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Represent in g Variabl e Informatio n wit h S imp l e Recurren t  N e t w o r k s 

Catherine L Harris 

Jeffre y L .  E l  m a n 

Department of Cognitive Science 

Universit y o f  California ,  Sa n Dieg o 

A B S T R A CT 

H ow migh t  simpl e recurren t  network s represen t  co-occurrenc e relationship s suc h a s thos e hold -

in g betwee n a  scrip t  settin g (e.g. ,  "clothin g store" )  an d a  scrip t  ite m ("shirt" )  o r  thos e tha t  specif y 

th e featur e matc h betwee n th e gende r  o f  a  pronou n an d it s antecedent ? Thes e issue s wer e inves -

tigate d b y trainin g a  simpl e recurren t  networ k t o predic t  th e successiv e item s i n variou s instan -

tiation s o f  a  script .  Th e networ k readil y learne d th e scrip t  i n tha t  i t  performe d flawlessl y o n th e 

non-variabl e item s an d onl y activate d th e correc t  typ e o f  rol e fille r  i n th e variabl e slots .  How -

ever ,  it s  abilit y  t o activat e th e targe t  fille r  depende d o n th e recenc y o f  th e las t  scrip t  variable . 

The network' s representatio n o f  th e scrip t  ca n b e viewe d a s a  trajector y throug h multi -

dimensiona l  stat e space .  Differen t  version s o f  th e scrip t  ar e represente d a s variation s o f  th e tra -

jectory .  Thi s perspectiv e suggest s a  ne w conceptio n o f  ho w network s migh t  represen t  a  long -

distanc e bindin g betwee n tw o items .  Th e bindin g mus t  b e see n a s no t  existin g betwee n a n 

anteceden t  an d a  target ,  bu t  betwee n a  targe t  ite m an d th e curren t  globa l  state . 

INTRODUCTION 

Researcher s intereste d i n ho w network s migh t  b e use d t o mode l  aspect s o f  natura l  languag e hav e 

begu n t o explor e th e representationa l  capacitie s o f  simpl e recurren t  network s (Elman ,  1988 ; 

Servan-Schreiber ,  Cleeremans ,  &  McClelland ,  1988) .  Thes e network s ar e chose n fo r  stud y 

becaus e the y requir e minima l  assumption s abou t  th e structur e o f  languag e data .  I f  word s o f  a 

languag e ar e represente d a s rando m binar y string s presente d on e a t  a  tim e t o a  network ,  the n 

sentence s ar e simpl y tempora l  sequence s o f  words .  Elma n (1988 ;  1989 )  ha s show n tha t  eve n a s 

unassumin g a  tas k a s tha t  o f  predictin g th e nex t  wor d i n th e sequenc e ca n resul t  i n th e extractio n 

of  interestin g regularities .  Althoug h th e simplicit y o f  SRN' s (simpl e recurren t  networks )  place s 

limit s o n thei r  usefulnes s a s realisti c model s o f  natura l  language ,  i t  i s  hope d tha t  som e o f  th e 

principle s governin g thei r  behavio r  wil l  hol d fo r  mor e comple x architectures ,  o r  architecture s 

whic h includ e SRN' s a s sub-components . 

The SRN used in the current work has three layers. On each time step, the pattern of activation 

on th e middl e ("hidden-unit" )  laye r  i s copie d t o anothe r  ban k o f  unit s calle d th e contex t  layer . 

On th e nex t  cycle ,  th e contex t  laye r  togethe r  wit h th e inpu t  laye r  feed s th e hidde n units .  Onl y 

th e forward-feedin g connection s ar e modifie d durin g training .  Althoug h th e S R N ha s immediat e 

acces s t o onl y th e curren t  wor d an d t o th e precedin g state ,  pas t  wor k ha s show n tha t  th e hidde n 

laye r  wil l  ofte n com e t o represen t  a  condensed ,  prediction-relevan t  recor d o f  pas t  items . 
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Previou s successe s wit h SRN' s sugges t  tw o furthe r  avenue s o f  investigation : 

• It has been shown that SRN's can, with the right training environment, develop internal 

representation s fo r  a  wor d whic h ar e sensitiv e t o th e word' s sententia l  context .  Unde r  wha t 

circumstance s (wha t  type s o f  pattern s an d trainin g environments )  woul d a  networ k b e 

motivate d t o colo r  th e representatio n o f  a n ite m wit h aspect s o f  th e large r  context ,  suc h a s it s 

positio n i n a  discourse ? 

•  On e featur e o f  natura l  language s i s tha t  regularitie s exis t  betwee n non-adjacen t  items .  Exam -

ple s ar e subject-ver b agreement ,  th e gender/numbe r  matc h betwee n pronoun s an d thei r 

antecedents ,  an d th e relationshi p betwee n scrip t  settin g (e.g ,  "restaurant" )  an d scrip t  entitie s 

("waitress, "  "menu") .  H o w d o recurren t  network s far e a t  extractin g thes e long-distanc e rela -

tionships ,  an d wha t  representation s d o the y construc t  i n doin g so ? 

The two questions do not have to be addressed together, but there are a number of reasons for 

explorin g the m a t  th e sam e time .  On e i s convenience :  a  scrip t  ma y b e compose d o f  sentence s 

embodyin g a  variet y o f  linguisti c regularities ,  som e o f  whic h ca n includ e th e long-distanc e rela -

tionship s w e ar e intereste d in .  A n additiona l  reaso n i s tha t  som e long-distanc e relationships ,  lik e 

th e relationshi p betwee n th e gende r  o f  a  pronou n an d th e gende r  o f  it s proper-nam e antecedent , 

spa n sentenc e boundarie s an d thu s ar e mos t  naturall y explore d i n th e contex t  o f  connecte d sen -

tences . 

INSTANTIATION OF SCRIPT VARIABLES 

Connectionis t  model s o f  languag e hav e ye t  t o seriousl y confron t  th e proble m o f  ho w network s 

migh t  represen t  variabl e binding s (Norman ,  1986) .  Binding s suc h a s thos e betwee n pronoun s 

and thei r  world-referent s requir e a  mappin g fro m on e syste m (linguisti c symbols )  t o anothe r  sys -

te m ( a representatio n o f  th e referen t  world) .  Th e mappin g betwee n th e nam e "Mary "  an d a 

specifi c  individua l  i n th e worl d i s a  between-syste m regularity .  Bu t  regularitie s als o exis t  withi n 

a singl e representationa l  system .  Fo r  example ,  i n th e surfac e for m o f  words ,  th e gende r  o f  a 

name agree s wit h th e gende r  o f  th e pronoun . 

By definition, SRN's can only capture regularities that exist within a single representational sys-

tem.  I t  i s  thu s importan t  t o stres s tha t  the y ar e no t  a n adequat e vehicl e fo r  explorin g al l  o f  th e 

complexitie s o f  th e bindin g problem .  Nevertheless ,  on e importan t  ste p i s t o understan d wha t 

sequentia l  co-occurrenc e regularitie s SRN' s ca n captur e an d wha t  representation s the y wil l  con -

struc t  i n doin g so . 

The Script Skeleton 

We bega n ou r  exploratio n o f  th e representatio n o f  scrip t  informatio n an d long-distanc e relation -

ship s b y constructin g th e simples t  typ e o f  script :  a  fixed  sequenc e o f  items ,  wher e a n ite m ca n 

be eithe r  a  constan t  (a n invarian t  item )  o r  a  variable .  W e use d th e followin g scrip t  skeleton : 

person! asked person! if subj.pronoun2 wanted to go to a place 
at  lh & plac e subj.pronoun !  sa w a  ihing l  subj.pronoun !  like d 
subj.pronoun !  showe d perso n 1  th e thing !  an d aske d obj.pronoun !  i f  subj.pronoun !  like d i t 
subj.pronoun !  tol d person !  subj.pronoun !  like d th e thing !  bu t  subj.pronoun !  wante d t o ge t  a  thing ! 
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Selectin g Laur a an d Ralp h a s th e characters ,  an d restauran t  a s th e scrip t  yields : 

Laura asked Ralph if he wanted to go to a restaurant 
At  th e restauran t  h e sa w a  sandwic h h e hke d 
He showe d Laur a th e sandwic h an d aske d he r  i f  sh e like d i t 

She tol d Ralp h sh e like d th e sandwic h bu t  sh e wante d t o ge t  a  sala d 

Four sets of script variables and 6 proper names were used to generate instantiations of the script 

skeleton . 

Place Thingl Thing! 

restauran t 
furnitur e stor e 
clothin g stor e 

recor d stor e 

3 male names: Ralph, John, Jeff 
3 femal e names :  Mary ,  Sue ,  Laur a 

The variables, sixteen constant items, an end-of-sentence marker and an end-of-script marker 

adde d u p t o 4 0 lexica l  items .  Item s wer e represente d a s uniqu e bit s i n a  40-bi t  vector ,  meanin g 

tha t  inpu t  an d outpu t  layer s containe d 4 0 units .  Script s wer e constraine d s o tha t  eac h passag e 

containe d a  mal e an d a  femal e character ,  althoug h whic h occurre d firs t  varied .  Al l  possibl e 

combination s o f  4  scripts ,  9  male-femal e combinations ,  an d 2  order s (femal e first  n a m e o r  mal e 

first  name )  resulte d i n 7 2 differen t  scripts .  Th e 7 2 script s wer e concatenate d i n a  rando m orde r 

and joine d t o for m a  sequenc e o f  378 0 items .  Thi s sequenc e constitute d th e trainin g set. ^ 

Weights were changed after each presentation of an input-output pair. Training was stopped 

when th e decreas e i n erro r  wa s negligible .  Wit h a  lo w learnin g rat e (.01) ,  thi s require d abou t 

600,00 0 presentation s o f  a n input-outpu t  pair . 

NETWORK PERFORMANCE 

T wo aspect s o f  networ k performanc e wer e examined . 

• How well does the network solve the task of predicting the next word when the word is a 

variabl e compare d t o whe n th e wor d i s a  constant ? 

•  Wha t  interna l  representation s ar e constructe d i n th e servic e o f  thi s predictio n task ? 

Ability to Activate the Correct Targets 

Networ k performanc e o n on e instantiatio n o f  a  scrip t  appear s i n Tabl e 1 .  A t  eac h ste p i n th e 

sequence ,  th e targe t  outpu t  i s shown ,  followe d b y al l  outpu t  unit s activate d a t  greate r  tha n 0.2 0 

("threshold") .  Blank s afte r  a  targe t  wor d mea n tha t  n o outpu t  reache d threshol d o n thi s cycle . 

Activatio n value s hav e bee n multiplie d b y 100 . 

'  On e idiosyncras y i s tha t  thre e o f  th e plac e name s ar e compose d o f  tw o words ,  whil e on e ("restaurant" )  i s  a  singl e word .  Thi s mean s tha t 
instantiation s o f  th e restauran t  scrip t  wil l  yiel d sequence s o f  lengt h 5 1 instea d o f  53 .  A  secon d idiosyncras y i s tha t  i n th e "recor d store "  script ,  th e 
name o f  thing l  i s  a  repetitio n o f  a  toke n i n th e plac e name . 
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T A B L E 1 :  Activation s fo r  O n e Scrip t  Instantiatio n 

Activate d 

Output s Unit s 

aske d 9 3 

if 93 

he 70 .  sh e 2 3 

wante d 9 2 

t o 9 7 

go 8 6 

t o 9 6 

a 9 3 

endl 89 

at  79,end 2 2 5 

th e 8 8 

restauran t  2 0 

he 43 ,  sh e 5 0 

sa w 76 ,  like d 2 4 

a 9 7 

sandwic h 2 1 

he 56 .  sh e 3 2 

like d 9 1 

end l  8 8 

he 72 ,  sh e 4 1 

showe d 9 1 

the 97 

Targe t 

Outpu t 

27 sandwic h 

28 an d 

29 aske d 

30 he r 

31 i f 

32 sh e 

33 like d 

34 i t 

35 end l 

36 sh e 

37 tol d 

38 Ralp h 

39 sh e 

4 0 like d 

41 th e 

4 2 sandwic h 

4 3 bu t 

4 4 sh e 

45 wante d 

4 6 t o 

4 7 ge t 

48 a 

49 sala d 

50 end l 

51 end 2 

Activate d 

Outpu t  Unit s 

24 

and 9 0 

95 

hi m 46 ,  he r  4 2 

i f  9 4 

he 26 ,  sh e 7 5 

like d 9 3 

i t  8 9 

end l  9 8 

he 50 ,  sh e 4 7 

tol d 9 1 

sh e 8 0 

sa w 20 ,  like d 8 0 

th e 9 0 

sandwic h 28 ,  sof a 23 ,  shir t  3 7 

but  8 5 

he 48 ,  sh e 3 1 

wante d 9 7 

t o 9 7 

go 31 .  ge t  7 3 

a 9 6 

endl  9 3 

end2 8 7 

Activatin g constants .  Fo r  al l  bu t  fou r  o f  th e constan t  slot s (slot s 13 ,  17 ,  40 ,  47) ,  onl y th e targe t 

outpu t  uni t  wa s activate d a t  greate r  tha n threshold .  Not e h o w th e similarit y i n th e sequence s 

"he/sh e wante d t o go/get "  cause d competitio n betwee n tw o output s i n scrip t  positio n 47 . 

Activating proper names and script-entities. No proper names were activated in the script instan-

tiatio n i n Tabl e 2  o r  i n th e res t  o f  th e corpus .  Th e networ k wa s consistentl y mut e a t  thes e slot s 

i n th e script .  Inspectin g Tabl e 1  migh t  lea d on e t o believ e tha t  th e networ k di d hav e som e abilit y 

t o activat e th e appropriat e scrip t  entities .  Fo r  example ,  restauran t  an d sandwic h appea r  t o b e 

appropriatel y activate d i n 1 5 an d 19 .  Samplin g ove r  a  complet e ru n throug h th e 7 2 script s o f  th e 

trainin g se t  reveale d tha t  th e networ k alway s activate d th e appropriat e categor y o f  filler  (e.g. , 

on e o r  mor e o f  th e thing l  variable s fo r  a  thing l  slot) .  However ,  target s wer e no t  mor e reliabl y 
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activate d tha n non-targets . 

The difficulty in activating any class members for name slots, and in activating the target class 

m e m b er  i n th e scrip t  variabl e slots ,  m a y b e linke d t o th e frequenc y o f  occurrenc e o f  th e targe t 

item s i n th e trainin g set .  A  give n prope r  nam e onl y occurre d twic e i n on e ou t  o f  thre e instantia -

tions ,  whil e thing ]  variable s occurre d slightl y mor e frequentl y (thre e time s i n on e ou t  o f  fou r 

instantiations) .  Th e pronouns ,  o n th e othe r  hand ,  wer e highl y frequen t  variable s i n thi s trainin g 

set .  "He "  an d "she "  eac h occurre d fou r  time s pe r  scrip t  instantiation .  Th e networ k wa s mor e suc -

cessfu l  a t  activatin g pronoun s tha n othe r  variables .  I f  a n ite m appear s infrequentl y durin g train -

ing ,  ther e wil l  b e fe w opportunitie s fo r  th e networ k t o lear n h o w t o adjus t  th e weight s tha t  wil l 

tur n o n th e targe t  uni t  i n th e outpu t  layer . 

Activating pronouns. Comparing the relative activation of target and non-target pronouns in 

Tabl e 1  show s tha t  th e network' s abilit y  t o activat e th e targe t  pronou n i s limited .  Pronoun s 

occu r  i n nin e differen t  scrip t  positions .  Samplin g ove r  a  complet e ru n throug h th e 7 2 script s o f 

th e trainin g set ,  i t  wa s foun d tha t  i n onl y thre e o f  thes e nin e scrip t  position s (slot s 5 ,  23 ,  39 )  wa s 

th e networ k abl e t o activat e th e targe t  pronou n significantl y bette r  tha n th e non-targe t  pronoun . 

Ignoring the script entities, the basic task of the network is to learn two variations on the script. 

I n on e variation ,  a  mal e n a m e occur s i n th e first  nam e slot ,  dictatin g tha t  th e first  fou r  pronoun s 

wil l  b e femal e an d th e remainin g five  pronoun s slot s wil l  b e male ;  i n th e secon d variatio n a 

femal e n a m e occur s first.  Th e networ k appear s t o nee d constan t  reminder s o f  whic h o f  thes e tw o 

track s i t  i s  on .  Fo r  example ,  th e reminde r  fo r  th e pronou n i n positio n 4 4 i s th e pronou n i n 39 . 

W h at  distinguishe s th e pronoun s i n slot s 5 ,  2 3 an d 39 ? Th e mos t  recen t  reminde r  i s eithe r  th e 

curren t  inpu t  (a s i n 39) ,  o r  th e immediatel y precedin g ite m (5 ,  23) . 

Hidden Unit Analysis 

A hierarchica l  cluste r  diagra m o f  th e 4 0 lexica l  item s appear s i n Figur e 1 .  M e m b e r s o f  eac h vari -

abl e clas s (place ,  thing! ,  thing! )  ar e clustere d together ,  suggestin g tha t  th e networ k ha s 

extracte d thes e typ e categories .  {Restauran t  m a y b e groupe d separatel y fro m th e othe r  plac e 

names becaus e i t  i s  a  one-wor d plac e name ,  rathe r  tha n a  two-wor d plac e name. )  Th e mal e an d 

femal e name s ar e als o clustere d int o separat e categories ,  a s on e woul d expec t  i f  th e networ k ha s 

discovere d a  correlatio n betwee n thes e name s an d th e value s o f  pronou n slots .  Th e tree' s lac k o f 

balanc e an d bushines s indicate s tha t  a  numbe r  o f  item s di d no t  cluste r  int o categories .  Fo r  exam -

ple ,  th e tw o article s ("a "  an d "the" )  occurre d i n simila r  scrip t  posinons ,  bu t  wer e no t  simila r  t o 

othe r  item s i n th e set .  I n general ,  th e grammatica l  functio n word s ha d suc h idiosyncrati c 

environment s tha t  n o abstrac t  typ e coul d b e extracte d fo r  them . 

To better understand how the network carried information about pronoun identity forward from 

a cu e lik e a  prope r  name ,  w e wante d a  metho d o f  followin g th e network' s chang e o f  stat e ove r 

time .  Thi s wa s accomplishe d b y reducin g th e dimensionalit y o f  th e hidde n uni t  laye r  b y princi -

pal  component s analysis .  Eac h inpu t  ite m activate s a  vecto r  o f  4 0 hidde n units .  B y usin g th e 

first  tw o principa l  component s o f  thi s vector ,  th e stat e o f  th e hidden-uni t  vecto r  ca n b e 

^  W h y woul d restauran t  an d sandwic h b e aclitvale d regardles s o f  wha t  plac e nam e occurre d i n slo t  11 ? I n slo t  42 ,  w h y wa s shir t  alway s 
most  highl y activated ? O n e hypothesi s i s tha t  a t  som e poin t  i n training ,  thes e wer e th e corre a outputs ,  an d th e networ k sli d dow n th e erro r  slop e 
int o a  loca l  m in imu m fro m whic h i t  wa s neve r  abl e t o emerge . 
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end l 

like d 
wante d 

•  bu t 

saw 

FIGURE 1 :  Ouste r  diagra m o f  words '  hidde n uni t  activations . 
I n orde r  t o determin e ho w th e networ k represented  a  give n in -

put  irrespectiv e o f  context ,  th e 4 0 X  4 0 matri x o f  weight s 
betwee n th e inpu t  an d hidde n laye r  wa s separate d fro m othe r 
weight s i n th e nelwoit .  Thi s matri x wa s the n use d a s th e 
weight s i n a  two-layer'network ,  wher e th e input s wer e th e 
40-bi t  vector s whic h represente d th e word s o f  th e variabl e 
classes .  Activatio n wa s propagate d throug h th e matrix .  Th e 

pattern s o f  activatio n appearin g o n th e 40-bi t  outpu t  vecto r 
wer e the n hierarchicall y clustered . 

th e 
furnitur e 
clothin g 

recor d 
restauran t 
_ _ [ - •  Ralp h 

[—[«—»•  Joh n 
'—*•  Jef f 
.  I—» hi m 
n-> -  he r 
I  I—r *  ^" ® 
I  I  ^'-» -  Laur a 
•—'  —*•  jacke t ^ —•  jacke t 

I  r- » sala d 
I r - *  chai r 

• -  ^'-» -  tap e 

M l — t 
1- *  end : 

sandwic h 
sof a 

shir t 
aske d 
showed 

tol d 
end2 

approximate d wit h a  singl e poin t  i n a  2- D plot . 

Figure 2 illustrates the state change in two versions of the first sentence of the skeletal script. 

Th e tw o version s ar e th e tw o type s o f  gende r  ordering ,  scrip t  settin g hel d constant . 

Following the trajectories from the starting point of "Laura" and "Ralph" one sees that the rwo 

version s ar e distinc t  earl y i n th e sentence .  Th e differenc e i n thei r  path s become s mos t  marke d 

immediatel y afte r  gettin g th e cu e t o gende r  ("Mary/John" )  an d continue s t o b e distinc t  throug h 

th e first  pronoun .  Th e path s begi n t o c o m e togethe r  afte r  th e fixed  sequenc e "...wante d t o g o t o 

a... "  B y th e beginnin g o f  th e nex t  sentenc e (no t  depicted )  th e trajectorie s ar e identical .  Th e 

path s diverg e afte r  receivin g eithe r  "he "  o r  "she "  a s input ,  collaps e whe n "record "  i s  encoun -

tered ,  an d deviat e agai n a t  th e nex t  pronoun .  Thi s goo d differentiatio n continue s int o th e nex t 

sentence ,  whic h begin s wit h a  pronou n -  notably ,  on e o f  th e slot s wher e th e networ k wa s suc -

cessfu l  a t  activatin g th e targe t  pronou n (slo t  23) . 
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Z 
w 

o 

o 
u 

u 
z 

aske d 

wante d 

!  y '  T  nur n 

Lawr a aske d John.. . 

—/?(2/p/ z aske d Mary.. . 

P R I N C I P A L C O M P O N E NT 1 

FIGURE 2: Stale change diagram for two versions of script sentence one. For a 

give n state ,  label s indicat e wha t  wor d wa s th e target .  W h e n version s ha d identica l 

targets ,  onl y on e labe l  i s  given . 

DISCUSSION 

Studyin g ho w SRN' s lear n a  skeleta l  scrip t  ha s allowe d u s t o mak e th e followin g observation s 

about  th e propertie s o f  thes e networks : 

•  SRN' s ar e goo d a t  extractin g thos e distributiona l  regularitie s whic h signa l  clas s membership . 

The curren t  networ k di d thi s eve n thoug h th e onl y clu e t o clas s membershi p wa s throug h co -

occurrenc e relation s wit h non-adjacen t  items .  Fo r  example ,  th e networ k learne d tha t  thing ! 

variable s for m a  clas s (Figur e 3 )  eve n thoug h th e cu e t o clas s membershi p occurre d 7  item s 

previously . 

•  Althoug h th e networ k wa s abl e t o construc t  long-ter m representation s o f  th e structur e o f  th e 

input ,  it s  abilit y  t o carr y transien t  informatio n abou t  th e valu e o f  a  variabl e wa s limited . 

Informatio n abou t  th e identit y o f  a  variabl e mus t  b e carrie d throug h th e intervenin g item s 

sinc e th e las t  cue .  Thi s informatio n ca n b e viewe d a s a  pat h throug h stat e space .  Informatio n 

tha t  th e upcomin g pronou n i s t o b e a  "he "  wil l  tak e th e for m o f  a  slightl y differen t  trajector y 

tha n informatio n tha t  th e upcomin g pronou n i s a  "she. " 

To the extent that we want to view the rec net as having the ability to represent a long-distance 

relationship ,  w e nee d t o vie w th e relationshi p a s holdin g no t  betwee n a  temporall y separate d tar -

get  an d antecedent ,  bu t  betwee n th e targe t  an d th e curren t  globa l  state .  Thi s vie w i s a n intrigu -

in g on e an d merit s furthe r  exploration .  Nevertheless ,  th e transienc y o f  thes e relationship s i s 

sobering .  I t  i s  difficul t  t o imagin e tha t  speakers '  abilit y  t o selec t  th e correc t  pronou n migh t  b e 
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mediate d b y a  mechanis m whic h require s al l  intervenin g state s t o b e flavored  wit h informatio n 

abou t  th e identit y o f  th e upcomin g pronoun .  O n th e othe r  hand ,  within-syste m regularitie s ma y 

exist ,  suc h a s subject-ver b agreement ,  whic h migh t  prov e mor e amenabl e t o modelin g wit h a 

devic e capabl e o f  capturin g onl y fleeting  relationship s (Elman ,  1989) . 

Work in progress extends these preliminary findings in two ways: 

• We examine what factors will encourage a network to construct a representation of items 

whic h i s  sensitiv e t o scrip t  position .  Fo r  example ,  fo r  man y stereotype d scripts ,  i t  i s  likel y 

tha t  generi c verb s ("like, "  "see" )  an d functio n word s wil l  no t  b e sensitiv e t o scrip t  position , 

whil e item s whic h hel p defin e scrip t  structur e ("menu, "  "eat, "  "pay" )  wil l  acquir e position -

sensitiv e representations . 

•  Wha t  factors ,  beyon d recenc y o f  las t  cue ,  influenc e th e transienc y o f  long-distanc e relation -

ship ? On e possibilit y  i s tha t  network s wil l  hav e difficult y carryin g informatio n throug h part s 

of  th e scrip t  whic h hav e bee n poorl y learned .  Fo r  example ,  i f  th e networ k neve r  learn s whic h 

thing l  ite m t o activate ,  the n th e thing l  slo t  i s a  positio n o f  hig h error .  Carryin g informatio n 

abou t  gende r  throug h thi s high-erro r  regio n coul d b e problematic .  Performanc e migh t  b e 

improve d b y changin g th e trainin g regimen .  Earl y i n training ,  th e networ k coul d b e traine d 

on sentence s containin g onl y dependencie s betwee n adjacen t  items .  A s thes e ar e mastered , 

non-adjacen t  dependencie s coul d b e adde d t o th e trainin g set . 

Viable connectionist models of natural language will require an understanding of the principles 

governin g regularitie s betwee n tw o representationa l  system s a s wel l  a s withi n a  singl e represen -

tationa l  system .  Ou r  long-ter m goa l  i s t o construc t  a  mode l  whic h map s betwee n tw o systems . 

The contributio n o f  th e curren t  wor k i s tha t  i t  explore s som e o f  th e propertie s o f  a  computationa l 

syste m tha t  ma y eventuall y b e a  usefu l  too l  fo r  achievin g thi s goal . 
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