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A b s t r a c t 

The role of context in natural language under-
standin g ( N L U )  i s generall y accepte d a s bein g im -
portan t  t o th e tcis k o f  ascertainin g "correc t  mean -
ing. "  Thi s i s particularl y tru e durin g interpreta -
tio n o f  otherwis e ambiguou s languag e constructs , 
suc h a s lexica l  ambiguit y resolution ,  metapho r  un -
derstanding ,  an d indirec t  speec h ac t  interpreta -
tion .  Thi s pape r  present s a  feedforwar d connec -
tionis t  mode l  calle d sail 2 whic h utilize s th e con -
tex t  obtaine d fro m th e processin g o f  previousl y 
seen tex t  t o hel p resolv e th e ambiguit y inheren t 
i n indirec t  speec h acts ,  specifically ,  i n indirec t  re -
quests . 

Introduction 

The role of context in natural language under-
standin g ( N L U )  i s generall y accepte d a s bein g im -
portan t  t o th e tas k o f  ascertainin g "correc t  mean -
ing. "  A s Jarvell a an d Klei n (1982 )  pu t  it :  "I t 
i s no t  difficul t  t o understand ,  an d quit e natu -
ral ,  tha t  languag e i n it s  ordinar y us e i s  depen -
dent  o n context. "  Thi s i s particularl y tru e durin g 
interpretatio n o f  otherwis e ambiguou s languag e 
constructs ,  suc h a s lexica l  ambiguit y resolutio n 
(Small ,  Cottrell ,  an d Tanenhaus ,  1988) ,  metapho r 
understandin g (Shinj o an d Myers ,  1987) ,  an d indi -
rec t  speec h ac t  interpretatio n (Gibbs ,  1981) .  Thi s 
pape r  present s a  feedforwar d connectionis t  mode l 
calle d sail 2 whic h i s  base d o n th e simpl e recur -
ren t  networ k (Elman ,  1990 )  an d th e stor y gestal t 
(St .  John ,  1992) .  Sail 2 utilize s th e contex t  ob -
taine d fro m th e processin g o f  previousl y see n tex t 
t o hel p resolv e th e ambiguit y inheren t  i n indirec t 
speec h acts ,  specifically ,  i n indirec t  requests .  T h e 
contex t  i s  use d durin g th e processin g o f  th e word s 
of  individua l  sentence s i n orde r  t o develo p thei r 
"correct "  pragmati c interpretation . 

Conside r  th e followin g tw o piece s o f  text : 

(a) The survivors of the airplane crash gathered 

aroun d th e captain .  H e wa s takin g inventor y 
of  thei r  goods .  H e aske d a  passenger ,  "D o yo u 
hav e an y matches? " 

(b) The survivors of the airplane crash gathered 
aroun d th e captain .  H e too k ou t  hi s cigarette s 
but  couldn' t  find  hi s lighter .  H e aske d a  pas -
senger ,  "D o yo u hav e an y matches? " 

In text (a), the question Do you have any matches? 
i s intende d t o b e interprete d literally ;  th e captai n 
wishe s t o kno w whethe r  o r  no t  th e passenge r  ha s 
any matches .  However ,  i n tex t  (b )  th e questio n i s 
intende d ei s a n indirec t  reques t  fo r  th e passenge r 
t o giv e th e captai n a  matc h t o ligh t  hi s cigarette . 
Clearly ,  th e contex t  i n whic h th e questio n i s pu t 
fort h determine s (i n part )  th e interpretatio n tha t 
shoul d b e give n th e indirec t  request .  Thi s contex t 
shoul d b e availabl e durin g sentenc e processin g t o 
hel p t o deriv e th e intende d interpretation . 

Feedforwar d connectionis t  model s o f  N L U tradi -
tionall y incorporat e contex t  int o thei r  understand -
in g proces s b y us e o f  th e simpl e recurren t  net -
wor k topolog y (Elman ,  1990) .  However ,  thi s  i s no t 
don e o n a  "global "  level .  Rather ,  th e recurren t 
relatio n i s  typicall y use d a t  th e "intra-sentence " 
processin g leve l  whe n processin g singl e sentence s 
or  a t  th e "inter-sentence "  leve l  whe n processin g 
multipl e sentenc e texts .  Tha t  i s  t o say ,  i n sin -
gl e sentenc e processing ,  a s th e word s o f  th e sen -
tenc e ar e presente d t o th e networ k sequentially , 
th e contex t  represente d b y th e sentenc e process -
in g t o tha t  poin t  i s  introduce d a s par t  o f  th e in -
pu t  laye r  vi a a  (simple )  recurren t  relatio n (Mi -
ikkulaine n &  Dyer ,  1991 ;  Schulenburg ,  1992) .  I n 
system s whic h proces s multipl e sentenc e texts ,  th e 
curren t  contex t  (th e meanin g o f  th e tex t  processe d 
.s o far) ,  a s capture d b y th e uni t  activatio n o f  som e 
"internal "  (hidde n o r  output )  laye r  o f  th e network , 
i s  introduce d a s par t  o f  th e inpu t  alon g wit h th e 
meanin g representatio n o f  th e curren t  sentenc e i n 
orde r  t o produc e a n update d contex t  (St .  John , 
1992) .  Thes e system s d o no t  combin e th e differ -
ent  context s (thos e derive d durin g intra-sentenc e 
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Figur e 1 :  Th e Stor y Gestal t  Networ k Topology. ' 

and inter-sentenc e processing )  t o for m par t  o f  th e 
inpu t  durin g intra-sentenc e processing ;  i.e. ,  th e 
intra-sentenc e processo r  doe s no t  benefi t  fro m th e 
contex t  produce d durin g inter-sentenc e process -
ing . 

The Story Gestalt 

St. John (1992) presents a connectionist model 
of  tex t  comprehensio n whic h processe s proposi -
tion s (th e "meaning "  o f  individua l  sentences )  a t 
th e inter-sentenc e processin g leve l  int o a  learne d 
representatio n (th e sior y gestalt ,  capturin g th e 
"meaning "  o f  th e entir e text) .  Figur e 1  show s 
th e genera l  networ k topolog y use d b y th e stor y 
gestal t  model .  T h e mode l  use s a  simpl e recurren t 
networ k t o encod e th e sentenc e proposition s int o 
th e stor y gestal t  sequentially ;  a s eac h ne w curren t 
propositio n (i.e. ,  eac h ne w sentence )  i s presented , 
i t  i s  combine d wit h th e previou s stor y gestalt , 
fe d throug h th e intermediat e combinatio n hidde n 
layer ,  t o produc e th e curren t  stor y gestalt .  A 
"question/answering "  regime n i s utilize d t o trai n 
th e "hidden "  stor y gestal t  layer .  A  questio n (rep -
resente d b y th e singl e predicat e o f  a  proposition ) 
i s presente d alon g wit h th e curren t  stor y gestalt ; 
thi s i s the n fe d throug h th e intermediat e extrac -
tio n hidde n laye r  t o for m th e complet e proposition , 
whic h i s a n exac t  cop y o f  som e propositio n previ -
ousl y presente d t o th e mode l  an d i s represente d 
by th e predicat e formin g th e question .  Th e erro r 
i s  compute d an d backpropagate d throug h th e net -
wor k al l  th e wa y bac k t o th e curren t  propositio n 
and previou s stor y gestal t  inpu t  layers .  Th e mode l 
has th e abilit y  t o trai n th e stor y gestal t  a s a  "hid -
den "  laye r  thu s creatin g a  representatio n fo r  th e 
entir e text .  Thi s i s wha t  I  cal l  th e inter-sentenc e 
processin g level .  (St .  John' s stor y gestal t  mode l 
doe s no t  d o intra-sentenc e processing ;  i t  use s pr<' -

encode d proposition s a s sentenc e input. ) 

SAIL2 

Sail2 is a feedforward connectionist natural lan-
guag e mode l  whic h use s a  simpl e recurren t  net -
wor k topolog y t o proces s sentence s o f  a  tex t  se -
quentially ,  buildin g a  representatio n o f  th e tex t 
by us e o f  th e stor y gestalt .  Figur e 2  show s th e 
networ k topolog y use d b y sail2. ^ 

Inpu t  t o sail 2 i s a  se t  o f  Englis h sentence s com -
prisin g a n integrate d text .  Th e word s o f  eac h 
sentenc e ar e processe d sequentiall y  b y th e intra -
sentenc e processor .  (Se e Schulenbur g (1992 )  fo r 
an explanatio n o f  th e basi c sentenc e processin g 
at  th e intra-sentenc e leve l  use d b y sail2. )  A s 
th e processin g fo r  eac h sentenc e i s completed ,  it s 
meanin g representatio n i s incorporate d int o th e 
stor y gestal t  i n th e sam e manne r  a s tha t  use d 
by St .  John ,  wit h on e exception ;  th e represen -
tatio n o f  th e questio n presente d fo r  trainin g th e 
gestal t  i s  different .  I n sail2 ,  th e questio n inpu t 
laye r  i s a n entir e representatio n fo r  a  questio n in -
stea d o f  th e singl e predicat e use d b y St .  John ;  i.e. , 
i t  i s  wha t  a n intra-sentenc e processo r  migh t  out -
put  a s th e representatio n fo r  a  question .  E.g .  a 
questio n migh t  b e W h o wen t  t o th e store ? whic h 
coul d hav e th e followin g case/rol e assignments : 

[(act go) (agent *?*) (to store)] 

wher e * ? *  represent s th e unknow n filler.  Th e 
answer  give n i n th e complet e propositio n outpu t 
laye r  (use d t o backpropagat e th e error) ,  o f  course , 
woul d includ e th e unknow n filler.  Thi s approac h 
does no t  limi t  th e "questions "  t o on e questio n fo r 
eac h predicat e typ e pe r  text . 

'Fro m St .  Joh n (1992) . 

*Not e tha t  th e networ k topolog y implementin g th e 
stor y gestal t  a s see n i n Figur e 1  i s wholl y containe d 
witiii n th e networ k topolog y use d b y SAIL 2 a s inter -
sentenc e processing . 
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Figur e 2 :  SAIL 2 Networ k Topology . 

Durin g intra-sentenc e processing ,  th e curren t 
contex t  o f  th e entir e inpu t  tex t  a s capture d b y 
th e slor y gestal t  form s par t  o f  th e input ,  alon g 
wit h th e word s o f  th e sentenc e an d th e curren t 
sentenc e context .  Thi s i s th e mai n featur e whic h 
distinguishe s sail 2 fro m othe r  connectionis t  N L U 
models .  (Se e th e recurren t  relatio n represente d b y 
th e dotte d lin e goin g fro m th e stor y gestal t  t o th e 
previou s stor y gestal t  formin g par t  o f  th e sentenc e 
inpu t  laye r  i n Figur e 2. )  Thi s adde d inpu t  allow s 
th e intra-sentenc e processo r  t o us e th e contex t  se t 
up b y th e previou s tex t  t o hel p disambiguat e an y 
potentiall y  ambiguou s (semantic )  languag e con -
struct s existin g i n th e curren t  sentence . 

A serie s o f  simulation s wer e ru n usin g sail2' s 
networ k topolog y bot h wit h an d withou t  th e stor y 
gestal t  contex t  aidin g th e intra-sentenc e process -
in g t o tes t  th e hypothesi s that ,  wit h th e context , 
ambiguou s languag e construct s (i n thi s case ,  indi -
rec t  request s havin g bot h litera l  an d indirec t  in -
terpretations )  wil l  b e properl y disambiguate d an d 
tha t  withou t  th e context ,  n o disambiguatio n oc -
curs .  Th e dat a use d i n thes e simulation s ar e 
thre e t o fou r  sentenc e text s (se e th e Appendix) . 
Each tex t  set s u p a  contex t  fo r  th e final  sentenc e 
(a n indirec t  request )  o f  th e tex t  whic h determine s 
whethe r  tha t  final  sentenc e ha s a  litera l  o r  a n in -
direc t  interpretation .  T h e dat a se t  wa s divide d 
int o a  trainin g se t  an d a  testin g set .  Eac h tex t 
was generate d wit h a  0. 9 probabilit y  o f  bein g in -
clude d i n th e trainin g set ;  i f  a  tex t  wa s no t  i n th e 
trainin g set ,  i t  wa s i n th e testin g set .  Fo r  th e sim -
ulation s reporte d here ,  ther e wer e 103 1 text s i n 
th e trainin g se t  an d 12 1 text s i n th e testin g set . 
Each hidde n laye r  o f  th e networ k ha d 2 5 units ;  th e 
stor y gestal t  ha d 1 5 units .  T h e inpu t  lexico n laye r 

ha d 5 5 units ;  th e curren t  propositio n laye r  ha d 8 6 
units .  Ther e wer e 10 8 unit s i n th e questio n laye r 
an d 10 3 unit s i n th e complet e propositio n layer . 
Initia l  weight s o n th e connection s wer e randoml y 
generate d i n th e interva l  (—0.3,0.3) .  Backpropa -
gatio n o f  th e simpl e recurren t  networ k wa s use d 
as th e trainin g algorithm . 

T h e grap h depicte d i n Figur e 3  show s th e overal l 
percentag e o f  correct ^  unit s i n th e curren t  propo -
sitio n outpu t  laye r  fo r  th e final  sentence s (th e 
indirec t  requests )  i n th e testin g se t  o f  text s fo r 
tw o simulations ,  on e simulatio n wit h th e stor y 
gestal t  contex t  aidin g th e intra-sentenc e process -
in g an d on e without .  A t  first  glance ,  i t  appear s 
tha t  ther e i s no t  m u c h differenc e betwee n th e ac -
curac y show n b y th e tw o simulations ;  thi s con -
clusion ,  however ,  i s  misleading .  Afte r  60 0 train -
in g epoch s (wher e th e networ k incorporatin g th e 
stor y gestal t  contex t  begin s t o sho w sign s o f  over -
training) ,  ther e i s a n approximatel y tw o percen t 
differenc e betwee n th e accurac y fo r  th e tw o simu -
lations .  Fo r  thes e simulations ,  tw o o f  th e 8 6 unit s 
i n th e propositio n laye r  (o r  2.3% )  distinguis h be -
twee n th e representations ^  fo r  th e direc t  an d indi -
rec t  interpretation s o f  th e final  (indirec t  request ) 
sentenc e o f  th e text .  Inspectio n o f  th e activatio n o f 
th e "ambiguous "  unit s show s tha t  the y ar e correc t 
fo r  th e simulatio n incorporatin g th e stor y gestal t 
int o intra-sentenc e processin g an d tha t  the y d o no t 
reac h thei r  targe t  value s i n th e simulatio n withou t 
th e ai d o f  th e stor y gestalt .  Thus ,  th e differenc e 

^Outpu t  unit s ar e "correct "  i f  thei r  activatio n i s 
withi n 0. 1 o f  thei r  targe t  value . 

*Th e representatio n use d b y SAIL 2 fo r  th e curren t 
propositio n i s localis t  implyin g tha t  fe w o f  thes e unit s 
ar e actuall y ambiguous . 
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Figur e 3 :  Percentag e o f  Correc t  Unit s fo r  Fina l  Sentence s i n Text . 

n accurac y ca n b e attribute d directl y t o th e dif -
erenc e betwee n th e tw o simulations ,  namely ,  tha t 
)n e simulatio n incorporate s th e stor y gestal t  con -
,ex t  durin g intra-sentenc e processin g an d on e doe s 
lot .  Also ,  th e accurac y o f  th e networ k topolog y 
vithou t  th e stor y gestal t  contex t  asymptote s ear -
ie r  an d t o a  lowe r  percentage ;  thi s i s  t o b e ex -
jecte d becaus e tha t  networ k topolog y canno t  cor -
ectl y comput e th e activatio n fo r  th e ambiguou s 
jnits .  Thus ,  th e stor y gestal t  contex t  i s  necessar y 
lurin g intra-sentenc e processin g t o disambiguat e 
ndirec t  requests . 

Related Work 

This section briefly reviews two other connection-
st  model s whic h proces s multi-sentenc e texts .  I n 
:h e first,  Miikkulaine n an d Dye r  (1991 )  discus s 
DISPAR,  thei r  syste m whic h processe s script-base d 
storie s int o a  slot-fille r  representatio n capturin g 
:,h e causa l  chai n an d rol e binding s o f  th e story . 
Processin g storie s i n DISPA R i s  accomplishe d Vi a 
;w o "parsers, "  a  sentenc e parse r  (intra-sentenc e 
processing )  an d a  stor y parse r  (inter-sentenc e pro -
:essing) ,  eac h o f  whic h i s  implemente d a s a  sim -
pl e recurren t  network .  Thes e parser s ac t  indepen -
dently ;  th e outpu t  o f  th e sentenc e parse r  i s fe d a s 
inpu t  t o th e stor y parser .  Unlik e i n Sail2 ,  ther e 
iS n o stor y contex t  give n t o th e sentenc e parser . 
Becaus e o f  thi s lack ,  DISPA R woul d no t  b e abl e 

t o pars e inpu t  whic h require d contex t  fo r  pur -
pose s o f  disambiguation .  Furthermore ,  th e rep -
resentatio n use d b y DISPA R limit s it s  usefullnes s 
t o script-base d stories .  St .  Joh n (1992 )  present s 
th e STORY GESTALT,  a n ide a whic h sail 2 heavil y 
draw s upon .  Becaus e th e stor y GESTALT build s 
it s ow n representatio n o f  th e text ,  i t  i s  no t  lim -
ite d t o th e script-base d storie s o f  dispar .  A s pre -
sented ,  however ,  ther e ar e som e difference s be -
twee n St .  John' s wor k an d tha t  presente d here . 
I n th e stor y gestalt ,  th e sentence s themselve s 
hav e bee n preprocessed .  St .  Joh n rightfull y ar -
gues tha t  a  preprocessor ,  suc h a s th e sentenc e 
gestal t  (St .  Joh n k  McClelland ,  1990 )  coul d b e 
adde d givin g a  topolog y simila r  t o tha t  o f  Miikku -
laine n an d Dyer ;  however ,  th e stor y gestal t 
woul d stil l  suffe r  fro m th e inabilit y t o proces s in -
dividua l  sentence s requirin g contex t  fo r  purpose s 
of  disambiguation . 

Future Work 

Sail2 is an ongoing experiment in connectionist 
N L U.  Specifically ,  sail 2 i s  designe d t o explor e th e 
importanc e o f  contex t  durin g processin g o f  am -
biguou s languag e construct s suc h a s indirec t  re -
quests .  I n th e future ,  testin g wit h sail 2 wil l  b e ex -
pande d t o othe r  type s o f  ambiguity ,  suc h a s lexica l 
ambiguity ,  metaphor ,  an d othe r  type s o f  indirec t 
speec h acts .  T h e hypothesi s i s tha t  sail2' s topol -
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ogy incorporatin g contex t  durin g intra-sentenc e 
processin g wil l  prov e necessar y fo r  successfu l  am -
biguit y resolution . 

Conclusion 

Sa1l2 is a connectionist natural language under-
standin g mode l  whic h use s a  simpl e recurren t  net -
work topolog y t o proces s sentence s o f  a  tex t  se -
quentially .  I t  build s a  representatio n o f  th e tex t 
by us e o f  th e stor y gestalt .  I t  incorporate s th e 
stor y gestal t  a s par t  o f  th e inpu t  durin g th e pro -
cessin g o f  th e word s o f  a  sentenc e t o hel p produc e 
th e intende d interpretatio n o f  indirec t  requests . 
Experimenta l  simulation s sho w tha t  withou t  th e 
incorporatio n o f  th e stor y gestal t  (context )  durin g 
sentenc e processing ,  th e networ k i s unabl e t o lear n 
t o produc e th e intende d interpretatio n o f  th e indi -
rec t  requests ;  furthermore ,  th e interpretatio n lef t 
by th e networ k i n thi s cas e i s ambiguous .  Othe r 
existin g connectionis t  NL U system s whic h proces s 
multiple-sentenc e tex t  d o no t  exploi t  th e (stor y 
gestalt )  contex t  i n thi s wa y an d therefor e d o no t 
have th e abilit y  t o disambiguat e potentiall y  am -
biguou s input . 

Appendix 

The testing and training texts were created us-
in g a  tex t  template ,  simila r  t o th e wa y use d b y 
McClellan d an d Kawamot o (1986) .  Give n slot s o f 
th e templat e wer e filled  wit h variou s word s yield -
in g specifi c  texts .  Tw o suc h template s ar e give n 
below ;  th e first  indicate s a  litera l  interpretatio n o f 
th e questio n D o yo u hav e a(n )  object ? whil e th e 
secon d indicate s th e indirec t  interpretation .  Th e 
slot s t o b e filled  ar e indicate d b y th e italicize d 
words .  Al l  punctuatio n wa s include d a s separat e 
inpu t  node s t o th e intra-sentenc e processor . 

o The survivors of the rfisasier gathered around 
th e leader .  Th e leade r  inventorie d th e assets . 
The leade r  aske d th e person ,  "D o yo u hav e 
a(n )  object? " 

o The person went to class. The person needed 
a(n )  object s (o r  th e event .  Th e perso n di d no t 
have a(n )  objects .  Th e perso n aske d th e T/A , 
"D o yo u hav e a(n )  objectŝ " 

Example fillers included: 

o leader: captain doctor fire-fighter 

o person: man woman boy girl 

o objects: pencil book notebook 

o event: exam quiz test experiment 
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