I O N an d stripes) ,  the y ma y 

prim e on e anothe r  (Balot a &  Lorch ,  1986 ;  McNamar a 

& Altarriba ,  1988) .  M c N a m a r a interpret s thes e result s 

withi n a  semanti c networ k theor y suc h a s Collin s an d Lof -

tu s (1975) .  H e claim s tha t  L I O N prime s stripe s becaus e 

activatio n o f  th e L I O N nod e spread s t o T I G E R an d the n t o 

stripes .  Althoug h th e notio n o f  associatio n i s no t  a  prim -

itiv e i n th e conceptua l  syste m tha t  ou r  mode l  represents , 

i t  provide s a  plausibl e explanatio n fo r  mediate d primin g 

effects .  L I O N share s propertie s wit h T IGER .  Thes e prop -

ertie s ar e intercorrelated .  Therefore ,  whe n L I O N i s com -

puted ,  stripe s wil l  b e slightl y activate d becaus e propertie s 

of  L I O N ar e correlate d wit h stripes .  A  smal l  primin g ef -

fec t  wil l  result ,  a s ha s typicall y bee n foun d i n thes e stud -

ies .  Thi s explanatio n i s currentl y bein g explored . 

References 

Balota, D.A., & Lorch, R.F. (1986). Depth of automatic 

spreadin g activation :  Mediate d primin g effect s i n 

pronunciatio n bu t  no t  lexica l  decision .  Journa l  o f 

Experimenta l  Psychology :  Learning ,  M e m o r y an d 

Cognition ,  12 ,  336-345 . 

Collins, A.M., & Loftus, E.F. (1975). A spreading-

activatio n theor y o f  semanti c processing .  Psycho -

logica l  Review ,  82 ,  4 0 7 ^ 2 8 . 

Hebb, D.O. (1949). The Organization of Behavior. New 

York :  Wiley . 

Hinton, G.E., & Shallice, T. (1991). Lesioning an at-

tracto r  network :  Investigation s o f  acquire d dyslexia . 
Psychologica l  Review ,  98 ,  74-95 . 

Keil ,  F.C .  (1989) .  Concepts ,  Kinds ,  an d Cognitiv e De -

velopment .  Cambridge ,  M A :  M I T Press . 

Masson, M.E.J. (1992). A distributed memory model of 

semanti c priming ,  manuscrip t  submitte d fo r  publi -

cation . 

McNamara, T.P. (1992. Priming and constraints it places 

on theorie s o f  memor y an d retrieval .  Psychologica l 

Review ,  99 ,  650-662 . 

McNamara, T.P, & Altarriba, J. (1988). Depth of 

spreadin g activatio n revisited :  Semanti c mediate d 

primin g occur s i n lexica l  decisions .  Journalo f  M e m-

or y an d Language ,  27 ,  545-549 . 

McRae, K. (1992). Correlated Properties in Artifact 

and Natura l  Kin d Concepts .  I n Proceeding s o f  th e 

14t h Annua l  Meetin g o f  th e Cognitiv e Scienc e Soci -

ety ,  Bloomington ,  IN .  Jul y 30-Augus t  1 ,  1992 .  (pp . 

349-354) .  Hillsdal e NJ :  Erlbaum . 

McRae,  K., de Sa. V.R., & Seidenberg, M.S. (1993). The 

Rol e o f  Correlate d Propertie s i n Accessin g Concep -

tua l  Memory ,  manuscrip t  submitte d fo r  publication . 

Medin, D.L., Altom, M.W., Edelson, S.M., & Freko, D. 

(1982) .  Correlate d Symptom s an d Simulate d Medi -

cal  Classification .  Journa l  o f  Experimenta l  Psychol -

ogy :  Learning ,  Memor y an d Cognition ,  8 ,  37-50 . 

Morton, J. (1969). Interaction of information in word 

recognition .  Psychologica l  Review ,  76 ,  165-178 . 

Plaut, D.C. (1991). Connectionist neuropsychology: 

The breakdow n an d recover y o f  behavio r  i n lesione d 

attracto r  networks .  Unpublishe d doctora l  disserta -

tion ,  Carnegi e Mello n University ,  Pittsburgh . 

Sharkey, N.E. (1989). The lexical distance model and 

wor d priming .  I n Proceeding s o f  th e 11t h Annua l 

Conferenc e o f  th e Cognitiv e Scienc e Society ,  A n n 

Arbor ,  Michigan .  Augus t  16-19 ,  1989 .  (pp .  860 -

867) .  Hillsdal e NJ :  Erlbaum . 

Tsodyks, M.V., & Feigelman, M.V. (1988). The En-

hance d Storag e Capacit y i n Neura l  Network s wit h 

L o w Activit y Level .  Europhysic s Letters ,  6 ,  101 -

105 . 

Younger, B.A, & Cohen, L.B. (1983). Infant Perception 

of  Correlation s amon g Attributes .  Chil d Develop -

ment ,  54 ,  858-867 . 

^  A  majo r  advantag e o f  ou r  mode l  i s tha t  ou r  conceptua l  representa -
tion s wer e base d o n productio n norms ,  wherea s their s wer e eithe r  create d 
by th e researcher s themselve s o r  wer e rando m pattern s o f  activation . 

734 


	cogsci_1993_729-734



