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Lexica l  Acces s Usin g a  Neura l  Ne twor k 

Alan H. Kawamoto and James A. Anderson 

Departmen t  o f  Psycholog y 

Brow n Universit y 

Providence ,  R I  0290 6 

Introductio n 

To understand language, one must first be able to access items 

i n a n interna l  lexico n an d retriev e th e semanti c propertie s o f  th e 

toke n specifie d graphemicall y o r  phonemically .  I n recen t  years ,  a 

number  o f  differen t  model s o f  thi s proces s hav e bee n propyosed . 

Thes e includ e Morton' s logoge n mode l  (Morton ,  1982) ,  Mfu-slen -

Wilso n an d Tyler' s interactiv e mode l  (Marslen-Wilso n an d Tyler , 

1978 )  an d th e McClellan d an d Rumelhart' s  interactiv e activatio n 

model  (McClellan d an d Rumelhart ,  1981) . 

One aspect of lexical retrieval that has received a great deal of 

attentio n recentl y i s th e proble m o f  lexica l  disambiguation .  Despit e 

th e fac t  tha t  almos t  ever y c o m m o n wor d i s a  homograp h o r 

homophone ,  w e almos t  alway s acces s th e appropriat e one . 

Althoug h syntactic ,  semantic ,  an d pragmati c cue s constrai n th e 

choic e t o th e appropriat e one ,  al l  meaning s see m t o b e activate d 

initially .  A  mode l  o f  lexica l  memor y mus t  accoun t  fo r  thes e 

properties .  Wit h th e interes t  i n natura l  languag e parsin g b y 

computers ,  a  numbe r  o f  A I  researcher s hav e als o pursue d th e 

proble m o f  lexica l  disambiguation .  Recen t  wor k b y Hirs t  (1983 ) 

describe s on e recen t  approac h whic h consider s psychologica l  dat a i n 

th e implementatio n an d provide s a  revie w o f  recen t  A I  attempt s t o 

resolv e thi s problem . 
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The-Brain-State-in-a-Bo x 

Neural network: The model presented here is part of a 

continuin g effor t  o f  Anderso n an d hi s colleague s (fo r  recen t  reviews , 

see Anderso n e t  al. ,  1977 ;  Anderson ,  1983 )  t o simulat e aspect s o f 

m e m o ry an d categorizatio n usin g a  networ k o f  neuron-lik e elements . 

The us e o f  a  larg e numbe r  o f  interactin g element s functionin g 

simultaneousl y reflect s th e larg e degre e o f  parallelis m foun d i n th e 

nervou s system .  Thi s overcome s th e inheren t  slownes s o f  th e 

individua l  component s an d th e nois y operatin g environment . 

Althoug h w e d o no t  m a k e an y claim s regardin g thes e element s a s 

realisti c manifestation s o f  neurons ,  w e d o believ e tha t  th e majo r 

constraint s impose d b y th e nervou s syste m hav e bee n take n int o 

account .  W e assum e tha t  (1 )  nervou s syste m activit y ca n b e 

represente d a s th e simultaneou s activit y o f  a  grou p o f  neurons ,  (2 ) 

activitie s o f  singl e neuron s ar e code d b y thei r  firin g frequenc y 

(abov e an d belo w stead y stat e levels )  an d bounde d b y a  m a x i m u m 

and m i n i m u m level ,  (3 )  memor y i s distribute d rathe r  tha n localized , 

wit h eac h neuro n participatin g i n eac h m e m o r y trace ,  an d (4 ) 

synapse s associat e activit y i n on e elemen t  wit h anothe r  b y 

incrementin g connectio n weight s b y a  proportio n o f  th e produc t  o f 

value s dependen t  o n pre -  an d post-synapti c activity . 

In our system, learning results in modification of the synaptic 

weight s couplin g tw o neurons .  Th e entir e se t  o f  coupling s i s give n 

by th e matri x A ,  wher e a n elemen t  a -  i s th e synapti c weigh t 

couphn g neuro n i  t o neuro n j .  Unlik e previou s studie s wher e 

learnin g occurre d i n a n unsupervise d environment ,  ou r  curren t 

effort s ar e directe d towar d system s whic h lear n wit h a  "teacher. " 

To begi n a  learnin g trial ,  a  stimulu s i s chose n fro m th e learnin g se t 

describe d i n th e followin g sectio n an d scale d s o non e o f  th e element s 

ar e saturated .  Th e resultin g activit y patter n i s presente d t o th e 

networ k an d successivel y iterate d b y th e schem e 

\+l = BOUND[(A + aDx^] 

where a is a decay constant and 

B O U ND limit s th e activity . 

The activity after tau iterations, x^.^^ , is compared with the desired 

output ,  X ,  provide d b y th e "teacher. ^  Rathe r  tha n simpl y learnin g 

a proportio n o f  th e outer-produc t  o f  x̂ ^̂^ ^  (th e produc t  o f  eac h neuro n 

wit h ever y othe r  neuron) ,  a  proportio n o f  th e outer-produc t  o f  ( X -

x^^ )  i s learned .  Thi s error-correctin g schem e limit s th e amoun t  o f 

learnin g allowe d o n an y give n tria l  an d a s th e curren t  stat e 

approache s th e desire d state ,  les s learnin g occurs .  I n fact ,  i f  th e 

curren t  stat e i s equa l  t o th e desire d state ,  n o learnin g occurs . 
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Stimulu s coding :  Althoug h a  numbe r  o f  modellin g attempt s 

us e non-overlappin g stimulu s representations ,  eac h neuro n 

contribute s t o ever y stimulu s representation .  I n th e simulation s 

below ,  eac h lexica l  entr y i s 64-dimension£ d an d i s forme d b y 

concatenatin g subvector s comprisin g it s graphemic ,  phonemic , 

syntactic ,  an d semanti c (GPYS )  fields .  Eac h field  i s a 

16-dimensiona l  Walsh-Hadamar d vecto r  an d eac h distinc t  valu e o f  a 

give n field  i s represente d b y a  uniqu e Walsh-Hadamar d vector .  I n 

thes e initia l  attempts ,  th e si x word s shovr a i n tabl e 1  wer e learned . 

The 4  he x value s ar e a  shorthan d notatio n wher e eac h valu e 

represent s th e correspondin g Walsh-Hadarmar d vector .  Thus ,  a s 

see n i n th e table ,  al l  noun s hav e identica l  value s i n th e thir d field, 

and likewis e fo r  verbs .  Th e onl y othe r  cas e wit h identica l  value s i n 

th e sam e field  fo r  mor e tha n a  singl e lexica l  entr y i s th e homograp h 

wind .  T o simulat e th e differen t  frequencie s o f  occurranc e i n 

language ,  eac h stimulu s i s represente d a  differen t  numbe r  o f  time s 

i n th e learnin g set .  Des k i s th e mos t  frequent ,  an d aga r  i s th e least . 

Furthermore ,  fo r  th e homograp h wind ,  th e nou n wil l  b e regarde d a s 

th e dominan t  homograp h becaus e o f  it s  greate r  frequenc y relativ e 

t o th e verb . 
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Simulatio n Result s 

In our simulations, we present part of a given lexical entry and 

allo w th e outpu t  o f  th e networ k t o b e fe d bac k unti l  al l  element s 

reac h saturation .  W e tak e th e numbe r  o f  iteration s require d fo r  al l 

element s t o saturat e a s a  measur e o f  reactio n tim e (RT) .  I n al l 

cases ,  th e graphemi c fiel d i s presente d wit h eac h elemen t  i n thi s 

field  full y  saturated .  I n som e cases ,  activit y i s als o presen t  i n th e 

syntacti c o r  semanti c fields . 

Another method probes the semantic field and measures the 

activit y o f  th e curren t  stat e relativ e t o a  numbe r  o f  differen t 

meanings .  Becaus e al l  th e meaning s ar e mutuall y orthogona l  i n th e 

stimulu s codin g schem e use d here ,  th e do t  produc t  o f  th e activit y i n 

thi s field  wit h a  particula r  meanin g yield s a  measur e o f  th e degre e 

t o whic h tha t  meanin g i s activated . 

Lexical access: Two of the most important observations 

regardin g retrieva l  fro m th e lexico n ar e th e effect s o f  frequenc y an d 

hint s o n R T .  Bot h o f  thes e propertie s ca n b e observe d i n Tabl e 2 . 

Thes e result s sho w th e niunbe r  o f  iteration s require d fo r  th e tes t 

stimulu s t o b e correctl y regenerate d afte r  200 ,  500 ,  1000 ,  2000 , 

and 500 0 learnin g trials ,  a s wel l  a s wit h a  "hint. * •I 

The frequenc y effec t  i s  manifeste d i n tw o ways .  First ,  th e 

greate r  th e frequency ,  th e soone r  th e wor d i s correctl y regenerated . 

We se e tha t  des k an d rant ,  wit h relativ e frequencie s o f  4  an d 3 , 

respectively ,  ar e learne d b y th e first  20 0 trials .  Lurk ,  wit h a 

relativ e frequenc y o f  2  i s learne d b y 50 0 trials ,  an d rant ,  wit h a 

relativ e frequenc y o f  1 ,  i s  no t  learne d vmti l  500 0 trials . 

Furthermore ,  unti l  R T reache s som e asymptoti c leve l  (probabl y a s a 

resul t  o f  asymptoti c learning) ,  th e greate r  th e frequenc y o f 

presentation ,  th e faste r  th e RT . 

The second major property of lexical access, the decrease in RT 

wit h contextua l  cues ,  ha s als o bee n simulated .  T o simulat e 

contextua l  cues ,  th e semanti c field  o f  th e entr y (wit h th e magnitud e 

of  eac h elemen t  i n th e subvecto r  equa l  t o 0.5 )  i s als o presente d 

initially .  A s see n i n th e las t  colum n o f  tabl e 2 ,  th e presenc e o f 

thes e cue s decrease d th e R T fo r  ever y wor d excep t  lurk .  I n 

addition ,  w e hav e foun d tha t  a s th e inpu t  become s mor e degrade d 

(reversin g th e activit y o f  a  numbe r  o f  element s i n th e graphemi c 

field),  th e RT s increase . 

Lexical ambiguity: In our approach, ambiguous words are 

treate d i n th e sam e fashio n a s al l  othe r  words .  However ,  us e o f  th e 

dot-produc t  measur e describe d abov e afte r  eac h successiv e iteratio n 

allow s th e time-cours e o f  activatio n o f  th e semanti c field  t o b e 

revealed .  A s i n th e propertie s o f  lexica l  acces s i n general ,  bot h 

frequenc y an d contex t  affec t  whic h meanin g o f  a  homograp h i s 

accesse d initially .  Wit h n o context ,  th e mor e frequen t  (dominant ) 

homograph' s meanin g i s initiall y  accessed .  Wit h th e appropriat e 

contextua l  cue ,  th e les s frequen t  (subordinate )  homograph' s 

meanin g i s als o accessed .  A s i n th e result s o f  Simpso n (1981) ,  w e 
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fin d tha t  i f  th e appropriat e contextua l  cu e i s no t  larg e enough ,  th e 

mor e dominan t  homograph' s meanin g i s accessed . 

However, recent studies reported by Swinney (1982) indicate 

tha t  bot h meaning s ar e initiall y  activated ,  independen t  o f  context . 

As see n i n figur e la ,  wit h n o context ,  bot h th e dominan t  an d 

subordinat e meaning s ar e activate d initially .  Eve n wit h a 

contextua l  cu e biasin g a  particula r  interpretation ,  bot h meaning s 

ar e stil l  activate d (se e figure s l b an d Ic) .  Eve n whe n th e sjmtacti c 

field  i s specified ,  agai n bot h appropriat e an d inappropriat e meaning s 

ar e initiall y  activate d a s see n i n figur e 2 . 

S u m m a ry 

In this study, we present a method of learning, storing, and 

retrievin g stimul i  constructe d a s lexica l  entries .  Ou r  formulatio n 

allow s th e differen t  field s comprisin g a  wor d t o interac t  throug h 

couplin g weights .  I t  i s  thi s propert y whic h allow s th e reconstructio n 

of  th e entir e wor d fro m a  par t  o f  th e stimulus .  Appropriat e hints , 

implemente d a s partia l  activit y i n field s othe r  tha n th e graphemi c 

one ,  decreas e RTs .  I n addition ,  th e sam e schem e use d fo r 

unambiguou s word s i s use d fo r  ambiguou s ones .  W h e n presente d 

wit h a  homograph ,  th e dominan t  on e i s accesse d initially .  However , 

when give n sufficientl y larg e cues ,  th e subordinat e homograp h ca n 

als o b e accessed .  Moreover ,  w e hav e bee n abl e t o sho w tha t  despit e 

conflictin g cue s fo r  on e o f  th e homographs ,  bot h meaning s ar e 

activate d initially .  W e fee l  tha t  thi s approac h i s quit e promisin g 

and ar e currentl y explorin g mor e realisti c codin g scheme s an d 

enlairgin g th e lexicon . 
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LEXICON 

lexica l  entr y 

WIND \wind\ n.; weather 
W I ND \wlnd \  v. ;  rotat e 
D E SK \desk \  n. ;  furnitur e 
A G AR \agar \  n. ;  gelati n 
R A NT \rant \  v. ;  yel l 
L U RK \lurk \  v. ;  hid e 

cod e rel .  freq . 

428 5 
49I C 
2D83 
E78A 
9C1D 
CFI E 

3 
2 
4 
1 
3 
2 

Tabl e 1 .  Complet e lexico n givin g Walsh -
Hadamard codin g representatio n 
and relativ e frequency . 
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RTs A S A  FUNCTION O F LEARNIN G 

wor d 20 0 50 0 100 0 200 0 500 0 hint * 

WIND 
DESK 
AGAR 
RANT 
LURK 

85 
32 
XX 
48 
XX 

33 
15 
XX 
22 
77 

19 
11 
XX 
13 
18 

17 
11 
XX 
12 
11 

20 
11 
23 
12 
11 

11 
10 
13 
10 
11 

XX erro r 
*  afte r  500 0 learnin g trial s 

Tabl e 2 .  RT s a s a  functio n o f  learnin g (200 , 
500 ,  1000 ,  2000 ,  an d 500 0 learnin g 
trials ,  an d effec t  o f  hints) . 
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Fig ,  1 .  Tim e cours e o f  activatio n o f  meaning s 
wit h semanti c cues .  Magnitud e o f 
element s i n th e graphemi c fiel d ar e 
saturated ,  an d th e magnitude s o f  ele -
ment s i n th e semanti c fiel d (rotate ) 

ar e (a )  0.0 ,  (b )  0.05 ,  an d (c )  0.2 . 
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