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Abstrac t 
The Hyperspac e Analogu e t o Languag e (HAL )  mode l  i s a 
methodolog y fo r  capturin g semantic s fro m a  corpu s b y 
analysi s o f  globa l  co-occurrence .  A  primin g experimen t 
fro m Lun d e t  al .  (1995 )  whic h di d no t  produc e associativ e 
primin g wit h human s o r  i n th e H A L simulatio n i s repeate d 
wit h rearrange d contro l  trials .  Ou r  experimen t  no w finds 
associativ e primin g wit h huma n subjects ,  whil e th e H A L 
simulatio n agai n doe s no t  produc e associativ e priming . 
Associativ e wor d norm s ar e examine d i n relatio n t o HAL' s 
semantic s i n a n attemp t  t o illuminat e th e semanti c bia s o f 
th e model .  Correlation s wit h associatio n norm s ar e foun d 
i n th e tempora l  sequenc e o f  word s withi n th e corpus .  W h e n 
th e associativ e nor m dat a ar e spli t  accordin g t o simulatio n 
semanti c distances ,  a  minorit y o f  th e associativ e pairstha t 
ar e clos e semanti c neighbor s ar e foun d t o b e responsibl e 
fo r  thi s correlation .  Thi s resul t  suggest s tha t  mos t 
associativ e informatio n i s no t  carrie d b y tempora l  wor d 
sequenc e i n language .  Thi s methodolog y i s  foun d t o b e 
usefu l  i n separatin g typica l  "associative "  stimul i  int o pure -
associativ e an d semantic-associativ e subsets .  Th e notio n 
tha t  associativit y ca n b e characterize d b y tempora l 
associatio n i n languag e receive s littl e o r  n o suppor t  fro m 
our  corpu s analysi s an d primin g experiments .  Th e exten t 
tha t  "wor d associations "  ca n b e characterize d b y tempora l 
associatio n seem s t o b e mor e a  functio n o f  semanti c 
neighborhoo d whic h i s a  reflectio n o f  semanti c similarit y 
i n HAL' s vecto r  representations . 

One of the most robust cognitive phenomena is the 
lexical/semanti c primin g effect .  T h e word-recognitio n 
literatur e i s  replet e wit h extension s o f  M e y e r  an d 
Schvaneveldt' s (1971 )  initia l  flnding  tha t  a  wor d prim e tha t 
i s semanticall y relate d t o a  wor d targe t  ( C A T - D O G )  wil l 
lowe r  th e recognitio n threshol d fo r  th e targe t  a s compare d t o 
a semanticall y unrelate d wor d pairin g ( F L O W E R - D O G ) .  I n 
most  lexical/semanti c theories ,  th e rol e o f  associatio n i s 
though t  t o b e a n importan t  componen t  t o semanti c structur e 
(Collin s &  Quillian ,  1969 ;  McClellan d &  K a w a m o t o , 
1986 ;  Mos s e t  al. .  1995 ;  Plaut ,  1995) .  M o r e recently ,  a 
number  o f  investigator s hav e presente d evidenc e tha t  th e 
phenomeno n k n o w n a s th e semanti c primin g effec t  i s 
essentiall y  associativ e i n nature .  Lupke r  (1984 )  showe d tha t 
word s tha t  wer e associated ,  bu t  no t  categoricall y related , 
produce d a  reliabl e primin g effec t  usin g th e namin g task . 
However ,  word s tha t  wer e onl y categoricall y relate d di d no t 
sho w a  primin g effect .  O n e conclusio n tha t  ca n b e draw n 

fro m thi s researc h wa s tha t  semanti c relation s ar e accesse d 
late r  tha n th e mor e basi c associativ e relations .  M o r e 
recently ,  Shelto n an d Marti n (1992 )  propose d tha t  automati c 
retrieva l  o f  wor d informatio n i n primin g i s associative .  The y 
use d a  lexical-decisio n methodology ,  bu t  trie d t o insur e 
automati c processin g b y havin g subject s m a k e a  respons e t o 
ever y ite m (rathe r  tha n havin g obviou s prime-targe t  pairs ) 
and b y havin g th e relate d trial s for m onl y a  smal l  proportio n 
of  th e tota l  trials .  Thei r  conclusion ,  simila r  t o tha t  o f 
Lupker ,  wa s tha t  onl y associativel y relate d item s resulte d i n 
automati c primin g an d tha t  semanti c (categorical )  effect s 
require d som e typ e o f  controlle d process ,  perhap s subjec t 
expectancy .  F ro m a  computationa l  viewpoint ,  Plau t  (1995 ) 
presente d a  mode l  o f  primin g showin g tha t  primin g effect s 
coul d b e easil y b e demonstrate d b y tempora l  associatio n an d 
tha t  semanti c characteristic s di d no t  see m t o contribut e t o 
thi s effect . 

We thin k tha t  i t  m a y b e prematur e t o conclude ,  however , 
tha t  th e mechanis m underlyin g th e primin g effec t  i s 
associativ e rathe r  tha n semantic .  Ther e ar e tw o issue s tha t 
hav e t o b e tackle d prio r  t o makin g an y defmitiv e conclusion . 
First ,  i n wor d relationships ,  aspect s o f  semanti c an d 
associativ e meanin g ar e typicall y correlated .  Thi s 
confoundin g o f  associativ e an d semanti c relationship s lead s 
t o confusio n abou t  h o w thi s informatio n migh t  b e 
represente d i n m e m o r y (an d i n m e m o r y models )  a s wel l  a s 
abou t  h o w stimul i  shoul d b e selecte d fo r  experiments .  Thus , 
i t  i s  crucia l  i n experiment s an d simulation s dealin g wit h thi s 
issu e tha t  ther e b e a  straightforwar d w a y t o operationall y 
defm e semantic s an d association ,  and ,  moreover ,  tha t  thi s 
operationa l  definitio n likewis e hav e a  straightforwar d 
correspondenc e t o a  rang e o f  empirica l  finding s tha t  alread y 
exist .  Th e secon d issu e tha t  ha s t o b e adequatel y addresse d i s 
h o w ca n semanti c representation s b e modele d i n suc h a  w a y 
tha t  allow s fo r  experimentatio n acros s th e broa d rang e o f 
semanti c phenomen a beyon d jus t  primin g effects ? Suc h 
phenomen a coul d includ e basi c categorization ,  th e predictio n 
of  h u m a n semanti c judgment s (Lun d &  Burgess ,  i n press) , 
semanti c effect s i n sentenc e comprehensio n (Burges s & 
Lund ,  1996) ,  semanti c neighborhoo d effects ,  a s wel l  a s 
semanti c impairment s tha t  ar e associate d wit h dee p dyslexi a 
an d othe r  type s o f  brai n damag e (Buchanan ,  Burgess ,  & 
Lund ,  1996 ;  Burges s &  Lund ,  i n press) . 

Th e Hyperspac e Analogu e t o Languag e ( H A L )  mode l  o f 
semanti c m e m o r y offer s suc h a n approach .  I n previou s 
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papers ,  w e hav e propose d tha t  th e representation s acquire d b y 
H AL ar e semanti c i n natur e an d tha t  thes e semanti c 
representation s ar e wha t  underli e th e basi c priming  effec t 
(Lun d e t  al. ,  1995 ;  Lun d &  Burgess ,  i n press) .  Fo r 
example ,  experimen t  2  o f  Lun d e t  al .  suggest s tha t  th e 
primin g effec t  obtaine d b y Shelto n an d Marti n (1992 )  fo r  th e 
associate d wor d pair s was ,  a t  leas t  i n part ,  carrie d b y th e 
semanti c similarit y o f  th e items .  I n addition ,  th e absenc e o f 
a primin g effec t  fo r  th e item s relate d onl y b y semanti c 
relatednes s m a y hav e bee n du e t o insufficien t  semanti c 
similarity . 

I n ou r  first  experiment ,  w e presen t  a n extensio n o f  ou r 
earlie r  semanti c an d associativ e primin g experiment s tha t 
furthe r  support s ou r  clai m tha t  semanti c primin g occur s a s a 
functio n o f  semanti c similarit y rathe r  tha n associativ e 
strengt h o f  prime-targe t  pairs .  I n addition ,  thes e result s 
sugges t  tha t  th e representation s generate d b y H A L ar e 
semanti c rathe r  tha n associativ e i n nature .  Experiment s 2 
and 3  utiliz e wor d pair s fro m wor d associatio n norm s an d 
tw o operationa l  definition s o f  associativity .  W e conclud e 
tha t  semanti c neighborhood s ca n b e use d t o dissociat e th e 
semanti c an d associativ e component s i n wor d meaning . 

Simulation Methods 

Mat r i x Constructio n 

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 i s the n 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 conten t  (se e 
Lun d an d Burgess ,  i n press ,  fo r  a  mor e complet e accoun t  o f 
th e matrix-constructio n methodolog y an d validatin g studies) . 
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 occurrin g 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  en d o f  th e 
spectrum ,  on e m a y coun t  al l  word s withi n a  logica l  divisio n 
of  th e inpu t  tex t  a s co-occurrin g equall y (se e Landaue r  & 
Dumais ,  1994 ;  Schvaneveldt ,  1990) .  A  ver y smal l  windo w 
m ay mis s construct s spannin g severa l  word s (suc h a s 
length y nou n phrases) ,  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 . 

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 w indo w wit h decreasin g co -
occurrenc e strengt h seeme d withi n thes e bound s 
(Gemsbacher ,  1990) .  Th e 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 . 

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 wa s chose n bot h fo r  volum e an d 
content .  Roughl y te n millio n word s pe r  da y ar e available , 
wit h conversationa l  conten t  spannin g a  wid e arra y o f  topics . 

Vocabulary. The vocabulary used for the analysis 
consiste d o f  th e 70,0(X )  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  abou t  on e hal f  o f  thes e wer e vali d 
Englis h words .  Th e remainin g symbol s wer e c o m m o n 
misspellings ,  slang ,  prope r  names ,  an d sequence s o f 
punctuatio n o r  numbers . 

Similarity Measurement. Once the matrix was 
constructed ,  wor d vector s wer e extracted .  Eac h wor d i n th e 
vocabular y ha s on e ro w an d on e colum n t o represen t  i t  i n 
th e matrix .  B y combinin g th e dat a fro m a  word' s ro w an d 
column ,  a  vecto r  o f  140,00 0 element s i s forme d fo r  tha t 
word . 

Thes e vector s ma y the n b e compare d b y an y appropriat e 
distanc e metric .  Th e distanc e metri c use d i n th e followin g 
experiment s i s th e Euclidea n distanc e measure .  A s th e 
Euclidea n metri c i s sensitiv e t o vecto r  magnitude ,  th e 
vector s ar e normalize d t o a  constan t  lengt h befor e bein g 
compared . 

Conceptually ,  thes e vector s represen t  point s i n a  high -
dimensiona l  space .  I n thi s case ,  140,00 0 dimensions , 
althoug h onl y a  smal l  subse t  o f  th e vecto r  element s ar e 
necessar y t o produc e semanti c effects .  Fo r  example ,  20 0 
element s (i.e. ,  a  20 0 dimensiona l  space )  wer e use d i n Lun d 
and Burges s (i n press) ;  th e dimensionalit y wa s reduce d b y 
retainin g onl y th e mos t  varian t  portion s o f  th e co-occurrenc e 
matrix .  Othe r  method s o f  dimensionalit y reductio n hav e als o 
bee n use d wit h success ;  Landaue r  an d Dumai s (1994) ,  fo r 
instance ,  use d singula r  valu e decomposition .  Wit h high -
dimensiona l  semanti c spac e models ,  similarit y i s 
conceptualize d a s correspondin g inversel y t o inter-poin t 
distances ;  i.e. ,  presumabl y th e mor e simila r  tw o word s are , 
th e close r  thei r  points . 

Experiment 1 

Lund, Burgess, and Atchley (1995) used stimuli representing 
thre e type s o f  wor d relationship s i n a  serie s o f  experiment s 
i n a n attemp t  t o dissociat e semanti c fro m associativ e source s 
of  priming .  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 wor d 
associatio n norms .  Th e item s selected ,  however ,  wer e no t 
instance s o f  th e sam e categor y and ,  therefore ,  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 differen t  wor d relation s shoul d allo w on e t o 
distinguis h betwee n th e associativ e an d semanti c 
component s o f  priming .  Lun d e t  al .  (1995 )  argue d tha t  th e 
vecto r  representation s generate d b y H A L ar e semanti c i n 
natur e an d no t  associative .  Thei r  evidenc e fo r  thi s wa s tha t 
by usin g semanti c distances ,  primin g (unrelate d -  related ) 
was obtaine d fo r  th e semanti c a s wel l  a s fo r  th e semanti c + 
associate d pairs ,  bu t  no t  fo r  th e pair s tha t  wer e relate d onl y 
throug h thei r  associatio n (Exp .  3) .  Usin g th e sam e stimul i 
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pair s i n a  lexica l  decisio n experimen t  wii h huma n subjects , 
th e identica l  patter n o f  results  wa s found . 

Whil e th e parallel s betwee n th e huma n an d simulatio n 
result s wer e strikin g i n th e Lun d e t  al .  (1995 )  paper ,  th e 
parallel s betwee n th e huma n result s an d earlie r  researc h wer e 
not .  Specifically ,  neithe r  th e simulatio n no r  th e huma n 
subject s showe d reliabl e primin g o n stimul i  whic h wer e 
relate d onl y b y wor d associativity .  Thi s wa s somewha t 
troublin g i n tha t  associativ e primin g ha s bee n demonstrate d 
i n earlie r  research  (Chiarello ,  Burgess ,  Richards ,  &  Pollock , 
1990 ;  Fischler ,  1977) .  Close r  inspectio n o f  th e reactio n 
time s i n Lun d e t  al .  (1995 ,  Exp .  4 ,  se e Tabl e 1 )  show s tha t 
th e reactio n time s fo r  th e relate d wor d pair s i n th e associated -
onl y conditio n wer e actuall y faste r  tha n i n th e semantic-onl y 
case .  Th e lac k o f  a  primin g effec t  fo r  th e associated-onl y 
conditio n ma y b e du e t o a n unreliable ,  unrelate d baselin e 
condition .  A  simila r  patter n i s  see n i n th e simulatio n 
results .  I n orde r  t o clarif y thes e results ,  a  ne w se t  o f 
unrelate d wor d pair s wa s forme d b y rearrangin g th e relate d 
wor d pairs ;  i f  th e prio r  result s occurre d du e t o a  problemati c 
set  o f  unrelate d wor d pairs ,  associate d primin g shoul d b e 
obtaine d wit h huma n subjects .  If ,  a s Lun d e t  al .  (1995 ) 
claim ,  th e representation s generate d b y H A L ar e no t 
associative ,  bu t  semantic ,  th e simulatio n result s shoul d stil l 
reflec t  a  lac k o f  a n associativ e primin g effect . 

R 
U 
U-R 
Std . 

H AL simulatio n 
Sem. 

347 
413 
66 

1.0 0 

Assoc . 
322 
339 
17 

0.2 6 

Bot h 
331 
391 
60 

0.9 1 

H u m an 
Sem. 

643 
673 
30 

1.0 0 

subject s 
Assoc . 

623 
634 
11 

0.3 6 

Bot h 
603 
631 
28 

0.9 3 

Tabl e 1 .  Simulatio n an d huma n result s 
(fro m Lund ,  Burgess ,  &  Atchley ,  1995 ) 

Methods 

Twenty-two undergraduate students participated in order to 
ear n cours e credit .  Th e stimul i  use d i n thi s lexical-decisio n 
primin g experimen t  wer e take n fro m Chiarell o e t  al .  (1990 ) 
and consiste d o f  wor d pair s o f  thre e relationa l  type s 
(associative ,  semantic ,  an d semanti c +  associative) .  Thes e 
relate d wor d pair s wer e rearrange d t o for m unrelate d wor d 
pairs ;  additionally ,  a  numbe r  o f  word-nonwor d trial s equa l  t o 
th e combine d numbe r  o f  relate d an d unrelate d word-wor d 
trial s wer e included .  Targe t  word s wer e balance d fo r  bot h 
wor d lengt h an d printe d frequency ,  yieldin g a  tota l  o f  28 8 
wor d pairs . 

An experimenta l  lis t  include d al l  28 8 trial s an d wa s 
precede d b y fou r  "war m up "  trials .  W o r d prime s wer e 
counterbalance d s o 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 pairs ,  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 th e remainin g pair s wer e bot h 
semanticall y an d associativel y related. 

Stimulu s presentatio n an d timin g wa s conducte d o n P C 
clones .  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  mad e a  lexica l  decisio n o r  250 0 m s elapsed . 
Accurac y feedbac k wa s provided ,  a s wel l  a s a  time-ou t  signa l 
fo r  lac k o f  respons e withi n 250 0 ms .  A  se t  o f  fiftee n 
practic e trial s wa s presente d firs t 

Results and Discussion 

Results are shown in Table 2. As desired, the variance of the 
unrelate d conditio n fo r  huma n subject s wa s reduce d (fro m 1 1 
t o 6.2) .  Reactio n time s wer e faste r  fo r  relate d trial s tha n fo r 
unrelated ,  f(l ,  285 )  =  17.91 .  ; ? <  0.0001 .  Ther e wa s a n 
effec t  o f  associativ e typ e (F(5 ,  281 )  =  2.6 ,  p  =  0.02 )  bu t  n o 
typ e b y relatedness  interactio n ( F < 1) .  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 .  Primin g wa s foun d fo r 
al l  thre e conditions :  semantic ,  F(l ,  93 )  =  4.19 ,  p  =  0.04 ; 
associated ,  F(l ,  94 )  =  8.11 ,  p  =  0.005 ;  an d bot h semanti c 
and associated ,  F(l ,  94 )  =  6.64 ,  p  =  0.011 .  Thes e result s ar e 
consisten t  wit h ou r  hypothesi s tha t  th e earlie r  lac k o f 
associativ e primin g wit h huma n subject s wa s du e t o a  poo r 
selectio n o f  unrelate d wor d pairs .  However ,  i n bot h 
experiments ,  th e standar d procedur e wa s followe d t o obtai n 
unrelate d wor d pair s (manua l  rearrangement ,  bein g carefu l  t o 
includ e n o clearl y related  wor d pairs) .  Th e resulting  sporadi c 
associativ e primin g i n thes e experiments ,  contraste d wit h 
th e consistenc y o f  semanti c priming ,  lead s u s t o conclud e 
tha t  th e rol e o f  associativ e primin g i n a  lexica l  decisio n tas k 
i s no t  a s straightforwar d a s tha t  o f  semanti c similarity . 

The H A L simulatio n result s fo r  th e newl y rearrange d wor d 
pair s ar e simila r  t o thos e obtaine d previously .  Ther e i s a n 
overal l  primin g effect ,  F(l ,  285 )  =  21.02 ,  p  <  0.0001 .  Ther e 
was n o reliabl e effec t  o f  associativ e typ e ( F <  1) .  no r  a 
reliabl e interactio n (F(2 ,  281 )  =  1.26 ,  p  =  0.28) .  Primin g i s 
presen t  fo r  th e semanti c condition ,  F(l ,  93 )  =  5.92 ,  p  = 
0.017 ,  an d fo r  th e semanti c plu s associate d condition ,  F(l , 
94 )  =  10.95 ,  p  <  0.0013 ,  bu t  onc e agai n n o primin g i s 
foun d fo r  th e associated-onl y condition ,  F  <  1 .  Standardize d 
score s ar e compute d b y dividin g al l  primin g amount s b y th e 
semanti c primin g amount ,  i n orde r  t o eas e comparison s o f 
primin g magnitude s betwee n th e simulatio n an d th e huma n 
result s (se e Tabl e 2) . 

Th e simulatio n wa s no t  sensitiv e t o th e change s i n 
stimul i  whic h brough t  abou t  huma n associativ e priming . 
Thi s resul t  provide s furthe r  tha t  H A L i s mor e sensitiv e t o 
semantic s tha n t o associativity . 

R 
U 
U-R 
Std . 

H AL simulatio n 
Sem. 

540 
513 
37 

1.0 0 

Assoc . 
469 
487 
18 

0.4 8 

Bot h 
416 
494 
78 

2.1 1 

Human 
Sem. 

615 
652 
37 

1.0 0 

subject s 
Assoc . 

583 
626 
43 

1.1 6 

Bot h 
591 
629 
38 

1.0 2 

Tabl e 2 .  Simulatio n an d huma n result s 

Experiment 2 

Experiment 1 showed that the HAL simulation does not 
produc e statisticall y reliabl e primin g wit h associated-onl y 
wor d pairs .  However ,  ther e i s a  consistent ,  althoug h no t 
reliable ,  relatednes s advantag e foun d fo r  associated-onl y 
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stimuli ,  bot h i n th e experimen t  presente d her e an d i n othe r 
research .  Furthermore ,  th e semanti c +  associate d conditio n 
i n Experimen t  1  produce d greate r  primin g tha n di d th e 
semantic-onl y condition . 

For  thes e reasons ,  a  blanke t  declaratio n o f  lac k o f 
associativit y i n H A L ' s representation s seem s premature . 
However ,  i t  doe s seem s clea r  tha t  whateve r  associativ e 
informatio n i s availabl e i n HAL ' s vector s wil l  no t  b e foun d 
thoug h primin g simulations .  Thi s i s importan t  t o clarif y 
sinc e w e wan t  t o clai m tha t  semanti c similarit y make s a n 
importan t  contributio n i n primin g wit h humans . 

Stimul i  constructio n i n wor d primin g an d othe r 
psycholinguisti c experiment s ofte n emplo y wor d associatio n 
norms .  Thes e norm s provid e a  compilatio n o f  a  se t  o f 
people' s frequenc y ordere d association s t o man y words .  Wor d 
relationship s tha t  ca n b e foun d i n wor d associatio n norm s 
ca n tak e a  variet y o f  forms .  I t  i s  no t  unusua l  t o find  man y 
type s o f  associativ e an d semanti c relationship s i n thes e 
collection s o f  items .  Thes e norms ,  then ,  provid e a n 
importan t  tes t  o f  th e representation s tha t  ca n b e generate d 
usin g th e H A L model .  I n thi s experiment ,  wor d pair s fro m 
th e Palerm o an d Jenkin s (1964 )  norm s wil l  b e compare d 
wit h tw o potentia l  associativit y indice s availabl e fro m th e 
co-occurrenc e matrix .  Additionally ,  th e Palerm o an d Jenkins ' 
dat a wil l  b e compare d t o semanti c distance s fro m th e H A L 
simulation . 

Methods 

The two HAL-derived candidate associativity indices are co-
locatio n frequenc y an d co-locatio n separation .  Co-locatio n 
frequency ,  computabl e fo r  an y tw o words ,  i s simpl y a  ra w 
coun t  o f  th e numbe r  o f  time s tha t  thos e tw o word s occurre d 
withi n th e ten-wor d co-occurrenc e w indo w durin g 
constructio n o f  th e co-occurrenc e matrix .  Thi s correspond s 
t o on e intuitiv e definitio n o f  associativity ,  namel y tha t 
word s ar e associate d t o th e degre e tha t  the y ten d t o occu r 
togethe r  i n languag e (Miller ,  1969 ;  Spenc e &  Owens , 
1990) .  Thi s measur e i s no t  scale d o r  normalize d fo r  wor d 
frequency . 

The secon d associativit y measure ,  co-locatio n separation , 
i s  a  measur e o f  ho w man y words ,  o n average ,  separate d a 
certai n wor d pai r  a s the y occurre d withi n th e co-occurrenc e 
window .  Fo r  instance ,  i f  th e phras e "ladie s an d gentlemen " 
was th e onl y contex t  i n whic h th e word s "ladies "  an d 
"gentlemen "  eve r  occurre d withi n th e corpus ,  thos e tw o 
word s woul d hav e a  co-locatio n separatio n measur e o f  1.0 , 
as the y ar e alway s separate d b y on e word ,  "and. "  A s th e co -
occurrenc e windo w use d i n thes e experiment s wa s te n word s 
wide ,  thi s measur e ca n rang e fro m zer o t o nine .  Co-locatio n 
frequenc y an d separatio n value s fo r  som e exampl e wor d pair s 
ar e giv e i n Tabl e 3 . 

Thes e potentia l  associativit y metric s wer e compare d t o 
Palerm o an d Jenkins '  (1964 )  wor d associatio n norms .  I n 
thei r  norms ,  targe t  word s wer e availabl e alon g wit h 
associate s produce d b y huma n subjects .  Eac h target-associat e 
pai r  wa s ranke d b y ho w man y subject s produce d tha t 
particula r  response .  Fo r  eac h targe t  wor d i n th e huma n 
associativit y data ,  th e to p five  associate s wer e use d t o for m 
five  wor d pair s (e.g. ,  man-boy) .  Co-locatio n frequenc y an d 
separatio n value s fo r  thes e wor d pair s wer e the n computed . 

as wel l  a s semanti c distances ,  an d thes e value s wer e 
examine d fo r  correlations . 

blac k 
man 
le d 
hol y 
man 

Word Pai r 
whit e 
w o m an 
Zeppeli n 
cow 
tal l 

Col .  Sep . 
2. 9 
3. 4 
0. 4 
0. 0 
5. 2 

Col .  Freq . 
384 6 
1497 
290 

64 
49 

Tabl e 3 .  Exampl e wor d pairs . 

Results and Discussion 

Correlations between human associativity ratings and both 
co-locatio n separatio n an d frequenc y ar e show n i n Tabl e 4 . 
Consisten t  wit h ou r  earlie r  claim ,  ther e wa s n o reliabl e 
correlatio n betwee n semanti c distance s an d associativit y 
ratings .  Ther e wa s a  smal l  correlatio n betwee n co-locatio n 
separatio n an d associativit y {r = -0.\, p =  0.05) ,  indicatin g 
that ,  t o a  mino r  degree ,  mor e highl y associate d wor d pair s 
occu r  close r  t o eac h othe r  tha n d o les s associate d pairs . 

By fa r  th e larges t  correlatio n foun d wa s tha t  betwee n co -
locatio n frequenc y (ra w coun t  o f  co-occurrenc e withi n a  ten -
wor d window )  an d wor d pai r  associativit y ( r  =  0.25 ,  p  < 
0.0001) .  Thi s support s th e intuitiv e an d c o m m o n 
operationa l  definitio n o f  associativit y tha t  associate d word s 
ten d t o appea r  clos e t o eac h othe r  i n language .  I t  i s notable , 
though ,  tha t  th e large r  o f  th e significan t  correlation s wa s 
tha t  betwee n associativit y an d co-locatio n frequenc y rathe r 
tha n betwee n associativit y an d co-locatio n distance .  I n othe r 
words ,  associativit y fo r  a  wor d pai r  wa s no t  wel l  predicte d 
by ho w close ,  o n average ,  th e tw o word s wer e t o eac h othe r 
when the y wer e withi n th e ten-wor d window ,  bu t  wa s 
predicte d rathe r  wel l  simpl y b y th e numbe r  o f  time s whic h 
the y co-occurre d withi n th e windo w a t  an y distance . 

Thes e result s ca n illuminat e muc h abou t  H A L ,  semantics , 
and distribute d semanti c representations .  A n examinatio n o f 
th e wor d pair s use d a s associativ e pair s reveal s substantia l 
semanti c overlap .  Fo r  instance ,  th e to p tw o associate s o f 
man ar e liste d a s woma n an d boy . 

The associativit y o f  th e wor d pair s use d i n thi s experimen t 
i s no t  i n doubt ;  clearly ,  m a n an d w o m a n ar e highl y 
associate d (al l  thes e stimul i  wer e th e stronges t  fiv e 
associate s t o eac h target) .  However ,  a  grea t  man y o f  th e 
wor d pair s ar e bot h associate d an d semanticall y similar . 
Experimen t  3  wil l  examin e thi s phenomeno n i n greate r 
detail . 

Distance Col. Sep. Col. Freq. 
H u m an -0.0 6 -0. 1 0.2 5 
Associativit y ( p =  0.237 )  ( p =  0.05 )  (p< .0001 ) 

Table 4. Correlations for all associative pairs (n = 389). 

Experiment 3 

Given that there appears to be considerable semantic overlap 
betwee n man y o f  th e associate d wor d pair s use d i n th e wor d 
"association "  norm s usin g i n Experimen t  2 ,  i t  woul d b e 
desirabl e t o separat e th e semanti c  -i -  associate d pair s fro m th e 
associated-onl y pairs .  W e approache d thi s tas k b y 

606 



differentiatin g betwee n wor d pair s whic h wer e "semanti c 
neighbors "  tha t  ca n b e calculate d usin g H A L an d thos e 
whic h wer e not . 

To determin e i f  a  wor d i s a  semanti c neighbo r  o f  anothe r 
word ,  semanti c distance s ar e compute d betwee n th e firs t 
wor d an d al l  othe r  word s usin g H A L ' s semanti c vectors . 
Thes e distance s ar e the n ranke d usin g thi s semanti c distance . 
We arbitraril y  chos e t o cal l  th e fifty  word s wit h th e smalles t 
distance s "neighbors "  o f  th e targe t  word ,  o n th e assumption 
tha t  the y ar e th e mos t  highl y relate d word s i n th e availabl e 
vocabular y (whic h consist s o f  th e mos t  c o m m o n 70,00 0 
token s foun d i n ou r  corpus) ;  se e Tabl e 5  fo r  som e example s 
of  semanti c neighborhoods . 

Of  th e 38 9 origina l  wor d pairs ,  6 7 (-17% )  qualifie d a s 
semanti c neighbors ,  leavin g 32 2 a s non-neighbor s (althoug h 
stil l  al l  highl y associated) .  A s i n Experimen t  2 ,  correlation s 
wer e compute d betwee n th e associativit y rating s o f  thes e 
tw o set s o f  wor d pair s (neighbor s an d non-neighbors )  an d 
semanti c distance ,  co-locatio n separation ,  an d co-locatio n 
frequency. 

woman girl, man, child, piece, huge, woman's, cow 
gallo n gallons ,  liter ,  inch ,  pound ,  megs ,  litre ,  m e g 
red  blue ,  green ,  white ,  black ,  gold ,  monster ,  ring 
spide r  turtle ,  shark ,  angel ,  dragon ,  storm ,  slug ,  gian t 

Table 5. Example semantic neighborhoods. 

Results and Discussion 

Correlations are shown in Table 6. Correlations between 
associativit y an d bot h semanti c distanc e an d co-locatio n 
separatio n ar e similar ,  fo r  bot h set s o f  words ,  t o thos e 
obtaine d i n Experimen t  2 .  However ,  a  strikin g differenc e i s 
foun d i n th e correlation s fo r  co-locatio n frequency .  Here ,  th e 
correlatio n fo r  th e semanti c neighbo r  se t  ha s increased ,  b y 
neari y a  facto r  o f  two ,  t o 0.4 8 (j> < 0.0001) ,  whil e th e 
correlatio n fo r  non-neighbor s ha s becom e negligibl e an d 
unreliable .  Thi s resul t  suggest s tha t  th e popula r  vie w tha t 
associatio n i s reflecte d b y wor d proximit y i s onl y tru e fo r 
word s whic h ar e semanticall y relate d (though ,  fo r  thes e 
words ,  co-locatio n frequenc y i s a n excellen t  predicto r  o f 
associativity) . 

Non-
neighbor s 
Neighbor s 

N 
322 

67 

Distanc e 
0.0 3 

(P=a552 ) 
-01 3 

(D =  0552 ) 

Col .  Sep . 
-0.0 8 

4)  =  016 ) 
-0.2 1 

03 =  008 ) 

Col .  Freq . 
00 5 

(p =  0412 ) 
0.4 8 

(p <  .0001 ) 

Tabl e 6 .  Correlation s wit h associativity . 

General Discussion 

Experiment s 2  an d 3  validat e th e distinctio n betwee n 
associate d an d associated-semanti c pair s whic h wa s mad e i n 
Experimen t  1  (se e Chiarell o e t  al. ,  1990) .  Clearly ,  amon g 
associate s produce d b y huma n subjects ,  ther e ar e bot h 
associate s whic h co-occu r  i n natura l  languag e an d thos e 
whic h d o not ;  th e distinctio n appear s t o b e quit e sharp ,  wit h 

thos e no t  co-occurrin g i n languag e bein g th e substantia l 
majority . 

Tempora l  contiguit y ha s bee n though t  t o b e a  critica l 
componen t  o f  learnin g (Deese ,  1965) .  Sinc e ther e wa s no t  a 
genera l  correlatio n betwee n associativit y an d co-locatio n 
frequency ,  i t  seem s unlikel y tha t  th e majorit y o f 
association s produce d b y subject s wer e learne d vi a tempora l 
contiguit y i n thi s fashio n (a t  leas t  fro m natura l  language) ; 
onl y thos e association s whic h als o contai n a  semanti c 
componen t  appea r  t o influenc e wor d order . 

Experimen t  1  demonstrate d that ,  whateve r  th e metho d i s 
by whic h thes e non-tempora l  association s ar e expressed , 
H AL i s no t  sensitiv e t o them .  A n exampl e i n whic h H A L 
pick s u p semanti c informatio n whic h i s no t  directl y 
temporall y expressed ,  i s th e relationshi p betwee n roa d an d 
street .  Th e collocatio n frequenc y fo r  thi s wor d pai r  i s  onl y 
7 4 (a s compare d t o 149 7 fo r  m a n - w o m a n ) ,  ye t  th e vecto r 
representation s fo r  roa d an d stree t  ar e nearl y identica l 
(indicatin g tha t  the y shar e a  grea t  dea l  o f  meaning) . 

The methodolog y an d result s presente d her e hav e practica l 
applications ;  stimulu s se t  construction ,  fo r  instance ,  coul d 
benefi t  fro m a n objectiv e measur e o f  semanti c overla p i n 
associativ e data .  Mor e importantly ,  thi s researc h shed s ligh t 
on th e natur e o f  associativity ,  dispellin g som e popula r  idea s 
abou t  wher e i t  originates .  Ther e ar e severa l  importan t 
theoretica l  conclusion s t o b e draw n fro m thi s se t  o f 
experiment s an d th e earlie r  wor k o n H A L (Burges s &  Lund , 
1996 ;  Lun d &  Burgess ,  i n press ;  Lun d e t  al. ,  1995) .  Th e 
relianc e o f  ou r  notion s abou t  semanti c organizatio n o n 
associativ e structur e i s virtuall y axiomatic .  Georg e Mille r 
(1969 )  propose d tha t  "meaning s ca n b e characterize d i n term s 
of  lexica l  associations .  Lexica l  association s ca n b e measure d 
by wor d associatio n tests .  Th e result s o f  wor d associatio n 
test s ca n b e accounte d fo r  i n term s o f  particula r  type s o f 
sentence s w e ca n for m wit h th e words "  (pp .  234-235) .  Thes e 
belief s hav e bee n persisten t  (Plaut ,  1995 ;  Shelto n &  Martin , 
1992 ;  Spenc e &  O w e n s ,  1990) .  Th e notio n tha t 
associativit y ca n b e characterize d b y tempora l  associatio n i n 
languag e receive s littl e o r  n o suppor t  fro m ou r  corpu s 
analysis .  Th e exten t  tha t  "wor d associations "  ca n b e 
characterize d b y tempora l  associatio n seem s t o b e mor e a 
functio n o f  semanti c neighborhoo d whic h i s a  reflectio n o f 
semanti c similarit y i n H A L ' s vecto r  representations .  Thi s 
may b e counterintuitive ,  give n tha t  H A L ' s methodolog y 
require s i t  t o bootstra p it s representation s fro m lexica l  co -
occurrenc e an d tha t  lexica l  co-occurrenc e i s relate d t o 
tempora l  association .  Th e relationshi p betwee n associativ e 
(an d thu s temporal )  connection s i n memor y an d semanti c 
representation s correspond s t o h o w a  memor y i s initiall y 
acquire d an d h o w i t  i s  ultimatel y transforme d int o a  mor e 
generalize d piec e o f  knowledg e (it s semanti c vecto r  i n th e 
H AL model) .  Th e notio n tha t  association s provid e th e 
antecedent s fo r  semanti c structur e wa s earl y posite d i n 
cognitiv e psycholog y (Mandler ,  1962 ;  Osgood ,  1971) .  Thi s 
i s no t  t o sa y tha t  associativ e informatio n m a y no t  b e 
importan t  i n mor e generalize d structures .  Fo r  example , 
whil e ther e i s no t  m u c h similarit y betwee n th e concept s 
m an an d tall ,  the y ar e strongl y associate d an d tha t  me n ten d 
t o b e tal l  relativ e t o som e standar d i s importan t  knowledge . 
However ,  associativ e informatio n suc h a s thi s tend s t o b e 
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more relativistic .  A n outcom e o f  thi s i s tha t  primin g effect s 
usin g associativ e relationship s may b e les s stabl e acros s set s 
of  item s o r  subjects ,  a s w e sa w i n experimen t  1 .  Associativ e 
informatio n tha t  ha s no t  becom e generalized ,  tha t  is ,  no t 
semantic ,  woul d b e mor e predictiv e o f  episodi c 
relationships . 

I n th e H A L model ,  thi s distinctio n betwee n associativ e 
and semanti c informatio n correspond s t o th e distinctio n 
betwee n loca l  co-occurrenc e an d globa l  co-occurrence . 
Tempora l  informatio n i s reflecte d i n loca l  co-occurrence . 
When on e examine s globa l  pattern s o f  co-occurrence ,  acros s 
a vocabulary ,  on e finds  no t  associative ,  bu t  semanti c 
information .  Onl y a  smal l  proportio n o f  th e vecto r  element s 
ar e require d t o obtai n th e cognitiv e effect s tha t  w e find . 
Thus ,  th e functiona l  representatio n i s abstracte d fro m an d i s 
more a  measur e o f  wor d contextualit y o r  globa l  co -
occurrenc e tha n tempora l  association .  Thi s i s a n importan t 
distinctio n t o mak e a s theorie s o f  semantic s develo p 
(Burges s &  Cottrell ,  1995 ;  Burges s &  Lund ,  1996 ;  Landaue r 
& Dumais ,  1996 ;  Lun d &  Burgess ,  i n press) . 
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