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Abstrac t 

Using an auditory semantic priming paradigm. Moss, Ostrin, 
Tyle r  an d Marslen-Wiiso n (1995 ,  Experimen t  2 )  demonstrate d 
facilitatio n fo r  categor y coordinate s an d functionally-relate d 
stimul i  bot h wit h an d withou t  th e additiv e effec t  o f  normativ e 
associatio n strength .  I n thi s pape r  w e replicat e thes e result s 
computationall y usin g a  corpus-derive d Contextua l  Similarit y 
measure .  I n Experimen t  1  w e conside r  th e adequac y o f  th e 
Contextua l  Similarit y measur e i n accountin g fo r  Mos s e t  al.' s 
results ,  an d discus s ho w fiinctional  an d categorica l  semanti c 
relation s ar e represente d i n corpus-base d approache s t o lexi -
cal  semantics .  W e als o offe r  a n explanatio n fo r  ho w th e Con -
textua l  Similarit y measur e succeed s i n replicatin g th e addi -
tiv e effec t  o f  associatio n strengt h o n semanti c primin g withou t 
postulatin g a  qualitativel y differen t  mechanis m fo r  associativ e 
priming .  W e the n investigat e wh y previou s corpus-base d ap -
proache s (Lund ,  Burges s &  Atchley ,  1995 )  hav e faile d t o pro -
duc e simila r  results .  W e argu e tha t  thi s i s becaus e vecto r  repre -
sentation s partl y encod e tempora l  co-occurrenc e information . 
Thi s explanatio n i s teste d i n Experimen t  2 . 

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

To understan d th e processe s involve d i n h u m a n languag e 
comprehensio n i t  i s  importan t  t o determin e wha t  kin d o f  in -
formatio n i s availabl e t o th e wor d recognitio n system .  Th e 
widely-use d semanti c primin g paradig m provide s a  minima l 
linguisti c context ,  typicall y a  singl e word ,  fo r  investigatin g 
th e factor s tha t  influenc e lexica l  processin g (Neely ,  1991) . 
Althoug h mor e tha n 2 5 year s o f  primin g researc h ha s show n 
tha t  th e presenc e o f  a  relate d prim e wor d tend s t o spee d lexi -
cal  decisio n t o a  targe t  word ,  th e typ e o f  relatio n betwee n th e 
prim e an d targe t  word s necessar y t o produc e th e effec t  i s stil l 
unde r  dispute . 

Lexical Relations that Support Priming 

The vas t  majorit y o f  semanti c primin g studie s hav e concen -
trate d o n investigatin g word s i n a  taxonomi c relation .  Mate -
rial s typicall y consis t  o f  categor y coordinates ,  suc h a s (cat , 
dog) ,  thoug h Neel y (1991 )  review s wor k examinin g superor -
dinat e an d subordinat e categor y relation s betwee n prim e an d 
target .  Moss ,  Ostrin ,  Tyle r  an d Marslen-Wilso n (1995 )  poin t 
out  tha t  functionall y relate d words ,  wher e th e referent s ar e re -
late d i n way s tha t  ca n b e describe d i n non-taxonomi c terms , 
suc h a s th e instrumen t  pai r  (hammer ,  nail )  o r  th e scrip t  rela -
tio n (restaurant ,  wine) ,  hav e ofte n bee n assigne d t o th e nor -
mativel y associated '  bu t  «6>n-semanti c conditio n i n th e ex -

perimenta l  design ,  thu s confoundin g semanti c an d associativ e 
relations . 

Primin g ha s bee n observe d betwee n wor d pair s tha t  ar e se -
manticall y relate d onl y (e.g .  (dance ,  skate) ;  Fischler ,  1977) , 
semanticall y relate d an d normativel y associate d (e.g .  (dish , 
plate) ;  M o s s e t  al. ,  1995) ,  o r  merel y frequentl y co-occu r  i n 
tex t  (e.g .  (hospital ,  baby) ;  M c K o o n &  Ratcliff ,  1992) .  T h e 
presenc e o f  primin g fo r  semanticall y relate d word s i n th e ab -
senc e o f  a n associativ e relatio n ha s bee n particularl y contro -
versia l  ( M c R a e &  Boisvert ,  1996 ;  Shelto n &  Martin ,  1992) . 

M o ss e t  al .  addres s thes e issue s i n thre e primin g experi -
ment s b y separatel y manipulatin g thre e factors :  normativ e as -
sociatio n (associated ,  non-associated) ,  typ e o f  semanti c rela -
tionshi p (categor y coordinate ,  functional) ,  an d semanti c relat -
ednes s (related ,  unrelated) .  I n th e contex t  o f  auditor y presen -
tatio n a t  least ,  a  primin g effec t  wa s observe d fo r  bot h categor y 
coordinate s an d functionally-relate d items .  The y conclud e 
tha t  functiona l  informatio n i s accesse d durin g wor d recog -
nition .  Furthermore ,  ther e wa s a  primin g effec t  bot h wit h 
an d withou t  th e presenc e o f  normativ e association .  B y show -
in g tha t  primin g occurre d fo r  functionall y relate d bu t  non -
associate d wor d pairs .  M o s s e t  al .  uncovere d a  n e w sourc e o f 
informatio n affectin g th e wor d recognitio n system .  Th e sec -
on d importan t  finding  fro m thi s se t  o f  experiment s wa s th e 
interactio n betwee n th e associatio n an d relatednes s factors : 
th e presenc e o f  normativ e associatio n resulte d i n a  signifi -
cantl y large r  primin g effect .  Thi s additiv e effec t  wa s calle d 
th e 'associativ e boost '  (Mos s e t  al. ,  1995) . 

Co-occurrence Statistics and Lexical Semantics 

Recentl y ther e ha s bee n considerabl e interes t  i n th e psycho -
logica l  modellin g o f  lexica l  semanti c phenomen a usin g com -
putationa l  technique s fro m statistica l  natura l  languag e pro -
cessin g (eg .  Landaue r  &  Dumais ,  1997) . 

I n thi s approach ,  th e semanti c propertie s o f  word s ar e rep -
resente d usin g thei r  distributiona l  pattern s o f  co-occurrenc e 
i n larg e volume s o f  text .  Specifically ,  eac h wor d w  i s repre -
sente d b y a  /t-elemen t  vecto r  reflectin g th e loca l  distributiona l 
contex t  o f  i « relativ e t o k  contex t  word s c i  k  an d w i n d o w siz e 
s.  Th e valu e o f  eac h vecto r  elemen t  i s a  functio n o f  th e n u m -
ber  o f  time s eac h c  occur s withi n s  word s o f  w  i n continuou s 
text .  Sinc e k  contex t  word s defin e a  A;-dimensiona l  space ,  an y 
tw o word s w i  an d W 2 ca n b e locate d b y treatin g thei r  vecto r 
representation s a s point s i n A:-space .  Distanc e measure s i n A; 
spac e reflec t  th e distributiona l  similarit y betwee n u; i  an d w^ . 

'Th e normativ e associatio n strengt h betwee n tw o word s w \  an d 
W2 i s measure d b y th e percentag e o f  subject s wh o produc e W2 a s 

th e first  wor d tha t  come s t o min d whe n presente d wit h w i  i n a  fre e 
associatio n task . 
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Distanc e i n A-spac e ca n als o b e understoo d a s a  continuou s 
measur e o f  ho w easil y tw o word s ca n b e substitute d i n th e 
same context . 

The assumptio n tha t  th e psychologica l  concep t  o f  semanti c 
relatednes s correspond s t o distributiona l  similarity ,  an d there -
for e t o proximit y i n high-dimensiona l  co-occurrenc e space , 
has prove d usefu l  t o researc h i n computationa l  linguistic s 
(e.g .  Grefenstette ,  1994 ;  Schutze ,  1993 )  an d i s becomin g in -
creasingl y fruitfu l  fo r  psycholinguisti c modelling  (Landaue r 
& Dumais ,  1997 ;  Levy ,  Bullinaria & Patel ,  1997 ;  Lun d e t  al. , 
1995) .  However ,  i f  corpus-base d model s ar e t o offe r  a n ad -
equat e explanatio n o f  th e representation s underlyin g wor d 
recognition ,  the y mus t  b e abl e t o replicat e th e ful l  rang e 
of  primin g effect s foun d wit h huma n subjects .  Simulation s 
shoul d reflec t  th e rang e o f  lexica l  relation s tha t  hav e bee n 
show n t o suppor t  priming ,  an d als o demonstrat e th e additiv e 
effec t  o f  normativ e associatio n strengt h o n lexica l  decisio n 
facilitation . 

I n thi s pape r  w e attemp t  t o replicat e computationall y eac h 
of  th e effect s reporte d b y Mos s e t  al .  i n a  singl e mode l  us -
in g a  corpus-base d Contextua l  Similarit y measure .  I n Ex -
perimen t  1  (below )  w e presen t  th e mode l  an d examin e th e 
similaritie s an d difference s betwee n huma n performanc e an d 

our  result s usin g th e Contextua l  Similarit y measure .  W e the n 
presen t  a  computationa l  explanatio n fo r  th e additiv e effec t  o f 
normativ e association ,  whic h i s teste d i n Experimen t  2 . 

Experiment 1 

I f  corpus-derive d similarit y measure s ar e t o accoun t  fo r  se -
manti c primin g effect s (a s show n b y Lun d e t  al. ,  199 5 fo r 
categor y coordinates) ,  a  crucia l  tes t  o f  th e approac h wil l  b e 
t o se e h o w wel l  the y accoun t  fo r  primin g betwee n function -
all y relate d stimuli ,  a s wel l  a s th e "associativ e boost '  observe d 
by M o s s e t  al .  Thes e effect s ar e th e focu s o f  Experimen t  1 , 
whic h attempt s t o replicat e Mos s e t  al.' s  Experimen t  2 .  Thi s 
experimen t  wa s a  speede d auditor y lexica l  decisio n tas k wit h 
singl e wor d presentatio n o f  prim e an d targe t  words . 

Materials and Design 

The desig n wa s identica l  t o th e origina l  experiment ,  whic h 
varie d thre e factors :  Association ,  Semanti c Typ e an d Relat -
edness .  Subtyp e wa s neste d unde r  Semanti c Type :  hal f  o f  th e 
Categor y Coordinate s wer e natura l  object s (e.g .  (dog ,  cat) ) 
and hal f  wer e artifact s (e.g .  (aeroplane ,  train)) .  Correspond -
ingly ,  th e Functiona l  semanti c typ e wa s divide d int o word s 
foun d i n instrumen t  relation s (e.g .  (knife ,  bread) )  an d thos e 
foun d i n script s (e.g .  (circus ,  lion)) . 

Targe t  word s an d thei r  relate d prime s wer e take n fro m 
Moss e t  al .  (1995 ,  Appendi x 1) . 

Procedure 

Co-occurrenc e vector s fo r  eac h o f  th e stimul i  wer e extracte d 
fro m approximatel y te n millio n word s o f  th e writte n portio n 
of  th e Britis h Nationa l  Corpu s (Burnag e &  Dunlop ,  1992) . 
The corpu s wa s lemmatize d b y replacin g inflectiona l  vari -
ant s wit h thei r  canonica l  for m fro m th e C E L E X databas e 
(Baayen ,  Piepenbroc k &  Va n Rijn ,  1993) . 

We chos e a  windo w siz e o f  ± 3 word s sinc e thi s corre -
spond s roughl y t o th e siz e o f  th e phonologica l  loo p (Badde -
ley ,  1990;Huckle ,  1996 ,  fo r  furthe r  discussion) . 

Tabl e 1 :  Differenc e i n mea n Contextua l  Similarit y (Dif O ver -

sus amoun t  o f  primin g i n millisecond s (Priming )  fo r  Associ -

ate d prime-targe t  pair s i n eac h condition . 

Conditio n 

Cat  Coor d (all ) 

Natura l 

Artifac t 

Functiona l  (all ) 

Scrip t 

Instrumen t 

Relate d 

0.403 6 

0.402 5 

0.404 6 

0.224 9 

0.229 4 

0.220 4 

Unre l 

0.132 7 

0.134 2 

0.131 1 

0.114 7 

0.118 2 

0.111 3 

Dif f 

0.270 9 

0.268 3 

0.273 5 

0.110 2 

0.111 2 

0.109 1 

Primin g 

94 
109 
78 
7! 
80 
60 

Tabl e 2 :  Differenc e i n mea n Contextua l  Similarit y (Diff )  ver -

sus amoun t  o f  primin g i n millisecond s (Priming )  fo r  Non -

associate d prime-targe t  pair s i n eac h condition . 

Conditio n 

Cat  Coor d (all ) 

Natura l 

Artifac t 

Functiona l  (all ) 

Scrip t 

Instrumen t 

Relate d 

0.321 1 

0.326 1 

0.316 0 

0.163 0 

0.163 6 

0.162 3 

Unre l 

0.139 3 

0.142 5 

0.136 1 

0.116 4 

0.090 3 

0.142 5 

Dif f 

0.181 8 

0.183 6 

0.179 9 

0.046 6 

0.073 3 

0.019 8 

Primin g 

36 
57 
16 
41 
31 
50 

Word vector s wer e create d b y advancing  th e windo w 
throug h th e corpus .  Fo r  eac h targe t  wor d w e recorde d th e 
number  o f  time s eac h o f  44 6 contex t  words ^  occurre d withi n 
th e window .  Eac h elemen t  o f  th e resultin g vecto r  wa s the n 
replace d wit h it s log-likelihoo d value ,  whic h ca n b e consid -
ere d a s a n estimat e o f  ho w 'surprising '  o r  distinctiv e a  co -
occurrenc e pai r  i s  (Dunning ,  1993) . 

Severa l  o f  th e stimul i  turne d ou t  t o hav e a n extremel y 
lo w corpu s frequency ,  whic h mean t  tha t  vector s create d fro m 
thes e word s wer e likel y t o b e unreliable .  Consequently ,  w e 
remove d eac h prime-targe t  pai r  tha t  containe d a  wor d wit h a n 
absolut e lexem e frequenc y o f  les s tha n 25 ,  an d balance d th e 
othe r  condition s b y removin g thei r  lowes t  frequenc y pairs , 
leavin g 1 2 item s i n eac h cell.- ^ 

We calculate d th e Contextua l  Similarit y betwee n eac h 
member  o f  th e Relate d prime-targe t  pair s a s th e cosin e o f  th e 
angl e betwee n th e vector s representin g eac h word .  Contex -
tua l  Similarit y fo r  th e Unrelate d prime-targe t  pair s wa s cal -
culate d a s th e mea n o f  th e Contextua l  Similarit y o f  th e targe t 
wit h eac h o f  th e 1 1 othe r  prime s i n th e condition . 

^Th e contex t  word s ar e thos e word s estimate d t o b e th e mos t  re -
liabl e i n th e corpus .  Fo r  detail s o f  ho w reliabilit y  wa s estimated , 
see McDonal d (1997) .  W e exclude d functio n word s fro m consid -
eratio n sinc e w e wer e intereste d i n a  mode l  sensitiv e t o semanti c 
context ,  rathe r  tha n t o syntax ,  whic h i s essentiall y  capture d b y th e 
set  o f  functio n word s (Finc h &  Chater ,  1992) .  Fo r  a  revie w o f  th e 
linguisti c an d psychologica l  evidenc e distinguishin g functio n fro m 
conten t  words ,  se e Can n (1996) . 

^Thi s procedur e mean t  tha t  th e target s i n th e Associate d an d 
Non-associate d condition s wer e n o longe r  strictl y matche d fo r  fre -
quency .  However ,  th e Contextua l  Similarit y measur e w e use d i s in -
sensitiv e t o th e absolut e value s o f  th e vecto r  components . 
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Resu l t s 

We carrie d ou t  a  three-wa y Analysi s o f  Varianc e (Associatio n 
X Semanti c Typ e x  Relatedness )  o n th e Contextua l  Similar -
it y measurements ,  wit h th e Natura l  an d Artifac t  ;iiu l  th e In -
strumen t  an d Scrip t  subtype s collapse d int o th e Categor y Co -
ordinat e an d Functiona l  semanti c types ,  respectively .  Contex -
tua l  Similarit y measurement s an d th e correspondin g reactio n 
tim e dat a ar e summarise d i n Table s 1  an d 2 . 

The simulatio n result s prove d t o b e ver y simila r  t o thos e 
foun d i n th e origina l  experiment :  Ther e wa s a  mai n effec t  o f 
Relatedness ,  F( l ,92 )  =  73.61, p <  0.001 ,  indicatin g tha t 
collapsin g ove r  al l  conditions ,  semanticall y relate d prime -
targe t  pair s wer e mor e contextuall y simila r  tha n unrelate d 
prime-targe t  combination s (Contextua l  Similarit y o f  0.278 1 
and 0.1258 ,  respectively) . 

We foun d a  mai n effec t  o f  Semanti c Type ;  Categor y Co -
ordinate s wer e significantl y mor e contextuall y simila r  tha n 
material s i n th e Functiona l  condition ,  F( l ,  92 )  =  23.25 ,  p  < 
0.001 .  Ther e wa s als o a n interactio n betwee n Semanti c Typ e 
and Relatedness ,  F( l ,92 )  =  17.36 ,  p < 0.001 .  Fro m Table s 
1 an d 2 ,  i t  i s  clea r  tha t  th e Relatednes s effec t  siz e i s large r  fo r 
Categor y Coordinate s tha n fo r  Functiona l  items .  Thes e re -
sult s diffe r  fro m M o s s e t  al. ,  w h o foun d n o reliabl e differenc e 
i n th e primin g effec t  siz e betwee n Categor y Coordinate s an d 
Functionall y relate d pairs . 

Ther e wa s a  significan t  interactio n betwee n Associatio n 
and Relatedness ,  F( l ,92 )  =  4.63, p <  0.05 .  Th e Re -
latednes s effec t  wa s large r  fo r  Associate d tha n fo r  Non -
associate d pairs .  A N O V As o n th e separate d Associate d an d 
Non-associate d condition s reveale d significan t  Relatednes s 
effects ,  F( l ,46 )  =  40.22, p <  0.00 1 an d F( l ,46 )  = 
36.35 ,  p  <  0.001 ,  respectively ,  whic h correspon d t o th e hu -
man results .  Thi s replicate s th e associativ e boost . 

Consisten t  wit h th e origina l  experiment ,  th e simulatio n 
faile d t o sho w a n interactio n betwee n Associatio n an d Se -
manti c Type ,  F {  1 ,  92 )  <  1 ,  an d ther e wa s n o three-wa y inter -
actio n betwee n Association ,  Semanti c Typ e an d Relatedness , 
F( l ,92) < 1 . 

Sinc e th e three-wa y A N O V A reveale d a  significan t  differ -
enc e betwee n th e Categor y Coordinat e an d Functiona l  se -
manti c types ,  w e ra n A N O V As o n eac h conditio n separately , 
i n orde r  t o examin e th e relationshi p betwee n Contextua l  Sim -
ilarit y an d th e typ e o f  relatio n mor e closely . 

First ,  w e carrie d ou t  a n A N O V A o n th e Functiona l  materi -
als .  Contextua l  Similarit y fo r  Relate d wor d pair s wa s signifi -
cantl y large r  tha n fo r  Unrelate d pairs ,  F ( l ,  44 )  =  23.73 ,  p  < 
0.001 .  W e foun d n o mai n effect s o f  Subtyp e F( l ,  44 )  <  1 
or  Association ,  F( l ,44 )  =  2.207, p =  0.14 .  Ther e wer e 
als o n o reliabl e interaction s betwee n th e combination s o f 
factors :  Associatio n x  Subtype ,  F(l,44 )  <  1 ;  Subtyp e x 
Relatedness ,  F( l ,44 )  <  1 ;  Associatio n x  Relatednes s x 
Subtype ,  F(1.44 )  <  1 .  Th e interactio n betwee n Associ -
atio n an d Relatednes s wa s marginall y significant ,  however , 
F(l,44 )  =  3.91, p =  0.054 .  Nearl y identica l  result s wer e 
obtaine d fo r  th e separate d Categor y Coordinates . 

Discussion 

I n summary ,  th e patter n o f  result s largel y corresponde d t o 
thos e o f  M o s s e t  al.' s  Experimen t  2 .  Th e significan t  differ -
enc e i n Contextua l  Similarit y betwee n semanticall y relate d 

and unrelate d prime-targe t  pair s replicate s th e overal l  prim -
in g effec t  foun d wit h huma n subjects .  W e als o find  a n 'as -
sociativ e boost' ;  semanticall y relate d item s tha t  ar e als o nor -
mativel y associate d ar e mor e contextuall y simila r  tha n non -
as.sociate d materials . 

Functional Relations vs. Category Coordinates 

Th e mai n differenc e betwee n th e simulatio n an d origina l  re -
sult s i s th e significan t  interactio n betwee n Semanti c Typ e an d 
Relatedness .  Althoug h separat e A N O V As fo r  eac h conditio n 
verifie d a  Relatednes s effec t  fo r  bot h Categor y Coordinate s 
and Functiona l  item s i n th e simulation ,  i t  i s  clea r  tha t  Con -
textua l  Similarit y betwee n Categor y Coordinat e target s an d 
thei r  relate d prime s i s greate r  tha n fo r  Functiona l  prime-targe t 
pairs . 

I t  i s  wort h considerin g w h y thi s interactio n shoul d occu r 
i n a  mode l  constructe d fro m co-occurrenc e statistics .  W e 
sugges t  tha t  thi s i s du e t o difference s i n th e semanti c role s 
typicall y  filled  b y Categor y Coordinat e an d Functiona l  items : 
ther e wil l  b e greate r  Contextual  Similarit y betwee n 'bread ' 
and it s Categor y Coordinate s suc h a s 'fruit '  an d 'rolls '  prin -
cipall y becaus e Categor y Coordinate s ten d t o fill  th e sam e 
positio n i n predicate-argumen t  structur e i.e .  th e patien t  rol e 
associate d wit h verb s suc h a s 'serve '  an d 'eat' .  Categor y C o -
ordinate s ar e therefor e highl y substitulabl e i n context . 

I n contrast ,  item s i n Functiona l  relationship s ten d t o fill 
differen t  semanti c roles ,  suc h a s instrumen t  an d patient ,  an d 
wil l  occup y differen t  position s i n predicate-argumen t  struc -
ture .  M o s s e t  al.' s  Instrumen t  material s ar e a  clea r  exampl e 
of  thi s — word s wer e chose n tha t  t o fit  th e template : 

yo u us e a  < p r i m e > t o d o <target> . 

I n fact ,  functionall y relate d prime-targe t  pair s almos t  neve r 
occu r  i n thi s wa y i n rea l  text .  However ,  th e vecto r  representa -
tio n o f  eac h wor d i s a  superpositio n o f  man y separat e occur -
rences ,  s o th e vecto r  reflect s th e templat e structur e bette r  tha n 
any individua l  context .  Sinc e th e Contextua l  Similarit y mea -
sur e doe s no t  distinguis h lef t  fro m righ t  context ,  functionally -
relate d prim e an d targe t  word s wil l  shar e les s o f  eac h other' s 
context ,  an d wil l  b e les s contextuall y simila r  tha n Categor y 
Coordinates .  Thi s i s sufficien t  t o produc e th e Semanti c Typ e 
X Relatednes s interaction . 

The Associative Boost 

Althoug h bot h M o s s e t  al .  (1995 ,  Experimen t  2 )  an d ou r  com -
putationa l  simulatio n demonstrate d a n Associate d x  Relat -
ednes s interactio n (o r  associativ e boost) ,  i n a  simila r  experi -
ment ,  Shelto n an d Marti n (1992 )  foun d tha t  primin g di d no t 
occu r  wit h item s tha t  wer e onl y semanticall y related ,  withou t 
als o bein g normativel y associated ,  Lun d e t  al .  (1995 ,  Experi -
ment  2 )  attempte d t o replicat e thi s experimen t  usin g a  corpus -
base d mode l  simila r  t o ours .  Bu t  thei r  simulatio n result s wer e 
als o incompatibl e wit h thos e o f  Shelto n an d Marti n sinc e the y 
showe d a  simulate d primin g effec t  fo r  th e Semantic-onl y m a -
terials . 

Lun d e t  al .  suggeste d tha t  Shelto n an d Martin' s Seman -
ti c material s wer e i n fac t  les s semanticall y relate d tha n thei r 
Associate d stimuli ,  pointin g ou t  tha t  'semanti c distances '  de -
rive d fro m thei r  mode l  fo r  wor d pair s i n th e Associate d con -
ditio n wer e smalle r  tha n fo r  wor d pair s i n th e Semanti c con -
ditio n (althoug h thi s differenc e onl y approache d significanc e 
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p — 0.0(51) .  Thi s reasonin g i s problematic ,  however ,  sinc e 
distance s i n th e mode l  ar e assume d t o reflec t  semanti c relat -
ednes s i n par t  becaus e o f  thei r  accor d wit h semanti c primin g 
data . 

Lun d c t  al .  (1995 ,  Experimen t  3 )  investigate d thi s discrep -
anc y b y usin g stimul i  fro m Chiarello ,  Burgess ,  Richard s an d 
Polloc k (1990) ,  whic h wer e mor e carefull y controlled .  I n a 
simulatio n usin g thes e materials ,  the y faile d t o find a  inter -
actio n betwee n Typ e o f  Relatio n (Associated ,  Semanti c o r 
Semanlic-I-Associated )  an d Rclatedness .  A  separat e analy -
si s o f  th e Associate d conditio n als o faile d t o revea l  a  Rclat -
ednes s effect .  Thi s resul t  wa s i n accor d wit h dat a fro m hu -
m an subject s (Lun d e t  al. ,  1995 ,  Experimen t  4) ,  confirmin g 
thei r  hypothesi s tha t  a  semanti c relationshi p betwee n prim e 
and targe t  word s wa s necessar y t o induc e a  primin g effect . 
However ,  result s fro m anothe r  (human )  lexica l  decisio n ex -
perimen t  (Lun d e t  al. ,  1996 ,  Experimen t  1 )  usin g a  ne w se t 
of  unrelate d pairs ,  reveale d a  reliabl e effec t  fo r  th e Associ -
ate d condition .  Ther e wa s n o correspondin g effec t  i n thei r 
corpus-base d simulatio n usin g thi s ne w stimul i  set ,  however . 

Th e lac k o f  a n interactio n betwee n Typ e o f  Relatio n an d 
Relatednes s i n eac h o f  thes e primin g simulation s i s inconsis -
ten t  wit h th e associativ e boos t  reporte d b y M o s s e t  al. ,  whic h 
i s als o foun d i n ou r  replication .  Thes e difference s warran t 
furthe r  discussion . 

M o ss e t  al .  argu e tha t  th e associativ e boos t  i s  du e t o prim -
in g a t  a  differen t  leve l  o f  representatio n tha n th e semanti c 
level .  The y sugges t  tha t  associativ e primin g i s a  mechanis m 
tha t  i s  dependen t  o n relationship s betwee n lexica l  forms .  Thi s 
i s consisten t  wit h neura l  networ k model s o f  primin g (e.g . 
Moss .  Hare .  Da y &  Tyler ,  1994 ;  Plaut ,  1995 )  tha t  trea t  se -
manti c an d associativ e primin g a s du e t o fundamentall y dif -
feren t  type s o f  informatio n — associativ e primin g effect s re -
sul t  fro m contiguit y betwee n trainin g items . 

I n contrast ,  w e sugges t  tha t  ther e i s n o nee d t o trea t  seman -
ti c an d associativ e relation s differently ,  whethe r  a s separat e 
level s o f  representatio n o r  distinc t  mechanisms .  I t  i s  possibl e 
t o accoun t  fo r  semanti c primin g an d th e additiv e effec t  o f  nor -
mativ e associatio n i n th e sam e corpus-base d model .  Specifi -
cally ,  th e 'associativ e boost '  fall s  ou t  naturall y fro m th e wa y 
tha t  co-occurrenc e statistic s wer e compile d i n th e presen t  ex -
periment. 

Explaining the Associative Boost 

I n orde r  t o addres s th e differenc e betwee n Lun d e t  al.' s  (1995 ; 
1996 )  result s an d our s regardin g th e presenc e o f  a n additiv e 
effec t  o f  association ,  i t  i s  necessar y t o examin e th e models ' 
paramete r  setting s i n mor e detail . 

O ne importan t  differenq p i s th e windo w siz e withi n whic h 
co-occurrence s ar e recorded .  Fo r  example ,  i f  th e Associate d 
Coordinate s 'cup '  an d 'saucer '  nearl y alway s appea r  withi n 
a ± 3 wor d w indo w i n th e corpus ,  thei r  Contextua l  Similar -
it y wil l  b e hig h compare d t o prime-targe t  pair s whic h merel y 
ten d t o occu r  i n simila r  (bu t  no t  overlapping )  contexts .  I f 
Associate d pair s d o frequentl y co-occu r  withi n th e sam e win -
dow,  thei r  Contextua l  Similarit y wil l  b e highe r  tha n matche d 
Non-associate d pairs ,  simpl y becaus e o f  thei r  share d context . 

I f  Associate d pair s ten d t o co-occu r  locall y i n a  corpu s o f 
natura l  language ,  the n th e large r  th e windo w size ,  th e mor e 
overla p o f  thei r  immediat e context ,  an d henc e th e greate r 

thei r  Contextua l  Similarity .  However ,  a s th e w indo w siz e in -
creases ,  th e numbe r  o f  contextuall y irrelevan t  co-occurrence s 
bein g recorde d fo r  eac h wor d grows ,  increasin g th e noisines s 
of  th e co-occurrenc e vectors ,  whic h reduce s thei r  Contextua l 
Similarity .  I n orde r  t o verif y this ,  w e constructe d version s o f 
th e mode l  wher e th e windo w siz e varie d betwee n ± 1 t o ± 5 
words .  Th e bes t  performanc e wit h respec t  t o th e huma n dat a 
was achieve d wit h a  windo w o f  ± 3 words . 

We ca n n o w addres s Lun d e t  al .  (1995)' s claim s abou t  th e 
Shelto n an d Marti n materials .  I t  ma y b e tru e tha t  severa l  o f 
th e Associate d pair s ar e mor e semanticall y relate d tha n item s 
i n th e Semanti c condition ,  thoug h Shelto n an d Marti n di d at -

temp t  t o contro l  thei r  material s fo r  thi s variabl e throug h a  re -
latednes s ratin g questionnaire .  Bu t  w e sugges t  a n alternativ e 
interpretatio n o f  Lun d e t  al.' s  observations :  th e Associate d 
prime-targe t  pair s ar e marginall y close r  togethe r  i n vecto r 
spac e compare d t o th e Semantic-onl y pair s becaus e thei r  co -
occurrenc e vector s encode ,  i n part ,  temporal  co-occurrenc e 
as wel l  a s substitutabilit y  i n context . 

We sugges t  tha t  Lun d e t  al .  di d no t  find a  reliabl e interac -
tio n betwee n th e Associatio n an d Relatednes s factor s i n thei r 
Experimen t  2  fo r  th e sam e reaso n tha t  n o associativ e boos t 
was eviden t  i n th e simulatio n result s reporte d b y Lun d e t  al . 
(1995 ,  Experimen t  3 ;  1996 ,  Experimen t  I) .  Th e absenc e o f 
thi s effec t  wa s du e t o th e wa y th e co-occurrenc e count s wer e 
collected .  Althoug h thei r  w indo w siz e wa s larg e (1 0 words) , 
thes e simulation s use d th e 20 0 mos t  varian t  contex t  word s a s 
vecto r  components .  Thi s se t  wil l  mostl y consis t  o f  functio n 
words ,  whic h w e sugges t  ar e simpl y no t  sufficientl y specifi c 
indicator s o f  semanti c context.' * 

Our  predictio n abou t  th e origi n o f  th e associativ e boos t  i n 
our  semanti c primin g mode l  ca n b e easil y tested :  i f  th e Con -
textua l  Similarit y betwee n tw o wor d vector s i s affecte d b y 
th e tempora l  natur e o f  language ,  w e expec t  t o find  tha t  th e 
probabilit y  o f  lexica l  co-occurrenc e (i n a  ± 3 wor d window ) 
t o b e greate r  fo r  Associate d Relate d pair s tha n fo r  th e Non -
associate d Relate d pair s take n fro m th e material s fo r  Experi -
ment  I .  Thi s hypothesi s i s investigate d i n Experimen t  2 . 

Experiment 2 

Spence and Owens (1990) conducted a corpus-based inves-
tigatio n int o th e relationshi p betwee n lexica l  co-occurrenc e 
and normativ e wor d associatio n usin g th e on e millio n wor d 
Brow n corpus .  The y foun d tha t  associativel y relate d wor d 
pair s tende d t o co-occu r  (withi n a  w indo w o f  25 0 characters . 
or  approximatel y 5 0 words )  significantl y mor e ofte n i n th e 
corpu s tha n pair s o f  word s tha t  wer e no t  normativel y associ -
ated . 

I n Experimen t  2 ,  w e tes t  a  simila r  hypothesis ,  tha t  lexica l 
co-occurrenc e i n a  windo w i s mor e probabl e fo r  th e Associ -
ate d material s i n Experimen t  1  tha n fo r  Non-associate d items . 
The nul l  hypothesi s i s tha t  th e differenc e i n co-occurrenc e 
probabilit y  betwee n th e Associate d an d Non-associate d wor d 
pair s i s no t  distinguishabl e fro m chance . 

•*We trie d a  simila r  approac h wit h ou r  corpus ,  usin g th e 20 0 mos t 
varian t  lexeme s occurrin g withi n a  ± 3 wor d windo w a s contex t 
words .  I n thi s cas e th e Contextua l  Similarit y difference s betwee n 
Associate d an d Non-associate d pair s wer e negligible . 
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Procedur e 

Althoug h th e Associate d an d Non-associate d target s wer e 
originall y matche d fo r  media n frequency ,  th e sam e calcula -
tio n ove r  th e lexem e frequencie s i n th e te n millio n wor d cor -
pus indicate d tha t  th e media n frequencie s o f  ih c tw o condi -

tion s wer e no t  equa l  (5 7 pe r  millio n vs .  3 8 pe r  million) . 
Thi s discrepanc y woul d bia s simpl e lexica l  co-occurrenc e 
count s i n favou r  o f  th e Associate d pairs ,  sinc e i f  Associ -
ate d targe t  word s occu r  mor e ofte n i n th e corpus ,  the y wil l 
hav e mor e chanc e o f  co-occurrin g wit h thei r  correspondin g 
prim e words .  Therefore ,  rathe r  tha n comparin g th e ra w co -
occurrenc e count s o f  th e prime-targe t  pairs ,  w e calculat e con -
ditiona l  probabilities ,  whic h allow s u s t o normalis e fo r  th e 
targe t  wor d frequency : 

f(prime&target ) 

f(target ) 
(1 ) p(prim e |  target )  = 

Results and Discussion 

A Mann-Whitne y U  tes t  reveale d a  highl y significan t  differ -
enc e betwee n th e lexica l  co-occurrenc e probabilitie s fo r  As -
sociate d an d Non-associate d pair s {i ^  =  630 ,  p  <  .00001 , 
one-tailed) .  Th e probabilit y  o f  a n Associate d targe t  co -
occurrin g wit h it s correspondin g prim e wa s significantl y 
highe r  tha n fo r  th e Non-associate d pairs .  W e ca n therefor e re -
jec t  th e nul l  hypothesis ,  an d conclud e tha t  difference s i n lex -
ica l  co-occurrenc e probabilitie s fo r  wor d pair s i n thes e tw o 
condition s m a y b e responsibl e fo r  th e differenc e i n Contex -
tua l  Similarit y measurement s becaus e o f  th e natura l  incor -
poratio n o f  loca l  co-occurrenc e informatio n int o th e contex t 
vectors . 

The result s o f  Experimen t  2  ar e consisten t  wit h Spenc e an d 
Owens'  (1990 )  finding  tha t  lexica l  co-occurrenc e i n a  cor -
pus an d normativ e associatio n strengt h ar e correlated :  hig h 
associativ e strengt h predict s frequen t  lexica l  co-occurrence . 
M c K o on an d Ratclif f  (1992 )  hav e additionall y provide d 
evidenc e tha t  wor d pair s wit h a  hig h probabilit y  o f  co -
occurrenc e alon e (i.e .  no t  highl y normativel y associated )  als o 
sho w lexica l  decisio n facilitation .  Thi s resul t  i s  als o consis -
ten t  wit h ou r  model ,  althoug h th e amoun t  o f  semanti c relat -
ednes s presen t  i n thei r  material s wa s no t  controlled . 

Sinc e th e associativ e boos t  i n semanti c primin g i s modelle d 
by th e loca l  co-occurrenc e probabilitie s i n a  larg e corpus ,  w e 
hypothesis e tha t  th e additiv e effec t  o f  normativ e associatio n 
strengt h i s bette r  describe d a s a  variabl e subsume d b y th e 
mor e genera l  phenomen a o f  loca l  co-occurrence .  Ou r  mode l 
woul d the n predic t  a n additiv e effec t  o f  hig h co-occurrenc e 
probabilit y  o n primin g betwee n word s tha t  ar e semanticall y 
related . 

Lun d e t  al .  (1996 )  hav e argue d tha t  normativ e associatio n 
strengt h an d lexica l  co-occurrenc e frequenc y ar e onl y corre -
late d fo r  th e case s wher e a  semanti c relatio n i s als o present . 
The result s o f  Experimen t  2  ar e i n agreemen t  wit h thi s claim . 
Give n tha t  a  semanti c relationshi p hold s betwee n a  prime -
targe t  pair ,  th e prim e i s significantl y mor e likel y t o occu r 
withi n a  smal l  w indo w o f  th e targe t  i f  th e pai r  ar e als o nor -
mativel y associated . 

General Discussion 

I n thi s pape r  w e hav e demonstrate d tha t  corpus-base d mod -
el s o f  lexica l  semantic s ar e capabl e o f  simulatin g th e primin g 

effect s obtaine d wit h material s representin g a  wid e rang e o f 
lexica l  relations .  I n ou r  computationa l  simulatio n o f  a  recen t 
singl e wor d auditor y lexica l  decisio n experimen t  (Mos s e t  al. , 
1995 ,  Experimen t  2) ,  w e foun d tha t  a  corpus-derive d measur e 
of  tw o words '  distributiona l  similarit y corresponde d wel l  t o 
th e pattern s o f  lexica l  decisio n facilitatio n observe d i n h u m a n 
subjects . 

Experimen t  1  showe d tha t  functiona l  relation s ca n b e 
extracte d fro m distributiona l  statistics ,  bu t  tha t  th e co -
occurrenc e pattern s o f  Categor y Coordinate s an d functionall y 
relate d word s ar e no t  equall y informative .  Thi s wa s indicate d 
by th e interactio n betwee n Semanti c Typ e an d Relatednes s i n 
th e simulation ,  whic h wa s no t  observe d i n th e origina l  exper -
iment .  W e presente d a n explanatio n fo r  thi s effec t  base d o n 
th e ide a tha t  co-occurrenc e vector s encod e coars e syntacti c 
constraint s a s wel l  a s semanti c regularities .  Specifically ,  w e 
suggeste d tha t  Categor y Coordinate s typicall y fill  th e sam e 
semanti c role s a t  th e leve l  o f  predicate-argumen t  structure , 
wherea s Functiona l  item s ten d t o occup y differen t  roles . 

Experimen t  1  als o replicate d th e additiv e effec t  o f  norma -
tiv e associatio n strengt h o n th e basi c semanti c primin g effec t 
observe d b y M o s s e t  al .  Th e interactio n betwee n Relatednes s 
and Association ,  o r  'associativ e boost' ,  wa s modelle d usin g 
th e corpus-derive d measure .  Th e amoun t  o f  lexica l  decisio n 
facilitatio n an d Contextua l  Similarit y betwee n prim e an d tar -
get  wer e greate r  fo r  semanticall y relate d prime-targe t  pair s 
tha t  wer e als o normativel y associated ,  compare d t o pair s tha t 
wer e semanticall y relate d only . 

We offere d a n explanatio n fo r  w h y th e associativ e boos t 
occur s i n th e corpus-base d model ,  an d w h y previou s researc h 
has no t  foun d thi s effect .  W e argue d tha t  th e metho d use d 
t o collec t  co-occurrenc e statistic s ha s a  substantia l  influenc e 
on th e "associative '  propertie s o f  th e representation s formed . 
I n particular ,  associate d wor d pair s ar e thos e tha t  hav e a  hig h 
probabilit y  o f  loca l  co-occurrence .  Thi s hypothesi s wa s con -
firmed  i n Experimen t  2 . 

Conclusions 

Th e adequac y o f  corpus-derive d similarit y measure s fo r  ex -
plainin g th e semanti c primin g effec t  wa s addresse d b y build -
in g o n previou s researc h (Lun d e t  al. ,  1995 )  tha t  inves -
tigate d primin g betwee n categor y coordinates .  W e hav e 
demonstrate d tha t  th e facilitatio n fo r  categor y coordinate s 
and functionally-relate d material s (prime-targe t  pair s i n in -
strumen t  an d scrip t  relations )  foun d b y M o s s e t  al .  (1995 ) 
ca n b e modelle d usin g th e Contextua l  Similarit y measure . 
Functiona l  relation s ar e ofte n considere d t o b e represente d a s 
extra-linguistic ,  schema-base d o r  episodi c knowledge .  H o w -
ever ,  Mos s e t  al .  hav e show n tha t  functiona l  informatio n 
ca n b e accesse d usin g th e auditor y lexica l  decisio n paradigm , 
eve n whe n stimul i  ar e no t  normativel y associated .  Th e re -
sult s o f  ou r  computationa l  replicatio n i n Experimen t  1  hav e 
demonstrate d tha t  functiona l  informatio n i s accessibl e di -
rectl y fro m linguisti c context ,  an d tha t  a  significan t  par t  o f 
th e semanti c primin g effec t  ca n b e attribute d t o th e relation -
ship s betwee n words ,  whe n define d i n term s o f  thei r  pattern s 
of  use . 

Th e independen t  effect s o f  associatio n strengt h an d se -
manti c relatednes s hav e bee n offere d a s evidenc e fo r  dis -
tinct ,  qualitativel y differen t  primin g mechanism s o r  represen -
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tationa l  le\els .  Th e result s o f  th e presen t  experiment s ques -
tio n th e nee d fo r  thi s distinction .  A  singl e leve l  o f  representa -
tio n ca n captur e a  wid e rang e o f  lexica l  relation s tha t  suppor t 
priming . 
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