
Usin g a  High-d imensiona l  M e m o r y M o d e l  t o Evaluat e th e Propertie s o f 

Abstrac t  a n d Concret e W o r d s 

Chad Audet (chad@cassandra.ucr.edu) 
Departmen t  o f  Psychology ;  Universit y o f  California ,  Riversid e 

and Languag e Machines ,  Inc . 

Riverside ,  C A 9252 1 

Curt Burgess (curt@douini.ucr.edu) 

Departmen t  o f  Psychology ;  Universit y o f  California ,  Riversid e 

and Languag e Machines ,  Inc . 

Riverside ,  C A 9252 1 

Abstrac t 

The evidence that the comprehension of abstract and 
concret e word s diffe r  prompt s on e t o conside r  ho w th e 
lexica l  representation s fo r  thes e wor d type s differ .  Th e 
context-availabilit y  mode l  (Schwanenfluge l  &  Shoben , 
1983 )  suggest s tha t  abstrac t  word s ar e mor e difficul t  t o 
proces s becaus e associate d contextua l  informatio n store d 
i n memor y fo r  thes e word s i s mor e difficul t  t o retriev e tha n 
fo r  concret e words .  Schwanenfluge l  (1991 )  provide s tw o 
hypothese s regardin g ho w thes e difference s i n retrieva l  o f 
contextua l  informatio n ma y com e about .  Thre e simulation s 
usin g contex t  representation s fro m th e Hyperspac e 
Analogu e t o Languag e (HAL )  mode l  o f  memor y (Burges s & 
Lund ,  1997 ;  Lun d &  Burgess ,  1996 )  ar e use d t o evaluat e 
Schwanenflugel' s hypotheses ,  a s wel l  a s t o provid e 
insigh t  int o th e representationa l  difference s betwee n 
abstrac t  an d concret e words . 

While most empirical results have consistently demonstrated 

tha t  abstrac t  word s lik e "permission "  an d "issue "  ar e mor e 

difficul t  t o comprehen d tha n concret e word s lik e 

"newspaper "  an d "apple, "  th e sourc e o f  thi s relativ e 

difficult y fo r  understandin g abstrac t  word s i s unclear .  Th e 

finding  tha t  concret e word s ar e mor e readil y processe d b y 

languag e users-th e "concretenes s effect"~ha s bee n foun d i n 

a numbe r  o f  experiment s usin g a  variet y o f  task s (fo r 

reviews ,  se e Balota ,  Ferraro ,  &  Conner .  1991 ;  an d 

Schwanenflugel ,  1991 ;  fo r  representativ e studie s tha t  hav e 

faile d t o find  concretenes s effects ,  se e thes e sam e reviews) . 

Concretenes s effect s hav e bee n show n fo r  word s presente d i n 

lexica l  decisio n (Bleasdale ,  1987 ;  Chiarello ,  Senehi ,  & 

Nuding ,  1987 ;  Ransdel l  &  Fischler ,  1987 ;  Schwanenflugel , 

Harnishfeger ,  &  Stowe ,  1988 ;  Schwanenfluge l  &  Shoben , 

1983) ,  namin g (Bleasdale ,  1987 ;  d e Groot ,  1989 ; 

Schwanenfluge l  &  Stowe ,  1989) ,  fi-ee  recal l  (Paivio ,  1986 ; 

Ransdel l  &  Fischler ,  1987 ;  Schwanenflugel ,  Akin ,  &  Luh , 

1992) ,  an d wor d associatio n (d e Groot ,  1989) .  Concretenes s 

effect s hav e als o bee n see n i n experimenta l  task s tha t 

involve d comprehensio n o r  recal l  o f  sentence s o r  paragraph s 

tha t  differe d o n concretenes s (Belmore ,  Yates ,  Bellack , 

Jones ,  &  Rosenquist ,  1982 ;  Holme s &  Langford ,  1976 ; 

Ransdel l  &  Fischler ,  1989 ;  Schwanenfluge l  &  Shoben , 

1983) . 

Give n th e wealt h o f  evidenc e tha t  suggest s tha t  th e 

processin g o f  concret e an d abstrac t  word s differs ,  a n 

explanatio n o f  th e representationa l  difference s betwee n thes e 

wor d type s woul d see m t o b e essentia l  fo r  an y robus t  theor y 

of  wor d meaning .  O n e potentia l  explanatio n o f  thi s 

differenc e i s  extende d b y th e context-availabilit y  mode l 

discusse d b y Schwanenfluge l  an d Shobe n (1983 ;  an d 

Schwanenflugel ,  1991) .  Thi s mode l  posit s tha t  languag e 

comprehensio n i s aide d b y th e retrieva l  fro m m e m o r y o f 

contextua l  informatio n associate d wit h th e materia l  bein g 

processed .  I f  th e appropriat e contextua l  informatio n ca n no t 

be retrieve d fro m memor y (an d i s no t  provide d b y som e 

externa l  source ,  suc h a s a  conversation) ,  the n 

comprehensio n i s difficult .  A s fo r  th e concretenes s effec t  i n 

languag e comprehension ,  th e context-availabilit y  mode l 

assumes tha t  retrievin g associate d contextua l  informatio n fo r 

abstrac t  word s i s  mor e difficul t  tha n fo r  concret e item s 

becaus e abstrac t  wor d representation s presumabl y hav e 

weake r  connection s t o contextua l  informatio n tha n d o 

representation s fo r  concret e words . 

W h at  follow s i s a  serie s o f  simulation s usin g th e 
Hyperspac e Analogu e t o Languag e ( H A L )  mode l  (Burges s & 

Lund ,  1997 ;  Lun d &  Burgess ,  1996 )  t o examin e 

cognitively-relevan t  difference s betwee n th e representation s 

fo r  abstrac t  an d concret e words .  O n e particula r  goa l  i s t o 

determin e whethe r  abstrac t  an d concret e wor d representation s 

diffe r  i n th e availabilit y  o f  associate d contextua l  informatio n 

store d i n m e m o r y (a s suggeste d b y Schwanenfluge l  & 

Shoben) .  H A L i s a  contex t  mode l  tha t  develop s wor d 

meanin g fro m globa l  co-occurrenc e statistic s extracte d fro m 

human on-lin e languag e use .  A  -32 0 millio n wor d corpu s 

of  Usene t  tex t  i s  th e inpu t  strea m fro m whic h H A L record s 

weighte d co-occurrenc e informatio n fo r  th e 70,00 0 mos t 

frequen t  vocabular y items .  Th e proces s o f  recordin g thes e 

co-occurrence s allow s fo r  th e formatio n o f  a  co-occurrenc e 

matri x fro m whic h wor d vector s ar e derived . 

Mathematically ,  thes e vector s represen t  point s i n a 
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high-dimensiona l  space .  Th e similarit y betwee n word s 

correspond s inversel y t o inter-poin t  distances ,  wit h th e 

assumptio n tha t  th e mor e simila r  tw o word s are ,  th e close r 

thei r  point s i n th e high-dimensiona l  spac e (se e Burges s & 

Lund ,  1997 ,  fo r  furthe r  discussio n o f  th e H A L 

methodology) .  Conceptually ,  eac h vecto r  represent s th e 

entir e learnin g histor y o f  a  give n wor d i n th e contex t  o f 

othe r  words .  W e clai m tha t  thes e contex t  vector s provid e 

robus t  representation s o f  a  numbe r  o f  importan t  aspect s o f 

wor d meanin g (Burgess ,  Livesay ,  &  Lund ,  1998) .  H A L ha s 

been use d t o accoun t  fo r  grammatica l  clas s distinction s an d 

semanti c affect s o n syntacti c processin g (Burges s &  Lund , 

1997) ,  severa l  semanti c an d associativ e primin g effect s 

(Lun d &  Burgess ,  1996 ;  Lund ,  Burgess ,  &  Audet ,  1996) , 

th e sor t  o f  semanti c error s mad e b y dee p dyslexi a patient s 

(Buchanan ,  Burgess ,  Lund ,  1996) ,  an d cerebra l  asymmetrie s 

i n semanti c memor y processin g (Burges s &  Lund ,  1998) . 

Experiment 1: Demonstrating Separation 

o f  Abs t rac t  a n d C o n c r e t e W o r d s i n th e 

H AL Mode l 
Semanti c differentiatio n o f  a  smal l  se t  o f  dissociabl e abstrac t 

word s (fiv e emotiona l  words ,  e.g. ,  love ,  sorrow;  five  lega l 

terms ,  e.g. ,  judge ,  law )  ha s bee n demonstrate d befor e usin g 

H AL contex t  vector s (Burges s &  Lund ,  1997) .  However , 

what  remain s unclea r  i s whethe r  thes e contex t  vector s ca n b e 

use d t o examin e mor e systematicall y th e propose d 

distinction s betwee n abstrac t  an d concret e words .  Th e goa l 

of  thi s first  simulatio n i s t o provid e ne w evidenc e tha t 

contextua l  representation s extracte d fro m H A L ca n b e 

categorize d alon g th e concretenes s dimension .  I n thi s 

simulatio n thre e large r  set s o f  abstrac t  an d concret e 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  thi s categorization ,  thu s 

providin g evidenc e tha t  H A L representation s ar e relevan t  t o 

th e issue s presente d i n th e Introduction . 

Method 

Materials .  Bleasdal e (1987 )  presente d a  lis t  o f  8 0 concret e 

and 8 0 abstrac t  word s arrange d i n prime-targe t  pair s (se e hi s 

Appendi x  A ) .  Thes e word s ha d bee n rate d b y undergraduat e 

student s fo r  concretenes s an d imageability ,  wit h concret e 

prime s an d target s rate d reliabl y highe r  tha n abstrac t  prime s 

and target s o n bot h characteristics .  Withou t  regar d t o 

prime/targe t  status ,  15 9 o f  thes e word s (th e wor d "glutton " 

di d no t  occu r  i n th e H A L matrix ,  an d wa s no t  include d i n 

any simulation s o r  analyse s presente d herein )  wer e place d 

int o a  stimulu s poo l  fo r  possibl e inclusio n int o th e 

followin g simulation s an d subsequen t  analyses .  A s th e 

amount  o f  informatio n tha t  ca n b e displaye d i n a  two -

dimensiona l  M D S i n a n interpretabl e manne r  i s somewha t 

limited ,  w e chos e no t  t o includ e al l  15 9 word s i n a  singl e 

M D S.  Rather ,  thre e separat e set s o f  2 0 concret e an d 2 0 

abstrac t  word s wer e pseudo-randoml y sample d (withou t 

replacement )  fro m th e large r  pool ,  an d thes e individua l 

subset s wer e treate d a s representativ e o f  th e entir e poo l  o f 

words .  Th e onl y restrictio n place d o n thi s samplin g 

procedur e wa s a n attemp t  t o avoi d includin g highl y relate d 

word s i n th e sam e M D S a s highl y associate d and/o r  simila r 

word s hav e a  tendenc y t o "pai r  of f  an d increas e apparen t 

dissociation s betwee n wor d categorie s withi n a n M D S (e.g. , 

trut h an d false ,  so n an d daughter ,  democrac y an d 

government )  tha t  migh t  ten d t o exaggerat e th e examine d 

effects . 

Procedure. Global co-occurrence vectors were extracted 

fro m th e H A L mode l  fo r  eac h se t  o f  4 0 words .  Eac h vecto r 

was treate d a s a  se t  o f  coordinate s i n a  high-dimensiona l 

Euclidea n space ,  an d fo r  eac h se t  o f  word s a  M D S solutio n 

was computed .  Th e hypothesi s wa s tha t  thes e wor d vectors , 

representin g th e interwor d distance s fo r  th e chose n se t  o f 

words ,  woul d operat e a s a  similarit y matri x (Lun d & 

Burgess ,  1996) . 

Results 

Each similarit y matri x wa s 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  nonlinea r  fashio n tha t  attempt s 

t o preserv e th e distance s betwee n points .  Th e 

lower-dimensiona l  projectio n allow s fo r  th e visualizatio n o f 

th e spatia l  relationship s betwee n th e co-occurrenc e vectors . 

The two-dimensiona l  M D S solution s fo r  th e thre e subset s 

of  word s ar e show n i n Figure s la-lc .  T o furthe r  simplif y 

interpretatio n o f  th e informatio n presen t  i n th e M D S 

solutions ,  concret e an d abstrac t  word s ar e represente d b y C s 

or  As ,  respectively . 

Visua l  inspectio n o f  Figure s la-l c suggest s tha t  concret e 

and abstrac t  word s wer e differentiate d i n th e M D S solutions . 

I n eac h cas e th e abstrac t  word s appea r  t o occup y a  spac e 

separat e from  th e concret e words .  However ,  give n th e natur e 

of  th e M D S procedure ,  i n whic h a n extrem e reductio n o f 

dimensionalit y occur s whe n projectin g dat a fro m a  high -

dimensiona l  spac e dow n t o onl y tw o dimensions ,  i t  wa s 

necessar y t o perfor m appropriat e inferentia l  statistics .  I n 

orde r  t o determin e whethe r  abstrac t  word s d o exis t  i n a 

separat e (high-dimensional )  spac e tha n concret e word s a n 

analysi s o f  varianc e wa s performe d separatel y fo r  eac h se t  o f 

40 word s whic h compare d intragrou p distance s betwee n 

thes e word s wit h intergrou p distance s betwee n thes e items . 

Distance s betwee n al l  combination s o f  wor d pair s withi n a 

grou p (i.e. ,  concret e o r  abstrac t  words )  wer e calculate d an d 

compare d t o th e distance s betwee n al l  combination s o f  wor d 

pair s betwee n groups .  I n eac h o f  th e thre e analyse s concret e 

word s wer e differentiate d fro m abstrac t  words ,  F,e,y(l ,  778 ) 

= 5.59 ,  p  =  .018 ;  F,„2(l ,  778 )  =11.7,; ;  =  .0007 ;  F,„j(l , 

778 )  =  8.13 ,  p  =  .01 .  A s well ,  abstrac t  word s wer e 

differentiate d fro m concret e words ,  Fset](̂ ^  778 )  =  143.7 ,  p 

< .0001 ;  Fse,2(\ ,  778 )  =  74.23 ,  p  <  .0001 ;  f,„^(l .  778 )  = 

116.1 ,  p < .0001 . 
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Figure s la-lc :  Two-dimensiona l  multidimensiona l  scalin g solution s fo r  wor d vector s fo r  abstrac t  (A )  an d concret e (C ) 

word s from  Bleasdal e (1987) . 

Discussio n 

As see n i n Figure s la-lc ,  i t  i s  clea r  tha t  th e informatio n 

carrie d i n H A L contex t  vector s i s sufficien t  t o distinguis h 

concret e fro m abstrac t  words .  Thi s effec t  support s th e rang e 

of  theoretica l  an d empirica l  evidenc e tha t  suggest s importan t 

difference s i n th e processin g an d comprehensio n o f  thes e 

tw o wor d types .  However ,  wha t  remain s unclea r  i s th e 

natur e o f  th e informatio n containe d i n th e H A L vector s tha t 

contribute s t o th e presen t  results .  Moreover ,  i t  i s  als o 

unclea r  wha t  representationa l  difference s exis t  betwee n 

abstrac t  an d concret e word s fo r  languag e users ,  difference s 

that ,  presumably ,  pla y som e importan t  rol e i n th e languag e 
comprehensio n process .  A  numbe r  o f  possibl e explanation s 

fo r  th e representationa l  an d processin g difference s betwee n 

abstrac t  an d concret e word s hav e bee n propose d (e.g. , 

Paivio' s dual-codin g model ,  Schwanenfluge l  &  Shoben' s 

context-availabilit y  model ;  se e Schwanenflugel ,  199 1 fo r  a 

revie w o f  thes e proposals) .  Experimen t  2  i s a n evaluatio n o f 

one suc h theoretica l  model ,  th e context-availabilit y  model , 

whic h attribute s variation s i n wor d comprehensio n difficult y 

t o difference s i n th e retrieva l  o f  contextua l  informatio n fro m 

memory.  Give n tha t  H A L representation s ar e derive d fro m 

loca l  an d globa l  contextua l  informatio n i t  i s  expecte d tha t 

th e contex t  vector s extracte d from  thi s mode l  wil l  provid e a n 

avenu e fo r  evaluatio n o f  th e context-availabilit y  model . 

Experiment 2: Evaluating the Frequency 

a n d C o n t e x t  D ivers i t y H y p o t h e s e s 

Schwanenfluge l  an d Shobe n (1983 ;  Schwanenflugel ,  1991 ) 

sugges t  tha t  concretenes s effect s i n languag e comprehensio n 

ca n b e explaine d wit h th e context-availabilit y  model .  A s 
discusse d i n th e Introduction ,  a t  th e hear t  o f  thi s mode l  i s 

th e ide a tha t  abstrac t  word s ar e mor e difficul t  t o understan d 

tha n concret e item s becaus e a  perso n tend s t o hav e greate r 

difficult y i n retrievin g associate d contextua l  informatio n 

fro m th e "knowledg e base "  (i.e. ,  th e menta l  lexicon )  fo r 

abstrac t  words .  I n he r  discussio n o f  thi s mode l 

Schwanenfluge l  (1991 ,  p .  243 )  provide d tw o distinc t 

hypothese s regardin g h o w abstrac t  word s migh t  com e t o 
hav e weake r  connection s t o contextua l  information . 

Hypothesi s 1 :  Abstrac t  word s occu r  s o infrequentl y 

i n languag e tha t  representation s fo r  thes e word s hav e 

relativel y fe w opportunitie s t o develo p stron g connection s 

t o contextua l  informatio n store d i n memory . 

Hypothesi s 2 :  Abstrac t  word s occu r  frequently ,  bu t 

i n suc h a  diversit y o f  context s tha t  th e opportunit y t o 

develo p stron g connection s t o on e o r  a  fe w particula r 

context s doe s no t  arise . 

A corollar y t o th e latte r  hypothesi s i s tha t  althoug h 

concret e word s migh t  occu r  i n a  relativel y fe w numbe r  o f 

contexts ,  thes e word s ar e presumabl y well-grounde d i n on e 

or  a  fe w context s (perhap s du e t o stron g connection s t o th e 

visua l  environment ,  a s Paivi o woul d suggest) ,  thu s 

providin g fo r  secur e link s betwee n concret e wor d 

representation s an d store d contextua l  information .  A s fo r  di e 

forme r  hypothesis ,  i t  m a y b e tha t  mor e frequen t  word s 
simpl y hav e mor e opportunitie s t o establis h stronge r  tie s t o 

store d contextua l  information ,  an d concret e word s may ,  i n 

fact ,  b e mor e frequent . 

Materials. As Schwanenflugel did not provide a list of 

stimulu s word s i n he r  articles ,  w e chos e t o us e th e 15 9 

word s provide d b y Bleasdal e (1987) ,  alon g wit h a n additiona l 

set  o f  abstrac t  an d concret e word s borrowe d fro m Chiarello , 

Senehi  an d Nudin g (1987 )  tha t  wer e adde d t o increas e th e 

scop e o f  ou r  investigation .  Bot h Bleasdal e an d Chiarell o e t 

al .  ha d subject s nor m thei r  stimul i  fo r  concretenes s an d 

imageability ,  demonstratin g tha t  thei r  concret e word s wer e 

rate d reliabl y highe r  tha n abstrac t  word s o n bot h 

characteristics .  Afte r  removin g duplicat e word s w e wer e lef t 

wit h a  lis t  o f  11 9 abstrac t  an d 12 9 concret e words . 

Testing Hypothesis 1: Testing Schwanenflugel's first 

hypothesi s regardin g th e possibl y infrequen t  occurrenc e o f 

abstrac t  word s i n languag e wa s a  simpl e matte r  o f 

comparin g ra w frequenc y count s fo r  th e abstrac t  an d concret e 

item s i n th e 32 0 millio n wor d H A L corpu s (se e Burges s & 

Livesay ,  1998) .  Contrar y t o Hypothesi s 1 ,  abstrac t  word s 

wer e mor e frequen t  (22 8 occurrence s pe r  millio n words )  tha n 

concret e word s (13 6 occurrence s pe r  million) ,  r(246 )  =  2.84 , 
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p =  .0049 .  Thi s resul t  show s tha t  languag e user s 

(specifically ,  Englis h speakers )  encounte r  abstrac t  word s 

much mor e frequentl y tha n concret e words ,  thu s providin g 

evidenc e tha t  languag e user s hav e mor e opportunitie s t o 

develo p stron g connection s betwee n abstrac t  word s an d 

associate d contextua l  information ,  a s compare d t o concret e 

words . 

Testing Hypothesis 2: The disconfirmation of 

Hypothesi s 1  provide s som e evidenc e fo r  Schwanenflugel' s 

secon d hypothesis :  abstrac t  word s d o occu r  mor e frequentl y 

tha n concret e words .  However ,  thi s i s  no t  a  direc t  indicatio n 

tha t  abstrac t  word s occu r  i n a  greate r  diversit y o f  contexts . 

Examinin g thi s notio n require s a  measur e tha t  move s 

beyon d ra w wor d frequencies ,  an d provide s a  metri c o f  th e 

differen t  context s i n whic h a  wor d wa s experience d b y th e 

H AL model .  W e believ e tha t  decomposin g HAL' s contex t 

vector s provide s suc h a  metric ,  i n tha t  eac h elemen t  i n a 

word' s contex t  vecto r  i s  a  weighte d co-occurrenc e coun t  o f 

tha t  wor d wit h som e othe r  wor d i n th e tex t  strea m inpu t  t o 

th e H A L model .  Considere d mor e simply ,  eac h o f  th e vecto r 

element s i s a  direc t  recor d o f  eac h o f  th e context s i n whic h a 

targe t  wor d occurred .  I f  a  targe t  wor d neve r  co-occurre d wit h 

a particula r  wor d i n th e inpu t  stream-thu s indicatin g tha t 

th e targe t  wor d wa s neve r  experience d b y th e H A L mode l  i n 

tha t  particula r  context-th e vecto r  elemen t  recordin g tha t 

potentia l  co-occurrenc e woul d hav e a  valu e o f  zero .  O n th e 

othe r  hand ,  an y actua l  co-occurrence s betwee n th e targe t 

wor d an d som e othe r  wor d woul d resul t  i n th e elemen t 

representin g tha t  co-occurrenc e havin g a  valu e greate r  tha n 

zero ,  thu s representin g th e model' s experienc e wit h tha t 

wor d i n tha t  context . 

Wit h th e abov e consideratio n i n mind ,  i t  i s  a  simpl e 

matte r  t o calculat e th e proportio n o f  non-zer o element s i n a 

word' s contex t  vecto r  (i.e. ,  acros s th e entir e 70,000-elemen t 

vector) .  Thi s proportion—whic h w e hav e labele d "contex t 

density"—directl y represent s th e numbe r  o f  context s i n whic h 

a give n wor d ha s bee n encountere d b y th e H A L mode l  acros s 

it s entir e learnin g histor y fo r  tha t  word .  Analysi s o f  th e 

abstrac t  an d concret e word s show s tha t  th e contex t  densit y 

fo r  th e abstrac t  word s (16.8% )  i s greate r  tha n fo r  concret e 

word s (12.7%) ,  r(246 )  =  2.12 ,  p  =  .035 ,  thu s supportin g 

Schwanenflugel' s notio n tha t  abstrac t  word s occu r  i n a 

greate r  diversit y o f  contexts .  I n fact ,  th e roughl y 4 % 

differenc e betwee n th e contex t  densitie s fo r  abstrac t  an d 

concret e word s represent s a  differenc e o f  approximatel y 

2,80 0 contexts- a rathe r  substantia l  difference . 

Discussion 

Abstrac t  word s wer e show n t o b e mor e frequen t  tha n 

concret e word s i n a  larg e samplin g o f  huma n languag e use . 

Thi s findin g disconfirm s Schwanenflugel' s firs t  hypothesis , 

and suggest s tha t  whateve r  difference s betwee n abstrac t  an d 

concret e wor d representation s contribut e t o th e concretenes s 

effec t  i n languag e comprehension ,  thes e difference s ar e no t 

attributabl e t o a  lac k o f  experienc e wit h abstrac t  words .  No t 

onl y ar e abstrac t  word s mor e frequen t  tha n concret e words , 

abstrac t  word s als o appea r  i n a  greate r  numbe r  o f  contexts . 

Thi s latte r  findin g support s Schwanenflugel' s secon d 

hypothesis ,  an d suggest s tha t  abstrac t  wor d representation s 

migh t  hav e mor e diffus e connection s t o associate d 

contextua l  information .  T o understan d thi s conclusion ,  on e 

migh t  conside r  tha t  a  frequentl y occurrin g abstrac t  word , 

suc h a s "vacation, "  appear s i n suc h a  variet y o f  context s tha t 

th e representatio n fo r  tha t  wor d ha s fe w significan t  tie s t o 

any particula r  context .  I n contrast ,  a  les s frequen t  concret e 

wor d lik e "pyramid "  i s strongl y associate d wit h onl y a  fe w 

distinc t  context s (e.g. ,  Egyp t  an d pharaohs) .  W e ar e awar e 

tha t  th e diversit y o f  context s i n whic h a  wor d appear s i s no t 

reflecte d onl y i n th e ra w numbe r  o f  context s fo r  tha t  word . 

Contextua l  diversit y i s als o a  functio n o f  th e difference s 

betwee n th e numbe r  o f  occurrence s o f  a  wor d i n eac h o f  th e 

differen t  context s i n whic h tha t  wor d wa s experienced .  Thes e 

differen t  pattern s o f  co-occurrenc e translat e int o differen t 

variance s acros s th e element s i n H A L contex t  vector s (Lun d 

& Burgess ,  1996) .  Pu t  mor e simply ,  tw o word s migh t 

occu r  i n roughl y th e sam e numbe r  o f  contexts ,  bu t  var y i n 

th e overal l  patter n o f  occurrence s acros s thes e contexts ,  thu s 

leadin g t o quantitativel y an d qualitativel y differen t 

representations . 

Thoug h th e result s fro m Experimen t  2  d o no t  full y  addres s 

th e veracit y o f  th e context-availabilit y  mode l  a s a n adequat e 

explanatio n o f  concretenes s effects ,  thes e finding s d o 

suppor t  th e basi c assumptio n tha t  abstrac t  an d concret e wor d 

representation s diffe r  o n contex t  availabilit y  (i.e. ,  contex t 

density) .  W e argu e tha t  th e representationa l  difference s 

betwee n abstrac t  an d concret e word s ar e largel y du e t o 

difference s i n ho w thes e word s ar e use d i n language ,  an d th e 

contex t  vector s extracte d fro m th e Ha l  mode l  ar e 

transparentl y sensitiv e t o suc h difference s i n wor d use .  I n 

fact ,  thes e result s provid e th e first  quantitativ e evidenc e tha t 

abstrac t  an d concret e word s diffe r  i n th e numbe r  o f  context s 

i n whic h thes e wor d type s occu r  i n natura l  language .  Wha t 

remain s t o b e see n i s whethe r  difference s i n contex t  densit y 

relat e t o th e processin g difference s betwee n abstrac t  an d 

concret e word s see n i n huma n studies .  Experimen t  3 

involve s a  consideratio n o f  th e concretenes s effec t  a s a 

functio n o f  th e distinctio n betwee n automati c an d controlle d 

processing . 

Experiment 3: The Relationship Between 

P r i m i n g a n d S e m a n t i c D is tanc e 

As discusse d i n th e Introduction ,  concretenes s effect s hav e 

bee n foun d usin g a  numbe r  o f  experimenta l  paradigm s 

includin g bot h lower-leve l  (e.g. ,  lexica l  decisio n an d 

naming )  an d higher-leve l  task s (e.g. ,  sentenc e verification) . 

However ,  fe w studie s hav e examine d concretenes s effect s 

alon g wit h a n explici t  consideratio n o f  th e differenc e 

betwee n lower-leve l  an d higher-leve l  processing ,  i n othe r 

words ,  th e distinctio n betwee n automati c an d controlle d 

processing .  T w o exception s ar e th e semanti c primin g 
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studie s presente d b y Bleasdal e (1987 )  an d Chiarell o e t  al . 

(1987 )  i n whic h th e author s explicitl y  manipulate d bot h 

wor d concretenes s an d th e degre e o f  automati c versu s 

controlle d processing .  I n a  controlle d primin g paradig m 

usin g lexica l  decisio n (Exp .  1 :  7 5 % proportio n o f  relate d 

prime-targe t  pairs ,  an d subjec t  instruction s designe d t o focu s 

attentio n o n prim e wor d identities )  Chiarell o e t  al .  showe d 

greate r  primin g fo r  target s whe n precede d b y a  concret e 

prime ,  a s compare d t o a n abstrac t  prime .  Thi s effec t  wa s no t 

foun d i n a n automati c primin g paradig m (Exp .  3 :  2 5 % 

proportio n o f  relate d prime-targe t  pairs ;  n o instructio n 

focusin g attentio n o n prim e wor d identities )  i n whic h 

primin g wa s equivalen t  fo r  target s precede d b y concret e o r 

abstrac t  primes .  Bleasdal e showe d a  simila r  patter n o f  result s 

fo r  bot h automati c an d controlle d priming .  Bleasdal e 

presente d dat a fro m a  namin g (Exp .  1 )  an d lexica l  decisio n 

tas k (Exp .  2) ,  eac h involvin g controlle d processin g (i.e. ,  a 

lon g stimulus-onse t  asynchron y betwee n prime s an d targets , 

and a  5 0 % proportio n o f  relate d prime-targe t  pairs) ,  i n whic h 

target s precede d b y concret e prime s showe d greate r  primin g 

tha n whe n precede d b y abstrac t  primes .  I n contrast ,  i n a 

lexica l  decisio n tas k (Exp .  3 )  usin g a n automati c primin g 

procedur e (i.e. ,  a  brie f  stimulus-onse t  asynchron y betwee n 

prime s an d targets ;  a  5 0 % proportio n o f  relate d prime-targe t 

pairs )  Bleasdal e showe d equivalen t  primin g fo r  target s 

followin g eithe r  a  concret e o r  abstrac t  prime . 

I n th e followin g simulatio n w e examin e Bleasdale' s 

prime-targe t  pair s wit h th e inten t  t o sho w tha t  th e contex t 

vector s extracte d fro m th e H A L mode l  mimi c th e initia l 

bottom-u p activatio n o f  semanti c representation s i n 

memory.  W e hav e argue d elsewher e (Burges s &  Lund ,  i n 

press )  tha t  th e informatio n carrie d b y th e contex t  vector s 

best  represent s th e sort s o f  informatio n tha t  ar e activate d i n 

memory earl y o n i n languag e processin g (e.g. ,  i n wor d 

recognition) .  I n fact ,  H A L contex t  vector s ar e remove d fro m 

any attentiona l  o r  strategi c effect s tha t  appea r  i n controlle d 

processin g situations .  Base d o n th e result s o f  Bleasdal e an d 

Chiarell o e t  al .  i n thei r  automati c processin g paradigms ,  w e 

expec t  t o fin d equivalen t  contex t  distanc e (i.e. ,  semantic ) 

primin g wit h ou r  vecto r  representation s whe n target s ar e 

paire d wit h abstrac t  o r  concret e primes . 

Method 

Materials .  Fo r  ou r  relate d conditio n w e borrowe d 7 9 

prime-targe t  pair s liste d i n Bleasdale' s (1987 )  Appendi x A 

(on e pai r  wa s remove d becaus e th e targe t  di d no t  occu r  i n th e 

H AL matrix) .  Thes e stimul i  consiste d o f  2 0 pair s wit h 

concret e prime s an d targets ,  2 0 pair s wit h abstrac t  prime s 

and targets ,  2 0 pair s wit h concret e prime s an d abstrac t 

targets ,  an d 1 9 pair s wit h abstrac t  prime s an d concret e 

targets .  Fro m thes e relate d pair s w e generate d 7 9 unrelate d 

pair s b y pseudo-randoml y pairin g eac h targe t  wit h a n 

unrelate d prime .  Thoug h w e hav e n o wa y o f  directl y 

comparin g ou r  unrelate d pair s t o thos e use d b y Bleasdale , 

when producin g thes e pair s w e di d explicitl y  avoi d 

producin g unrelate d pair s i n whic h th e prim e an d targe t 

share d an y obviou s relationship . 

Procedure. Context vectors for all primes and targets were 

extracte d fro m th e H A L model .  Fo r  eac h prime-targe t  pai r 

th e Euclidea n distanc e (i n th e high-dimensiona l  contex t 

spac e represente d b y th e H A L globa l  co-occurrenc e matrix ) 

betwee n th e tw o word s wa s calculated .  Thes e distance s ar e 

base d o n contex t  vector s whic h hav e bee n normalize d 

simpl y t o provid e a  mor e easil y interpretabl e se t  o f  value s 

tha t  ma p ont o somewha t  realisti c wor d recognitio n reactio n 

times .  Analogou s t o th e procedur e use d i n huma n primin g 

studies ,  i n thi s simulatio n eac h targe t  acte d a s it s o w n 

control ,  wit h th e contex t  distanc e betwee n a  targe t  an d it s 

relate d prim e bein g compare d t o th e distanc e betwee n th e 

targe t  an d it s unrelate d prime .  A  primin g effec t  wa s the n 

calculate d fo r  eac h wor d pai r  b y subtractin g th e distanc e fo r 

th e relate d pai r  fi-om  th e distanc e fo r  th e unrelate d pair . 

Results 

The compariso n o f  primar y interes t  wa s th e differenc e i n 

distanc e primin g betwee n target s tha t  wer e paire d wit h 

concret e prime s compare d t o thos e paire d wit h abstrac t 

primes .  Whil e a n analysi s o f  varianc e indicate d a n overal l 

primin g effec t  wit h relate d prime-targe t  pair s displayin g 

smalle r  contex t  distance s (60 3 distanc e units )  tha n unrelate d 

prime-targe t  pair s (66 1 units) ,  F(l ,  154 )  =  8.59 ,  p  =  .004 , 

thi s effec t  di d no t  interac t  wit h prim e concreteness ,  F  <  1 . 
Thus ,  th e distanc e primin g see n fo r  target s paire d wit h 

abstrac t  prime s (5 3 units )  di d no t  diffe r  fro m th e distanc e 

primin g foun d fo r  target s paire d wit h concret e prime s (6 2 

units) . 

Discussion 

The patter n o f  result s provide d b y Bleasdal e an d Chiarell o e t 

al .  suggest s tha t  concretenes s effect s ten d t o appea r  whe n th e 

experimenta l  tas k promote s th e us e o f  higher-level , 

controlle d processin g o f  verba l  stimuli ,  suc h a s whe n 

subject s hav e a n opportunit y an d th e motivatio n t o develo p 

expectancie s an d respons e strategie s i n wor d recognitio n 

(Neely ,  1991) .  Th e result s o f  Experimen t  3  usin g 

Bleasdale' s stimul i  replicat e previou s failure s t o fin d a n 

effec t  o f  wor d concretenes s i n automati c processin g 

paradigms .  Thi s support s ou r  previou s findings  tha t  HAL ' s 

contex t  vector s provid e a  goo d matc h t o empirica l  semanti c 

primin g result s (Lund ,  Burgess ,  &  Audet ,  1995) . 

General Discussion 

Whil e i t  appear s tha t  processin g difference s d o exis t  betwee n 

abstrac t  an d concret e words ,  th e natur e o f  th e 

representationa l  difference s betwee n thes e wor d type s tha t 

presumabl y underli e suc h processin g difference s i s no t  well -

understood .  A n evaluatio n o f  on e propose d explanatio n o f 

thes e representationa l  an d processin g differences--th e 

context-availabilit y  model--usin g wor d meanin g 

representation s provide d b y th e H A L m e m o r y mode l 
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suggest s tha t  importan t  difference s ma y exis t  betwee n th e 

diversit y o f  context s i n whic h abstrac t  an d concret e word s 

ar e experience d b y languag e users .  Ou r  finding s indicat e tha t 

contex t  diversity ,  a s measure d b y contex t  densit y i n HAL' s 

wor d representation s (an d perhap s contex t  variance ,  a s well) , 

may hav e som e utilit y  i n providin g a n explanatio n o f 

concretenes s effect s i n higher-leve l  processin g tasks .  A s fo r 

th e issu e o f  ho w contex t  densit y migh t  relat e t o th e lac k o f 

concretenes s effect s i n automati c processin g paradigms ,  th e 

prediction s provide d b y th e context-availabilit y  mode l  ar e 

not  motivate d b y difference s i n th e time-cours e o f  wor d 

meanin g activation ,  pe r  se ,  bu t  rathe r  b y th e notio n tha t 

contextua l  informatio n associate d wit h abstrac t  word s i s 

simpl y mor e difficul t  t o acces s an d reU-ieve .  W e propos e tha t 

th e contex t  distance s betwee n H A L contex t  vector s ar e bette r 

predictor s o f  earl y time-cours e effect s i n semanti c memor y 

activatio n tha n ar e variance s i n contex t  diversity . 
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