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Departmen t  o f  Psycholog y 
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Curt Burgess (curt@doumi.ucr.edu) 

Departmen t  o f  Psycholog y 

Universit y o f  California ,  Riversid e 

Riverside ,  C A 9252 1 

Abstrac t 

Levin (1993) has proposed a semantic distinction between 
tw o type s o f  motio n verbs :  manne r  o f  motio n verb s an d 
inherentl y directe d motio n verbs .  I n contrast ,  Jone s 
(1995 )  ha s argue d tha t  thi s distinctio n i s bette r  accounte d 
fo r  b y syntacti c principles .  T w o simulation s ar e presente d 
tha t  demonstrat e tha t  ver b representation s fro m th e 
Hyperspac e Analogu e t o Languag e (HAL )  mode l  o f  memor y 
(Burges s &  Lund ,  1997a ;  Lun d &  Burgess ,  1996 )  ar e 
sensitiv e t o th e distinctio n betwee n thes e tw o ver b 
classes .  Th e secon d simulatio n show s tha t  thi s effec t  i s no t 
due t o wor d frequenc y differences .  Th e final  experimen t 
uses huma n judgment s o f  concreteness ,  imageability ,  an d 
familiarit y o n thes e verb s t o provid e furthe r  dat a o n th e 
particula r  semanti c characteristic s tha t  ma y b e salien t  t o 
th e languag e user .  W e argu e tha t  thes e result s provid e 
empirica l  suppor t  fo r  Levin' s semanti c distinctions . 

Theories of how word meanings are represented in the 
menta l  lexico n mus t  accoun t  fo r  a  rang e o f  phenomena . 

A m o ng thes e i s th e fac t  tha t  word s tha t  ar e simila r  i n 

meanin g ten d t o b e use d i n simila r  way s i n language .  A s 

well ,  th e understandin g (implici t  o r  explicit )  tha t  particula r 

word s ca n b e use d i n certai n ways ,  necessarily ,  mus t  b e a 

characteristi c o f  lexica l  knowledg e (Levin ,  1993) .  Fo r 
example ,  whil e i t  i s  no t  u n c o m m o n t o hea r  peopl e spea k o f 

"trucking "  somethin g fro m on e locatio n t o anothe r 

(furnitur e perhaps) ,  usin g th e ter m "earring "  i n a  simila r 

contex t  woul d b e highl y unusual .  Th e exampl e highlight s 

that ,  whethe r  o r  no t  languag e user s ar e awar e o f  it ,  th e 

manner  i n whic h word s ar e use d i n languag e reflect s 
characteristic s o f  wor d meanin g an d similarit y tha t  ar e a 

functio n o f  thei r  contexts . 

Whi l e th e exac t  natur e o f  lexica l  representation s i s 

unknown ,  variou s attempt s hav e bee n mad e t o determin e th e 

sort s o f  informatio n tha t  exis t  withi n th e lexicon . 

Traditionally ,  lexica l  primin g procedures ,  categorizatio n 
experiments ,  an d wor d associatio n norm s hav e bee n utilize d 

t o she d ligh t  o n th e natur e o f  lexica l  knowledg e (Neely , 

1991 ;  Collin s &  Loftus ,  1975 ;  Rips ,  Shoben ,  &  Smith , 

1975 ;  Rosch ,  1978) .  I n addition ,  rigorou s linguisti c 

procedure s hav e assemble d a  wealt h o f  informatio n abou t 

wor d meaning s (Jackendoff ,  1990 ;  Mille r  &  Johnson-Laird , 
1976) .  M o r e recently ,  researcher s hav e applie d 

computationa l  an d statistica l  technique s t o larg e corpor a o f 

on-lin e tex t  an d machine-readabl e dictionarie s t o stud y 

lexica l  representation s (Burges s &  Lund ,  1997a ;  Landaue r  & 

Dumais ,  1996 ;  Lun d &  Burgess ,  1996 ;  Miller ,  1990) . 

O ne findin g tha t  seem s t o b e consisten t  acros s a  numbe r 
of  investigation s i s tha t  lexica l  knowledg e i s organize d int o 

somewhat  coheren t  "semanti c fields, "  group s o f  word s tha t 

shar e som e degre e o f  semantic ,  orthographic ,  phonological , 

or  syntacti c similarit y (Levin ,  1993 ;  Mille r  &  Johnson -

Laird ,  1976 ;  Talmy ,  1985) .  Acceptin g thi s notio n greatl y 

simplifie s researc h o f  lexica l  concepts ,  a s thi s allow s th e 
divisio n o f  lexica l  spac e (i.e. ,  al l  wor d representations )  int o 

smaller ,  mor e manageabl e units .  I f  on e assume s tha t  on e o f 

th e mor e consequentia l  lexica l  division s i s  base d o n 

grammatica l  class ,  the n thi s provide s th e opportunit y (an d 

th e motivation )  t o begi n a n investigatio n int o nouns ,  o r 

verbs ,  o r  adjectives ,  rathe r  tha n havin g th e rang e o f  al l 
word s a s th e onl y possibl e startin g point . 

Levi n (1993 )  ha s recentl y undertake n th e ambitiou s tas k 

of  categorizin g ove r  3,00 0 verb s int o distinc t  classe s base d 

on ver b semantic s an d syntacti c behavior .  Levi n worke d 

wit h th e theoretica l  assumptio n tha t  ver b behavio r  i s 

semanticall y determine d (or ,  a t  th e least ,  tha t  ver b synta x i s 
predictabl y relate d t o ver b meaning) ,  an d tha t  a n intensiv e 

consideratio n o f  th e similarit y o f  ver b meaning s woul d 

enabl e th e developmen t  o f  ver b classe s i n whic h th e 

members o f  a  particula r  clas s woul d al l  shar e certai n 

characteristic s o f  meanin g an d behavior .  B y producin g thes e 

classification s Levi n sough t  t o m o v e close r  t o th e eventua l 
isolatio n o f  a  complet e se t  o f  'meanin g components "  tha t 

woul d bea r  upo n th e natur e o f  lexica l  representation s o f  ver b 

meaning .  T o he r  credit .  Levi n produce d 19 1 distinc t  classes , 

eac h o f  whic h capture d a  coheren t  collectio n o f  semanticall y 

simila r  verbs .  Unfortunately ,  Levin' s procedur e fo r 

classificatio n di d no t  res t  entirel y upo n ver b meaning ,  a s a 
grea t  dea l  o f  consideratio n wa s give n t o th e behavio r  o f 

individua l  verb s wit h respec t  t o variou s diathesi s 
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alternations .  Highlightin g th e distinctio n betwee n verb s 
wit h regar d t o thes e alternation s allowe d Levi n t o exploi t  a n 

importan t  lexica l  similarit y tha t  i s  no t  wholly  semanti c i n 

nature ;  and ,  thus ,  Levin' s boo k (Par t  II )  doc s no t  stan d a s 

th e stronges t  tes t  o f  th e hypothesi s tha t  th e meanin g o f  a 

ver b determine s it s syntacti c behavior . 

Jone s (1995 )  evaluate d th e ver b clas s distinction s 
propose d b y Levi n (1993 )  an d conclude d tha t  classifyin g 

verb s base d o n semanti c similarit y wa s no t  th e onl y wa y t o 

produc e suc h distinctions ;  an d that ,  i n fact ,  on e coul d 

reproduc e a  larg e percentag e o f  Levin' s ver b classe s usin g a 

syste m base d exclusivel y o n ver b syntax .  Usin g th e 

exampl e sentence s provide d i n Levin ,  Jone s wa s abl e t o 
deriv e "syntacti c signatures "  fo r  individua l  classe s base d o n 

th e particula r  syntacti c pattern s tha t  occurre d withi n th e 

sentence s fo r  a  give n class .  W h e n bot h positiv e (97 1 

instances )  an d negativ e (55 4 instances )  exampl e sentence s 

wer e include d i n derivin g th e syntacti c signatures ,  Jone s wa s 

abl e t o "replicate "  80 .1 % o f  th e ver b clas s distinction s 
presente d b y Levin .  Thi s woul d b e quit e a  compellin g resul t 

i f  i t  wer e no t  fo r  th e fac t  tha t  th e inclusio n o f  negativ e 

evidenc e i s a  cognitivel y unrealisti c assumptio n whe n 

considerin g th e huma n analogu e t o Jones '  procedure-ther e i s 

littl e evidenc e tha t  th e huma n languag e inpu t  strea m ha s a n 

abundanc e o f  "negative "  sentence s (Bowerman ,  1987) . 
Withou t  th e negativ e example s Jone s wa s abl e t o reproduc e 

onl y 37 .7 % o f  Levin' s classifications ,  a  dro p i n precisio n 

tha t  prompt s on e t o conclud e tha t  th e classificatio n o f 

semanticall y simila r  verb s base d o n syntacti c pattern s m a y 

be problematic . 

Th e intuition s o f  traine d analyst s o f  lexica l 
representation s (i.e. ,  linguists ,  lexicographers , 

psycholinguists )  ofte n stan d a s "educate d guesses "  a s t o th e 

appropriatenes s o f  variou s distinction s betwee n classe s o f 

words .  However ,  thoug h thes e division s see m t o hav e mor e 

tha n a n ai r  o f  correctness ,  suc h intuition s ma y b e subjec t  t o 

theoretica l  an d measuremen t  bias .  A s such ,  thes e educate d 
intuition s woul d b e buttresse d b y mor e empiricall y rigorou s 

procedure s fo r  testin g th e similarit y o r  dissimilarit y betwee n 

putativ e classe s o f  words .  Objectiv e method s fo r 

investigatin g wor d representation s throug h statistica l 

analysi s o f  large-scal e tex t  corpor a ar e presentl y bein g 

develope d (Finc h &  Chater ,  1992 ;  Landaue r  &  Dumais , 
1996 ;  Lun d &  Burgess ,  1996) .  Thes e procedure s appea r  t o 

hav e a n obviou s advantag e ove r  les s technologicall y 

advance d technique s i n tha t  thes e measure s hav e acces s t o 

many hundred s o f  million s o f  words .  Mor e importan t  tha n 

th e immens e siz e o f  thes e databases ,  however ,  i s  th e fac t 

tha t  thes e procedure s encounte r  writte n tex t  m u c h a s i t 
occur s i n huma n languag e use .  Th e representation s whic h 

resul t  com e fro m a n analysi s o f  tex t  alone .  Exper t  theorie s 

do no t  produc e thes e wor d representations ,  no r  d o thes e 

procedure s rel y o n explici t  linguisti c "rules "  o f  th e sor t 

human languag e user s ar e aware .  O n e anticipatio n i s that , 

whil e presen t  intuition s abou t  th e natur e o f  wor d meaning s 
and th e relationshi p betwee n meaning s i n th e lexico n m a y 

not  b e wholl y inaccurate ,  newe r  investigativ e method s m a y 

provid e th e mean s b y whic h thes e intuition s ca n b e 

subjecte d t o empirica l  study ,  an d i f  necessary ,  appropriat e 

revision . 

O ne o f  th e mor e recen t  method s o f  representin g wor d 

meaning s i s th e Hyperspac e Analogu e t o Languag e ( H A L ) 

model  (Burges s &  Lund ,  1997a ;  Lun d &  Burgess ,  1996) . 
H AL stand s a s a  credibl e attemp t  t o produc e wor d 

representation s tha t  encod e variou s aspect s o f  meaning . 

H AL ha s bee n use d t o accoun t  fo r  grammatica l  clas s 

distinction s an d semanti c effect s o n syntacti c processin g 

(Burges s &  Lund ,  1997a) ,  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 m a d e b y dee p 

dyslexi a patient s (Buchanan ,  Burgess ,  Lund ,  1996) ,  an d 

cerebra l  asymmetrie s i n semanti c m e m o r y processin g 

(Burges s &  Lund ,  1997b) . 

H AL i s a  mode l  tha t  develop s wor d meanin g fro m globa l 

co-occurrenc e statistic s extracte d fro m h u m a n on-lin e 
languag e use .  A  -30 0 millio n wor d corpu s o f  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 .  Conceptually , 
thes e vector s represen t  point s i n a  high-dimensiona l  space . 

Havin g develope d high-dimensiona l  representation s fo r 

words ,  similarit y betwee n word s correspond s inversel y t o 

inter-poin t  distances .  Th e assumptio n i s 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 ,  1997a ,  fo r  furthe r 
discussio n o f  th e H A L methodology) . 

A n importan t  consideratio n i s th e fac t  tha t  H A L ' s 

representation s ar e th e produc t  o f  a  meanin g acquisitio n 

proces s tha t  encounter s word s a s the y occu r  i n writte n 

language .  Developin g thes e meanin g representation s doe s 

not  requir e an y theor y o f  semanti c features ,  no r  ar e thes e 
representation s th e product s o f  exper t  linguisti c evaluation . 

H A L ' s representation s ar e a  functio n o f  th e globa l  co -

occurrenc e o f  lexica l  item s i n languag e use .  Thi s 

distinguishe s H A L fro m thos e categorizatio n scheme s tha t 

ar e base d o n th e explici t  knowledg e o f  wor d meaning s an d 

behavio r  hel d b y lexica l  analysts .  H A L doe s no t  "kno w th e 
rules, "  a s i t  were ,  no r  doe s i t  encounte r  word s i n th e ric h 

environmen t  i n whic h w e exist ;  i t  simpl y i s sensitiv e t o 

ho w word s ar e use d i n relatio n t o othe r  word s (i.e. ,  context) . 

Thi s sensitivit y allow s H A L t o develo p wo r d 

representation s tha t  ma y b e use d t o tes t  theoreticall y derive d 

classificatio n scheme s tha t  currentl y exist . 
Of  th e numerou s ver b classe s considere d b y Levi n (1993) , 

one o f  th e large r  classes ,  verb s o f  motion ,  wa s furthe r 

subdivide d b y Levi n int o manne r  o f  motio n verb s (e.g. , 

drift ,  slide ,  trot )  an d inherentl y directe d motio n verb s (e.g. , 

arrive ,  depart ,  leave) .  Thes e ver b classe s wer e distinguishe d 

base d o n th e notio n tha t  al l  o f  th e manne r  o f  motio n verb s 
hav e meaning s tha t  includ e som e manne r  o r  mean s o f 

67 



motion ,  whethe r  th e movemen t  i s b y a n animat e (e.g. ,  trot , 

swim )  o r  inanimat e (e.g. ,  twist ,  glide )  entity .  Conversely , 

th e meanin g fo r  eac h o f  th e inherentl y directe d motio n verb s 

involve s a  specificatio n o f  th e directio n o f  movement .  Thi s 

distinctio n betwee n ver b classe s appear s t o b e a n appropriat e 

test ,  no t  onl y o f  th e abilit y  o f  th e H A L mode l  t o b e 

sensitiv e t o thi s dissociation ,  bu t  perhap s a  tes t  o f  th e 
appropriatenes s o f  th e divisio n betwee n thes e tw o classe s 

propose d by  Levin .  However ,  a s Jone s (1995 )  wa s abl e t o 

reproduc e a  significan t  proportio n o f  Levin' s verb-clas s 

distinction s onl y whe n bot h positiv e an d negativ e exampl e 

sentence s wer e included ,  on e migh t  predic t  tha t  H A L wil l 

fai l  t o distinguis h betwee n th e tw o ver b classes ,  a s th e H A L 
model  rarely ,  i f  ever ,  encounter s "negative "  sentences . 

What  follow s ar e tw o H A L simulation s usin g th e verb s 

Levi n identifie d a s eithe r  manne r  o f  motio n verbs ,  o r 

inherentl y directe d motio n verbs .  I n th e firs t  simulation ,  a n 

attemp t  i s mad e t o reproduc e Levin' s distinctio n betwee n th e 

tw o ver b classe s wit h a n alternat e methodolog y an d withou t 
relyin g o n negativ e evidenc e a s employe d i n Jones ' 

approach .  I n th e secon d simulation ,  th e issu e o f  frequency -

sensitivit y i s introduced ,  an d a n attemp t  i s mad e t o produce 

th e ver b clas s distinctio n usin g a  H A L matri x i n whic h th e 

relativ e frequencie s o f  word s hav e bee n controlled . 

Followin g th e simulations ,  consideratio n i s give n t o huma n 
judgement s o f  wor d characteristics ,  an d th e rol e thi s 

informatio n migh t  pla y i n distinguishin g ver b classes . 

Experiment 1: 

D issoc ia t in g M a n n e r  o f  M o t i o n V e r b s 

f r o m Inhe ren t l y D i r e c t e d V e r b s 

Dissociatio n o f  grammatica l  categorie s ha s bee n 

demonstrate d befor e usin g H A L (Burges s &  Lund ,  1997a) . 

The inten t  o f  th e curren t  simulatio n wa s t o provid e evidenc e 

tha t  th e H A L mode l  i s sensitiv e t o fmer-graine d distinction s 
betwee n member s o f  a  singl e grammatica l  class ,  namel y 

motio n verbs .  T w o classe s o f  motio n verbs-manne r  o f 

motio n verb s an d inherentl y directe d motio n verbs—wer e 

subjecte d t o multidimensiona l  scalin g ( M D S )  usin g HAL ' s 

wor d vector s a s a  se t  o f  coordinate s i n a  high-dimensiona l 

spac e i n orde r  t o sho w tha t  th e interwor d distance s i n th e 
spac e ca n provid e a  basi s fo r  distinguishin g betwee n thes e 

ver b classes . 

Method 

Materials .  Levi n (1993 )  presente d 2 2 verb s o f  inherentl y 

directe d motion ,  whil e 13 8 manne r  o f  motio n verb s wer e 

listed .  Sixt y o f  th e manne r  o f  motio n verb s di d no t  occu r  i n 

th e H A L matrix ;  fro m th e remainin g 7 8 verbs ,  2 0 wer e 

randoml y chose n fo r  th e simulation .  O f  th e 2 2 inherentl y 

directe d verbs ,  1 2 wer e ultimatel y chose n fo r  th e simulation ; 
si x verb s di d no t  occu r  i n th e matrix .  Tumbl e wa s remove d 

du e t o lo w frequenc y i n th e H A L corpus ,  an d cros s wa s 

remove d becaus e Levi n explaine d tha t  thi s ver b doe s no t 

behav e lik e th e othe r  verb s i n th e class .  Exi t  an d advanc e 

wer e remove d du e t o th e author' s intuitio n tha t  thes e word s 
migh t  behav e erraticall y i n th e simulation s du e t o thei r  hig h 

frequenc y us e a s noun s (pilo t  simulation s confirme d tha t 

advanc e an d exi t  d o cluste r  erraticall y i n th e M D S solutio n 

wit h thi s se t  o f  items) . 

Procedure. Co-occurrence vectors were extracted from the 

H AL mode l  fo r  th e verbs .  Eac h vecto r  wa s treate d a s a  se t  o f 

coordinate s i n a  high-dimensiona l  Euclidea n space ,  an d a 

M DS solutio n wa s 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 

The 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 solutio n fo r  th e verb s i s show n 
i n Figur e 1 . 

Visua l  inspectio n o f  Figur e 1  suggest s tha t  th e tw o ver b 

classe s wer e differentiate d i n th e M D S solution .  Th e manne r 

of  motio n verb s appea r  t o occup y a  separat e spac e tha n th e 
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Figur e 1 :  Two-dimensiona l  multidimensiona l  scalin g 

solutio n fo r  wor d vector s fo r  manne r  o f  motio n verb s 

(lowercase )  an d inherentl y directe d motio n verbs . 

verbs of inherently directed motion. However, given the 
natur e o f  th e M D S procedure ,  i n whic h a n extrem e reductio n 

of  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 .  A n 
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analysi s o f  varianc e w a s performe d whic h compare d 
intragrou p distance s betwee n verb s wit h intergrou p distance s 

betwee n thes e items .  Distance s betwee n al l  combination s o f 

ver b pair s withi n a  grou p (i.e. ,  ver b class )  wer e calculate d 

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

ver b pair s betwee n groups .  M a n n e r  o f  motio n verb s wer e 

differentiate d fro m inherentl y directe d motio n verbs ,  F (  1 , 
618 )  =  7.37 ,  p  =  .0068 .  A s well ,  verb s o f  inherentl y directe d 

motio n wer e differentiate d fro m manne r  o f  motio n verbs , 

F(  1,370 )  =  72.94,/7<.0001 . 

Discussion 

Verb-clas s informatio n carrie d i n H A L ' s vecto r 

representation s i s  sufficien t  t o distinguis h betwee n tw o 

group s o f  motio n verb s tha t  hav e s o m e degre e o f  semanti c 

dissimilarity ,  a s propose d b y Levi n (1993) .  Thes e result s 

suppor t  Levin' s theoretica l  distinctio n betwee n manne r  o f 
motio n verb s an d inherentl y directe d motio n verbs . 

Experiment 2: 
Evaluatin g Frequenc y Effect s i n th e 

Dissociatio n betwee n Manne r  o f  Motio n 
Verb s fro m Inherentl y Directe d Verb s 

The clai m ha s bee n mad e tha t  al l  model s o f  cognitiv e 
processe s tha t  ar e sensitiv e t o th e statistica l  propertie s o f  th e 

system' s inpu t  ar e frequency-sensitiv e rathe r  tha n reflectin g 

th e riche r  propertie s o f  languag e us e (Fodo r  &  Pylyshyn , 
1988) .  A s th e H A L mode l  relie s upo n th e statistica l 

aggregatio n o f  lexica l  co-occurrences ,  i t  fall s  squarel y withi n 

th e rang e o f  model s tha t  potentiall y o w e a  grea t  deb t  t o th e 

relativ e frequencie s o f  lexica l  item s occurrin g i n th e inpu t 

stream .  Therefore ,  i t  i s  importan t  t o evaluat e th e degre e t o 

whic h th e relativ e frequencie s o f  lexica l  item s produc e th e 
effect s show n wit h th e H A L model .  Inherentl y directe d 

motio n verb s wer e mor e frequen t  (25 9 occurrence s pe r 

millio n words )  tha n manne r  o f  motio n verb s (3 1 occurrence s 

per  million) ,  (f(30 )  =  2.49 ,  p  =  .018) ,  usin g th e origina l 

H AL corpu s o f  13 1 millio n word s (Burges s &  Livesay ,  i n 

press) .  Thi s differenc e motivate s th e effort s o f  Experimen t  2 
i n whic h th e simulatio n procedur e wil l  b e repeate d usin g a 

matri x tha t  ha s bee n controlle d fo r  difference s i n wor d 

frequency . 

Method 

Materials .  Stimul i  use d i n Experimen t  2  wer e identica l  t o 

tha t  use d i n Experimen t  1 . 

Procedure. A new matrix was formed by collecting co-

occurrenc e count s fo r  th e 3 2 stimulu s items .  T o contro l  fo r 

frequency ,  co-occurrenc e statistic s wer e collecte d fo r  eac h 

wor d unti l  tha t  ite m ha d a  ra w frequenc y coun t  i n th e matri x 

of  80 0 occurrence s (85 4 wa s th e frequenc y fo r  th e lowes t 

frequenc y verb) .  Al l  subsequen t  procedure s involvin g th e 
developmen t  o f  a  similarit y matrix  fo r  th e 3 2 stimulu s 

item s wer e identica l  t o thos e performe d i n Experimen t  1 . 

Result s 

Th e two-dimensiona l  M D S solutio n fo r  th e 3 2 verb s i s 

show n i n Figur e 2 .  Th e two-dimensiona l  separatio n o f  th e 

tw o ver b classe s wa s no t  a s distinc t  a s see n i n Experimen t 

1,  however ,  th e majorit y o f  inherentl y directe d motio n verb s 
clustere d together ,  a s the y ha d i n th e previou s M D S . 

As i n Experimen t  1 ,  a n evaluatio n o f  th e high -

dimensiona l  separatio n o f  th e ver b classe s require d a 

compariso n o f  th e intragrou p distance s betwee n verb s wit h 

th e intergrou p distance s betwee n thes e items .  Verb s o f 
inherentl y directe d motio n wer e differentiate d fro m manne r 

of  motio n verbs ,  F(l ,  370 )  =  54.95 ,  p  <  .0001 ,  however , 

manner  o f  motio n verb s wer e no t  reliabl y differentiate d fro m 

inherentl y directe d motio n verb s du e t o th e migratio n o f 

thre e verb s t o th e othe r  ver b clas s space ,  F(l ,  618 )  =  1.29 ,  p 

= .25 . 

Discussion 

Th e notio n tha t  th e relativ e frequenc y o f  lexica l  item s i n th e 

inpu t  strea m play s a n importan t  rol e i n cognitiv e model s 

suc h a s H A L receive d som e suppor t  i n th e curren t 
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Figur e 2 :  Two-dimensiona l  multidimensiona l  scalin g 
solutio n fo r  wor d vector s (fo r  manne r  o f  motio n verb s 

and inherentl y directe d motio n verbs )  derive d fro m a 

frequency-controlled  matrix . 

simulation. When HAL encountered every stimulus item 

exactl y 80 0 time s th e resultin g wor d representation s di d no t 

posses s th e robus t  contextua l  experienc e require d t o 

completel y dissociat e inherentl y directe d motio n verb s fro m 

manner  o f  motio n verbs .  However ,  i n spit e o f  th e restricte d 

natur e o f  thes e w o r d representations ,  th e contextua l 
informatio n tha t  w a s presen t  w a s sufficien t  t o allo w th e 

majorit y o f  inherentl y directe d motio n verb s t o cluste r 
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together .  Limitin g th e experienc e H A L ha s wit h individua l 
word s b y restrictin g wor d frequenc y ha s th e consequentia l 

effec t  o f  als o limitin g th e rang e o f  context s i n whic h th e 

model  encounter s thes e words .  Thus ,  i t  i s  no t  surprisin g 

tha t  th e verb-clas s dissociatio n see n i n Experimen t  1  wa s 

not  quit e a s pronounce d i n th e curren t  simulation . 

Experiment 3: Distinguishing Motion 

Verb s b y H u m a n Semanti c Judgment s 

The result s o f  Experiment s 1  an d 2  independentl y verif y th e 
distinctio n betwee n th e tw o motio n ver b classe s mad e b y 

Levi n (1993) .  However ,  wha t  i s  unclea r  i s  exactl y wha t 

characteristic s o f  thes e verb s serv e t o distinguis h th e tw o 

classes .  Levi n propose d th e distinctio n betwee n th e group s 

of  verb s base d o n a n importan t  semanti c dissimilarit y (e.g. , 

characteristic s o f  motion) .  Usin g th e H A L model ,  th e wor d 
vector s fo r  thes e verb s provid e a  se t  o f  co-ordinate s i n high -

dimensiona l  meanin g spac e tha t  demonstrate s tha t  thes e tw o 

ver b type s indee d exis t  i n separat e categorica l  space s a s 

suggeste d b y Levin .  I n H A L ,  th e vecto r  element s tha t  ar e 

th e co-ordinate s i n th e meanin g spac e ar e othe r  symbol s i n 

th e origina l  inpu t  stream .  T o furthe r  explor e wha t  semanti c 
difference s ther e m a y b e betwee n thes e tw o classe s o f 

motio n verbs ,  w e compare d th e tw o set s o f  verb s usin g 

Togli a an d Battig' s (1978 )  Handboo k o f  Semanti c Wor d 

N o r m s .  Thes e norm s provid e a  databas e o f  huma n 

judgment s abou t  word s o n suc h semanti c indice s a s 

concreteness ,  imageability ,  an d meaningfulness .  Th e tw o 
classe s o f  verb s wer e compare d o n thes e semanti c indice s t o 

determin e wha t  characteristic s migh t  discriminat e betwee n 

them . 

Methods 

H u m an rating s wer e extracte d fro m th e Togli a an d Batti g 

norm s fo r  th e 1 4 verb s fro m Experimen t  1  tha t  occurre d i n 

th e Togli a an d Batti g databas e (e.g. ,  come ,  crawl ,  fall ,  float, 

go ,  jump ,  leap ,  rise ,  roll ,  rush ,  slide ,  swim ,  twist ,  walk) . 

Thes e norm s include d rating s on :  concreteness , 
imageability ,  categorizability ,  meaningfulness ,  familiarity , 

number  o f  attributes ,  an d pleasantness . 

Results 

Manner  o f  motio n verb s wer e rate d highe r  tha n verb s o f 

inherentl y directe d motio n o n concretenes s (r(12 )  =  2.75 ,  p  = 

.018) ,  imageabilit y  (r(12 )  =  2.21 ,  p  =  .047) ,  an d 

categorizabilit y  (r(12 )  =  2.51 ,  p  =  .028) .  I n contrast , 

inherentl y directe d verb s wer e rate d mor e highl y o n 

familiarit y (r(12 )  =  2.53 ,  p  =  .027) .  Th e tw o ver b classe s di d 
not  diffe r  o n meaningfulnes s (r(12 )  =  .15 ,  p  =  .88) ,  numbe r 

of  attribute s (r(12 )  =  1.41 ,  p  =  .19) ,  o r  pleasantnes s (r(12 )  = 

.1 ,  p  =  .92) .  Thes e result s indicat e that ,  a t  leas t  fo r  th e verb s 

tha t  di d occu r  i n th e Togli a an d Batti g norms ,  thes e tw o 

classe s o f  verb s diffe r  o n fou r  semanti c characteristics . 

Discussio n 

Introspectio n o f  th e tw o ver b classe s suggest s tha t  th e 

manner  o f  motio n verb s ar e mor e easil y visualize d tha n th e 

inherentl y directe d motio n verbs .  Visualizin g a  perso n 

swimming ,  spinning ,  o r  crawlin g intuitivel y appear s t o 
involv e a  mor e straightforwar d contex t  tha n doe s arriving , 

entering ,  o r  rising .  Thi s intuitio n i s  supporte d b y th e 

normativ e result s tha t  th e manne r  o f  motio n verb s wer e 

rate d a s mor e concret e an d imageabl e b y huma n raters .  O n 

th e othe r  hand ,  th e verb s o f  inherentl y directe d motio n wer e 

rate d a s mor e familiar .  Th e exac t  relationshi p betwee n th e 
normativ e informatio n an d huma n languag e us e i s no t 

completel y clear ,  particularl y sinc e onl y 1 4 o f  th e 3 2 

motio n verb s occurre d i n th e Togli a an d Batti g norm s (an d 

onl y fou r  o f  th e inherentl y directe d motio n verbs) .  However , 

thes e apparen t  difference s i n huma n judgment s betwee n th e 

tw o ver b classe s i s supporte d b y th e distinctio n betwee n th e 
tw o ver b group s i n th e high-dimensiona l  analysi s (se e 

Figur e 1) .  I n a n earlie r  experiment ,  Burges s an d Lun d 

(1997a )  use d HAL' s wor d vector s i n a  multipl e regressio n 

procedur e t o predic t  th e huma n rating s fo r  concretenes s an d 

imageability .  A  substantia l  amoun t  o f  varianc e wa s 

accounte d fo r  wit h th e wor d vector s fo r  concretenes s (̂ 2 = 

.65 )  an d imageabilit y (/? 2 =  .63)~bot h factor s upo n whic h 
thes e tw o classe s o f  motio n verb s differ .  W e suspec t  tha t  th e 

result s fro m Experimen t  3  poin t  t o severa l  factor s tha t  ma y 

be salien t  i n discriminatin g betwee n thes e tw o classe s o f 

motio n verb s whethe r  b y computationa l  approache s (se e 

Figur e 1 )  o r  b y linguisti c judgemen t  (Levin ,  1993) . 

General Discussion 

Previou s researc h ha s demonstrate d tha t  HAL ' s 

representation s ar e sensitiv e t o th e sort s o f  meanin g 
informatio n tha t  serv e t o distinguis h word s o f  differen t 

grammatica l  clas s (Burges s &  Lund ,  1997a) .  I n additio n t o 

distinguishin g betwee n nouns ,  verbs ,  prepositions ,  an d 

determiners ,  th e H A L mode l  wa s als o abl e t o distinguis h 

betwee n differen t  morphologica l  form s o f  verbs . 

Unambiguou s past-tens e verb s (e.g. ,  g r e w )  wer e 
distinguishe d fro m unambiguou s past-participl e verb s (e.g. , 

shown) .  I n th e curren t  stud y a  grou p o f  motio n verb s wa s 

subdivide d int o tw o meaningfull y distinc t  classe s o f  verbs : 

verb s tha t  concer n th e manne r  i n whic h a n entit y moves , 

and verb s whic h entai l  a  particula r  directio n o f  a  motio n 

withou t  furthe r  specificatio n b y preposition s phrase s (i.e. , 
away from ,  u p onto ,  etc.) .  Thes e result s ad d t o th e rang e o f 

phenomena concernin g wor d meaning s t o whic h th e H A L 

model  i s responsive . 

Contrar y t o Jones '  (1995 )  suggestio n tha t  negativ e 

example s pla y a  critica l  rol e i n dissociatin g th e tw o ver b 
classes ,  th e H A L mode l  encounter s few ,  i f  any ,  "negativ e 

sentences "  o f  th e sor t  Jone s include d i n hi s evaluatio n o f 

Levin' s ver b classes .  Thes e findings  provid e furthe r  suppor t 

fo r  th e notio n tha t  usin g a  globa l  co-occurrenc e procedur e 

suc h a s HAL' s tha t  produce s wor d representation s base d 
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solel y o n th e system' s experienc e wit h incomin g tex t  i s a 
robus t  wa y i n whic h t o deriv e wor d meanings .  Th e result s 

of  Experimen t  3  sugges t  fou r  semanti c variable s tha t  ma y 

pla y a  rol e i n a  person' s abilit y  t o distinguis h betwee n thes e 

tw o ver b classes :  concreteness ,  imagcability , 

categorizability ,  an d familiarity . 

The tas k o f  isolatin g distinc t  classe s o f  verb s tha t  shar e 
certai n aspect s o f  meanin g ma y provid e som e evidenc e fo r 

th e linguisticall y meaningfu l  se t  o f  component s whic h 

determin e th e lexica l  representation s fo r  thes e item s i n 

memory.  Eac h clas s o f  verb s entail s a  se t  o f  lexica l 

propertie s whic h reflect s th e su m tota l  o f  meanin g 

component s acros s th e member s o f  a  particula r  class .  Th e 
aggregat e propertie s displaye d b y a  clas s ma y correspon d t o 

th e type s o f  lexica l  informatio n availabl e i n wor d 

representation s i n memory ,  a s thes e share d propertie s appea r 

t o hav e a  grea t  dea l  t o d o wit h ho w particula r  verb s ar e use d 

i n languag e (Levin ,  1993) .  W e conclud e tha t  (1 )  degree s o f 

contextua l  similarit y betwee n verb s serv e t o allo w intuitiv e 
separatio n o f  thes e motio n verb s int o meaningfu l  groups , 

and (2 )  tha t  difference s i n meanin g betwee n group s ar e 

systematicall y relate d t o ho w verb s fro m differen t  classe s ar e 

used differentl y i n languag e (Burges s &  Lund ,  1997a ;  Levin , 

1993 ;  Levi n &  Rappapor t  Hovav ,  1991) . 
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