
Representin g Abstrac t  W o r d s an d Emotiona l  Connotatio n 

i n a  High-dimensiona l  M e m o r y Spac e 

Cur t  Burges s 
Departmen t  o f  Psycholog y 

Universit y o f  California ,  Riversid e 
Riverside .  C A 9252 1 

c u r t @ d o u m i . u c r . e d u 

K e v i n L u n d 
Departmen t  o f  Psycholog y 

Universit y o f  California ,  Riversid e 
Riverside ,  C A 9252 1 

k e v i n @ l o c u t u s . u c r . e d u 

Abstrac t 
A challengin g proble m i n th e computationa l  modelin g 
of  meanin g i s representin g abstrac t  word s an d emotiona l 
connotations .  Thre e simulation s ar e presente d tha t 
demonstrat e tha t  th e Hyperspac e Analogu e t o Languag e 
(HAL )  mode l  o f  memor y encode s th e meanin g o f  abstrac t 
and emotiona l  word s i n a  cognitivel y plausibl e fashion . 
I n thi s paper ,  HAL' s representation s ar e use d t o predic t 
human judgement s fro m wor d meanin g norm s fo r 
concreteness ,  pleasantness ,  an d imageability .  Th e 
result s o f  a  single-wor d primin g experimen t  tha t  utilize d 
emotiona l  an d abstrac t  word s wa s replicated .  Thes e 
result s sugges t  tha t  i t  i s  unnecessar y t o posi t  separat e 
lexicon s t o accoun t  fo r  dissociation s i n primin g results . 
H AL use s globa l  co-occurrenc e informatio n fro m a  larg e 
corpu s o f  tex t  t o develo p wor d meanin g representations . 
Representation s o f  word s tha t  ar e abstrac t  o r  emotiona l 
ar e forme d n o differentl y tha n concret e words . 

Any theory of meaning is faced with the problem of what 
approac h t o us e t o represen t  th e meanin g o f  a  word .  Thi s 
proble m i s perhap s eve n mor e explici t  wit h computationa l 
theorie s o f  meanin g representation .  O n e approac h t o 
modelin g wor d meanin g i s simpl y t o hav e binar y wor d 
vector s wher e item s tha t  ar e mor e relate d ar e mor e simila r 
i n thei r  patter n o f  vecto r  elements .  Masso n (1995 )  an d 
Plau t  (1995 )  hav e use d thi s approach .  Vecto r  element s i n 
a wor d hav e n o particula r  meaning ,  no r  ar e particula r  type s 
of  wor d meaning s represented .  Th e advantag e o f  thi s 
approac h i s tha t  i t  i s  straightforwar d t o mode l  effect s tha t 
rel y o n overal l  pattern s o f  similarity .  Othe r  model s hav e 
use d set s o f  semanti c microfeature s intende d t o instantiat e 
meanin g b y usin g a  vecto r  o f  meaningfu l  element s tha t 
can collectivel y b e use d t o deriv e th e meanin g o f  a  word . 
For  example ,  McClellan d an d Kawamot o (1986 )  use d a  se t 
of  feature s i n whic h th e concep t  bo y i s represente d b y th e 
feature s human ,  soft ,  male ,  mediu m size ,  3- d form , 
pointed ,  unbreakable ,  an d animate .  Bot h o f  thes e 
approache s hav e severa l  drawbacks .  I t  i s  difficul t  t o 
represen t  a  larg e numbe r  o f  concepts .  I t  i s als o difficul t  t o 
articulat e a  se t  o f  semanti c features ,  an d ther e i s n o clearl y 
specifie d wa y t o represen t  abstrac t  concepts . 

A notabl y difficul t  proble m i s h o w t o represen t  abstrac t 

concept s i n computationa l  semantics .  Th e proble m ha s 
had ver y littl e attentio n probabl y du e t o th e seemingl y 
intractabl e natur e o f  developin g th e representations .  I n thi s 
paper ,  w e argu e tha t  languag e statistic s (i.e. ,  globa l  co -
occurrence ,  se e Burges s &  Lund ,  1997 )  ca n m a k e a 
credibl e firs t  pas s a t  thi s representationa l  problem .  Ou r 
model  o f  representin g meanin g i n m e m o r y ,  th e 
Hyperspac e Analogu e t o Languag e ( H A L )  model ,  ha s bee n 
use d t o accoun t  fo r  a  rang e o f  semanti c an d associativ e 
primin g effect s (Lun d &  Burgess ,  1996 ,  Lund ,  Burgess ,  & 
Atchley ,  1995 ;  Lund ,  Burgess ,  &  Audet ,  1996) ,  th e typ e 
of  semanti c error s mad e b y patient s wit h dee p dyslexi a 
(Buchanan ,  Burgess ,  Lund ,  1996) ,  grammatica l  clas s 
distinction s an d semanti c effect s o n syntacti c processin g 
(Burges s &  Lund ,  1997 )  an d cerebra l  asymmetrie s i n 
semanti c memor y processin g (Burges s &  Lund ,  i n press) . 

H AL i s a  mode l  tha t  develop s wor d meanin g fro m 
globa l  co-occurrenc e statistic s b y movin g a  ten-wor d 
windo w alon g a  -30 0 millio n wor d corpu s o f  Usene t  text . 
Eac h tim e th e w indo w move s on e ste p (on e word) , 
weighte d co-occurrenc e informatio n i s tabulate d i n a  larg e 
matri x o f  co-occurrences .  W o r d s i n th e w i n d o w ar e 
recorde d a s co-occurrin g wit h a  strengt h inversel y 
proportiona l  t o th e numbe r  o f  othe r  word s separatin g the m 
withi n th e window .  Word s clos e togethe r  receiv e highe r 
co-occurrenc e value s tha n word s furthe r  apart .  Th e proces s 
of  movin g th e windo w an d recordin g thes e co-occurrence s 
allow s fo r  th e formatio n o f  a  co-occurrenc e matrix .  Thi s 
matri x  i s 70,00 0 squar e sinc e ther e ar e 70,00 0 vocabular y 
item s fo r  whic h informatio n wa s stored .  Describin g th e 
complet e detail s o f  th e mode l  i s beyon d th e scop e o f  thi s 
pape r  an d ha s bee n don e elsewher e (Lun d &  Burgess , 
1996 ;  se e Burges s &  Lund ,  1997 ,  fo r  a n update) . 

The meanin g acquisitio n procedur e jus t  describe d i s th e 
same fo r  an y word .  I n thi s paper ,  w e explor e th e 
possibilit y  tha t  HAL' s wor d representation s ca n b e use d t o 
captur e th e meanin g o f  abstrac t  words ,  jus t  a s the y hav e 
been demonstrate d t o d o fo r  mor e concret e words .  W e als o 
tes t  whethe r  o r  no t  HAL' s representation s ca n b e use d t o 
accoun t  fo r  primin g effect s wit h word s wit h emotiona l 
connotations . 
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Figur e 1 :  (a )  concret e nomina l  concepts ,  (b )  grammatica l  concepts ,  an d (c )  abstrac t  concept s 

S i m u l a t i o n 1 : 

D e m o n s t r a t i n g S e m a n t i c a n d 
G r a m m a t i c a l  Ca tegor i za t io n 

Semanti c an d grammatica l  categorizatio n ha s bee n 
demonstrate d befor e usin g H A L (Burges s &  Lund ,  1997) . 
The goa l  o f  thi s simulatio n wa s t o replicat e thos e result s 
wit h differen t  stimul i  an d t o provid e ne w evidenc e tha t 
abstrac t  concept s ca n b e categorized .  I n thi s firs t 
simulation ,  variou s categorie s o f  word s ar e subjecte d t o 
multidimensiona l  scalin g ( M D S )  i n orde r  t o sho w tha t  th e 
interwor d distance s i n th e high-dimensiona l  spac e ca n 
provid e a  basi s fo r  categorization . 

Methods 

Co-occurrence vectors were extracted for a set of words, 
and thre e M D S solution s wer e computed .  I n th e first 
M D S,  thre e categorie s o f  noun s wer e selecte d (foods , 
vehicles ,  &  clothin g items )  t o demonstrate ,  tha t  amon g 
concret e concepts ,  th e wor d vector s provid e categorica l 
informatio n sufficien t  t o distinguis h amon g thes e groups . 
Vector s wer e extracte d fo r  thes e words ,  and ,  treatin g eac h 
vecto r  a s a  se t  o f  coordinate s i n a  high-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 
interwor d distance s fo r  th e chosen  se t  o f  words ,  woul d 
operat e a s a  similarit y matrix .  Eac h elemen t  i n th e 
similarit y matri x represente d th e distanc e betwee n tw o o f 
th e chose n word s i n thi s high-dimensiona l  space .  Th e 
secon d M D S show s tha t  th e wor d vector s ar e sensitiv e t o 
th e noun-ver b distinction .  Th e thir d M D S i s use d wit h 
abstrac t  concept s (emotiona l  term s &  lega l  terms) . 

Results 

Thes e thre e matrice s wer e analyze d b y a  M D S algorith m 
tha t  project s point s fro m a  high-dimensiona l  spac e int o a 
lower-dimensiona l  spac e i n a  non-linea r  fashio n tha t 
attempt s t o preserv e th e distance s betwee n point s (se e 
Manly ,  1986 ,  fo r  a  discussio n o f  M D S ) .  Th e 

lower-dimensiona l  projectio n allow s fo r  th e visualizatio n 
of  th e spatia l  relationship s betwee n th e co-occurrenc e 
vectors .  Thes e two-dimensiona l  M D S solution s ar e show n 
i n Figur e 1 . 

Concrete nominal concepts. Visual inspection 
suggest s tha t  th e thre e categorie s o f  noun s wer e 
differentiate d b y th e M D S procedur e (se e Figur e la) . 
Foods ,  clothes ,  an d vehicle s appea r  i n separat e spaces . 
However ,  give n th e extrem e dimensionalit y reductio n tha t 
take s plac e whe n doin g a  tw o dimensiona l  M D S fro m 
high-dimensiona l  data ,  i t  wa s importan t  t o conduc t 
inferentia l  statistics .  A n analysi s o f  varianc e wa s 
compute d comparin g intragrou p distance s t o intergrou p 
distances .  I n orde r  t o d o this ,  distance s betwee n al l 
combination s o f  ite m pair s withi n a  grou p wer e calculate d 
and compare d t o al l  combination s o f  th e grou p item s an d 
al l  othe r  items .  Clothe s wer e differentiate d from  th e othe r 
tw o group s o f  items ,  F  (1 ,  68 )  =  26.33 ,  p  <  .0001 . 
Likewise ,  foo d concept s wer e differen t  fro m clothe s an d 
vehicles ,  F  (1 ,  68 )  =  19.17 ,  p  <  .0001 ,  an d th e intragrou p 
distance s fo r  vehicle s differe d fro m th e othe r  tw o groups , 
F (1 ,  68 )  =  76.98 ,  p  <  .0001 .  Th e tw o dimensiona l  M D S 
solution s o f  th e 140,00 0 dimensiona l  spac e woul d see m 
t o b e a  visuall y reasonabl e reductio n o f  dimensionality . 

Grammatical concepts. Visual inspection suggests 
tha t  thes e thre e categorie s o f  word s wer e als o differentiate d 
by th e M D S procedur e (se e Figur e lb) .  Verb s see m 
separat e fro m th e nouns .  Likewise ,  th e communicativ e 
verb s {listened ,  talked )  differentiat e fro m th e movemen t 
verb s (ran ,  crawled ,  walked) .  A n analysi s o f  varianc e wa s 
compute d usin g th e high-dimensiona l  vector s comparin g 
intragrou p distance s t o intergrou p distances .  I n orde r  t o d o 
this ,  distance s betwee n al l  combination s o f  ite m pair s 
withi n a  grou p wer e calculate d an d compare d t o al l 
combination s o f  th e grou p item s an d al l  othe r  items . 
Nouns (th e animals )  wer e differentiate d fro m th e verbs ,  F 
(1 ,  19 )  =  6.22 ,  p  <  .QUI .  Th e communicativ e verb s wer e 
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i n a  differen t  spac e fro m th e noun s an d th e movemen t 
verbs ,  F  (1 ,  12 )  =  5.86 ,  p  <  .032 ,  an d th e intragrou p 
distance s fo r  th e movemen t  verb s differe d fro m th e othe r 
tw o groups ,  F  (1 ,  19 )  =  6.12 ,  p  <  .023 . 

Abstract concepts. As with the nominal categories and 
th e grammatica l  categories ,  visua l  inspectio n o f  th e tw o 
abstrac t  categorie s suggest s tha t  thes e categorie s wer e als o 
differentiate d b y th e M D S procedur e (se e Figur e Ic) .  Th e 
word s i n th e emotiona l  categor y (e.g. ,  love ,  hate ,  happy ) 
separat e from  th e word s i n th e lega l  categor y (e.g. ,  judge , 
law ,  fair) .  A n analysi s o f  varianc e wa s compute d usin g th e 
high-dimensiona l  vector s comparin g intragrou p distance s 
t o intergrou p distances .  A s wit h th e previou s analyses , 
distance s betwee n al l  combination s o f  ite m pair s withi n a 
grou p wer e calculate d an d compare d t o al l  combination s o f 
th e grou p item s an d al l  othe r  items .  Th e emotiona l  word s 
wer e differentiate d from  th e lega l  terms ,  F  (1 ,  43 )  =  7.00 , 
p <  .Oil .  Likewise ,  th e lega l  term s wer e differen t  fro m 
th e emotiona l  words ,  F  (1 ,  43 )  =  11.97 ,  p  <  .0012 . 

Discussion 

The result s fro m thes e simulation s demonstrat e tha t  word s 
wit h simila r  meaning s ten d t o b e clos e t o eac h othe r  i n 
th e high-dimensiona l  space .  Vecto r  representation s als o 
carr y importan t  grammatical-clas s informatio n whic h i s 
sufficien t  t o allo w on e t o distinguis h betwee n 
grammatica l  entities .  Althoug h th e M D S showe d tha t 
noun s wer e distinguishe d fro m verbs ,  interna l  semantic s 
wer e maintaine d a s well .  Fo r  example ,  listene d an d talke d 
clustere d together ,  an d th e movemen t  verb s clustere d 
togethe r  a s well .  HAL' s vecto r  representation s wer e als o 
abl e t o distinguis h betwee n tw o categorie s o f  abstrac t 
concepts .  I t  ha s alway s bee n problemati c wit h semanti c 
featur e system s t o articulat e a  se t  o f  feature s fo r  abstrac t 
concepts .  Usin g a  globa l  co-occurrenc e procedur e suc h a s 
HAL' s tha t  map s th e representatio n ont o th e system' s 
experienc e wit h th e incomin g inpu t  avoid s thi s proble m 
(se e Burges s &  Lund ,  1997 ,  fo r  mor e discussio n o n thi s 
issue) .  A s a  result ,  abstrac t  concept s ar e represente d usin g 
th e sam e acquisitio n procedur e a s concret e concepts . 

Simulation 2: Predicting Human Ratings 

The M D S result s sugges t  tha t  HAL' s representation s ar e 
as robus t  fo r  abstrac t  word s a s the y hav e prove n t o b e fo r 
our  earlie r  studie s usin g mor e concret e word s (Lun d e t  al. , 
1995 ,  1996 )  i n simulation s o f  semanti c primin g 
experiments .  A  mor e compellin g demonstration ,  however , 
woul d requir e a  large r  numbe r  o f  stimul i  tha n show n i n 
Figur e 1 .  I n orde r  t o accomplis h thi s w e use d th e wor d 
vector s t o predic t  severa l  abstrac t  variable s mad e b y 
human rater s fo r  word s compile d i n Togli a an d Battig' s 
(1978 )  Handboo k o f  Semanti c Wor d Norms . 

M e t h o d s 

Full-lengt h co-occurrenc e vector s (140,(XX )  elements )  wer e 
extracte d fo r  1,48 6 o f  -2,50 0 word s fro m Togli a an d 
Batti g (1978) .  Ver y lo w frequenc y item s wer e no t  include d 
i n thi s analysis ,  since ,  i n orde r  fo r  a  wor d t o b e i n HAL' s 
lexicon ,  i t  ha d t o occu r  a t  leas t  5 0 time s i n th e -30 0 
millio n wor d corpus .  Thi s forme d a  matri x wit h 1,48 6 
row s an d 140,00 0 columns ;  colum n variance s wer e 
computed ,  an d th e thousan d mos t  varian t  column s 
retained .  Th e resultin g matri x wa s subjecte d t o a  principa l 
component s analysi s i n orde r  t o concentrat e a  m a x i m u m 
amount  o f  varianc e int o a  m in imu m numbe r  o f  column s 
(yieldin g a  ne w se t  o f  vecto r  element s fo r  eac h word) .  Th e 
most  informativ e 14 0 component s wer e retained .  Thi s 
procedur e yielded ,  fo r  eac h wor d t o b e analyzed ,  14 0 vecto r 
elements .  Togli a an d Batti g ha d huma n rater s m a k e 
judgement s o n eac h wor d usin g a  seve n poin t  liker t  scal e 
fo r  thre e abstrac t  variable s (concreteness ,  pleasantness ,  an d 
imageability) .  Th e wor d vecto r  element s wer e use d a s 
predictor s fo r  th e huma n rating s compile d b y Togli a an d 
Batti g (1978) .  Regression s wer e separatel y conducte d fo r 
th e thre e abstrac t  ratings .  Th e scor e fo r  th e rating s fo r 
thes e tw o variable s wa s predicte d b y th e 14 0 vecto r 
element s (14 0 predicto r  element s wer e use d i n orde r  t o 
avoi d havin g a  rati o o f  case s t o predictor s belo w ten) . 

Results and Discussion 

Reliable predictions were obtained for each abstract 
variabl e (concreteness ,  pleasantness ,  an d imageability) .  A 
substantia l  amoun t  o f  varianc e i n th e huma n rating s wa s 
accounte d fo r  b y th e wor d vectors :  concretenes s (R" ^  -  .65 , 
p <  .0001) ,  imageabilit y (/? 2 =  .53 ,  p  <  .0001) ,  an d 
pleasantnes s (/? 2 =  .28 ,  p  <  .0001) .  Thes e result s sho w 
tha t  th e globa l  co-occurrenc e informatio n carrie d i n th e 
wor d vector s ca n b e use d t o predic t  a  tangibl e proportio n 
of  th e huma n liker t  scal e rating s collecte d fo r  a  larg e se t  o f 
item s o n thre e abstrac t  semanti c dimensions .  Thi s i s a n 
importan t  se t  o f  result s becaus e the y demonstrat e th e 
cognitiv e plausibilit y  o f  th e vecto r  content s (give n tha t 
the y predic t  huma n rating s o f  variou s dimension s o f 
abstrac t  semantics )  mores o tha n a  simpl e M D S 
presentation . 

Simulation 3: 
E m o t i o n a l  S e m a n t i c P r i m i n g 

Representin g abstrac t  concept s i s typicall y a  difficul t 
endeavo r  fo r  a  mode l  o f  meaning .  Likewise ,  representin g 
emotiona l  connotatio n i s difficul t  t o conceptualize .  Dye r 
(1987 )  presente d thre e A I  approache s t o modelin g emotio n 
utilizin g a  highl y symbolic ,  rule-base d syste m tha t 
analyze d goal s an d belief s o f  a n acto r  i n a  situatio n i n 
orde r  t o infe r  emotiona l  reactions .  Th e drawbac k t o thi s 
approac h i s tha t  a n "emotion "  exper t  syste m i s difficul t  t o 
put  fort h a s a  representationa l  model .  Perhap s emotiona l 
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word s ar e jus t  a  representationa l  varian t  o f  abstrac t  words . 

Thi s issu e wa s investigate d b y Baue r  an d Altarrib a (1996 ) 
i n tw o semanti c primin g experiment s manipulatin g th e 
condition s unde r  whic h abstrac t  an d emotiona l  word s ar e 
presented .  Sinc e th e regressio n analyse s i n Simulatio n 2 
sugges t  tha t  H A L ' s representation s carr y substantia l 
informatio n tha t  ca n b e use d t o predic t  abstrac t 
dimensions ,  w e decide d t o investigat e th e plausibilit y  o f 
accountin g fo r  th e se t  o f  emotiona l  primin g result s 
reporte d b y Baue r  an d Altarrib a usin g th e H A L 
representationa l  model . 

Bauer  an d Altarrib a (1996 )  use d a  singl e wor d primin g 
procedur e t o investigat e fou r  differen t  type s o f  wor d 
relationships .  The y combine d a s prime-targe t  pair s 
abstrac t  word s tha t  varie d a s a  functio n o f  whethe r  th e 
wor d exceede d a  normativ e leve l  o f  emotionality .  Fo r 
example ,  freedom-libert y i s a n abstract-abstrac t  pai r  (AA) ; 
excited-anxiou s i s a n emotion-emotio n pai r  (EE) ,  i n 
additio n t o bein g abstract .  The y als o include d incongruen t 
condition s (AE )  an d (EA) .  I t  i s  importan t  t o not e tha t 
thes e incongruen t  pair s wer e stil l  rate d a s relate d a s th e 
congruen t  pair s (incongruen t  A E example ,  fantasy -
ecstasy) .  Eac h o f  thes e fou r  condition s als o ha d it s o w n 
set  o f  unrelate d control s tha t  wer e forme d b y re-pairin g th e 
relate d lis t  suc h tha t  th e prime-targe t  pair s wer e n o longe r 
simila r  i n meaning .  Th e emotion/abstrac t  relationshi p wa s 
maintaine d however .  Thus ,  fo r  example ,  primin g fo r  th e 
A A conditio n woul d b e calculate d b y subtractin g lexica l 
decisio n R T s fo r  thi s conditio n fro m th e unrelate d A A 
( A A U ,  e.g. ,  clearly-liberty )  condition .  Baue r  an d Altarrib a 
hypothesiz e tha t  abstrac t  an d emotiona l  word s resid e i n 
separat e lexicons .  Evidenc e fo r  this ,  the y argue ,  woul d b e 
t o find a  dissociatio n i n primin g fo r  thes e condition s -  a 
logi c tha t  wa s followe d earlie r  fo r  hypothesizin g differen t 
memory store s fo r  abstrac t  an d concret e word s (Bleasdale , 
1987) . 

The y conducte d tw o single-wor d primin g experiments . 
A tria l  consiste d o f  a  fixation  point ,  a  prime ,  followe d b y 
a targe t  t o whic h th e subjec t  mad e a  lexica l  decision .  I n 
bot h experiment s th e targe t  remaine d o n unti l  th e subjec t 
responded .  I n th e first  experiment ,  th e unmaske d prim e 
was presente d fo r  2(X )  msec ;  i n th e secon d experiment ,  th e 
prim e wa s presente d fo r  12 5 mse c an d maske d fo r  16 8 
msec.  I n bot h experiments ,  mea n lexica l  decisio n RT s fo r 
th e fou r  wor d relationship s (AA ,  E E ,  A E ,  E A )  wer e 
compare d t o thei r  unrelate d contro l  condition s t o calculat e 
th e magnitud e o f  semanti c priming .  I n th e experimen t 
wit h th e unmaske d prime ,  al l  fou r  condition s resulte d i n 
robus t  primin g effect s (rangin g fro m 2 0 t o 2 6 msec) . 
W h en th e prim e wa s masked ,  onl y th e A A an d E E 
condition s produce d reliabl e primin g effects .  The y argu e 
tha t  th e maske d prim e conditio n eliminate d th e post-acces s 
strategi c processin g an d tha t  onl y whe n abstrac t  o r 
emotiona l  word s ar e congruentl y paire d ca n automatic , 
bottom-u p facilitatio n occur .  Furthermore ,  the y conclud e 

tha t  sinc e th e stil l  related ,  bu t  emotion/abstrac t 
incongruou s condition s di d no t  resul t  i n facilitatio n wit h 

maske d primes ,  th e abstrac t  an d emotiona l  wor d 
informatio n i s store d i n separat e lexicons .  Automati c 
primin g occur s fo r  item s o f  th e sam e semanti c type ,  bu t 
not  acros s types . 

We hav e presente d elsewher e a  se t  o f  result s 
demonstratin g tha t  th e distance s i n HAL ' s high -
dimensiona l  memor y spac e reflec t  th e initia l  bottom-u p 
availabilit y  o f  conceptua l  information .  A  rang e o f 
experiment s hav e bee n conducted ,  al l  convergin g o n th e 
conclusio n tha t  HAL' s distanc e metri c provide s a  robus t 
characterizatio n o f  a  variet y o f  semanti c primin g effect s 
(Buchana n e t  al. ,  1996 ;  Burges s &  Lund ,  i n press ;  Lun d 
& Burgess ,  1996 ;  Lun d e t  al. ,  1995 ,  1996) .  Wit h H A L , 
we argu e tha t  informatio n relate d t o meanin g ca n b e 
represente d i n on e store . 

Methods 

Contex t  distance s wer e calculate d usin g th e H A L mode l 
fo r  al l  prime-targe t  pair s use d b y Baue r  an d Altarrib a 
(1996 )  i n orde r  t o obtai n a  measur e o f  semanti c 
relatedness .  Thes e item s comprise d fou r  relate d condition s 
(congruent :  A A ,  E E ;  incongruent :  A E ,  E A )  an d thei r 
associate d unrelate d contro l  conditions .  Ther e wer e 2 0 
prime-targe t  pair s fo r  eac h condition .  Th e unrelate d contro l 
conditio n wa s forme d b y re-pairin g th e relate d item s (thes e 
wer e th e sam e unrelate d trial s use d b y Baue r  an d 
Altarriba) .  Ou r  methodolog y assume s tha t  huma n 
respons e latencie s t o target s i n a  single-wor d primin g 
paradig m hav e som e correspondenc e t o th e distance s 
betwee n prime s an d target s i n H A L .  W e hav e show n 
elsewher e tha t  H A L doe s provide s robus t  estimate s o f 
human RT s i n thi s tas k (Lun d &  Burgess ,  1996 ;  Lun d e t 
al. ,  1995 ,  1996) .  Thus ,  a n analysi s o f  distance s i n th e 
high-dimensiona l  meanin g spac e allow s u s t o mak e a n 
analogou s compariso n usin g H A L t o h o w Baue r  an d 
Altarrib a discusse d thei r  primin g results . 

Results and Discussion 

Planne d comparison s involv e assessin g fo r  a  primin g 
effec t  wit h th e contex t  distanc e metri c i n th e fou r 
relatednes s condition s (AA ,  E E ,  A E ,  E A )  b y comparin g 
eac h wit h thei r  respectiv e unrelate d controls .  Th e patter n 
of  result s i n th e simulatio n analysi s i s strikingl y simila r 
t o th e patter n o f  result s Baue r  an d Altarrib a foun d i n thei r 
masked prim e experiment .  (Note :  contex t  distance s i n 
H AL ar e scale d t o appea r  simila r  t o RT s i n a  primin g 
task ,  se e Lun d &  Burgess ,  1996 ;  al l  distance s ar e i n 
Riversid e Contex t  Unit s o r  R C U s ) .  Primin g wa s obtaine d 
i n th e A A conditio n ( A A U A A ,  64 7 54 7 =  100) ,  F 
(1,39 )  =  4.76 ,  p  <  .035 .  Primin g wa s als o obtaine d i n th e 
E E conditio n ( E E U EE ,  65 3 54 5 =  108) ,  F  (1,39 )  = 
9.98 ,  p  <  .0032 .  Primin g wa s no t  foun d i n eithe r 
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incongruen t  condition :  A E conditio n ( A E U A E ,  66 3 
61 7 =  46) ,  F  (1,39 )  =  2.02 ,  p  <  .164 ;  E A conditio n ( E A U 

E A,  66 9 -  66 1 =  8) ,  F  (1,37 )  =  0.09 ,  p  >  .75 . 
The simulatio n result s directl y paralle l  thos e o f  Baue r 

and Altarriba .  Bot h congruen t  condition s produce d primin g 
effects ;  bot h incongruen t  condition s di d not .  I t  i s 
importan t  t o kee p i n min d tha t  althoug h th e incongruen t 
condition s wer e relate d (e.g. ,  fantasy-ecstasy) ,  the y di d no t 
produc e primin g i n eithe r  thei r  experimen t  o r  ou r 

simulation .  Sinc e thes e relate d concept s di d no t  produc e 
primin g (i n thei r  maske d prime ,  automati c primin g 
experiment) ,  Baue r  an d Altarrib a sugges t  tha t  thi s 
dissociatio n i s du e t o th e primin g proces s no t  bein g abl e 
t o cros s thes e separat e lexicons .  H A L i s a  representationa l 
model  tha t  encode s al l  word s i n a  simila r  fashio n an d 
represent s al l  word s i n on e memor y system ,  specificall y a 
set  o f  vector s tha t  represen t  word s i n th e high-dimensiona l 
meanin g space .  Sinc e th e simulatio n wit h H A L replicate s 
thei r  results ,  w e argu e tha t  th e separat e lexico n hypothesi s 
i s unparsimoneou s an d tha t  Baue r  an d Altarrib a d o no t  ge t 
primin g acros s wor d type s simpl y becaus e th e incongruen t 
pair s ar e no t  a s relate d a s thos e i n th e congruen t 
conditions . 

General Discussion 

The results from the first simulation demonstrate that 
word s wit h simila r  meaning s ten d t o b e clos e t o eac h 
othe r  i n HAL' s high-dimensiona l  space .  Thes e result s 
replicat e ou r  earlie r  semanti c an d grammatica l 
categorizatio n result s (Burges s &  Lund ,  1997) .  Thes e 
M DS result s ar e ver y simila r  t o th e result s obtaine d b y 
Osgoo d (Osgoo d e t  al. ,  1957 )  w h o use d a  semanti c 
differentia l  procedure .  Ther e i s a  lon g histor y i n cognitiv e 
psycholog y o f  usin g ratin g scale s wit h s o m e 
predetermine d se t  o f  adjective s a s bipola r  anchor s tha t 
essentiall y  determin e a  se t  o f  "semanti c features "  (Smit h 
et  al. ,  1974) .  H A L doe s no t  us e a  se t  o f  "semantic " 
feature s a s d o mos t  models ;  vecto r  element s correspon d t o 
symbol s tha t  actuall y occurre d i n th e inpu t  stream .  Th e 
numeri c valu e o f  th e vecto r  elemen t  i s a  functio n o f  th e 
weighte d co-occurrence . 

Whateve r  th e vecto r  element s correspon d t o i n a  model , 
a commitmen t  i s mad e i n usin g thos e vector s element s t o 
some vie w o f  h o w environmenta l  informatio n ca n mappe d 
int o a  vector .  H A L i s n o exception ;  on e poin t  o n whic h 
H AL differ s fro m m a n y othe r  model s i s th e rang e o f 
cognitiv e effect s tha t  hav e bee n modele d b y usin g a  singl e 
typ e o f  wor d representation .  Usin g globa l  co-occurrenc e 
informatio n fo r  categorizatio n purpose s als o avoid s th e 
need t o recrui t  rater s t o mak e decision s o n th e arra y o f 
ratin g scale s tha t  woul d b e require d fo r  eac h word .  Mor e 
recently ,  Finc h an d Chate r  (1992 )  demonstrate d tha t  word s 
ca n b e categorize d accordin g t o grammatica l  clas s usin g a 
learnin g procedur e ver y simila r  t o ours .  Th e result s fro m 
thi s simulatio n sugges t  tha t  th e vecto r  representation s 

carr y importan t  grammatical-clas s informatio n whic h i s 

sufficien t  t o allo w on e t o distinguis h betwee n 
grammatica l  entities .  Althoug h th e M D S showe d tha t 
noun s wer e distinguishe d fro m verbs ,  interna l  semantic s 
wer e maintaine d a s well .  Fo r  example ,  listene d an d talke d 
clustere d together ,  an d th e movemen t  verb s clustere d 
together . 

HAL ' s vecto r  representation s wer e als o abl e t o 
distinguis h betwee n tw o categorie s o f  abstrac t  concepts .  I t 
has alway s bee n problemati c wit h semanti c featur e 
system s t o articulat e a  se t  o f  feature s fo r  abstrac t  concepts . 
Usin g a  globa l  co-occurrenc e procedur e suc h a s HAL' s tha t 
maps th e representatio n ont o th e system' s experienc e wit h 
th e incomin g inpu t  avoid s thi s problem .  A s a  result , 
abstrac t  concept s ar e represente d usin g th e sam e 
acquisitio n procedur e a s concret e concepts .  Th e result s 
fro m thes e simulation s ar e consisten t  wit h ou r  earlie r  ide a 
(Lun d e t  al ,  1995 )  tha t  th e categorica l  informatio n carrie d 
i n th e vecto r  representation s emerges ,  i n som e abstrac t 
way,  du e t o th e substitutabilit y  o f  word s i n contexts . 
Thus ,  grammatical-categorica l  knowledg e an d semantic -
categorica l  knowledg e woul d see m t o b e a n integra l  par t  o f 
thi s substitutabilit y  process ,  a s wel l  a s bein g implici t  i n 
HAL' s vecto r  representations .  Th e vecto r  representation s 
appea r  t o encod e informatio n tha t  provide s basi c 
categorica l  (semanti c an d grammatical )  knowledge .  I n 
addition ,  i t  woul d appea r  tha t  th e meanin g acquisitio n 
proces s allow s fo r  th e encodin g o f  abstrac t  a s wel l  a s 
concret e knowledge . 

I n Simulatio n 2 ,  th e wor d vector s wer e use d t o predic t 
severa l  abstrac t  variable s mad e b y huma n rater s fo r  word s 
compile d b y Togli a an d Batti g (1978 )  i n th e Handboo k o f 
Semanti c W o r d Norms .  Thes e result s sho w tha t  th e 
globa l  co-occurrenc e informatio n carrie d i n th e wor d 
vector s ca n b e use d t o predic t  huma n liker t  scal e rating s 
collecte d fo r  a  larg e se t  o f  item s o n thre e abstrac t  semanti c 
dimensions .  Th e result s fro m thi s simulatio n ar e 
importan t  becaus e w e argu e tha t  th e vecto r  representation s 
ar e cognitivel y plausible .  Th e regression s demonstrate d 
tha t  th e vecto r  content s ar e abl e t o accoun t  fo r  a 
substantia l  amoun t  o f  th e varianc e i n predictin g th e 
human rating s o f  th e thre e abstrac t  semanti c dimensions . 

The result s fro m th e thir d simulatio n tha t  modele d th e 
emotiona l  wor d primin g stud y o f  Baue r  an d Altarrib a 
(1996 )  wer e particularl y compelling .  Bot h o f  th e 
congruen t  condition s produce d primin g effects ;  bot h 
incongruen t  condition s di d not .  Thi s patter n o f  result s wa s 
obtaine d b y Baue r  an d Altarrib a an d i n ou r  simulation . 
Bauer  an d Altarrib a argu e tha t  thi s dissociatio n i s du e t o 
th e primin g proces s no t  bein g abl e t o cros s thes e separat e 
lexicons .  W e thin k tha t  th e separat e lexico n hypothesi s i s 
unparsimoneou s give n ou r  results ,  however ,  sinc e H A L i s 
a representationa l  mode l  tha t  encode s al l  word s usin g th e 
same acquisitio n procedur e an d represent s al l  word s i n on e 
memory system .  Th e result s o f  Simulatio n 3  lea d t o th e 
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conclusio n tha t  Baue r  an d Altarrib a d o no t  ge t  primin g 
acros s wor d type s becaus e th e word s i n th e incongruou s 
conditio n ar e no t  a s relate d a s th e congruen t  pairs . 

The serie s o f  result s presente d i n thi s pape r  exten d th e 
rang e o f  effect s tha t  th e H A L mode l  ha s bee n abl e t o 
mimic .  W e thin k H A L i s bes t  viewe d a s a  mode l  o f 
subconceptua l  meanin g th e meanin g tha t  i s initiall y 
accesse d durin g wor d recognition .  Thi s i s wh y H A L 
provide s a n accoun t  o f  suc h a n extensiv e rang e o f  primin g 
results .  HAL' s limitations ,  an d th e reaso n tha t  w e d o no t 
clai m tha t  i t  i s  a  complet e mode l  o f  ai l  meaning ,  ar e 
concern s wit h higher-leve l  semanti c computation . 
However ,  a  mode l  o f  meanin g shoul d b e abl e t o represen t 
emotiona l  connotation .  Emotiona l  word s ar e use d 
frequently  i n languag e an d pla y a n importan t  rol e i n th e 
communicativ e process .  W e certainl y ar e no t  claimin g 
tha t  HAL' s representation s completel y characteriz e 
emotiona l  connotation .  However ,  th e representation s d o 
see m t o captur e sufficien t  emotiona l  meanin g i n abstrac t 
word s suc h tha t  severa l  se t  o f  dat a from  experiment s wit h 
human subject s wer e abl e t o b e simulate d wit h H A L . 
Thes e result s an d th e abilit y  t o represen t  abstrac t  word s 
and emotiona l  connotatio n wit h th e sam e meanin g 
acquisitio n procedur e a s use d fo r  an y othe r  wor d g o a  lon g 
way toward s bein g abl e t o mak e a  clai m fo r  H A L bein g a 
more genera l  mode l  o f  meanin g representation . 
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