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Abstrac t 

We present a model of semantic memory that utilizes a 
high-dimensiona l  semanti c spac e constructe d fro m a 
co-occurrenc e matrix .  Thi s matri x wa s forme d b y analyzin g 
a 16 0 millio n wor d corpus .  Wor d vector s wer e the n 
obtaine d b y extractin g row s an d column s o f  thi s matrix . 
Thes e vector s wer e subjecte d t o multidimensiona l  scaling . 
Words wer e foun d t o cluste r  semantically ,  suggestin g tha t 
interwor d distanc e ma y b e interpretabl e a s a  measur e o f 
semanti c similarity .  I n attemptin g t o replicat e wit h ou r 
simulatio n th e semanti c an d associativ e primin g 
experimen t  b y Shelto n an d Marti n (1992) ,  w e foun d tha t 
semanti c similarit y play s a  large r  rol e i n primin g tha n 
what  the y woul d suggest .  Vector s wer e forme d fo r  thre e 
differen t  type s o f  relate d word s tha t  ma y mor e 
orthogonall y contro l  fo r  associatio n an d similarity ,  an d 
interpai r  distance s wer e compute d fo r  bot h relate d an d 
unrelate d prime-targe t  pairs .  A  primin g effec t  wa s foun d fo r 
pair s tha t  wer e onl y semanticall y related ,  a s wel l  a s fo r 
wor d pair s tha t  wer e bot h semanticall y an d associativel y 
related .  N o primin g wa s foun d fo r  wor d pair s whic h wer e 
strictl y associativel y relate d (n o semanti c overlap) .  Thi s 
findin g wa s replicate d i n a  single-wor d primin g experimen t 
usin g a  lexica l  decisio n procedur e wit h huma n subjects . 
The lac k o f  associativ e primin g i s discusse d i n relatio n t o 
prio r  experiment s tha t  hav e foun d robus t  associativ e 
priming .  W e conclud e tha t  ou r  primin g result s ar e drive n 
by semanti c overla p rathe r  tha n b y associativity ,  an d tha t 
prio r  result s finding  associativ e primin g ar e due ,  a t  leas t  i n 
part ,  t o semanti c overla p withi n th e associate d wor d pairs . 

I n t r o d u c t i o n 

In cognitive psychology the concept of the semantic 
networ k wa s introduce d b y Collin s an d Quillia n (1969) .  I n 
thei r  model ,  semanti c meanin g o r  concept s wer e represente d 
by node s whic h corresponde d t o individua l  words .  Link s 
connecte d thes e node s a s a  functio n o f  th e typ e o f 
relationshi p the y shared ,  an d eac h lin k varie d i n lengt h 
reflectin g th e strengt h o f  th e relationship .  A n outcom e o f 
suc h a  mode l  i s tha t  processin g on e concep t  wil l  facilitat e 
th e subsequen t  processin g o f  a  relate d concept .  Meye r  an d 
Schvaneveld t  (1971 )  provide d a n earl y demonstratio n o f  ho w 
recognizin g semanticall y relate d word s ( B R E A D - B U T T E R ) 
ca n spee d th e lexica l  decisio n latencie s compare d t o seein g 
unrelate d word s ( F L O O R - B U T T E R ) .  Semanti c m e m o r y 
researc h utilizin g th e lexica l  decisio n (o r  naming )  tas k i n th e 

las t  tw o decade s ha s produce d on e o f  th e larges t  bodie s o f 
cognitiv e psychologica l  literatur e (se e Neely ,  1991) .  Th e 
presenc e o f  th e semanti c primin g effec t  i s  on e o f  th e mos t 
robus t  effect s i n th e literature ,  althoug h th e exac t  natur e o f 
th e wor d relationship s an d th e natur e o f  th e tas k an d 
methodolog y ca n influenc e th e magnitud e an d presenc e o f 
primin g (Fischler ,  1977 ;  Neely ,  1991) . 

I n general ,  however ,  regardles s o f  th e theory ,  informatio n 
processe d a t  a  semanti c leve l  facilitate s relate d semanti c 
informatio n (semanti c features :  Smith ,  Shoben ,  &  Rips , 
1974 ;  noda l  networks :  Collin s &  Quillian ,  1969 ;  prototyp e 
models :  Rosch ,  1973 ;  associativ e relationships :  Lupker , 
1984 ;  distribute d connectionis t  representations :  McClellan d 
& K a w a m o t o ,  1986 ;  o r  menta l  models :  Johnson-Laird , 
1983) .  Attemptin g t o deriv e model s o f  semanti c memor y 
tha t  woul d allo w th e computatio n o f  a  distanc e betwee n tw o 
concept s an d tha t  coul d b e use d t o reflec t  semanti c 
relatednes s usin g psychometri c technique s ha s a  lon g histor y 
i n cognitiv e psycholog y datin g bac k a t  leas t  t o Osgood ,  e t 
al .  (1957) .  A  c o m m o n approac h ha s bee n t o us e 
multidimensiona l  scalin g o n (man y thousand s of )  huma n 
judgment s o f  similarit y (Smith ,  Shoben ,  &  Rips ,  1974 ; 
Schvaneveldt ,  1990) .  M o r e recently ,  investigator s usin g 
larg e scal e corpor a hav e attempte d t o extrac t  semanti c 
informatio n directl y fro m text .  Gallan t  (1991 )  ha s develope d 
a methodolog y tha t  extract s a  distribute d se t  o f  semanti c 
microfeature s utilizin g th e contex t  i n whic h a  wor d i s found . 
However ,  a  drawbac k t o hi s approac h i s tha t  th e feature s fo r 
th e cor e meanin g hav e t o b e determine d b y a  huma n judge . 

The mode l  w e hav e develope d account s fo r  a  wid e rang e o f 
semanti c effect s i n th e cognitiv e an d neuropsychologica l 
literatur e (Burges s &  Lund ,  i n press ;  Lun d &  Burgess ,  i n 
press) .  I n thi s pape r  w e focu s o n th e facilitatio n effect , 
know n a s semanti c priming ,  tha t  i s  foun d whe n a  wor d i s 
precede d b y a  semanticall y relate d word .  W e refe r  t o ou r 
model  a s H A L ,  fo r  Hyperspac e Analogu e t o Language .  W e 
us e a  larg e tex t  corpu s o f  16 0 millio n word s t o initiall y 
trac k lexica l  co-occurrenc e withi n a  1 0 wor d movin g 
window .  Fro m th e co-occurrences ,  w e develo p a  cognitivel y 
plausibl e 20 0 dimensiona l  semanti c spac e b y usin g th e mos t 
informationa l  dimensions .  Th e developmen t  o f  ou r  mode l 
was strongl y influence d b y th e wor k o f  Schiitz e (1992 )  w h o 
has develope d a  simila r  mode l  fo r  informatio n retrieval .  Ou r 
goa l  ha s bee n t o incorporat e cognitiv e constraint s int o a 
high-dimensiona l  semanti c spac e mode l  an d t o exten d thi s 
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approac h t o determin e i f  i t  woul d accoun t  fo r  th e semanti c 
phenomena foun d i n th e cognitiv e scienc e hterature . 

Four  experiment s ar e presente d here .  Firs t  w e demonstrat e 
th e semanti c natur e o f  th e wor d vector s tha t  w e extrac t  usin g 
H A L.  W e the n us e th e mode l  t o generat e wor d vector s fo r 
thre e type s o f  relate d wor d stimul i  fro m tw o previousl y 
publishe d studie s an d sho w tha t  th e semanti c relatednes s 
effec t  i s  presen t  fo r  th e tw o categorie s o f  word s tha t  shar e 
semanti c feature s an d i s absen t  fo r  th e word s tha t  ar e 
associatively ,  bu t  no t  semantically ,  related .  I n th e fina l 
experiment ,  wit h huma n subjects ,  w e replicat e th e effec t  w e 
foun d wit h th e model . 

Simulation Methods 

Matrix construction 

The basic methodology of the simulation is to develop a 
matri x o f  wor d co-occurrenc e value s fo r  a  give n vocabulary . 
Thi s matri x wil l  the n b e divide d int o co-occurrenc e vector s 
fo r  eac h word ,  whic h ca n b e analyze d fo r  semanti c content . 

An analysi s o f  co-occurrenc e mus t  defin e a  windo w size ; 
tha t  is ,  th e larges t  numbe r  o f  word s tha t  ma y occu r  betwee n 
a pai r  o f  word s suc h tha t  th e pai r  ma y b e considere d t o 
co-occur .  Th e limitin g cas e o f  a  smal l  (useful )  windo w i s a 
widt h o f  one ,  whic h woul d correspon d t o countin g onl y 
immediatel y adjacen t  word s a s co-occurrants .  A t  th e othe r 
end o f  th e spectrum ,  on e ma y coun t  al l  word s withi n a 
logica l  divisio n o f  th e inpu t  tex t  a s co-occurrin g equall y (se e 
Landauer ,  1994 ;  Schvaneveldt ,  1990) .  A  ver y smal l  windo w 
may mis s construct s spannin g severa l  word s (length y nou n 
phrases ,  fo r  instance) ,  whil e larg e window s risk  introducin g 
larg e number s o f  extraneou s co-occurrences .  Therefore ,  w e 
chos e a  windo w widt h o f  te n words .  Ou r  hope s ar e tha t  thi s 
preserve s localit y o f  reference ,  whil e obscurin g th e effect s o f 
differen t  syntacti c constructions .  Thi s synta x independenc e 
may b e importan t  whe n comparin g result s fro m differen t 
languages .  A s a  furthe r  mov e awa y fro m dependenc e o n 
synta x (o r  an y structurin g o f  th e languag e unde r 
consideratio n othe r  tha n tha t  give n b y th e divisio n o f 
words) ,  sentenc e boundarie s ar e ignored . 

Withi n thi s ten-wor d window ,  co-occurrenc e value s ar e 
inversel y proportiona l  t o th e numbe r  o f  word s separatin g a 
specifi c  pair .  A  wor d pai r  separate d b y a  nine-wor d gap ,  fo r 
instance ,  woul d gai n a  co-occurrenc e strengt h o f  one ,  whil e 
th e sam e pai r  appearin g adjacen t  t o on e anothe r  woul d 
receiv e a n incremen t  o f  ten .  Cognitiv e plausibilit y  wa s a 
constraint ,  an d a  ten-wor d windo w wit h decreasin g 
co-occurrenc e strengt h seeme d withi n thes e bound s 
(Gemsbacher ,  1990) . 

The produc t  o f  thi s procedur e i s a n N-by- N matrix ,  wher e 
N i s th e numbe r  o f  word s i n th e vocabular y bein g 
considered .  I t  i s  thi s matri x whic h w e wil l  demonstrat e t o 
contai n significan t  amount s o f  semanti c information . 

Text source. The corpus that was analyzed was 
approximatel y 160,000,00 0 word s o f  Englis h tex t  gathere d 
fro m Usenet .  Al l  newsgroup s containin g Englis h dialo g 
wer e included .  Thi s sourc e ha s a  numbe r  o f  propertie s whic h 
we foun d appealing .  First ,  i t  i s  voluminous .  I t  wa s clea r 

tha t  i n orde r  t o obtai n reliabl e dat a acros s a  larg e vocabulary , 
a larg e amoun t  o f  tex t  woul d b e required .  Usene t  wa s 
attractiv e i n tha t  i t  coul d suppl y severa l  millio n word s o f 
tex t  pe r  day ,  indefinitely .  Second ,  Usene t  i s diverse . 
Virtuall y n o subjec t  goe s undiscussed ,  whic h allow s th e 
constructio n o f  a  ver y broadl y base d co-occurrenc e dat a set . 
Thi s turn s ou t  t o b e usefu l  whe n attemptin g t o appl y th e 
dat a t o variou s stimulu s sets .  Ther e i s littl e chanc e o f 
runnin g acros s word s o r  wor d sense s whic h wer e no t 
encountere d durin g matri x construction .  Third ,  th e tex t  i s 
conversational .  Rathe r  tha n th e forma l  busines s report s o r 
specialize d dictionarie s foun d i n othe r  corpora ,  Usene t  tex t 
resemble s everyda y speec h mor e closel y tha n mos t  corpora . 
That  th e mode l  work s wit h noisy ,  conversationa l  inpu t 
suggest s tha t  i t  ca n robustl y dea l  wit h som e o f  th e sam e 
problem s tha t  th e human-languag e comprehende r  encounters . 

Vocabulary. The vocabulary used for the analysis 
consiste d o f  th e 70,00 0 mos t  frequentl y occurrin g symbol s 
withi n th e corpus .  A  chec k agains t  th e standar d Uni x 
dictionar y showe d tha t  onl y on e hal f  o f  thes e wer e vali d 
Englis h words .  Th e abundanc e o f  nonwor d symbol s i s no t  a 
practica l  problem ,  though ,  sinc e th e data-reductio n ste p 
involve s extractin g informatio n an d frequen t  nonwor d 
symbol s (includin g slan g word s an d misspellings ) 
presumabl y carr y usefu l  information . 

Data reduction. The co-occurrence tabulation produces a 
70,00 0 b y 70,00 0 matrix .  Eac h ro w o f  thi s vecto r  represent s 
th e degre e t o whic h eac h wor d i n th e vocabular y precede d th e 
wor d correspondin g t o th e row ,  whil e eac h colum n 
represent s th e co-occurrenc e value s fo r  word s followin g th e 
wor d correspondin g t o th e column .  A  ful l  co-occurrenc e 
vecto r  fo r  a  wor d consist s o f  bot h th e ro w an d th e colum n 
fo r  tha t  word .  Th e followin g experiment s operat e o n group s 
of  thes e co-occurrenc e vectors .  T o reduc e th e amoun t  o f  dat a 
involved ,  th e colum n variance s o f  th e particula r  vector s use d 
i n eac h experimen t  ar e computed ,  an d th e column s wit h h e 
smalles t  variance s ar e discarded .  W e fin d tha t  varianc e drop s 
sharpl y acros s th e firs t  hundre d elements ,  an d i s ver y lo w b y 
th e tw o hundredt h element ;  accordingly ,  th e 139,80 0 
column s wit h th e lowes t  varianc e ar e discarded .  Thi s leave s a 
200-elemen t  vecto r  fo r  eac h word .  Empirically ,  thes e 
shortene d vector s provid e simila r  result s t o th e full-lengt h 
vectors ,  whil e bein g muc h easie r  t o wor k with . 

Thes e vector s (whethe r  lengt h 140,00 0 o r  200 )  ca n b e 
viewe d a s th e coordinate s o f  point s i n a  high-dimensiona l 
space ,  wit h eac h wor d occupyin g on e point .  Usin g thi s 
representation ,  difference s betwee n tw o words '  co-occurrenc e 
vector s ca n b e measure d a s th e distanc e betwee n th e high -
dimensiona l  point s define d b y thei r  vectors . 

E x p e r i m e n t  1 

Me thod s 

A numbe r  o f  words ,  informall y chose n t o represen t  thre e 
categorie s (anima l  types ,  bod y parts ,  an d geographica l 
locations )  wer e use d i n a n initia l  analysi s o f  semanti c 
conten t  fo r  th e co-occurrenc e vectors .  A  vecto r  o f  lengt h 20 0 
was extracte d fo r  eac h word ,  and ,  treatin g eac h vecto r  a s a  se t 
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of  coordinate s i n a  200-dimensiona l  Euclidea n space ,  a 
distanc e matri x wa s formed .  Ou r  hypothesi s wa s tha t  thi s 
distanc e matrix ,  representin g th e inter-poin t  distance s fo r  th e 
chose n se t  o f  words ,  woul d operat e a s a  similarit y matrix . 
Each elemen t  i n th e matri x represente d th e distanc e betwee n 
tw o o f  th e chose n word s i n th e high-dimensiona l  space . 

Thi s matri x wa s analyze d b y a  multidimensiona l  scalin g 
algorith m ( M D S ) ,  whic h project s point s fro m a 
high-dimensiona l  spac e int o a  lower-dimensiona l  space ,  i n a 
non-linea r  fashio n tha t  attempt s t o preserv e th e distance s 
betwee n point s a s muc h a s possible .  Th e lower-dimensiona l 
projectio n allow s u s t o visualiz e th e spatia l  relationship s 
betwee n th e co-occurrenc e vectors .  Th e two-dimensiona l 
M DS solutio n i s show n i n Figur e 1 . 

'ankl e / 
•le g / 

'  shoulde r  X 
'  to e •  finge r  X 

"wris t  X 

•  nos e X  •  pupp y 

^  »ear *  gy g X 
\ ^ ^  hand.f^„, „  • •  kitte n 

\ .  foe ? * ' /  .  ''°°'' ' 
^ ^  X  •  co w 

/  ^ V •  lio n 

X asi a ^ ^ 
X chin a franc e « ,  VV . 

/ •  -'pe-=- .  . , . r " \ 
^  •  euneric a ^̂ ^ 

Hawaii  ^ 
• 

• 
oyste r 

*  mous e 

•  turtl e 

\ 
Figur e 1 :  Explorator y multidimensiona l  scalin g 

Results & Discussion 

Visua l  inspectio n suggest s tha t  th e thre e group s o f  word s 
wer e differentiate d b y thi s procedure .  Geographi c region s ar e 
distinc t  fro m th e othe r  tw o groups ,  whil e animal s an d bod y 
part s overla p a t  "tooth "  ( a salien t  bod y par t  fo r  animals) . 

Give n tha t  word s wit h simila r  meaning s tende d t o b e clos e 
t o eac h othe r  i n th e simulatio n data ,  w e conclud e tha t  th e 
most  informationa l  vecto r  element s fro m th e co-occurrenc e 
matri x carr y semanti c information .  However ,  recen t  researc h 
suggest s tha t  so-calle d semanti c primin g may ,  i n fact ,  b e 
carrie d b y associativ e relationship s rathe r  tha n semanti c 
similarit y (Shelto n &  Martin ,  1992) .  I n Experimen t  tw o ou r 
goal  wa s t o simulat e a  patter n o f  semanti c an d associativ e 
primin g result s foun d i n th e literatur e usin g th e semanti c 
vector s extracte d wit h H A L an d t o determin e th e 
correspondenc e o f  th e vecto r  informatio n t o semanti c an d 
associativ e characteristic s o f  words . 

Experiment 2 

Subjec t  response s t o word s tha t  ar e precede d b y word s relate d 
t o the m ar e facilitated ,  presumabl y b y th e prim e havin g 

lowere d th e recognitio n threshol d fo r  th e relate d target . 
Shelto n an d Marti n (1992 )  foun d tha t  automati c primin g 
usin g a  lexica l  decisio n tas k doe s no t  occu r  fo r  item s tha t  ar e 
onl y semanticall y related ,  ye t  doe s occu r  whe n item s ar e 
bot h associativel y an d semanticall y related .  Thi s patter n o f 
result s hel d fo r  onl y th e singl e presentatio n procedur e i n 
whic h a  subjec t  make s a  lexica l  decisio n t o eac h wor d a s 
the y ar e presente d on e afte r  another ,  rathe r  tha n th e standar d 
single-wor d primin g procedur e wher e ther e i s a  discret e tria l 
usuall y consistin g o f  a  fixatio n point ,  a  prim e word , 
followe d b y a  target .  Shelto n an d Marti n attribut e semanti c 
primin g t o controlle d processes ,  suc h a s subjec t  expectancy . 
Thus ,  the y conclude ,  automati c primin g wil l  obtai n onl y fo r 
item s whic h ar e associativel y relate d an d no t  fo r  item s tha t 
ar e onl y semanticall y related . 

The result s fro m Experimen t  1  sugges t  tha t  th e distance s 
betwee n word s ar e semanti c i n natur e an d tha t  th e distance s 
migh t  roughl y correspon d t o reactio n tim e latencie s fro m 
experiment s lik e Shelto n an d Martin's .  I n thi s experimen t 
we attemp t  t o replicat e Shelto n an d Martin' s Experimen t  4 , 
usin g thei r  stimuli ,  i n whic h the y fin d primin g fo r  th e 
associate d items ,  bu t  no t  fo r  th e semanticall y relate d items . 
We reaso n tha t  sinc e w e ar e calculatin g primin g effect s 
usin g HAL' s vecto r  representation s tha t  w e hav e eliminate d 
th e possibilit y  o f  attentiona l  processin g an d strategi c effect s 
tha t  Shelto n an d Marti n sugges t  ar e necessar y fo r  tru e 
semanti c priming . 

Methods 

The relatednes s o r  primin g effec t  fo r  a n ite m wa s calculate d 
by subtractin g th e distanc e o f  th e relate d pai r  fro m a n 
unrelate d wor d pai r  (usin g th e sam e target) .  Semanti c vector s 
of  lengt h 20 0 wer e formed ,  an d fo r  eac h wor d pai r  th e 
Euclidea n distanc e betwee n th e word s wa s computed .  Result s 
ar e show n i n Tabl e 1 .  Distance s ar e give n i n Riversid e 
Semanti c Unit s (RSUs) ,  whic h ar e ar e completel y arbitrar y 
and base d upo n normalize d vectors . 

Tabl e 1 

Semanti c 
Associate d 

Semanti c Distance s fo r  Shelto n &  Marti n 

Relate d Unrelate d Primin g 

366 42 9 6 3 
310 40 7 9 7 

Result s &  Discussio n 

Tabl e 1  present s th e semanti c distance s an d primin g effects . 
I n th e analysi s o f  variance ,  ther e wa s a  mai n effec t  fo r 
relatedness ,  demonstratin g tha t  th e semanti c distance s fo r  al l 
relate d pair s wa s shorte r  tha n tha t  fo r  th e unrelate d pairs , 
F(l,70 )  =  15.43 ,  p  =.0001 .  Ther e wa s no t  a n interaction , 
F < \ .  Thes e result s ar e no t  completel y consisten t  wit h 
thos e foun d b y Shelto n an d Marti n w h o di d no t  fin d a 
primin g effec t  fo r  th e semanticall y relate d items .  W e sugges t 
severa l  possibilitie s fo r  thi s inconsistency .  First ,  a 
methodologica l  reason .  Th e singl e presentatio n procedur e i n 
al l  thei r  experiment s resulte d i n overal l  faste r  reactio n time s 
tha n th e single-wor d primin g procedures .  A  numbe r  o f 
investigator s hav e demonstrate d tha t  semanti c effect s ten d t o 
be minimize d o r  disappea r  wit h eithe r  faste r  response s o r 
faste r  subject s (Hines ,  e t  al. ,  1986 ;  Chiarello ,  e t  al. ,  1990) . 
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A mor e theoretica l  concer n ha s t o du e wit h th e stimuli .  Bot h 
th e semanticall y an d th e associativel y relate d item s use d b y 
Shelto n an d Marti n shar e semanti c characteristics ,  bu t  mor e 
importantly ,  accordin g t o Shelto n an d Martin ,  i s  tha t  th e 
wor d pair s i n th e semanti c conditio n ar e no t  associated .  A 
close r  loo k a t  thei r  stimul i  (se e Tabl e 2  fo r  example s an d 
semanti c distances )  suggest s tha t  th e tw o condition s ma y 
not  b e semanti c relate d t o th e sam e degree .  W e sugges t  tha t 
th e semanti c conditio n ha d a  numbe r  o f  wea k example s o f 
relate d item s (e.g. ,  P E A S - G R A P E S,  M A I D - W I F E ) , 
whereas ,  th e associate d conditio n ha d a  numbe r  o f  item s 
whic h wer e strongl y semanticall y relate d (e.g. ,  R O A D-
S T R E E T,  G I R L - B O Y ) .  Th e mean s o f  semanti c distance s 
fro m Tabl e 1 ,  furthe r  sugges t  thi s i s th e cas e (semanti c 
related ,  366 ;  associate d related ,  310 )  wit h th e associate d 
conditio n bein g marginall y mor e semanticall y similar , 
F(l,70 )  =  3.63 ;  p  =.061 .  Experimen t  3  i s a n attemp t  t o 
more orthogonall y manipulat e th e stimulu s constraint s o f 
semanti c relatednes s an d associativity . 

Tabl e 2 :  Stimul i  fro m Shelto n &  Marti n Experimen t 

Semanti c 

Word pai r 

Good nos e 
Pair s ca r 

Weak mai d 
Pair s pea s 

hand 
wagon 

wif e 
p-ape s 

Associate d 

Dist .  Wor d pai r  Dist . 

34 0 coffe e cu p 57 5 
34 8 ligh t  lam p 54 2 

58 0 road  stree t  17 0 
541 gir l  bo y 21 5 

E x p e r i m e n t  3 

Chiarello, Burgess, Richards, and Pollack (1990) used three 
type s o f  wor d pair s t o tr y an d differentiat e th e contributio n 
of  semanti c similarit y an d associatio n i n priming .  Example s 
of  th e thre e type s o f  word s (semanticall y simila r  words , 
associate d words ,  an d word s whic h ar e bot h semanticall y 
simila r  an d associativel y related )  ca n b e see n i n Tabl e 3 . 
Semanticall y relate d word s ( T A B L E - B E D )  ar e instance s o f 
th e sam e categor y an d shar e a  numbe r  o f  features .  Associate d 
word s ( M O L D - B R E A D )  ar e thos e whic h ar e associate d a s 
determine d b y huma n word-associatio n norm s an d ten d t o 
co-occu r  i n sententia l  phrases .  Thes e items ,  however ,  ar e no t 
instance s o f  th e sam e categor y an d therefor e shar e fe w 
semanti c features .  Th e thir d typ e o f  wor d relatio n ar e pair s 
tha t  ar e bot h semanticall y an d associativel y relate d 
( U N C L E - A U N T ) .  Thes e wor d relation s shoul d allo w u s t o 
distinguis h betwee n th e associativ e an d semanti c 
component s o f  ou r  "semantic "  vectors . 

Semanticall y simila r  pair s wer e o f  th e sam e superordinat e 
semanti c categor y and ,  thus ,  ar e likel y t o occu r  i n simila r 
contexts .  Wor d co-occurrenc e o r  simpl e associatio n reflect s 
th e tempora l  natur e o f  language ,  wherea s semantic s pertain s 
more t o th e interna l  feature s o f  words .  Spenc e an d O w e n s 
(1990 )  foun d tha t  th e productio n likelihoo d i n 
word-associatio n norm s correlate d wit h wor d co-occurrence . 
Thus ,  i f  th e vector s generate d b y H A L ar e semanti c i n 
nature ,  w e shoul d se e shorte r  distance s betwee n th e wor d 
pair s o f  bot h semanti c condition s tha n betwee n wor d pair s i n 
th e associate d condition .  Alternatively ,  th e natur e o f  th e 
semanti c relationship s coul d mor e directl y correspon d t o th e 
co-occurrenc e association .  I n suc h a  case ,  w e woul d expec t  a 

simila r  magnitud e o f  prime-targe t  distanc e i n al l  thre e 
relatednes s conditions . 

Table 3: Example word pairs (Experiments 3 and 4) 

Semanti c Associate d Bot h 

tabl e 
musi c 
fle a 
circl e 
pan 

bed 
art 
ant 
cros s 
bowl 

cradl e 
mug 
mol d 
wais t 
nes t 

bab y 
beer 
brea d 
bel t 
bir d 

al e 
uncl e 
bal l 
sof a 
butte r 

beer 
aunt 
bat 
chai r 
brea d 

M e t h o d s 

This experiment used the word pairs from Chiarello et al. 
(1990) ,  whic h ar e divide d int o th e thre e relatednes s groups . 
The relatednes s o r  primin g effec t  fo r  a n ite m wa s calculate d 
by subtractin g th e distanc e o f  th e relate d pai r  fro m a n 
unrelate d wor d pai r  (usin g th e sam e target) . 

Results and Discussion 

The left side of Table 4 presents the semantic distances, 
primin g effects ,  an d standardize d primin g effects .  I n th e 
analysi s o f  variance ,  ther e wer e tw o factors ;  typ e o f  relatio n 
(semantic ,  associated ,  semanti c an d associated )  an d 
relatednes s (related ,  unrelated) .  Ther e wa s a  mai n effec t  fo r 
relatedness ,  demonstratin g tha t  th e semanti c distance s fo r 
relate d pair s wa s shorte r  tha n tha t  fo r  th e unrelate d pairs , 
Fl  ,270 )  =  11.62 ,  p  =  .0008 .  Ther e wa s als o a  mai n effec t 
fo r  type ,  F(2,270 )  =  4.24 ,  p  =  .015 .  Ther e wa s no t  a n 
interaction ,  F(2,270 )  =  1.25, p =  .28 .  Planne d comparison s 
wer e m a d e a t  eac h leve l  o f  wor d relatio n i n orde r  t o 
determin e primin g b y stimulu s type .  Visua l  inspectio n o f 
Tabl e 4  suggest s tha t  th e primin g effec t  fo r  th e associate d 
trial s wa s m u c h les s tha n th e effec t  fo r  bot h o f  th e 
semanticall y relate d conditions .  Th e analysi s o f  varianc e i s 
consisten t  wit h thi s observation .  Primin g i s foun d fo r  th e 
semanti c condition ,  /^(1,88 )  =  6.48,  p  =  .012 ,  an d th e 
semanti c an d associate d condition ,  F(l,92 )  =  5.79, p =  .018 , 
but  no t  fo r  th e associate d onl y condition ,  F  <  I . 

Standardize d score s ar e compute d b y dividin g b y th e 
semantic-onl y score .  Thi s patter n o f  result s i s consisten t 
wit h th e hypothesi s tha t  th e vector s associate d wit h eac h 
wor d d o carr y semanti c information ,  bu t  d o no t  a s strongl y 
carr y th e associativ e informatio n tha t  woul d reflec t  th e 
tempora l  characteristic s inheren t  i n word s tha t  co-occur .  Ou r 
claim ,  t o b e discusse d i n mor e detai l  later ,  i s  tha t  th e wor d 
vector s ar e semanti c i n nature ,  eve n thoug h thei r  origi n i s 
fro m a  co-occurrenc e matri x tha t  tracke d tempora l  sequence . 

I t  woul d b e importan t  t o se e i f  thi s patter n o f  result s ca n 

Table 4: simulation distances (in RSUs and ms) 

H AL simulatio n H u m an subject s 

Sem.  Assoc .  Bot h S e m .  Assoc .  Bot h 

R 
U 

U-R 
Std . 

347 
413 

66 
1. 0 

322 
339 

17 
0.2 6 

331 
391 

60 
0.9 1 

643 
673 

30 
1. 0 

623 
634 

11 
0.3 6 

603 
631 

28 
0.9 3 
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be replicate d wit h huma n subjects .  Chiarell o e t  al .  (1990) , 
whos e stimul i  w e utilized ,  use d a  divide d visual-fiel d 
methodolog y sinc e the y wer e primaril y intereste d i n primin g 
i n th e cerebra l  hemispheres .  I n Experimen t  4 ,  w e us e thes e 
stimul i  i n a  single-wor d primin g stud y wit h h u m a n 
subjects ,  centrall y presentin g al l  stimuli . 

Experimen t  4 

Method s 

Sixty-fou r  undergraduat e student s participate d i n orde r  t o ear n 
cours e credit .  Th e stimul i  use d i n thi s experimen t  include d 
th e item s use d i n Experimen t  3 ,  a s wel l  as ,  a n equa l  numbe r 
of  word-nonwor d trials ,  sinc e a  lexica l  decisio n tas k wa s 
employed .  Th e targe t  word s wer e balance d fo r  bot h wor d 
lengt h an d printe d frequenc y fo r  a  tota l  o f  28 8 wor d pairs . 
A n experimenta l  lis t  include d thes e trial s an d wa s precede d 
by fou r  "war m up "  trials .  W o r d prime s wer e counterbalance d 
so tha t  a  targe t  woul d b e precede d b y a  relate d wor d i n on e 
lis t  an d a n unrelate d wor d i n a  secon d list .  Thi s allowe d th e 
target s t o ac t  a s thei r  o w n controls .  O f  th e relate d word-wor d 
trials ,  on e thir d wer e wor d pair s tha t  wer e onl y semanticall y 
related ,  on e thir d wer e onl y associativel y related ,  an d a  thir d 
wer e semanticall y an d associativel y related . 

Stimulu s presentatio n an d timin g wa s conducte d o n 48 6 
PCs.  Eac h tria l  bega n wit h a  50 0 m s fixatio n cross , 
followe d b y a  prim e a t  thi s locatio n fo r  30 0 m s immediatel y 
followe d b y th e targe t  whic h remaine d unti l  eithe r  th e 
subjec t  m a d e a  lexica l  decisio n o r  250 0 m s elapsed . 
Accurac y feedbac k wa s provided ,  alon g wit h a  time-ou t 
signa l  fo r  response s ove r  250 0 m s . 

Results and Discussion 

The reaction-time latencies, priming effects, and standardized 
primin g effect s ar e presente d i n th e right  hal f  o f  Tabl e 4 . 
Erro r  rate s wer e unde r  3 % an d showe d n o interestin g 
variation .  Thi s analysi s parallel s th e analysi s presente d i n 
Experimen t  3 .  Reactio n time s wer e faste r  t o relate d trial s 
tha n t o unrelate d trials ,  F( l  ,270 )  =  14.70 ,  p = .0002 .  Ther e 
was als o a  mai n effec t  fo r  type ,  F ( 2 , 2 7 0 ) = 16.14 , 
p-.000\ .  Ther e wa s no t  a n interaction ,  F  <  \ .  Planne d 
comparison s wer e mad e a t  eac h leve l  o f  wor d relatio n i n 
orde r  t o determin e primin g b y stimulu s type .  Inspectio n o f 
Tabl e 4  suggest s tha t  th e patter n o f  reaction-tim e primin g i s 
simila r  t o tha t  foun d i n Experimen t  3 ,  i.e. ,  th e primin g fo r 
th e associate d trial s wa s les s tha n tha t  fo r  bot h th e trial s i n 
th e semanticall y relate d conditions .  Primin g obtain s fo r  th e 
semanti c condition ,  F(l,88 )  =  5.82 ,  p  =  .017 ,  an d th e 
semanti c an d associate d condition ,  F(l,92) = 12.38 , 
p= .0007 .  bu t  no t  fo r  th e associate d onl y condition , 
F(l,90) = 1.14, p =  .28 . 

Th e result s o f  Experimen t  4  ar e virtuall y identica l  t o thos e 
of  Experimen t  3 .  Th e simila r  patter n o f  result s suggest s tha t 
th e semanti c vector s tha t  ar e extracte d fro m th e corpu s ar e 
cognitivel y plausible ,  an d tha t  the y incorporat e higher-leve l 
semanti c informatio n tha t  m a y ,  i n part ,  correspon d t o 
semanti c categor y an d semanti c featur e similarity . 

G e n e r a l  D i s c u s s i o n 

Severa l  importan t  conclusion s ca n b e draw n fro m thi s serie s 
of  experiments .  Th e basi c relatednes s o r  primin g effec t  s o 
ofte n demonstrate d i n th e m e m o r y literatur e ca n b e 
reproduce d usin g th e semanti c vector s fro m th e H A L 
simulation .  Thi s primin g effect ,  however ,  wa s no t  a  genera l 
effec t  tha t  wa s see n wit h jus t  an y se t  o f  relate d wor d pairs .  A 
crucia l  aspec t  t o th e relatednes s effec t  wa s tha t  i t  seem s t o 
hing e mor e o n th e semanti c relationship s betwee n word s 
tha n o n th e associativ e relationships .  Ther e wa s n o reliabl e 
effec t  o f  associativity .  Th e natur e o f  ou r  associativ e item s i n 
Experiment s 3  an d 4  wa s tha t  th e target s wer e stron g 
associate s o f  th e primes .  Intuitively ,  ther e i s a  stron g 
contiguou s aspec t  t o thes e stimuli .  Fo r  example , 
M O L D - B R E AD an d C R A D L E - B A B Y ar e wor d pair s tha t 
see m likel y t o occu r  togethe r  i n a  phras e o r  sentence . 
Historicall y i n th e literatur e o n associativity ,  tempora l  orde r 
or  contiguit y ha s bee n concede d t o b e th e mos t  importan t 
principl e i n learnin g (Deese ,  1965) .  W e conced e tha t  first -
orde r  associatio n i s  importan t  i n learning ,  however ,  ou r 
vie w i s tha t  thes e first-orde r  tempora l  association s ar e no t  a n 
importan t  par t  o f  structura l  semantics .  W e wan t  t o mak e 
clear ,  though ,  tha t  w e conside r  second-orde r  association ,  tha t 
is ,  th e pattern s o f  intercorrelation s amongs t  wor d use ,  t o b e 
a principa l  buildin g bloc k o f  semanti c structure .  I t  i s 
somethin g aki n t o thes e intercorrelation s tha t  w e propos e 
tha t  w e extrac t  wit h th e 20 0 mos t  variant ,  o r  informational , 
element s i n ou r  semanti c vector s fo r  eac h word . 

We hav e demonstrate d tha t  i n orde r  t o sho w a  primin g 
effec t  i n th e simulation ,  semanti c similarit y i s required .  A n 
examinatio n o f  th e wor d pair s suggest s a t  leas t  a  partia l 
explanatio n fo r  this .  Semanticall y simila r  wor d pair s ar e 
interchangeabl e withi n a  sentence ;  th e resultin g sentence s 
m ay b e pragmaticall y improbable ,  bu t  the y ar e no t 
nonsensica l  (sentence s l a an d lb) .  Associated-onl y pair s ten d 
t o produc e awkwar d sentence s whe n interchanged ,  sentence s 
tha t  ofte n canno t  b e take n literall y (sentence s 2 a an d 2b) . 
The semanti c vector s tak e u s beyon d simpl e co-occurrenc e i n 
tha t  the y ar e reall y measure s o f  context .  Bein g 
interchangeable ,  th e semanticall y simila r  word s ten d t o 
appea r  i n simila r  contexts ,  an d s o hav e simila r  vecto r 
representations . 

la) The child slept on the bed. 
lb )  Th e chil d slep t  o n th e table . 
2a )  Th e chil d slep t  i n th e cradle . 
2b )  Th e chil d slep t  i n th e baby . 

Being "associated," without semantic similarity, was not 
sufficien t  i n a  wor d pai r  t o produc e primin g i n th e 
simulation .  Th e sam e patter n o f  result s obtaine d wit h th e 
human subjects .  Obtainin g reliabl e associate d primin g i s 
sometime s difficul t  (se e Chiarello ,  e t  al. ,  1990 ;  Shelto n & 
Martin ,  1992 ,  Exp .  3) . 

Th e vector-base d semanti c distances ,  bein g ultimatel y 
derive d fro m huma n linguisti c output ,  ca n b e construe d a s 
human-base d estimate s o f  wor d similarity .  Fischle r  (1977 ) 
foun d a  correlatio n o f  0.3 1 betwee n h u m a n estimate s o f 
semanti c similarit y an d facilitatio n i n a  primin g experiment . 
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Thi s findin g closel y parallel s ou r  correlatio n o f  0.2 4 
betwee n semanti c distance s an d reactio n time .  Thus ,  w e ca n 
conclud e tha t  HAL' s semanti c distance s ar e reliabl e 
predictor s o f  lexical-decisio n latencies .  Fischle r  furthe r  foun d 
a correlatio n o f  essentiall y  zer o (-0.01 )  betwee n hi s 
assessmen t  o f  associativ e relatio n an d facilitation ,  whic h 
matche s ou r  findin g o f  littl e t o n o primin g i n th e 
associated-onl y cas e (wit h bot h simulatio n an d humans) . 

Ther e i s  somethin g o f  a  parado x whe n comparin g th e 
presen t  result s wit h a  numbe r  o f  finding s i n th e literature . 
For  example ,  althoug h Fischle r  (1977 )  foun d n o correlatio n 
betwee n th e magnitud e o f  primin g an d a n inde x o f 
associativit y wit h hi s associate d stimuli ,  h e did ,  unlik e us , 
fin d a  primin g effec t  wit h th e trials .  W e suspec t  tha t  th e 
primin g effec t  wa s a  functio n o f  th e semanti c relationship s 
of  hi s wor d pairs .  W h e n w e extracte d semanti c vector s fo r 
hi s associate d stimul i  w e foun d tha t  th e thre e pair s o f  word s 
wit h th e closes t  semanti c vecto r  representation s carrie d 1/ 3 
of  th e primin g effect .  Thes e item s suc h a s R O A D - S T R E E T, 
ar e simila r  t o ou r  semanti c an d associate d items .  Similarly , 
Shelto n an d Marti n (1992 )  foun d tha t  associate d item s 
resulte d i n priming ,  wherea s semanticall y similar ,  bu t 
non-associated ,  item s di d not .  Again ,  though ,  a s the y note , 
thei r  "associated "  item s posses s considerabl e semanti c 
similarit y (e.g. ,  G IRL -BOY ,  Q U E E N - K I N G ;  se e Tabl e 2) , 
not  unlik e th e situatio n i n Fischler' s experiment .  W e woul d 
expec t  a  robus t  primin g effec t  wit h stimul i  lik e these ,  bu t 
not  a s a  resul t  o f  th e associativ e component .  Shelto n an d 
Martin' s semanticall y relate d item s (e.g. ,  D I R T - C E M E N T , 
SOUP-JUICE) ,  w e suspect ,  ar e simpl y no t  simila r  enoug h 
t o produc e primin g i n a  bottom-u p fashion . 

A majo r  goa l  o f  thi s lin e o f  researc h wa s t o develo p a 
model  o f  semanti c memor y fro m th e analysi s o f  a  larg e 
languag e corpus .  A  fundamenta l  methodolog y fo r 
investigatin g semanti c organizatio n i s th e primin g 
experiment .  On e o f  th e firs t  obligation s o f  an y suc h mode l 
must  b e t o accoun t  fo r  th e rang e o f  primin g effect s foun d i n 
th e literature .  H A L ha s succeede d i n producin g a  se t  o f 
result s tha t  mak e a  clea r  distinctio n betwee n tw o type s o f 
informatio n inheren t  i n wor d relationships .  W e conclud e tha t 
semanti c informatio n underlie s th e wor d primin g effec t  an d 
tha t  first-orde r  associativ e informatio n i s no t  a s crucia l  a s 
previousl y thought . 

Further ,  th e result s sugges t  a  theoretica l  explanatio n fo r 
th e difficult y i n finding  associated-onl y priming .  I f  a  majo r 
organizin g principl e o f  semanti c memor y i s th e analysi s o f 
immediat e wor d context ,  word s wil l  b e organize d b y 
semanti c similarit y rathe r  tha n associativity ,  a s i n ou r 
simulations .  S o far ,  ou r  evidenc e show s thi s t o b e th e case . 

A fina l  conclusio n i s  tha t  w e hav e presente d a 
methodolog y tha t  exploit s th e regularitie s o f  languag e i n a 
larg e tex t  corpu s suc h tha t  th e extractio n o f  semanti c 
informatio n i s  possible .  Th e methodolog y employe d i n 
H AL doe s no t  requir e supervise d learnin g o r  othe r  syste m 
feedbac k an d work s o n ver y noisy ,  speech-like ,  input .  A 
limitatio n t o previou s model s o f  semanti c processin g i s tha t 
eithe r  th e semanti c representation s require d extremel y 
time-consumin g huma n judgment s abou t  th e item s o r  th e 
semanti c representation s wer e simpl y conjectural .  H A L i s a 

model  tha t  provide s th e generatio n o f  semanti c 
representation s o f  rea l  word s use d i n rea l  language . 
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