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Lex i ca l  D i s a m b i g u a t i o n B a s e d o n D i s t r i b u t e d 

R e p r e s e n t a t i o n s o f  C o n t e x t  F r e q u e n c y 

Marshall R. Mayberry, III, and Risto Miikkulainen 
Departmen t  o f  Compute r  Science s 
Th e Universit y o f  Texa s a t  Austi n 

Austin ,  T X 7871 2 
matrtym ,  ristoQcs .  utexas .  ed u 

Abstrac t 

A model for lexicEd disambiguation is presented that is 
bfise d o n combinin g th e frequencie s o f  pas t  context s o f 
ambiguou s words .  Th e frequencie s ax e encode d i n th e 
wor d representation s an d defin e th e words '  semantics .  A 
Simpl e Recurren t  Networ k (SRN )  parse r  combine s th e 
contex t  frequencie s on e wor d a t  a  time ,  edway s produc -
in g th e mos t  likel y interpretatio n o f  th e curren t  sentenc e 
at  it s output .  Thi s disambiguatio n proces s i s mos t  strik -
in g whe n th e interpretatio n involve s semanti c flipping, 
tha t  is ,  a n cilternatio n betwee n tw o opposin g meaning s 
as mor e word s ar e rea d in .  Th e sens e o f  throsin g a 
bal l  alternate s betwee n deinc e zin d basebal l  a s indica -
tor s suc h a s th e agent ,  location ,  an d recipien t  ar e input . 
The S R N parse r  demonstrate s ho w th e contex t  frequen -
cie s ar e dynamicall y combine d t o determin e th e inter -
pretatio n o f  suc h sentences .  W e hypothesiz e tha t  severa l 
othe r  aspect s o f  ambiguit y resolutio n ar e base d o n sim -
ila r  mechajiisms ,  an d ca n b e naturall y approache d fro m 
th e distribute d connectionis t  viewpoint . 

Introduction 

I n understandin g ambiguou s sentences ,  human s see m t o 
emplo y automati c an d immediat e lexica l  disambiguatio n 
mechanism s eve n whe n the y ar e compelle d t o alternat e 
betwee n tw o o r  mor e sense s o f  a n ambiguou s word .  Con -
side r  th e sentenc e 

Joh n pu t  th e po t  i n th e dishwashe r  becaus e th e 
polic e wer e comin g ove r  fo r  tea. ^ 

As a  reade r  processe s thi s sentence ,  h e o r  sh e i s incline d 
t o interpre t  th e wor d po t  first  a s a  cookin g utensil ,  the n 
as marijuana ,  an d lastl y agai n a s a  cookin g utensil ,  mor e 
specificall y a  teapot .  Ye t  thi s processin g seem s t o occu r 
at  suc h a  lo w leve l  tha t  th e reade r  wil l  hardl y b e awar e 
tha t  ther e wa s an y conflic t  i n hi s interpretation .  Ther e 
does no t  see m t o b e an y consciou s inferencin g required , 
no moment' s cogitatio n a s migh t  b e observe d if ,  say ,  th e 
reade r  wer e instea d aske d t o comput e th e produc t  o f  tw o 
double-digi t  numbers . 

The primar y goa l  o f  th e stud y reporte d i n thi s pa -
per  wa s t o mode l  suc h automati c semanti c flipping  be -
havio r  usin g distribute d connectionis t  networks .  Th e 
connectionis t  paradig m offer s explanator y an d predic -
tiv e powe r  difficul t  t o achiev e usin g mor e conventiona l 
symboli c method s (Elman ,  1991 ;  Lange ,  1992 ;  St .  Joh n 
and McClelland ,  1990 ;  Seidenberg ,  1993) .  W e chos e t o 

'Adapte d from  (Lang e an d Dyer ,  1989) . 

use th e Simpl e Recurren t  Networ k parse r  architectur e 
(SRN;  Elma n 1990 ,  1991 ;  Miikkulaine n 1993) ,  whic h ha s 
i n recen t  year s becom e a  standar d too l  i n researc h int o 
languag e comprehensio n i n connectionism .  Ou r  choic e 
was motivate d b y tw o concerns : 

1.  Althoug h lexica l  disambiguatio n ha s bee n stud -
ie d i n dedicate d connectionis t  architecture s befor e 
(Kawamoto ,  1988) ,  ou r  primar y interes t  i s  i n under -
standin g th e mechanism s o f  ambiguit y resolutio n a s 
an integrate d par t  o f  th e parsin g tas k itself . 

2.  Asid e fro m th e basi c assumptio n tha t  connectionis t 
model s shar e mechanism s i n c o m m o n wit h actua l  hu -
m an languag e comprehensio n facilities ,  th e us e o f  a 
standar d mode l  make s a  minima l  numbe r  o f  assump -
tion s regardin g th e interna l  processe s i n lexica l  disam -
biguation . 

A brie f  overvie w o f  recen t  researc h int o lexica l  am -
biguit y wil l  hel p pu t  thi s tas k int o perspectiv e (fo r  a 
mor e comprehensiv e review ,  se e Simpson ,  1984) .  Severa l 
model s hav e bee n propose d t o accoun t  fo r  ho w ambigui -
tie s ar e resolve d durin g reading .  Th e thre e mos t  promi -
nen t  i n recen t  year s hav e bee n th e context-dependent , 
th e single-access ,  an d th e multiple-acces s model . 

Th e context-dependen t  mode l  (Glucksber g e t  al. , 
1986 ;  Schvaneveld t  e t  al. ,  1976 )  i s base d o n th e assump -
tio n tha t  onl y on e meanin g o f  a  wor d i s  activate d a t 
any give n time ,  namely ,  th e on e mos t  appropriat e t o th e 
contex t  i n whic h th e wor d occurs .  Th e primar y reaso n 
i s tha t  th e contex t  prime s th e meanin g whic h i s  mos t 
applicable ,  whil e suppressin g others . 

Th e singl e acces s (o r  ordered-access )  mode l  (Forste r 
an d Bednall ,  1976 ;  Hogaboa m an d Perfetti ,  1975 ;  Simp -
so n an d Burgess ,  1985 )  posit s tha t  onl y on e activ e in -
terpretatio n o f  a n ambiguou s sentenc e i s maintaine d a t 
any on e time .  I f  i n th e cours e o f  processin g th e sen -
tenc e informatio n i s  encountere d tha t  doe s no t  accor d 
wel l  wit h th e activ e interpretation ,  the n tha t  interpre -
tatio n i s abandone d an d a  representatio n tha t  account s 
fo r  th e establishe d informatio n a s wel l  a s fo r  th e curren t 
ambiguit y i s sought ,  mos t  probabl y throug h backtrack -
in g t o th e poin t  o f  ambiguity .  Th e activatio n leve l  o f 
an interpretatio n i s determine d b y th e relativ e frequen -
cie s o f  th e meaning s o f  th e wor d o r  word s tha t  ar e th e 
sourc e o f  th e ambiguity .  Th e searc h proces s fo r  th e ap -
propriat e meanin g take s plac e serially ,  terminatin g whe n 
a fit  i s  made ,  o r  retainin g th e mos t  dominan t  meanin g 
when n o contextuall y relevan t  matc h ca n b e found .  I n 
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th e stronges t  statemen t  o f  th e mode l  (Hogaboa m an d 
Perfetti ,  1975) ,  onl y th e mos t  dominan t  meanin g o f  a n 
ambiguou s wor d i s retrieve d first,  regardles s o f  whethe r 
th e contex t  support s a  subordinat e meaning . 

Th e multipl e acces s mode l  (Onife r  an d Swinney ,  1981 ; 
Seidenber g e t  al. ,  1982 ;  T^enhau s e t  al. ,  1979) ,  whic h 
i s th e mos t  widel y accepted ,  suggest s tha t  severa l  inter -
pretation s m a y b e activel y maintaine d whe n ambiguou s 
informatio n i s encountered .  A t  a  late r  time ,  whe n ad -
ditiona l  inpu t  allow s resolvin g th e ambiguity ,  onl y th e 
appropriat e interpretatio n i s retained .  However ,  no t  al l 
of  th e interpretation s m a y b e maintaine d wit h equa l  ac -
tivatio n levels .  Rather ,  th e strengt h o f  a  particula r  ac -
tivatio n woul d b e proportiona l  t o th e UkeUhoo d o f  tha t 
interpretatio n bein g th e correc t  one .  UnUk e th e singl e 
acces s model ,  i n whic h a  singl e meanin g i s sough t  an d 
selected ,  th e multipl e acces s mode l  claim s tha t  al l  mean -
ing s ar e activate d simultaneousl y regardles s o f  context , 
but  th e contex t  late r  influence s selectio n o f  th e mos t  ap -
propriat e one . 

As i s no t  unusua l  whe n aspect s o f  behavio r  ar e sup -
porte d b y severa l  mor e o r  les s opposin g models ,  refine -
ment s ar e propose d t o includ e element s fro m severa l 
models .  Fo r  example ,  recen t  researc h b y Burges s an d 
Simpso n (1988 )  support s th e multipl e acces s model ,  bu t 
suggest s tha t  meanin g frequencie s determin e whic h in -
terpretation s reac h th e recognitio n threshol d first.  Th e 
rol e o f  contex t  i s  t o selec t  whic h o f  th e meaning s remain s 
activated . 

Our  researc h confirm s Simpso n an d Burgess' s wor k 
computationally ,  bu t  als o suggest s tha t  semanti c fre -
quencie s coul d pla y a n eve n mor e fundamenta l  rol e tha n 
previousl y allowed .  Thi s i s especiall y likel y a t  th e lowes t 
leve l  o f  sentenc e comprehensio n i n whic h disambiguatio n 
seems t o occu r  automaticall y i n humans .  W e conclud e 
tha t 

1.  multipl e activatio n level s ar e maintaine d simultane -
ousl y durin g th e processin g o f  a  sentence ,  an d 

2.  th e variou s meaning s o f  eac h wor d ar e activate d t o th e 
degre e tha t  correspond s t o th e frequenc y wit h whic h 
tha t  wor d ha s bee n associate d t o th e previou s word s 
i n th e sentenc e i n th e past . 

Lexica l  ambiguit y resolution ,  then ,  i s a  matte r  o f  find-
in g th e mos t  likel y interpretatio n i n th e contex t  o f  th e 
processe d sentence . 

Below ,  ou r  experimenta l  metho d fo r  studyin g th e se -
manti c flipping  phenomeno m i s first  explained ,  followe d 
by a  descriptio n o f  th e trainin g dat a an d th e parse r  archi -
tecture .  A  detaile d discussio n o f  th e simulatio n result s 
an d thei r  implication s o n th e stud y o f  lexica l  ambiguit y 
resolutio n an d languag e comprehensio n i n genera l  con -
clude s th e paper . 

Modeling semantic flipping 

Our  approac h wa s t o trai n a  simpl e recurren t  parse r  net -
wor k t o m a p a  sequenc e o f  word s t o th e case-rol e repre -
sentatio n (Fillmore ,  1968;  Cook ,  1989 )  o f  th e sentence , 
an d observ e th e evolutio n o f  th e sentenc e representatio n 
durin g parsin g a n ambiguou s sentence .  Th e parse r  wa s 

Featur e 

1.  Bal l 
2.  Ver b 
3.  Othe r 
4.  Prepositio n 
5.  Locatio n 
6.  Recipien t 
7.  Agen t 8.  Sens e 

Set  t o 1  fo r  word s 

ball ,  basebal l  an d danc e 
thrown ,  tosse d an d hoste d 
th e an d wa s 
in ,  for ,  an d b y 
th e five  locatio n word s an d i n 
th e five  recipien t  word s an d fo r 
th e five  agen t  word s an d b y Graduate d accordin g t o wor d sens e 

Tabl e 1 :  T h e w o r d representatio n vectors .  Th e 
word s i n th e lexico n wer e encode d b y thes e eigh t  fea -
tures .  Th e first  seve n component s wer e se t  t o eithe r  0  o r 
1;  th e righ t  colum n list s thos e word s tha t  ha d th e valu e 
1.  Th e Sens e featur e wa s use d t o indicat e th e degre e o f 
associatio n t o whic h a  wor d ha d th e tw o sense s o f  thro w 
and ball . 

traine d o n sentence s generate d fro m tw o basi c sentenc e 
templates : 

1.  Th e agen t  thre w th e bal l  i n th e locatio n fo r 
th e recipient . 

2.  Th e bal l  wa s throw n i n th e locatio n fo r  th e 
recipien t  b y th e agent . 

Th e fixed  word s i n th e templat e ar e indicate d b y 
courie r  typeface .  Th e location ,  recipient ,  an d agen t 
stan d fo r  slot s t o b e filled  b y actua l  conten t  words .  De -
pendin g o n thes e words ,  th e sentence s coul d b e inter -
prete d a s statement s abou t  basebal l  (e.g .  Th e pitche r 
thre w th e bal l  i n th e ballbar k fo r  th e fans) ,  danc e 
(Th e emce e thre w th e bal l  i n th e ballroo m fo r  th e 
princess )  o r  somethin g rathe r  ambiguou s (Th e visito r 
thre w th e bal l  i n th e cour t  fo r  th e victor) .  Th e 
outpu t  o f  th e parse r  i s on e o f  tw o possibl e case-rol e rep -
resentations : 

1.  agen t  act ;  tosse d patient :  basebal l  locatio n recipien t 

2.  agen t  act ;  hoste d patient :  danc e locatio n recipient . 

Whic h o f  thes e tw o representation s wer e use d i n th e out -
put  depende d o n ho w strongl y th e word s occupyin g th e 
location ,  recipient ,  an d agen t  slot s wer e associate d wit h 
basebal l  an d dance . 

Training data 

Ther e wer e a  tota l  o f  twenty-si x word s i n th e lexicon : 
five  fo r  eac h o f  th e thre e slots ,  tw o interpretation s o f 
thro w an d ball ,  an d seve n fixed  word s fo r  th e inpu t 
sentences .  Eac h wer e give n hand-code d representatio n 
vector s accordin g t o th e eigh t  feature s show n i n tabl e 1 . 
Th e las t  component ,  sense ,  i s  particularl y important :  i t 
indicate s ho w strongl y th e wor d i s t o b e associate d wit h 
tosse d basebal l  (0 )  an d hoste d danc e (1). ^  Thus , 
i f  a  wor d wa s give n a  sens e o f  0.25 ,  i t  woul d b e mor e 
strongl y associate d wit h basebal l  tha n dance .  Table s 2 
and 3  summariz e th e sens e value s assigne d t o eac h word . 

^Thi s representatio n strateg y wa s chose n mostl y becaus e 
i t  allow s eas y encodin g an d decodin g o f  th e wor d sense .  Dis -
tribute d representation s (Miikkulciinen ,  1993 ;  va n Gelder , 
1989 )  coul d b e use d a s well ,  bu t  sens e woul d the n hav e t o 
be represente d a s distance s betwee n vectors . 
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Locatio n 

ballpar k 
stadin m 
conr t 
clnbroo m 
beLLlroo m 

Recipien t 

fan s 
pres s 
victo r 
vip s 
princes s 

Agent 

pitche r 
coac h 
visito r 
diploma t 
emcee 

Sense 

0.0 0 
0.2 5 
0.5 0 
0.7 5 
1.0 0 

Tabl e 2 :  Conten t  w o r d senses . 

Fixe d word s 

tossed ,  basebal l  (outpu t  only ) 
ball,thrown/threw,the,was,in,for,b y 
hosted ,  danc e (outpu t  only ) 

Sense 

0.0 0 
0.5 0 
1.0 0 

Tabl e 3 :  Sens e value s fo r  th e fixe d words . 

The sense of the entire sentence was then computed by 
averagin g th e sens e value s o f  th e individuc J words .  Sinc e 
thes e value s wer e graduate d i n fourths ,  averagin g ove r 
th e thre e conten t  word s (pe r  sentence )  woul d resul t  i n 
twelfths .  Thus ,  eac h inpu t  sentenc e wa s repeate d twelv e 
time s i n th e trainin g corpus ,  wit h th e tw o differen t  case -
rol e representation s assigne d i n proportio n o f  th e sens e 
valu e o f  th e sentence .  I n thi s way ,  contex t  frequenc y 
coul d b e simulated . 

For  example ,  i f  th e passiv e sentenc e templat e i s in -
stantiate d wit h th e word s clubroo m (sense :  0.75) ,  fan s 
(0.00) ,  an d emce e (1.00) ,  th e followin g sentence s i s ob -
tained : 

The bal l  wa s throw n i n th e clubroo m fo r 
th e fan s b y th e emcee . 

Averagin g th e sens e value s give s •̂ ,  o r  0.5833 .  Accord -
ingly ,  thi s sentenc e wa s repeate d twelv e time s i n th e 
trainin g corpus ,  wit h seve n o f  th e sentence s assigne d 
t o hoste d danc e a t  th e output ,  an d five  t o tosse d 
baseball .  Thus ,  i n th e experienc e o f  th e parser ,  5 8 ^ % 
of  th e context s i n whic h ball ,  clubroom ,  fans ,  an d 
emcee appeare d wer e associate d wit h hoste d dance , 
and th e remainin g wit h tosse d baseball .  Hence ,  th e 
danc e sens e woul d b e slightl y mor e dominan t  i n thi s con -
text ,  an d woul d b e th e preferre d interpretation . 

Ther e ar e 12 5 possibl e combination s o f  th e five  word s 
i n th e thre e categories .  Eac h combinatio n wa s use d t o 
instantiat e th e tw o sentenc e templates ,  givin g a  tota l 
of  25 0 sentences .  Sinc e eac h sentenc e i s repeate d 1 2 
times ,  th e trainin g corpu s i s compose d o f  300 0 sentences . 
Thes e sentence s compris e th e contextua l  histor y o f  th e 
ambiguou s word s thro w an d ball .  Bot h activ e an d pas -
siv e construction s i n th e sentenc e template s wer e use d t o 
contras t  whateve r  primin g effect s th e word s migh t  hav e 
on th e genera l  sens e o f  th e sentence . 

Network architecture 

The parse r  networ k use d i n ou r  experiment s (figur e 1 ) 
i s a  variatio n o f  th e Simpl e Recurren t  Networ k archi -
tectur e (SRN ;  Elma n 1990 ,  1991 ;  Miikkulaine n 1993) , 
traine d t o m a p a  sequenc e o f  inpu t  wor d representation s 
int o a  stati c case-rol e representatio n o f  th e sentence . 
The singl e inpu t  assembl y consist s o f  eigh t  units ,  corre -
spondin g t o th e eigh t  component s i n th e wor d represen -

fan s 

I 

Sequenc e o f  inpu t  word s 

Inpu t  laye r 

Previou s hidde n laye r 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i  : :* \ i 

emcee hoste d danc e clubr m fan s 

Agent  Ac t  Patle n Locat n Recip n 

Hkiae n laye r 

Output layer 

Target pattern 

Case-role assignment 

Figur e 1 :  T h e simpl e recurren t  parse r  architec -
ture .  Th e mode l  consist s o f  a  simpl e recurren t  networ k 
traine d throug h backpropagatio n t o m a p a  sequenc e o f 
inpu t  wor d representation s int o a  case-rol e representa -
tio n o f  th e sentence . 

tation .  Th e outpu t  laye r  i s a  concatenatio n o f  five  word -
representatio n assemblies ,  correspondin g t o th e case-rol e 
assignmen t  o f  th e sentence . 

At  eac h ste p i n th e sequence ,  a  wor d representatio n i s 
loade d i n th e inpu t  assembl y an d th e activit y i s prop -
agate d throug h th e hidde n laye r  t o th e output .  Th e 
activit y i n th e hidde n laye r  (6 0 unit s wide )  i s save d i n 
th e previous-hidden-laye r  assembly ,  an d use d togethe r 
wit h th e wor d representatio n a s inpu t  t o th e hidde n laye r 
i n th e nex t  step .  Throughou t  th e sequence ,  th e com -
plet e case-rol e assignmen t  i s use d a s th e trainin g target , 
an d th e erro r  i s propagate d an d th e weight s ar e change d 
(throug h th e backpropagatio n algorithm )  a t  eac h step . 

I n effect ,  th e networ k i s traine d t o shoo t  fo r  th e com -
plet e sentenc e interpretatio n fro m th e first  wor d on .  A s 
a result ,  i t  learn s t o indicat e th e curren t  sens e o f  th e sen -
tenc e i n th e sens e component s o f  th e ac t  an d th e patien t 
assemblie s a t  it s  output .  I f  th e curren t  interpretatio n 
i s predominantl y hoste d dance ,  thes e component s hav e 
higl\values ,  an d i f  i t  i s tosse d baseball ,  the y hav e lo w 
values .  A  completel y ambiguou s interpretatio n i s indi -
cate d b y activatio n 0.5 . 

Th e parse r  wa s traine d wit h 0. 5 learnin g rat e fo r  10 0 
epochs ,  the n 0. 1 fo r  5 0 epochs ,  0.0 5 fo r  5 ,  an d finally 
0.0 1 unti l  epoc h 200 .  A t  thi s point ,  th e averag e erro r 
per  uni t  afte r  readin g a  complet e sentenc e wa s 0.024 . 

Results 

Th e parse r  wa s teste d wit h th e sam e se t  o f  sentence s use d 
t o trai n i t  t o determin e ho w wel l  i t  capture d th e sens e 
fo r  eac h sentence. ^  Th e theoreticall y optima l  value s fo r 
th e sens e output s wer e obtaine d fro m th e trainin g dat a 
base d o n th e distributio n o f  th e word s i n th e sentences . 
Th e sens e output s o f  th e networ k wer e the n compare d 
t o th e theoretica l  values . 

'Generadizatio n wa s no t  teste d i n thi s stud y becaus e tigh t 
contro l  ove r  th e theoretica l  frequencie s wa s desired ,  an d be -
caus e goo d generalizatio n i s commo n fo r  thi s typ e o f  mod -
el s an d offer s n o ne w perspectiv e o n th e proble m bein g 
addressed . 
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1. 0 
0. 9 
0. 8 
0. 7 
0. 6 
0. 5 
0. 4 
0. 3 
0. 2 
0. 1 
0. 0 

dtmc e 

•  basebal l 

, .  I  1  T " 
The diploma t  thre w th e 

— I — 
bal l i n 

—I  1  1 — 
th e ballpar k fo r th e princee s 

Figur e 2 :  Evolutio n o f  th e interpretatio n o f  a n activ e construction .  Th e dotte d Un e represent s th e theoretica l 
sens e leve l  durin g processin g th e sentence ,  an d th e soli d hn e indicate s th e averag e o f  th e tw o sens e outpu t  units . 
Th e conten t  word s hav e bee n underlined .  Th e averag e erro r  pe r  uni t  o n thi s sentenc e wa s 0.0180 . 

1. 0 
0. 9 
0. 8 
0. 7 
0. 6 H 
0. 5 
0. 4 -
0. 3 -
0. 2 -
0. 1 -
0. 0 

> danc e 

basebal l 

The 
I  I  I  I 

bal l  wa s throw n i n 
I  I  I 

th e clnbroo m fo r th e fan s by 
~ ~ r " 
th e emcee 

Figur e 3 :  Interpretatio n o f  a  psissiv e construction .  Th e averag e erro r  pe r  uni t  o n thi s sentenc e wa s 0.0123 . 

Th e networ k ha d capture d th e sens e frequencie s ver y 
accurately :  Th e averag e erro r  acros s th e entir e dat a se t 
was foun d t o b e 0.011 4 (0.012 2 fo r  th e activ e construc -
tion s an d 0.010 7 fo r  th e passive) .  Moreover ,  al l  sentence s 
wher e a t  leas t  on e o f  th e conten t  word s wa s associate d 
t o a  sens e opposit e o f  tha t  o f  th e othe r  conten t  word s 
resulte d i n semanti c flipping  behavior .  Below ,  th e pro -
cessin g o f  tw o sentences ,  on e activ e an d on e passive ,  i s 
analyze d i n detail .  Thes e example s ar e particularl y in -
terestin g becaus e the y requir e revisin g th e semanti c in -
terpretatio n twic e durin g processing . 

I n readin g th e activ e sentenc e 

The diploma t  thre w th e bal l  i n th e 
ballpaor k fo r  th e princes s 

(figur e 2) ,  th e averag e o f  th e tw o sens e uni t  activation s 
i s initiall y  ver y nearl y 0.5 ,  indicatin g n o bia s on e wa y 
or  th e othe r  (i.e .  complet e ambiguity )  becaus e th e tw o 
sense s o f  bal l  wer e equiprobabl e i n th e trainin g set .  Af -
te r  processin g th e wor d diplomat ,  th e activatio n leve l 
rise s t o 0.592 1 sinc e a  sligh t  majorit y (58j% )  o f  th e sen -
tence s i n th e trainin g se t  i n whic h diploma t  occur s hav e 
th e sens e dance .  I n effect ,  diploma t  ha s a  primin g ef -
fec t  o n th e interpretatio n o f  th e res t  o f  th e words .  Th e 
activatio n remain s a t  roughl y thi s leve l  unti l  th e wor d 
ballpeir k i s encountered .  A t  thi s point ,  th e semanti c 
bia s flips  t o 0.348 1 i n favo r  o f  baseball ,  becaus e i n th e 
experienc e o f  th e parser ,  a  majorit y (58|% )  o f  th e sen -
tence s i n whic h bot h diploma t  an d ballpar k appea r 

hav e th e sens e o f  baseball .  Th e activatio n stay s belo w 
0. 5 unti l  princes s i s rea d i n a s th e las t  word ,  where -
upo n i t  flips  bac k t o 0.5610 ,  indicatin g tha t  th e sentenc e 
i s on e agai n interprete d a s diploma t  tosse d baseball . 
Th e theoretica l  expectatio n o f  thos e sentence s containin g 
th e word s diplomat ,  ballpar k an d princes s i s 0.5833 , 
whic h i s clos e t o th e activatio n leve l  th e parse r  finally 
settle d upon . 

Similarly ,  i n processin g th e passiv e sentenc e 

The ball was thrown in the clubroom for 
th e fan s b y th e emce e 

(figure 3), after a long sequence of neutral fixed words, 
th e networ k encounter s clubroo m an d th e interpreta -
tio n become s biase d towar d dcince ,  becaus e 5 8 ^ % o f  th e 
trainin g sentence s wit h clubroo m hav e thi s sense .  Upo n 
readin g fans ,  th e interpretatio n flips  towar d baseball , 
becaus e no w th e majorit y o f  sentence s (agai n 58 |% ) 
wit h bot h clubroo m an d fan s hav e th e sens e baseball . 
W h en th e las t  wor d i s read ,  th e bia s flips  agai n bac k 
t o dance ,  becaus e a  sentenc e wit h clubroom ,  fan s an d 
emcee ha s a n overal l  sens e averag e 0.5833 . 

Th e biase s an d flips  i n th e sens e value s ar e no t  par -
ticularl y dramati c becaus e th e frequenc y difference s ar e 
fairl y  smal l  i n th e trainin g corpus .  Fo r  a  mor e star k con -
trast ,  thes e allocation s coul d b e adjusted ;  however ,  i t  i s 
importan t  t o not e tha t  eve n suc h mino r  difference s wil l 
resul t  i n reliabl e semanti c revisio n behavior . 
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D i s c u s s i o n 

The most salient effect observed was that the semantic 
sens e o f  a n inpu t  sentenc e a s a  whol e varie d a s a  func -
tio n o f  th e semanti c sense s o f  it s  componen t  words .  I t 
i s  thi s variatio n tha t  account s fo r  th e flipping  behavio r 
tha t  w e se t  ou t  t o model .  Le t  u s speculat e ho w thi s 
resul t  coul d b e interprete d i n term s o f  huma n languag e 
comprehension . 

A reade r  ha s experience d eac h wor d i n a  variet y o f 
contexts .  Instea d o f  regardin g th e wor d semantic s a s 
a collectio n o f  discret e an d disjoin t  definition s i n th e 
lexico n a s i s commonl y don e i n artificia l  intelligence ,  i t 
i s  possibl e t o vie w semantic s simpl y a s a n encodin g o f 
al l  thes e pas t  contexts .  Fo r  mos t  words ,  thes e context s 
shar e muc h i n c o m m o n .  Fo r  a n ambiguou s word ,  how -
ever ,  ther e ar e tw o o r  mor e distinctl y differen t  contexts , 
some o f  the m mor e frequentl y observe d tha n others . 

I n thi s view ,  a  genera l  mechanis m emerge s b y whic h 
lexica l  disambiguatio n coul d proceed .  A s a  reade r  pro -
cesse s a  sentence ,  ther e i s a n interactio n betwee n th e se -
mantic s (i.e .  pas t  contexts )  o f  eac h wor d an d th e evolvin g 
interpretatio n o f  th e curren t  sentence .  Eac h wor d prime s 
th e interpretatio n accordin g t o th e frequenc y wit h whic h 
th e wor d ha s bee n associate d t o th e curren t  contex t  i n 
th e past .  I n th e final  interpretation ,  al l  th e pas t  con -
text s o f  it s  constituen t  word s ar e combined .  Thi s vie w 
accord s wel l  wit h th e multiple-acces s mode l  o f  lexica l 
disambiguation .  Al l  meaning s o f  a n ambiguou s wor d ar e 
activate d i n th e sens e tha t  the y ar e a n inheren t  par t  o f 
th e representatio n o f  th e word .  Whic h meanin g reache s 
recognitio n threshol d i s affecte d b y it s pas t  associatio n 
wit h an y othe r  word s i n th e sentence . 

On th e othe r  hand ,  th e final  sentenc e contex t  serve s 
t o reinforc e th e applicabl e semantic s o f  it s  words ,  an d 
provide s additiona l  context—an d therefor e additiona l 
semantics—fo r  eac h wor d i n th e sentence .  Thi s wa y th e 
wor d meaning s continuall y adap t  accordin g t o ho w the y 
ar e use d i n th e language . 

I t  i s  importan t  t o note ,  however ,  tha t  th e frequency -
base d mechanis m alon e i s insufficien t  t o explai n al l  o f 
lexica l  disambiguation .  Rather ,  i t  suggest s ho w disam -
biguatio n migh t  occu r  a t  it s  mos t  basic ,  subconsciou s 
leve l  allude d t o i n th e introduction .  Thi s proces s shoul d 
be distinguishe d fro m wha t  ca n b e calle d pragmati c 
disambiguation ,  whic h require s higher-leve l  inferencing . 
Pragmati c disambiguatio n migh t  b e invoke d i f  th e se -
mantic s o f  th e sentenc e come s int o conflic t  wit h th e 
large r  context .  Consider ,  fo r  example ,  a  variatio n o f  th e 
sentenc e i n th e openin g paragrap h o f  thi s paper : 

John took the pot out of the dishwasher 
becaus e th e polic e wer e coming . 

Even though it is unclear why John would take mari-
juan a ou t  o f  th e dishwashe r  i n thi s situation ,  becaus e 
of  th e stron g associatio n o f  polic e wit h th e marijuan a 
meanin g o f  pot ,  marijuan a woul d b e th e dominan t  sens e 
i n th e absenc e o f  othe r  cues .  However ,  wha t  actuall y 
migh t  b e inferre d fro m th e abov e sentence ,  fo r  exam -
pl e tha t  Joh n i s tryin g t o find a  bette r  hidin g plac e fo r 
th e marijuana ,  o r  tha t  h e wishe s t o mak e som e te a fo r 

hi s guests ,  result s fro m higher-leve l  inferencing ,  o r  prag -
mati c disambiguation .  Th e contex t  i n whic h th e sen -
tenc e appear s woul d b e use d t o decid e th e point .  I f  thi s 
contex t  wa s i n conflic t  wit h th e basi c sens e suggeste d b y 
th e frequency-base d mechanism ,  the n th e appropriat e 
sens e woul d b e decide d perhap s agai n b y th e frequency -
base d mechanism ,  bu t  no w wit h th e ne w contex t  a s ad -
ditiona l  input .  However ,  i f  ther e wa s n o conflict ,  the n 
th e basi c sens e woul d prevai l  wit h th e reade r  unawar e 
tha t  a  potentia l  conflic t  eve n existed—th e disambigua -
tio n woul d occu r  withou t  a  moment' s cogitation ,  a s mod -
ele d i n ou r  experiments . 

Th e context-base d semantic s ide a ca n b e modele d par -
ticularl y wel l  i n th e distribute d connectionis t  framework . 
I n suc h systems ,  simila r  concept s hav e simila r  represen -
tations ,  an d eve n whe n th e histor y o f  previou s context s i s 
not  available ,  i t  i s  possibl e t o simulat e it s  effects .  O n th e 
othe r  hand ,  i t  i s  als o possibl e t o devis e learnin g method s 
fo r  automaticall y adjustin g th e representation s accord -
in g t o th e context s (Miikkulainen ,  1993 ;  Miikkulaine n 
and Dyer ,  1991) . 

Th e mechanism s o f  frequency-base d inferencing ,  w e 
believe ,  ar e centra l  t o semanti c representatio n i n lan -
guag e comprehensio n i n general .  Despit e th e ric h variet y 
i n whic h languag e ca n b e used ,  ther e ar e multitudes  o f 
feature s tha t  for m th e framewor k fo r  it s  usage .  Thes e 
regularitie s ar e wha t  ar e capture d an d represente d i n 
th e m i n d — a n d modifie d continuousl y wit h experience — 
t o mak e languag e comprehensio n possible .  Althoug h ou r 
researc h s o fa r  ha s focuse d o n onl y on e aspec t  o f  ambi -
guit y resolutio n (th e semanti c contex t  frequency) ,  m a n y 
othe r  aspect s o f  th e proble m ca n b e viewe d i n a  simila r 
light .  Whethe r  i t  b e syntactic ,  semantic ,  referential ,  o r 
any o f  th e m a n y othe r  aspect s o f  ambiguit y tha t  i s  scru -
tinized ,  w e hypothesiz e tha t  the y ar e al l  base d o n regu -
larit y an d frequency ,  an d th e connectionis t  paradig m i s 
particularl y well-suite d fo r  accountin g fo r  the m compu -
tationally . 

Conclusion 

Our  mode l  o f  semanti c disambiguatio n i s base d o n th e 
followin g principles : 

1.  wor d usag e determine s wor d meaning , 

2.  ambiguit y result s whe n a  give n wor d i s use d i n multi -
pl e ways , 

3.  pas t  frequencie s o f  th e variou s connotation s i n relatio n 
t o othe r  word s ar e encode d i n a  word' s distribute d 
representation ,  an d 

4.  thes e frequencie s ar e combine d i n th e sentenc e parsin g 
proces s t o produc e th e mos t  likel y interpretatio n o f  th e 
wor d sense . 

Give n thes e principles ,  th e disambiguatio n proces s ca n 
be modele d b y a  standar d neura l  networ k architectur e 
(th e simpl e recurren t  network )  a s a n integra l  par t  o f  th e 
parsin g proces s withou t  specia l  mechanisms .  Thi s re -
sul t  ha s importan t  implication s o n th e stud y o f  lexica l 
ambiguity .  Wherea s th e multipl e acces s mode l  o f  th e dis -
ambiguatio n proces s posit s simultaneou s activatio n o f  al l 
meaning s o f  a n ambiguou s word ,  wit h th e mos t  frequen t 
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bein g th e mos t  dominant ,  an d a n a  posterior i  rol e fo r 
contex t  i n selectin g th e mos t  appropriat e meaning ,  th e 
model  presente d i n thi s pape r  propose s tha t  th e meanin g 
evolve s fro m context .  Disambiguatio n occur s a s mean -
ings ,  o r  pas t  contexts ,  o f  eac h wor d ar e combined .  Ho w 
th e meaning s coul d b e graduall y evolve d a s word s ar e 
used i n ne w contexts ,  an d ho w thi s ide a coul d b e ex -
tende d t o othe r  aspect s o f  ambiguit y resolutio n suc h a s 
synta x an d referenc e constitut e th e mai n direction s o f 
futur e work . 
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