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INTRODUCTION 

The goal of t h i s  s t u d y  i s  t o  examine work that has someth ing  t o  offer 

toward t h e  c o n s t r u c t i o n  of a computable  model o f  t e x t  u n d e r s t a n d h g ,  and 

t h e r e f o r e  toward c o g n i t i v e  models i n  g e n e n i l .  The reason for the c r i t e r i o n  of 

c o m p u t a b i l i t y  i s  t h a t  t h i s  r a t h e r  s t r i c t  requi rernevt  makes vague 

g c n e r n l i z a t i o t ~ s  i~npos i s ib le  ( o r  a t  l e a s t  more d i f f i c u l t ) ,  and f o r c e s  e x a c t  

s p e c i f i c a t i o n  of  p r o c c s s c s  being h y p o t h e s i z e d -  (However, t h i s  c r i t e r i o n  i s  

f r e q u e n t l y  d i f f i c u l t  t o  a p p l y ,  and i n  some i n s t a n c e s  t h e  a u t h o r  s d e c i s i o n  was 

undoub ted ly  a s u b j e c t  i v c  one. ) 

I t  s h o u l d  be clearly p o i r l t c d  out that n o  a t t e m p t  i s  made h e r e  t o  deal 

w i t h  t h e  s e m a n t i c s  of i n d i v i d u a l  s e n t e n c e s .  A f a m i l i a r i t y  w i t h  r e c e n t  work i n  

s e m a n t i c  r e p r e s e n t a t i a n  i n  c o g n i t i v e  psycho logy ,  l i n g u i s t i c s  and a r t i f i c i a l  

i n t e l l i g e n c e  i s  assumed (see Norman and Rumelhar t  [75], Schank and Colby  [73] 

and S t e i n b e r g  and Jakbbovifis [ 7 1  1 ) Although many problems i n  r e p r e s e n t i n g  

t h e  meaning of  i n d i v i d u a l  s e n t e n c e s  remain u n s o l v e d ,  t h i s  study f o c u s e s  an 

t h o s e  a s p e c t s  of mcanlng t h a t  are conveyed o n l y  by g r o u p s  of c o n n e c t e d  

s e n t e n c e s  - t e x t s .  A d d i t i o n a l l y ,  o n l y  work t h a t  a t t e m p t s  t o  deal w i t h  t h e  

s e m a n t i c s  o r  u n d e r s t a n d i n g  o f  t e x t s ,  a s  opposed t o  s t a t i s t i c a l  o r  s y n t a c t i c  

a n a l y s i s ,  i s  c o n s i d e r e d .  T h i s  f o c u s  on t e x t  has also led t o  t h e  o m i s s i o n  of 

s t u d i e s  of  n o n - t e x t u a l  mpmory  and of  c o m p u t a t i o n a l  s y s t e m s  t h a t  u n d e r s t a n d  and 

solve problems s t a t e d  i n  E n g l i s h  o r  carry on d i a l o g u e .  T h i s  o m i s s i o n  is n o t  

meant. t o  imply t h a t  work i n  these areas h a s  no  r e l e v a n c e  t o  t e x t  

u n d e r s t a n d i n g ,  b u t  the d i f  f c r e n t  focus and a d d i t i o n a l  c o n s t r a i n t s  of t h e s e  

s t u d i e s  make such  i m p l i c a t i o n s  d i f f i c u l t  t o  i s o l a t e .  
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The s t u d y  i s  d i v i d e d  i n t o  t h r e e  p a r t s ,  which o c c a s i o n a l l y  o v e r l a p ,  The 

f i r s t  s e c t i o n  deals w i t h  t h e  con te r l t  of c o n i ~ c c t e d  t e x t  - t h a t  i s ,  what e x a c t l y  

d o e s  t e x t  commtlnicate. The work i n  th i s  s e c t i o n  is  p r i m a r i l y  t h a t  o f  

e x p e r i m e n t a l  p s y c h o l o g i ~ t s  i n t e r e s t e d  i n  memory and r e c a l l -  The second 

s e c t i o n  d e a l s  w i t h  t h e  _ s t r u c r u r q  of  t e x t ,  a p a r t  from i t s  s p e c i f i c  c o n t e n t ,  

T h i s  work h a s  been  done  mairlly by c u l t u r a l  a n t l ~ r o p o l o g i s t s  and t h o s e  

i n t e r e s t e d  i n  t h e  t h e o r y  of l i t e r a t u r c ,  b u t  i s  a l s o  b e i n g  i n v e s t i g a t e d  by 

e x p e r i m e n t a l  p s y c h o l o g i s t s .  T h e  t h i r d  s e c t i o n  d i s c u s s e s  c o m p u t a t i o n a l  models  

prop-osed by c o m p u t a t i o n a l  l i n g u i s t s ,  which  i n c l u d e  a t t e m p t s  t o  implement i n  

c o m p u t e r  programs some o f  t h e  p r o c e s s e s  d i s c u s s e d  i n  t h e  o t h e r  s e c t i o n s -  Each 

s e c t i o n  i s  conc luded  w i t h  a d l s c ~ ~ s s i o n  of  t h e  emerging model of t e x t  

u n d e r s t a n d i n g .  F i n a l l y ,  some d i r e c t i o n s  f o r  needed r e s e a r c h  are sugges ted .  

I t  i s  hoped t h a t  t h i s  k i n d  o f  i n t e r d i s c i p l i n a r y  s u r v e y  w i l l  c a l l  a t t e n t i o n  o f  

w o r k e r s  1 1 2  one  area t o  work i n  o t h e r  a r e a s  a d d r e s s i n g  t h e  same problems,  T h i s  

t y p e  o f  communicat ion i s  v a l u a b l e  i n  two d i s t i n c t  ways. When s i m i l a r  

c o n c l u s i o n s  are reached  i n  d i f f e r e n t  d i s c i p l i n e s  f r e q u e n t l y  u s i n g  d i f f e r e n t  

methods  and  w i t h  somewhat d i f f e r e n t  g o a l s ,  t h e s e  c o n c l u s i a n s  must be  g i v e n  

s p e c i a l  c r e d e n c e ,  On t h e  o t h e r  h a n d ,  i t  i s  sometimks t h e  c a s e  t h a t  one 

d i s c i p l i n e  c o m p l e t e l y  o v e r l o o k s  a problem o r  some a s p e c t  o f  it due to t h e i r  

own i n t e r e s t s  and b i a s e s .  Such o m i s s i o i ~ s  need  t o  be b rough t  i n t o  sha rp  focus .  
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1.0 THE CONTENT OF CONNECTED DISCOURSE 

T h i s  s c c t f o n  w i l l  p r e s e n t  a b r i e f  survey  of the recent  work of some 

e x p e r i m e n t a l   psychologist,^ concerned with t h c  p r o c e s s  of u n d e r s t a n d i n g  

co r lncc t cd  d i s c o u r s e .  Thc d e t a i l s  o f  t h e i r  c x p e r i ~ n ~ n t s  w i l l  not be p r e s e n t e d ,  

b u t  t h e  t y p e s  o f  c x p e r i r n e a l s  and g e n e r a l  c o n c l u s i o n s  w i l l  be d i s c u s s e d ,  a s  

w e l l  as any madcls  proposed  by t h e  i n v e s t i g a t o r s .  T h ~ ~ s e  r e s u l t s  seem t o  

cotlve rge  toward  a s i n g l e  model, i n  s p i t e  of a p p a r e n t  c o n t  r a d i c t i o n s ,  

P s y c h o l o g i c a l  work on t e x t  u n d e r s t a n d i n g  i s  r e l e v a n t  t o  c o m p u t a t i o n a l  m o d e l s  

b e c a u s e  humans are s t i l l  t h e  o n l y  good tcxt u n d c r s t n n d c r s .  Also, although 

some aspec t s  of  p s y c h o l o g i c a l  r e s e a r c h ,  such a s  f o r g e t t i n g ,  are n o t  currently 

i n c l u d e d  i n  a n y  s e r i o u s  way i n  c o m p u t a t i o n a l  mode l s ,  i t  wou ld  a p p e a r  t h a t  such 

models h a v e  a very u s e f u l  r o l e  t o  p l a y  i n  p o i n t i n g  o u t  where significant 

d e t a i l s  of t h e  p r o c e s s  of  t e x t  u n d e r s t a n d i n g  a re  b e i n g  h a n d l e d  i n t u i t i v e l y  by  

t h e  t h e o r i s t ,  and  have  n o t  r e a l l y  been  d e f i n e d  i n  t h e  t l l e o r y ,  

1.1 The N a t u r e  O f  D i s c o u r s e  C o n t e n t  

The n a t u r e  ( g e n e r a l  c h a r a c t e r i s t i c s  a n d  f e a t u r e s )  of t h e  mean ing  o f  

c o n n e c t e d  t e x t  w i l l  b e  examined  f i r s t .  T h e  p r i n c i p l e  f o c u s  of t h e s e  studies 

i s  t o  compare t h e  u n d e r s t a n d i n g  of  a t e x t  t o  t h e  a c t u a l  t e x t  and  attempt t o  

charncte f i ze  t h e  t y p e s  of differences t h a t  a re  f o u n d .  



1 .1 .1  Harrl~ly ,  Brainsford And Franks - 

I\,~rc*l,ty, Bra~~sford and Franks i n  n large body of work (Bransford, Rarclay 

irnd l'rrwks [ 7 2 ] ,  l 3 n r c l ~ y  [73 ] ,  Bransford and Franks (731 ,  Branrrforrl atld 

Ptt*('*n 1,-11 1 7 4 1  nnd Frn~~ke and Rraneford [ 7 4 ] )  argue for  the c x l e t e n c e  of 

I I  t t c rcy~rcscnt nt  ions indepcndcnt of the surface input, and propose a c t i v e  

11 1 t ' h a i C S  0 1 1 ( ~ 1 1 t  it18 on thc input .  They describe eontencea as Information 

whl(\r is  ttscld by tlrc undcrstnnder  t o  construct a descript-ion of a s i tuat ion.  

F n t11oy c l n i m  tl\r~t the itrformnt ion used to  construct the selnantic 

d t ~ * ~ - l p t  [ o t ~  is not wholly contained i n  the sentences, but that an underatander 

lr is ~rrtsvious knowlcdgc. to  a great e x t e n t .  They do not make any d e f i n i t e  

0 1  s r r 1 1  tlrc Form of the setnant i c  r e p r e s e n t a t  ions. Typica l  

c x l ~ l 1 ~ t t ~ ~ w t : :  pcrformtbd t o  t e s t  thcsc hypotheses c o n s i s t  of recognition or 

r I 1 Q P  I-ompoi~nci rtrntt\ncea 1 ikc: 

I .  T l lr~c  turt lcs r a s t c d  hoaidc u f loat ing  log, and a f i s h  swam beneath 

t 111-in. 

3.  'l'1rrt.c t u r t l m  r ~ 8 t ~ d  on a floating log,  and a f i s h  swam beneath ttiem. 

Tht- plryhi c;\ t s i t t i n t  ion dc~cribod by the  accond sentctlcc i s  essentially the  

t 1 
I f L r o t  thrm" is rcplaccd u i e h  "Jt". T h i s  situation dif fers  from 

t I ) , \  t (it-st.- rl \red i n t lrc f i rs  t sent crlct', howcve r. Whcn s u b  jc ct  s we re p r e s e n t e d  

w t  r 11 .I hcnt c ~ ~ c i \  i n  whicll tllc p ronor11\ substi rut ion had bcrn made, bhosc who had 

I I ( * , I I  tl tlrc* f l rrt scbtrt cl~cc- were able t o  make thc d i s t i n c t  i o n ,  whf Ic those who 

I \\vnrtf I r;ccot\d mnctc no di~tinction. The explanation offered i s  that 

r ; \ ~ l l  j r 'ct  rz i~r;r\cl thc2 t spntinl kt.rowlcdgc t o  crclate s i tuat io t~  d c s c r i p r i o n s ,  and 



when two d i f f e r e n t  s e n t e n c e s  p roduce  t h e  same d e s c r i p t i o n ,  i t  is d i f f i c u l t  t o  

d i s t i n g u i s h  them. 

S i m i l a r  i n v e s t i g a t i o n s  used  a sequence  o f  s e n t e n c e s ,  e a c h  comparing two 

o b j e c t s  f rom a set o f  f i v e  a c c o r d i n g  t o  some d imens ion  (e.g. p o s i t j o n ,  

h e i g h t ,  s p e e d ,  w e i g h t ) .  S u b j e c t s  who knew t h a t  a s i n g l e  s i t u a t i o n  was b e i n g  

described had a be t t e r  memory f o r  t h e  s i t u a t i o n ,  b u t  were less a b l e  t o  

d i s t i n g u i s h  s e n t e n c e s  t h e y  had h e a r d  from t h o s e  i m p l i e d  by t h e  d e s c r i b e d  

s i t u a t i o n .  Once again,  t h e  c o n c l u s i o n  i s  tha t  a n o n - l i n g u i s t i c  r e p r e s e n t a t i o n  

i s  c r e a t e d  when a m e a n i n g f u l  t e x t  i s  u n d e r s t o o d .  

A f i n a l  group o f  s t u d i e s  i n v o l v e d  d e s c r i p t i v e  t e x t s  t h a t  were ambiguous 

o r  d i f f i c u l t  t o  comprehend w i t h o u t  an  a p p r o p r i a t e  c o n t e x t .  The context  might  

be a p i c t u r e  of t h e  d e s c r i b e d  s i t u a t i o n  o r  a mean ingfu l  t i t l e  f o r  t h e  t e x t .  

I n  eve ry  case t h e  r e s u l t s  i n d i c a t e d  t h e  u n d e r s t a n d e r  a t t e m p t e d  t o  b u i l d  a 

d e s c r i p t i o n  of t h e  whole s i t u a t i o n ,  and  when t h i s  was v e r y  d i f f i c u l t  o r  

i m p o s s i b l e ,  comp r e h e n s i o n  was low. ( R e l a t e d  s t u d i e s  by Anderson,  Reyno lds ,  

S c h a l l e r t  and C o e t z  [ 7 6 ]  and S c a l l e r t  [76]  u t i l i z e  t e x t s ,  e a c h  w i t h  two 

t o t a l l y  d i f f e r e n t  meanings. Evidence  is o b t a i n e d  t h a t  one  o r  t h e  o t h e r  

a l t e r n a t i v e  i s  a lmos t  a l w a y s  chosen  f o r  t h e  e n t i r e  t e x t .  The e f f e c t  of 

s u b j e c t s  backgrounds o n  i n t e r p r e t a t i o n s  of  these ambiguous t e x t s  I s  also 

Gtudied ,  and  a c o r r e l a t i o n  between background and chosen  i n t e r p r e t a t i o n  i s  

claimed.  ) 

The p r i n c i p a l  c o n c l u s i o n  of t h e s e  s t u d i e s  is t h a t  t h e  p r o c e s s  of 

u n d e r s t a n d i n g  t e x t  i n v o l v e s  c o n s t r u c t i n g  a c o n s i s t e n t  u n i f i e d  meaning, w l l i  ch 

i s  n o t  s imply  t h e  s e t  of  i n d i v i d u a l  s e n t e n e e  meanings. I t  d i f f c r s  i n  t h h t  
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a d d i t i o n a l  knowledge and orga11ir.n t i 0 1 1  i .; Int rod~iccd by tire ui lderstander.  

1 F r c d e r i k s c n  - 

Frederikscn [75p,  7Sb1 c o n t i n ~ ~ c s  t h i s  l i n e  of t h o u g h t ,  t r e a t i n g  the 

u n d c r q t a n d i n g  of n disccl\irsc as the. scmarlt i c knowlcdgs  that is acquired i n  

l i s t e n i n g  t o  t h e  disco\rrsc.  T h i  r; k n o w l c . ~ l ~ ~ , ~ ~  f o r ~ c q u t r c d  by p r o c e s s e s  t h a t  

u t i l i z e  p r i o r  knowlcdgc,  cont c x t  , c t c. nnd i n c l u d c s  i n f  a rmat  i o n  which i s  

i n f e r r e d  as  well AS that  e x p l i c i t l y  p r c s ~ b ~ ~ t c t l .  F r e d c u i k s e n  also argues thaf: 

t h e  processes  i n v o l v e d  i n  u n d c r s t n n d i n p ,  a d i s c o u r s e  are d i r e q t l y  r e l a t e d  t o  

t h e  p r o c e s s  l i m i t n t i o r ~ s  of t h c  P L ' O C C S S O ~ .  The two processes  that h e  discusses 

are overgcnera1i;cat i o n  and i n f e r t > ~ ~ c r .  Ovc. rgcnci rn l ize t ion  i s  t h e  d i s c a r d i n g  o f  

d e t a i l  i n f o r m a t  i o n  r e s u l t i n g  i n  n more p,th1'icr~1 concep t .  'tie suggests t h a t  

o v e r g e n e r a 1 , i z a t i o n  reduccs  t h e  amcwnt of i n f o r n l o t i o n  t o  be u n d e r s t o o d ,  thus 

r e d u c i n g  t h e  processing Zond on the U I I ~ C  ~ - s t n i \ d e  Inferred i n f o r m a t i o n  is 

i n f a n n a t i o n  which i s  assunlcd t o  hc. t even i f  it- is  not e x p l i c i t l y  present. 

T h i s  p r o c e s s  is  clhimcd t o  reduce t h e  p ruccss ing  l o a d  by e l i m i n a t i n g  t h e  

n e c e s s i t y  of c o m p l e t e l y  a n d c  rst lrndiny, t\vtary sct l te i lce .  FredarAksen per formed 

n e u t r a l  reca l l  c x p c r i m c n t s  nnd r o c t ~ l l  c x l ~ r r i n ~ ~ n t s  i n  wh.lch t h e  c o n t e x t  - t h e  

t a s k  assigwcd t o  t h e  subjc .ct  p r l o r  t o  p l i - : ; c~ i tn t ion  of t h e  story - was changed,. 

H i s  c o n c l u s f o n s  arc that .  ovc r g c n c r ; t l i z , ~ r  1011 rind i n f e r e n c e s  are i n c o r p o r a t e d  

i n t o  t h e  s e m a n t i c  r e p r c s i - n t n t i c r l ~  of t l ~ c b  s t o r y  a s  i t  i s  u t ~ d e r s t o o d ,  and that 

the context can i n f  l u ~ n c c l  t l ~ c  n i i ) o u ~ ~ t  of i n f c  rcnciny, t h a t  i s  done d u r i n g  
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F r e d e r i k s e n  u s e s  a s imple ,  i n £  ormal ly  def  incd seman t i c  rep r e s e n t a t i o n  i n  

the above s t u d i e s .  I t  c o n s i s t s  of  s e t  I n c l u s i o n ,  i d e n t i t y ,  and l o g i c a l  

i m p l i c a t i o n  r e l a t i o n s h i p s  t h a t  hold  among t h e  concepts  of  the  t ex t , .  He 

i n d i c a t e s  t h e  need f o r &  d e t a i l e d  model of t h e  s c i w n t i c  r e p r e s e n t a t i o n ,  and i n  

o t h e r  work, F rede r iksen  [75cJ begin's t o  clef i n e  such a rep  r e s e n t a t i o n a l  scheme. 

H e  p ropcses  t h e  u s e  of two networks:  a  semant ic  network and a log ica l  

network. The semantfc network c o m a i n s  t h e  rep r e s e n t  a t  i o n  of  i n d i v i d u a l  

p r o p o s i t i o n s  wh i l e  t h e  l o g i c a l  network i s  composed o f  r e l a t i o n s  t h a t  h o l d  

between p r o p o s i t i o n s  t h a t  ex i s t  i n  t h e  semant ic  network. ~ r e d e r i k s e n ' s  sys tem 

i s  probably  t h e  most e l a b o r a t e  y e t  proposed  us ing  t h e  b a s i c  i d e a s  o f  case 

grammar r ep resen ted  by semant ic  networks. He begins  w i t h  t h e  fundamental  

i d e a s  of  o b j e c t  and a c t i o n  h i e r a r c h i e s ,  a l though  h i s  are q u i t e  large end 

c o n t a i n  numerous d i s t i n c t i o n s .  He proposes  a system t h a t  d i s t i n g u i s h e s  

s i x t e e n  v e r b ,  c a s e s ,  and a l a r g e  numhc r of r e l a t i o n s  s p e c i f y i n g  states,  

q u a n t i f i c a t i o n  l o c a t i ~ n ,  manner, t ime,  o r d e r ,  p rox imi ty ,  t e n s e  and aspect. 

H i s  l o g i c a l  network c o n s i s t s  of r e l a t i o n s  drawn from p r o p o s i t i o n a l  l o g i c  p l u s  

c a u s a l i t y ,  and h e  proposes  several modal ope ra to r s .  The complexity of t h i s  

p roposa l  gives t h e  impress ion of r e p r e s e n t a t i o n a l  power, b u t  i t  seems t h a t  

F rede r iksen  is  s t i l l  p r i m a r i l y  o r i e n t e d  toward t h e  r e p r e q e n t a t i o n  of 
1 

i n d i y i d u a l  p r o p o s i t i a n s .  Although he shows t h e  r e p r e s e n t a t i o n  of  s imp le  t ime 

and c a u s a l l y  ordered a c t i o n s  sequences,  he  h a s  not  y e t  demonstra ted t h e  

adequacy of  h i s  system f o r  t e x t ,  i n  gerlerdl. And, he  h a s  u t i l i z e d  a number of  

elements of q u a n t i f i e d  modal l o g i c  w i thou t  demons t ra t ing  t h e i r  u s e f u l n e s s  for 

model l ing human unders tanding  of d' iscoursc. H i s  d i s c u s s i o n s  d o  r a i s e  a  number 

o f  i n t e r e s t i n g  q u e s t i o n s  about  r e p r e s e n t a t i o n ,  and c e r t a i n l y  d e s e r v e  
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c o n s i d e r a t i o n  i n  t h e  development of  any s e t  of semant ic  t y p e s  and r e l a t ~ o n s .  

1 1 3  Kin tsch  - 

K i n t s c h  [74] C reviewed by van D i  jk [75bJ ) a t t e m p t s  t o  s e t  f o r t h  a f a i r l y  

comple te  t heo ry  of  langudge unders tanding .  Kin tsch ' s  b a s i c  rep r e s e n t a t i o n a l  

u n i t  i s  t h e  p r o p o s i t i o n ,  and h e  i n c l u d e s  d i s c u s & i o n  of t h e  u s u a l  d i f f i c u l t  

problems o f  d e f i n i t e n e s s  ( i n c l u d i n g  g e n e r i c  v e r s u s  s p e c i f i c  d i s t i n c t  i o n s )  o f  

noun p h r a s e s ,  q u a n t i f i c a t i o n ,  modal i ty ,  i m p l i c e t i a n  and p re suppos i t i on ,  

l o c a t i o n ,  time and t ense .  He proposes  a t e x t  b a s e  which u n d e r l i e s  d i s c o u r s e s ,  

b u t  h i s  r ev i sed  and e l a b o r a t e d  thought  on t h i s  is  d i scussed  i n  S e c t i o n  1.2. 

,Me, d e s c r i b e s  a model of d i s c o u r s e  p r o c e s s i n g  i n  which h e  makes a d i s t i n c t i o n  

between e p i s o d i c  and semant ic  memory, a r g u e s  t h a t  t h e  p rocess ing  o p e r a t i o n s  

must  be  w e l l  d e f i n e d  (he  s u g g e s t s  p a t t e r n  matching and completion,  a b s t r a c t i o n  

a n d  g e n e r a t i o n )  and a r g u e s  t h a t  r e c a l l  i s  e s s e n t i a l l y  a d i f f e r e n t  p m c e s s  from 

r e c o g n i t i o n  i n  t h a t  r e c a l l  r e q u i r e s  i n p u t  o r g a n i z a t i o n  w h i l e  r e c o g n i t i o n  does 

n o t ,  

K in t sch  r e p o r t s  a  number of exper iments  under taken  t o  t e s t  a s p e c t s  of h;i$ 

theory.  One conc lus ion  t h a t  he reaches  i s  t h a t  t h e  semant ic  r e p r e s e n t a t i o n  is 

p a r t i a l l y  independent  of t h e  a c t u a l  i n p u t  sen tences .  One k ind  o f  experiment 

performed t o  test t h i s  was t h e  performance of  a cammsn task by s u b j e c t s  who 

had read s u b s t a n t i a l l y  t h e  same m a t e r i a l  bu t  i n  forms o t  va ry ing  comnlexity. 

In o t h e r  exper iments  h e  n o t e s  t h a t  s en tences  c o n t a i n i n g  m u l t i p l e  p r o p o s i t i o n s  

a r e  much l e s s  l i k e l y  t o  be r e c a l l e d  (completnly)  t h a n  are s i n g l e  p r o p o s i t i b n  

sen tences .  T h i s  a l s o  s u p p o r t s  t h e  i d e a  of an undc t ly ing  r e p r e s e n t a t i c n .  A 
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r e l a t e d  conclusion i s  t h a t  t h e  agent of a p r o p o s i t i o n  i s  t h e  most l i k e l y  case 

t o  be reca l led .  However, Kintsch d i d  f i n d  t h a t  i n  p a s s i v e  sen tences ,  t he  

s u b j e c t ,  r a t h e r  than t h e  agent ,  was t h e  most l i k e l y  t o  be kecal led.  A final 

conclusion conce ms t h e  presence of i n f e r r e d  i n £  ormation i n  memory. Kin t sch  

found t h a t  immediate r e c a l l  showed some d i f f e r e n c e  between i m p l i c i t  and 

e x p l i c i t  p ropos i t ions ,  b u t  t h a t  a f t e r  twenty minutes o r  more the d i f f e r e n c e  

had disappeared and t h e  two were i n d i s t i n g u i s h a b l e  t o  t h e  s u b j e e t .  An 

i n t e r e s t i n g  side result was t h e  d i s t i n c t  d i f f e r e n c e  i n  reading  and r e c o g n i t i o n  

times f o r  argumentative versus d e s c r i p t i v e  discourse .  The argumentat ive 

d i s c o u r s e  required s i g n i f i c a n t l y  more time i n  both tasks.. K in t sch  also 

i n c l u d e s  r eac t ion  time experiments t o  s tudy p r o p o s i t i o n  r e t r i e v a l ,  

deterruin-ation of t h e  t r u t h  o r  f a l s i t y  of g e n e r a l  p r o p o s i t i o n s  and p rocess ing  

of complex l e x i c a l  i t ems b u t  t h e s e  w i l l  not be discussed.  

1.1.4 Thorndyke - 

Addi t iona l  i n v e s t i g a t i o n b  on t h e  r o l e  of i n f e r e n c e  i n  unders tanding  t e x t  

h a v e  been c a r r i e d  ou t  by Thorndyke [76]. H e  u s e s  compound sen tences  a s s e r t i n g  

a causa l  connection which is  not f a m i l i a r  o r  obvious. For example: 

The hamburger chain owner was a£ r a i d  t h a t  h i s  love  f o x  f rench f r i e s  would 
ruin h i s  marriage. 

Sentences  l i k e  these are imbedded i n  a meaningful t e x t ,  and a r e  followed l a te r  

i n  t h e  t e F t  by a con t inua t ion  sentence  which r e f e r e n c e s  t h e  p r e v i o u s l y  

mentioned re l a t ionsh ip .  T h i s  con t inua t ion  sentence  might be n e u t r a l  l i k e  
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He dec ided  t o  see a mar r iage  c o u n s e l o r  i n  o rde r  t o  save h i s  marriage.  

o r  i t  might encourage one pa r t i cu l a r  e q l a n a t c r r y  inference l i k e  

He dec ided  t o  j o i n  weight  wa tche r s  i n  o r d e r  t o  s a v e  h i s  marri ~ g e .  

which s t r o n g l y  suggests t h e  i n f e r e n c e  

H e  is f a t  from e a t i n g  Erench f r i e s .  

Thorndyke uses r e c o g n i t i o n  tests a f t e r  t h e  p r e s e n t a t i o n  of t h e  story t o  

compare i n f e r e n c e s  t h a t  have been r e i n f o r c e d  by a c o n t i n u a t i o n  s e n t e n c e  w i t h  

neutral and inapp  rop r i a t e  i n f e r e n c e s .  H e  found t h e  r e i n f o r c e d  i n f e r e n c e s  much 

more l i k e l y  t o  be  recognized  as  p a r t  of She t e x t  t h a n  t h e  n e u t r a l  i n f e r e n c e s ,  

w h i l e  r e c o g n i t i o n  of i n a p p r o p r i a t e  i n f  e r e n c ~ s  was v e r y  u n l i k e l y .  

Thorndyke s u g g e s t s  t h a t  a l t hough  t h i s  ev idence  i n d i c a t e s  t h a t  inferences 

a re  made and s t o r e d  as p a r t  of the unde r s t and ing  of  a t e x t ,  a more impor tan t  

impl icaOion e x r s t s .  T h i s  i s  that t h e  r o l e  of i n f e r e n c l  ng i s  t o  a i d  i n  t h e  

4n tegre t io t . r  of new i n f o r m a t i o n  i n t o  tble l a r g e r  framewi3tk of the unde r s t and ing  

o,f a t e x t  when n o  a p p r o p r i a t e  unde r s t and ing  could  be ob ta ined  from only the 

explicitly s t a t e d  in format ion .  

1.2 The S t r u c t u r e  O f  D i s c o u r s e  Conten t  

At tempts  t o  c h a r a c t e r i z e  t h e  c o n t e n t  of t e x t  n e c e s s a r i l y  lead t o  a 

s t r u c t u r i n g  of  t h a t  con ten t .  S imple  one-dimensional r e p r e s e n t a t i o n s  i n  which 

p r o p o s i t i o n s  a r e  connected on ly  by co- re fe rence  o r  by time o r  c a u s a l  o r d e r i n g  
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a r e  adequate  f o r  on ly  a r e s t r i c t e d  class of t e x t s .  The fo l lowing  s t u d i e r  all 

p ropose some type of mult i - leve l  r e p r e s e n t a t i o n  of  con ten t .  

I t  seems a p p r o p r i a t e  t o  beg in  a d i s c u s s i o n  of memory s t r u c t u r e  w i t h  

B a r t l e t t  [32] s i n c e  he  i s  o f t e n  r e f e r e n c e d  as t h e  o r i g i n a t o r  of  s e v e r a l  

cu rrent ly  p o p u l a r  hypotheses.  I t  shou ld  be remembered tha t  Bart1 et t was 

concerned with memory i n  g e n e r a l  and t h e  phenomena a s s o c i a t e d  w i t h  r e c a l l ,  and 

did,  n o t  r e s t r i c t  h imse l f  t o  t h e  s tudy  of  d i s c ~ u r s e .  His p x i n c i p l e  c o n c l u s i o n s  

were t h a t  memories a r e  no t  s to red  i n  i s o l a t e d ,  s t a t i c  u n i t s ,  and t h a t  exact 

reca l l  is very rare. \In f a c t ,  he o f t e n  found cases of g r o s s  d i s t o r t i o n s  i n  

the reca l l  of h i s  s u b j e c t s .  H e  s u g g e s t s  t h a t  i n s t e a d ,  memory i s  composed of a 

number of a c t i v e ,  o rgan ized  masses of past r e a c t i o n s  and experiences, which he 

d e s i g n a t e s  schemata, and a s m a l l  amount o f  o u t s t a n d i n g  d e t a i l -  Remembering i s  

s e e n  as  a c o n s t r u c t i v e  process s t r o n g l y  a f f e c t e d  by memories o t h e r  t h a n  t h e  

one be ing  r e t r i e v e d .  H i s  ideas of o r g a n i z a t i o n  beyond t h e  s e n t e n c e ,  of 

s t o r a g e  of  something other t h a n  a c t u a l  i n p u t  s e n t e n c e s ,  and of a c t i v e  

p r o c e s s e s  t h a t  modify t e x t  p r i o r  t o  i t s  rep roduc t ion  i n  r e c a l l  a r e  a l l  

currently en joying w j d e  acceptance.  
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li).2.2 C r o t h e r s  

Crotbhers 1721 i s  concerned w i t h  t h e  r e c a l l  of short, e x p o s i t o r y  

p a r a g r a p h s  containin!:. m a t e r i a l  not l i k e l y  t o  be f a m i l i a r  t o  his subjects ,  He 

p r e s e n t s  r e s u l t s  obtained w i  t l l  paragraphs  about  hebulae. He proposes  t h e  

e x i s t e n c e  of a semantic r e p r e s e n t a t i o n  u n d e r l y i n g  any p a r t i c u l a r  d i s c o u r s e  

which c o n t a i n s  t h e  rncal~lng of t h e  d i s c o u r g e ,  but, does  not  r e f l e c t  t h e  d e t a i l s  

of the s u r f a c e  form of the t e y t .  Thus, a s i n g l e  s eman t i c  r e p r e s e n t ~ t i o n  might 

u n d e r l i e  numerbus a c t u a l  d i s c o u r s e s .  H i s  semant ic  r e p r e s e n t a t i o n  assumes a 

c o n c e p t u a l  taxonomy showing t h e  r e l a t i o n s h i p  of  each known concept  t o  i t s  

s u p e r o r d i n a t e  concept  (i.e. the f a m i l i a r  semantic h i e r a r c h y ) ,  b u t  h e  does not  

p r o v i d e  d e t a i l s  on t h i s .  H e  also proposes  an a d d i t k o n a l  set of h i e r a r c h i e s  

showing t h e  r e l a t i o n s h i p s  of t h e  c o n c e p t s  i n  a p a r t i c u l a r  d i s cou r se .  F o r  

example, t he  fo l lowing:  

means t h a t  a nebu la  i s  e i t h e r  seen o r  i t  i s  n o t  s een ,  where a l l  of t h e  

c o n c e p t s  a r e  d e f i n e d  on t h e  concep tua l  graph. C r o t h e r s  does  n o t  c a r e f u l l y  

d e f i n e  h i s  n o t a t i o n ,  s o  i t  i s  ~ o t  c l e a r  e x a c t l y  what may o r  may n o t  occu r  at  a 

node, P r i m a r i l y ,  concep ts  (words) or c o n n e c t i v e s  are used (e.g. NEBULA. I S  

AND, OR, WHY). S i n c e  hc d e a l s  on ly  w i t h  e x p o s i t o r y ,  d e s c r i p t i v e  material h e  

f i n d s  no need t o  r ep resen t  a c t i o n s  o r  t i m e ,  C r o t h e r s  performed r e c a l l  

e x p e r i m e n t s  on two d i f f e r e n t  v e r s i o n s  of t h e  same m a t e r i a l ,  and arrives a t  

t h r e e  conc lus ibns .  F i r s t ,  he conc ludes  t h a t  t h e  s u r f a c e  paragraph  * s  no t  a 
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-fieant f a c t o r  i n  r e c a l l ,  thus  arguing f o r  a surface-independent semantic  

repnsentation f o r  t h e  paragraphs. H i s -  last two conclusions are nega t i ve  

xejecting hypotheses he had previously suggested. The f i r s t  of t h e s e  i s  t h a t  

superordinate nodes i n  t h e  meaning of  t h e  paragraph w i l l  be r eca l l ed  more 

frequently than subordinate  nodes. The second r e j ec t ed  hypo thes i s  is  t h a t  

i a f o r a a t i o n  not  d i r e c t l y  connected t o  t h e  most superord ina te  pode of t h e  

paragraph I& lese l i k e l y  t o  be r eca l l ed  t han  information t h a t  is connected. 

Since h i s  r e s u l t s  do not  support  e i t h e r  of t he se  hypotheses,  Crothers  sugges t s  

tbat other va r i ab l ea ,  such as frequency o f  concepts, are probably a l s o  of 

irportance. 

1.2.3 Grimes And Meyer - 

Grimes [ 7 5 ]  h a s  proposed an extended case  grammr supplemented wi th  what 

he calls rhetorical p red i ca t e s ,  which are higher-order  p r e d i c a t e s  t h a t  t a k e  

other propos i t ions  as t h e i r  arguments. H e  subdivides r h e t o r i c a l  p r e d i c a t e s  

i n t o  t h r e e  groups: p a r a t a c t i c ,  hypo tac t i c  and n e u t r a l ,  Pa r a t ae t  ic  p r e d i c a t e s  

always t a k e  arguments of equal  weight (i. e. no argument is  subordinate  t o  any 

other argument). Hypotact ic  p r ed i ca t e s  have one dominant argument, t o  which 

t h e  o the r s  are ,subordinate. Neut ra l  p r ed i ca t e s  may be used as e i t h e r  

p a r a t a c t i c  o r  hypo tac t i c  predicates .  The following is  a l ist  of  some of t h e  

r h e t o r i c a l  p red ica tes  proposed by G r i m e s ,  and t h e i r  b a s i c  meaning: 



P a r a t a c t i c  p r e d i c r t e s  

ALTERNATIVE o 

RESPONSE - 

Hypotac t ic  p r e d i c a t e s  

ATTRIBUTION o 

EQUIVALENT 

SPECIFIC 

EXPLANATION 

ANALOGY - 

Neutral p r e d i c a t e s  

COLLECTION - 

Options,  o r  

Quest ion and answer, problem and 

s o l u t i o n  

Gives q u a l i t i e s  of t h e  dominant 

p r o p o s i t i o n  

Gives restatement of  the domiriafit 

p r o p o s i t i o n  

Gives more s p e c i f i c  i n f o m a t i o n  

about  a g e n e r a l  dominant 

p r o p o s i t i o n  

Gives  an a b s t r a c t  e k p l a n a t i o n  for 

t h e  s p e c i f i c  dominant 

p r o p o s i t i o n  

Gives an analogy t o  suppor t  the 

dominant p r o p o s i t i o n  

L i s t  of e lements  related i n  some 

u n s p e c i f i e d  way 

C a u s a l i t y ,  an an tecedent  and 

consequent 

Meyer [75] uses Grimes' r h e t o r i c a l  p r e d i c a t e s  and most of his case- 

grammar t o  create analyses of paragraphs s h e  uses i n  r e c a l l  experiments. F o r  

example: 
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RE SP ON-S E 

PROBLEM 

COLLECTION 

need t o  gene rate elect ri c power 

p t ~ t e c t  envi ronment 

rational u t i l i z a t i o n  of natural resources 

SOLUTION 

breeder reactors 

would be the e s s e n t i a l s  of an analysis of a paragraph which stated that  the 

need t o  generate e l e c t r i c  power while protecting the environment and 

rationally u t i l i z i n g  natural resources i s  a problem which breeder reactors 

solves.  Meyer indicates  the hierarchical  structure through the use  of 

indentation. Since the rhetorical  predicates i n  the above example were 911 

paratactic, nb indentation was used. However, the following example: 

f i n i t e  reserves of natural resources 

SPECIFIC 

COLLECTION 

coal 

o i l  

gas 

shows the subordination of the s p e c i f i c  set  of resources t o  the generaJ idea. 

 eyer's analyses of expository paragraphs using t h i s  scheme always follow the 

author's organizational st rvcture and always result i n  a purely hierarchical  

structure like those depicted above Meyer a l s o  recognizes class of 

sentences that can occur i n  expository paragraphs, but do not contribute any 
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content t o  the passage. She  c a l l s  these> s i g n a l l i n g  because t h e i r  f u n c t i o n  is. 

t o  e x p l i c k t l y  i n d i c a t e  t h e  s t r u c t u r e  of the  passage. She no tes  f o u r  t y p e s  of 

s i g n a l l i n s  

1. ~ ~ e c i f i c a t i b n  of t h e  s t r u c t u r e  (e. g. "Two op t ions  exist. ' ' )  

2. Prematurely revealed informat ion  abstracted f r o m  t h e  remainder of t h e  

passage ( e m  go "The a l t e r n a t i v e s  are s o l a r  energy, n u c l e a r  energy,  

geothermal energy aad l a s e r  fusion energy. ") 

3. Summary s t a t ement s  

t t 4. P o i n t e r  words (e .g.  unfor tunate ly" ,  "an impdrtant  p o i n t  is") 

Meyer conducted r e c a l l  exper iments  vary ing  t h e  p o s i t i o n  of c e r t a i n  material i n  

t h e  content hierarchy of passages ,  and i n c l u d i n g  o r  omi t t ing  certain 

s ~ g n a l l i n g  i n £  o m a t  ion. H e r  p r i n c i p l e  conclusion is t h a t  material 

s t r u c t u r a l l y  higher i n  t h e  con ten t  h ie ra rchy  i s  remembered s u b s t a n t i a l l y  

b e t t e r  than i d e n t i c a l  in format ion  p l a c e d  l o w e r  i n  the h ie ra rchy  in a n o t h e r  

passage.  She a l s o  n o t e s  t h a t  passages with  i d e n t i c a l  s t r u c t u r e  but  t o t a l l y  

d i f f e r e n t  content  e x h i b i t  very s i m i l a r  patterns of r e c a l l  a t  the h i g h e r  

leve$s.  However, a t  t h e  lower  l e v e l s ,  t h e  p a t t e r n  of r e c a l l  v a r i e d ,  

i n d i c a t i n g  content  dependence. I n  regard t o  s i g n a l l i n g ,  she  concludes t h a t  i t  

has very  l i t t l e '  e f f e c t  a t  t h e  top  l e v e l ,  b u t  seems b e n e f i c i a l  a t  t h e  middle 

levels. 
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I n  regard t o  a t h e o r e t i c a l  explanat ion of why t h e  highest i deas  a r e  

reca l led  bes t ,  Meyer suggests  th ree  proposals  and  p o i n t s  out  the weaknesses of 

each. F i r s t ,  lower proposi t ions  might be subsumed by h iehe r  ones wi th  the 

passage of time. Immediate r e c a l l  experiments s h w  t h a t  t h e  phenomenon occurs 

even without  a time lapse, however. Secondly, a t  is  poss ib l e  t h a t  a l l  

p ropos i t ions  are stored b u t  t h a t  r e t r i e v a l  i s  e a s i e r  a t  the h ighe r  levels. 

She c r i t i c i z e s  t h i s  proposal because even cued r e c a l l  experiments were unable 

t o  r e t r i e v e  t h e  lower proposi t ions.  F i n a l l y ,  perhaps only h igher  i deas  are 

ever stored. But h e r  r e s u l t s  show t h a t  t h e  lose of lower level  p ropos i t ions  

begins immediately, but  continues w i t h  time a t  a more rapid  rate than f o r  the  

h igher  l e v e l  proposit ions.  Meyer suggests  t h a t  probably some combination of 

these processes is  occurring, as  well a s  o t h e r  processes s e n s i t i v e  t o  t h e  

s t r u c t u r e  of t h e  passage as a whole. 

1 . 2 4  Kintsch And Van Dijk - 

Kintsch and van Dl jk (van D i  jk [74,7Sa,76], van D i  jk and Kintsch 

[forthcoming] and Kintsch and van Di jk [76]) present  a model f o r  t h e  

organizat ion of discourse as whole, and a  number of (sometimes informal)  

experiments attempting t o  v a l i d a t e  t he  model. Beginning a t  the lowest level, 

a discourse representa t ion  c o n s i s t s  of a  s e t  of proposit ions.  A d i s t i n c t i o n  

i s  made between two d i f f e r e n t  types  of representa t ion ,  callCd t e x t  bases ,  a s  

t o  whether a l l  implied information is made e x p l i c i t  o r  whether  i t  i s  l e f t  

impl ic i t .  The notion of coherence is  introduced, which i s  the  proper ty  t h a t  

d i s t i ngu i shes  a  discourse from a random set  of sentences,  R e f e r e n t i a l  
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iden t i ty  has been auggqsted a s  a  major  tes t  of  coherence,  bu t  i t  i e  n o t  an 

adequa te  d e f i n i t i o n  ( s e e  d i s c u e s i o n  o f  coherence and Bellert's p r o p o s a l s  i n  

Section 3) .  Kin t sch  and van D i  j k  a rgue  t h a t  coherence is more accurately- 

captured b y  the requirement t h a t  each p r o p o s i t i o n  of  t h e  t e x t  base be  

connec ted  w i t h  one o r  more p reced ing  p r o p o s i t i o n s .  P r o p o s i t i o n s  are connected 

i f  one is a c o n d i t i o n  f o r  the o t h e r ,  with t h e  s t r e n g t h  of  t h e  connectfon 

ranging from p o s a i b l e  t o  necessary .  Thus, an  e x p l i c i t  t e x t  b a s e  i s  one 

c o n t a i n i n g  a l l  of  t h e  p r o p o s i t i o n s  neces sa ry  f o r  coherence,  wh i l e  an i m p l i c i t  

t e x t  base i s  one w i t h  some of  t h e s e  p r o p o s i t i n n s  de l e t ed .  The d e l e t e d  

p r o p o s i t i o n s  are t h o s e  t h a t  can be assumed known o r  which normal ly  would be 

i n f ~ r r e d  by t h e  unde rs tande r. D i f f e r e n t  t y p e s  o f  d i s c o u r s e  would have 

d i f f e r e n t  rules govern ing  t h e  d e l e t i o n  of  p r o p o s i t i o n s .  F o r  example, casual 

conve r g a t i o n  would a l l o w  more d e l e t i o n  thari c a r e f u l  argumentat ion.  

The t e x t  base  i s  organized  h i e r a r c h i c a l l y  under  macro-s t r u c t u r e s ,  which 

are higher  brde  r p r o p o s i t i o n s .  Macro-st ructures may be related t o  t h e i r  

p r o p o s i t i o n a l  arguments by a number of macro-rules. Four  of t h e s e  rules are 

suggested.  =The f i r s t ,  i n f o r m a t i o n  reduc t ion ,  i s  a rule of g e n e r a l i z a t i o n  

which would e x p l a i n  the existence of t h e  macro-structure 

John is ill, 

which had as  i t s  arguments p r o p o s i t i o n s  l i k e  

John  has  a feve r. 

John has t h e  f l u .  

The second rule, d e l e t i o n ,  would e x p l a i n  t h e  r e l a t i o n s h i p  between 



P e t e r  saw a b a l l .  

and i t s  s u b o r d i n a t e  p r o p o s i t i o n s  

P e t e r  saw a b a l l .  

The b a l l  wSas blue. 

The t h i r d  r u l e ,  i n t e g r a t i o n ,  combines a c e n t r a l  even t  w i t h  i t s  normal 

pre -cond i t i ons ,  r e s u l t s  and component a c t i o n s .  Thus  

John went t o  P a r i s .  

might  have as i ts  arguments 

John took a cab T O  t h e  s t a t i o n .  

H e  bought t i c k e t s .  

H e  went t o  P a r i s .  

The f o u r t h  rule, c o n s t r u c t i o n ,  explains t h e  r e l a t i o n s h i p  between a complex 

f a c t  and i ts  component p a r t s .  F o r  example, t h e  macro-s t ruc ture  

P e t e r  b u i l t  a house, 

might have as i ts  arguments t h e  event  sequence 

P e t e r  l a i d  a foundation.  

P e t e r  b u i l t  walls. 

P e t e r  b u i l t  a roof. 

I n  g e n e r a l ,  two c o n d i t i o n s  ho ld  f u r  a l l  macro-s t ructures .  F i r s t ,  the 
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macro-st ructure  must be  semant l c a l l y  implied by i t s  micro-s t ructure  (i.e. i t s  

p r o p o s i t i o n a l  arguments).  T h e  exac t  meaning of t h e  term impl ica t ion  is not  

c l e a r l y  s t a t e d  by Kintsch and van D l j k ,  They sometimes r e f e r  t o  i t  as 

en ta i lmen t  and t r e a t  i t  a s  a formal l o g i c a l  r e l a t i o n ,  but  a t  o t h e r  times say 

t h a t  i t  i s  not l o g i c a l  i n  the s t r i c t  sense. I n  any case ,  i t  is  c l e a r  that  

t h e r e  are semantic rules o r  s t r u c t u r e s  t h a t  al low c r e a t i o n  of macro-~tructures 

such a s  those above. Thc second coqd i t ion  is t h a t  t h e  sequence of 

macro-st r u c t u r e s  r ep resen t ing  a coherent t e x t  base must itself be coherent.  

R e c a l l i n g  t h e  d e f i n i t i o n  of koherence, t h i s  implies tha t  no macro-structure 

may d e l e t e  information contained i n  i t s  micro-s t ruc ture  which fs a c~ndition 

f o r  a n o t h e r  macro-structure An important  consequence of t h i s  i s  t h a t  t h e  

macro-s t ructures  06. a ttext, taken by themselves, form a coherent summary of 

t h a t  t e x t .  

A f i n a l  component of a tept r ep resen ta t ion  i s  the s p e c i f i c a t i o n  of the  

£om o r  s t r u c t u r e  of t h e  d i scourse ,  bu t  d i scuss ion  of this proposa l  w i l l  be 

postponed u n t i l  Sec t ion  2. The i r  i n v e s t i g a t i o n s  a r e  p r imar t ly  w i t h  n a r r a t i v e  

t e x t ,  and they c a l l  t h e  n a r r a t i v e  s t r u c t u r e  a  schema. 

Kintsch  and v a n 4 i  jk shggcst t h a t  the concept of -na r ra t ive  st-ructure 

coabined with the i dea  of macro-structures leads them t o  the fo l lawing 

hypotheses  r ega rd ing  co~np rehension and r e c a l l  of n e r i a t i v e -  Ffrs t 

macro-structures are p r imar i ly  w h a t  i s  s t o r e d  when a t e x t  i s  understood. 

R e c a l l  u ses  macro-s t ructures  a s  a s t a r t i n g  poin t  i n  r e t r i e v a l ,  and summaries 

d i r e c t l y  re f lec t  the  nlacro-st ruc tures .  Secondly, s i n c e  macro-st ructures a r e  

e s s e n t i a l  t o  comprehension, they must be cons t ruc ted  a t  t h e  time of reading. 
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F i n a l l y ,  a narrative schema is necessary for the organization of the  t e x t  

representation. Kintsc l l  and van Di jk  have done a number of summary, recall 

and o ther  experiments to test these  hypotheses. Most use  a 1600 word t e x t  

from - The ------..-- Decamcrot~. I n  reca l l  experiments, the propositions corresponding t o  

the macro-st ructures were found to  be  recalled most often,  and were very 

unl ike ly  to d i s a p p e a r  i n  delayed r e c a l l  (nine days l a t e r ) .  Xn contrast, many 

o t h e r  p r o p o s i t i o i ~ s  r e c a l l e d  immediately w e r e  omit ted  i n  t h e  delayed recall, 

The propositions most l i k e l y  t o  be  r e c a l l e d  have t h e  following functions: 

1,  Introduce main characters 

2 ,  Give major goals of characters 

3. Descr ibe  ac t ions  leading  t o  t h e s e  goals 

4. Describe events occurring t o  t h e s e  characters  l eading  to  or from 

t h e i r  goals 

whi l e  proposit ions having the following func t ions  are l i k e l y  to  be forgotten: 

1, Sctting descr ipt ion 

2. Prepnratoq act ions 

3. Mental a c t i o n s  

4. Comp oncnt act i o n s  
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5. P r o b a b l e  consequences  of an act  i on  o r  a n  even t  

6. Me ta -na r r a t i ve  s t a t e m e n t s  by t h e  a u t h o r  

Summarizing expe r imen t s  showed t h b t  summaries of t h e  s t o r y  *wet.e very much 

l i k e  d e l a y e d  recall.  When a  summary was w r i t t e n  a f t e r  p r e s e n t a t i o n  of  each 

successive p a r t  of t h e  s t o r y ,  fo l lowed immediate ly  by a complete summary, 

p r o p o s i t i o n s  were i n c l u d e d  Fn t h e  p a r t i a l  summaries t h a t  were o m i t t e d  i n  t h e  

f i n a l  summary. A f l n a l  group of r e c a l l  expe r imen t s  compared recal l  of  a 70 

word paragraph  i n  i s o l a t i o n ,  t o  cued r e c a l l  o f  t h e  same paragraph  imbedded i n  

ran 85O word t e x t .  S u r p r i s i n g l y ,  t h e  r e c a l l s  were a lmos t  i d e n t i c a l  But when 

t h e  e n t i r e  text was r e c a l l e d ,  t h e  r ep roduc t ion  of  t h e  p a r t i c u l a r  paragraph  wa8 

much smaller and less  a c c u r a t e  t h a n  i n  t h e  f i r s t  two cases.  T h e i r  conc lus ions  

from these r e s u l t s  axe t h a t  t h e  r e c a l l  o f  s m a l l  amounts of t e x t  is  a d i f f e r e n t  

p r o c e s s  from t h e  r e c a l l  of  a long  t e x t ,  t h a t  r e c a l l  o f  a long  t e x t  relies . on 

t h e  mac ro - s t ruc tu re  of t h e  t e x t  a s  a means of o r g a n i z i n g  t h e  t e x t ,  t h a t  t h e  

micro-s t  r u c t u r e  i s  f o r g o t t e n  much more e a s i l y  and t h a t  summarizing i s  based on 

t h e  macro-stcructuxe. 

F i n a l l y ,  some exper iments  were done i n  which i n c o r r e c t  summaries w e r e  

p r e s e n t e d  p r i o r  t o  t h e  p r e s e n t a t i o n  of t h e  s t o r y .  These were found t o  have 

p r a c t i c a l l y  no i n f l u e n c e  on t h e  f i n a l  unde r s t and ing  o'f t h e  s t o r y ,  and t h e  

s u b j e c t s  were unable  t o  a c c u r a t e l y  r e c a l l  t h e  i n c o r r e c t  summaries. 
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1.3 Some Conside r a t i  on's Regarding Memory Exper iments  

Before  a t t e m p t i q g  t o  d e s c r i b e  an i n f o r m a l  madel based upon these 

hypotheses  and expe r imen ta l  r e s u l t a ,  some g e n e r a l  criticisms o f  memory 

exper iments  exp ressed  by S p i r o  [ 751 dese rve  cons ide ra t ion .  spire's p r i n c i p l e  

argument is  t h a t  r e c a l l  c o n s i s t s  of a c t i v e  r e c o n s t r u c t i o n  p rocesses ,  r a t h e r  

t han  pas s ive  p r o c e s s e s  which merely reproduce t h a t  which was s t o r e d  st the 

time of comprehension. H i s  g e n e r a l  p o s i t i o n  i s  t h u s  much l i k e  t h a t  of 

Bart let t ,  and h e  Observes t h a t  almo3t a l l  e x p e r i m e n t e t s  s i n c e  Bartlett have 

f a i l e d  t o  r e p l i c a t e  h i s  f i n d i n g s  of s i g n i f i c a n t  e r r o r s  i n  r e c a l l .  As a 

r e s u l t ,  p s y c h o l o g i s t s  have tended t o  concent  rate on t h e  process of 

unders tanding ,  o r  c o n s t r u c t i o n ,  and have  t r e a t e d  r e c a l l  a s  somethihg of  a 

s imp le  r e t r i e v a l  process .  S p i r o  a r g u e s  t h a t  f o r  r e c o n s t r u c t i v e  e r r o r s  t o  

occur ,  i t  i s  necessary  t h a t  t h e  i n p u t  be  unders tood  i n  terms of  some 

p r e e x i s t i n g  schema. Any t e x t  t h a t  r e s u l t s  i n  t h e  c r e a t i o n  of  a new achema 

would n o t  b e  s u b j e c t  t o  t h e  same k ind  of e f f e c t s  of p r e v i o u s  knowledge. The 

i n t e r f e r e n c e  caused by t h e  p re -ex i s t ence  o f  schemata is  even more pronounced 

i f  o t h e r  u s e s  of t h e  schema are made between t h e  time of comprehension and t h e  

time of r e c a l l .  S p i r o  a l s o  p o i n t s  o u t  t h a t  any expe r imen ta l  s u b j e c t  would be 

u n l i k e l y  t o  i n t e g r a t e  material read o r  h e a r d  i n  an exper iment  i n t o  h i s  g e n e r a l  

knowledge s i n c e  i ts  t r u t h  and sou rce  a r e  unknom. T h i s  coupled w i t h  t h e  

d e s i r e  t o  perform w e l l ,  could  e a s i l y  r e s u l t  i d  a cons ide rab ly  modif ied p r o c e s s  

of  unders tanding  t e x t  i n  exper imenta l  s e t t i ngs . .  S p i r o  performed a number of 

r e c a l l  exper iments  which suppor t  h i s  hypothes i s .  He used  text abou t  

i n t e r p e r s o n a l  r e l a t i o n s h i p s  and i n s t r u c t e d  t31e s u b j e c t s  t h a t  t h e  exper iment  

was concerned wi th  t h e i r  r e a c t i o n s  t o  t h e  i n c i d e n t s  d e s c r i b e d ,  t h u s  maximally 
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i n v o l v i n g  t h e i r  p re -ex i s t ing  s t rue ru rea  i n  t h e  unders tanding process. S p i r o  

found s u b s t a n t i a l  e r r o r s  i n  t h e  subjects recal , l~ ,  which he  exp la ine  as the 

e f f e c t  of i n t e r a c t i o n  w i  ti1 prc-cxisting s t r u c t u r e s  f o r  i n t e r p e r s o n a l  

r e l a t i o n s h i p s .  (Kintsch and van D i j k  [75]  found similar r e s u l t s  u s i n g  s t o r i e s  

from the  Bible . )  S p i r o  concl r~des  t h a t  most t e x t  r e c a l l  exper iments  have not 

shown t h e s e  e f f e c t s  because they d i d  not  meet t h e  requi red  cond i t ions ,  b u t  

f r e q u e n t l y  involved the p r c s c n t a t i o n  of m a t e r i a l  t h a t  was t o t a l l y  new and 

which was kept i s o l a t e d  by t h e  sub jec t .  These c r i t i c i s m s  not only are 

r e l e v a n t  t o  the ques t ion  of c o n s t r u c t i o n  v e r s u s  r e c o n s t r u c t i o n ,  b u t  a l s o  t o  

i n f e r r i n g  d i s c o u r s e  organf z a t i o n  f rofn r e c a l l  experiments,  and i n d i c a t e  that  

one must be very c a u t i o u s  i n  g e n e r a l i z i n g  from t h e  results of text  recall. 

experiments  due  t o  t h e  many i n t e w c t i o n s  between t h e  s u b j e c t ' s  knowledge, the 

exper imenta l  s e t t i n g ,  t h e  type and content  of  t h e  tex t  and t h e  

ex t ra-exper imenta l  effects ( o r  lack of them) i n  long term experiments. 

1.4 Discuss ion  And Conclusions 

A g r e a t  deal of agreement i s  seen in t h e  preceding  s tudies .  The idea 

t h a t  the  meaning of a text d i f f e r s  from t h e  meaning of its i n d i v i d u a l  

sen tences ,  i n  t h a t  p r i o r  knovledge i s  used  t o  i n f e r  implicit informat ion  

during comprehension, is g e n e r a l l y  accepted. T h e  i d e a  t h a t  t h i s  meaning must 

be w e l l  s t r u c t u r e d ,  o r  coherent ,  is  a l s o  expressed d i r e c t l y  o r  i n d i r e c t l y  by 

most of t h e  researchers .  However, e x p l i c i t  disagreement e x i s t s  on both the 

n a t u r e  of content s t ruc ture ,  and i t s  r e l a t i o n s h i p  t o  r e c a l l .  Crothers and 

Meyer disagree as  t o  whe the r  a n e u t r a l  struccure r e f l e c t i n g  p re -ex i s t ing  
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knowledge is  b u i l t ,  o r  t h e  au tho r ' s  s t r u c t i l r e  used. K i n t s c h  and . van D i j k  

e s s e n t i a l l y  u s e  bo th  approaches  s i n c e  the t i m e  o r d e r i n g  i n  n a r r a t j v e  i s  a u t h o r  

d e f i n e d  ( a l t hough  t h e  concept  of t i m e  is p r e - e x i s t e n t ) ,  b u t  t h e  

macro-st r u c t u r e s  which h i e r a r c h i c a l l y  o r g a n i z e  t h e  t e x t  are p r e - e x i s t e n t -  

Meyer, K in t sch  and van D i j k  a l l  a g r e e  t h a t  p r o p o s i t i o n s  higher i n  t h e  

s t r u c t u r e  are more l i k e l y  t o  be r e c a l l e d ,  b u t  C r o r h e r s  ev idence  d i d  n o t  

suppor t  t h i s  conclus ion.  Clearly, t h i s  h y p o t h e s i s ,  i f  true, could be 

confirmed on ly  i f  i t  is t e s t e d  a g a i n s t  t h e  a p p r o p r i a t e  c o n t e n t  s t r u c t u r e .  

Sp i ro ' s  comments regard ing  t h e  u s e  ( p r  l a a h  of use) of p r e - e x i s t i n g  s t r u c t u r e s  

are r e l e v a n t ,  I n  t h e  case of u n f a m i l i a r  e x p o s i t o r y  material, such as that 

used by C r o t h e r s  and Meyer, i t  seems r ea sonab le  to suppose t h a t  t h e  a u t h o r  s 

o r g a n i z a t i o n  would be  used t o  o r g a n i z e  t h e  s eman t i c  r e p r e s e n t a t i o n  d u e  t o  the 

l a c k  ( o r  n,on-use) o f  any a p p r o p r i a t e  p r e - e x i s t i n g  c o n t e n t  s t r u c t u r e s .  Thus  

Meyer's r e s u l t s  suppart  t h e  importance of p r o p o s i t i o n a l  l e v e l ,  and C r o t h e r a  

r e s u l t s  do n o t -  Ylowevev, a f a m i l i a r  s t r u c t u r e ,  l i k e  an a c t i o n  sequence,  i s  

unders tpod in t h e .  same way r e g a r d l e s s  of  p r e s e n t a t i o n  s e t t i n g .  Thus,  Kintsch 

and van D i  jk found t h a t  t h e  r o l e  o f  a p r o p o s i t i o n  i n  t h e  p r e - e x i s t i n g  

s t r u c t u r e  ( t h e  macro-s t ruc tures )  was primary i n  de t e rmin ing  i t s  importance ,  

It should  be no ted  t h a t  even Meyer found v a r i a t i o n s  i n  t h e  r e c a l l  of m i d c l e v e l  

p r o p o s i t i o n s  t h a t  s h e  cou ld  n o t  e x p l a i n  by r e f e r e n c e  t o  t h e  a u t h o r ' s  

o rgan iza t ion .  I t  i s  p l a u s i b l e  t o  assume t h a t  t h e s e  v a r i a t i o n s  were caused by 

i n d i v i d u a l  d i f f e r e n c e s  i n  p r i o r  knowledge, r e s u l t i n g  i n  d i f f e r i n g  c o n t e n t  

s t r u c t u r e s .  
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In l i g h t  of  t h t s ,  i t  seems p l a u s i b l e  t o  propose a g e n e r a l  model t h a t  

d i s t i n g u i s h e s  t h e  f o l l o w i n g  component p r o c e s s e s  b f  t e x t  unde r s t aad ing  

( r e a l i z i n g  t h a t  l i k e  almost a l l  d i s t i n c t i o n s ,  such as syn tax  versus semant icq,  

t h e y  are r e a l l y  ~ n a d e q u a t e ,  b u t  u s e f u l ,  o v e r s i m p l i f i c a t i o n s ) .  F i r s t  t h e r e  i s  

t h e  p r o c e s s  of  comprehensioh of  t h e  s u r f a c e  s t r u c t u r e  which b u i l d s  a 

r e p r e s e n t a t i o n  t h a t  i s  independent  of  t h e  s u r f a c e  form of  t h e  t e x t ,  T h i s  

r ep re sen ta t$on  c o n t a i n s  as much i n f e r r e d  in fo rma t ion  as  i s  necessa ry  t o  meet 

some minimal l e v e l  o f  u n d e r s t a n d a b i l i t y ,  o r  coherence. T h i s  r e p r e s e n t a t i o n  i s  

o r g a n i z e d  h i e r a r c h i c a l l y  by h i g h e r  l e v e l  con ten t  st r u c t u r e s  gh ich  summarize o r  

g e n e r a l i z e  o v e r  a l a r g e r  amount of  d e t a i l e d  i n £  onnat ion.  These h i g h e r l e v e l  

s t r u c t u r e s  would normal ly  be  p r e - e x i s t i n g  ( i .  e. known t o  t h e  u n d e r s t a n d e r )  

a l t h o u g h  a t e x t  cou ld  r e s u l t  i n  t h e  c r e a t i o n  of new s t r u c t u r e s .  D i f f e r e n t  

t y p e s  of t ex t s  could  c e r t a i n l y  d i f f e r  i n  t h e  complexity of each of  t h e s e  

tasks, e x p l a i n i n g  t h e  v a r i a t i o n  , i n  d i  f f i c u l t y  of unders tanding.  

The p r o c e s s ( e s )  e x p l a i n i n g  f o r g e t t f n g ,  and t h e  i n t e g r a t i o n  of  new 

i n f o r m a t i o n  i n t o  p r i o r  knowledge, o p e r a t e s  on t h i s  t e x t  representat- ion.  T h i s  

p r o c e s s  is  poor ly  unders tood ,  and t h e r e  a r e  no w e l l  d e f i n e d  hypotheses  about  

i t s  ope ra t ion .  I t  appea r s  t o  o p e r a t e  p r i m a r i l y  on t h e  conten t  s t r u c t u r e  of a 

t e x t .  So, f o r  example, S p i r o ' s  s u b j e c t s  i n t e g r a t e d  in fo rma t ion  from t h e  

s t o r i e s  they  read i n t o  t h e i r  g e n e r a l  e x p e c t a t i o n s  about  love  and c o u r t s h i p ,  

and l o s t  t h e  s p e c i f i c s  of  t h e  t p x t ,  even r e c a l l i n g  i t  w i t h  r a d i c a l  

mods f i , c a  t i o n s  T h i s  pxocess  would e x p l a i n  t h e  a lmost  t o t a l  l o s s  of d e t a i l  

i n f o r m a t i o n  with t i m e ,  a s  w e l l  a s  t h e  i n t e r a c t i o n s  and d i s t o r t i o n s  caused by 

p r e v i o u s  knowledge. 
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Fina l ly ,  r e c a l l  i s  a retrieval process  which opera tes  on t h e  cur ren t  form 

of  t h e  rep resentat ion.  If t h a t  form is  r e l a t i v e l y  unchanged s i n c e  

comprehension, r e c a l l  may be almost d i s to r t ion- f  ree. But i f  s i g n i f i c a n t  

changes have occurred, r e c a l l  w i l l  be d i s to r ted .  A s  suggested by Kintsch and 

van Di jk ,  summary i s  seen as recall t o  a con t ro l led  depth. R e t r i e v a l  accesses 

the higher- level  organiza t ion  f i r s t ,  and uses  t he se  s t r u c t u r e s  t o  access  more 

d e t a i l e d  information. A s  r e t r i eved  information is  generated as output  t e x t ,  a 

test of coherence would be made. I f  something has  been fo rgo t t en  o r  changed 

s o  t h a t  a necessqry explanat ion or l i n k  i s  missing, t h e  r e t r i e v a l  p rocess  

would supply a probable p iece  of information from t h e  genera l  pre-exis t ing  

s t ruc tures .  This, along wi th  modif icat ions from i n t e g r a t i o n  i n t o  p r i o r  

knowledge, accounts f o r  t h e  reconst ruct ive  aspect  of recall- 

This  genera l  model does not  account f o r  the r e c a l l  o f  very s p e c i f i c  

s u r f a c e  d e t a i l s  (e.g. words and cons t ruc t ions  used i n  t h e  inpu t  t e x t )  b u t  as 

suggested by Kintsch's work, i t  seems b e s t  t o  treat t h i s  as a process  s e p a r a t e  

from t h e  genera l  understanding of text .  One o t h e r  inadequacy o f  t h e  model i s  

that it  s p e c i f i e s  complete comprehension of a l l  input  proposi t ions ,  inc luding 

assignment t o  an appropr ia te  r o l e  i n  a h igher  l e v e l  s t ruc tu re .  Frederiksen 

sugges ts  t h a t  overgenera l iza t ion  i s  a l o s s  of d e t a i l  which reduces t h e  

processing load. The idea  t h a t  p a r t i a l  processing i s  sometimes done on inpu t  

information is a l s o  suggested by Bobrow and Norman [75]. They descr ibe  such 

processes as resource-limited. This  kind of processing seems t o  be ind i ca t ed  

by f a c t s  such as l o s s  of d e t a i l  i n  immediate r e c a l l  and t h e  sub jec t ive  

impression of p a r t i a l  comprehension i n  a number of  s i t u a t i o n s  (such a s  reading 

verg rapidly ,  reading while p a r t i a l l y  d i s t r a c t e d  o r  reading very complex 



Page 30 

material). Wowever, whi le  t h e  idea of d i s c a r d i n g  comp rel lended i n £  ormation* 

could be described computa t iona l ly ,  s e l e c t i v e  comprehension i a  a p rocess  t h a t  

r e q u i t e s  f u r t h e r  i n v e s t i g a t i o n .  

One of t h e  p r i n c i p l e  c o n t r i b u t i o n s  of computational  i n v e s t i g a t i o n s  wi th  

th i s  sort of model w i l l  be s p e c i f i c a t i o n  of t h e  p rocesses  of comprehen~ion,  

which can only be done by s p e c i f y i n g  t h e  n a t u r e  of p re -ex i s t ing  memory 

structures. Meyer's work i s  an e x a m p l e  of t h e  u s e  of undef ined basic  

s t m c t u r e s .  She c r i t i c i z e s  Crothera  f o r  r e q u i r i n g  two g r a p h s  t o  represent a 

t e x t  one of which i a  h i s  Eundame~ital h i e ra rchy  of kndwn concepts. She, 

i n s t e a d ,  simply doesn't  d e f i n e  any of h e r  p r e d i c a t e s  first o r  h i g h e r  o rde r ,  

apparen t ly  t a k i n g  them as pr imi t ive .  Assuming that one at tempted t o  d e f i n e  

even t h e  argument r o l e s  f ~ r  t h e  r h e t o r i c a l  predicates, enormous d i f f i c u l t y  

would be encountered. Advocates of case systems have always had d i f f i c u l t y  

d e f i n i n g  t h e  e x a c t  r o l e  of cases ,  o r  d e l i m i t i n g  t h e  c l a s s  of e n t i t i e s  t h a t  

could  f i l l  a case role.  Cons ider  how much more difficult i t  would be t o  

d e f i n e  what p a i r s  of t h i n g s  could e x i s t  i n  t h e  RESPONSE o F  COVARIANCE 

r e l a t i o n s ,  o r  e x a c t l y  what the c h a r a c t e x i s t i c s  of these  arguments are. 

Kin t sch  and van Di jk a t tempt  t o  s e t  ou t  much more w e l l  defined s t r u c t u r e s ,  bu t  

even they have l i t t l e  t o  say about t h e  s e t  of s t r u c t u r e s  t h a t  m u s t  e x i s t ,  what 

informat ion  they must conta in  and how t h e  camprehension a lgor i thms use  t h e  

t e x t  and t h e  s t r u c t u r e s  t o  b u i l d  h igher - l eve l  s t r u c t u r e s .  The  s e c t i o n  on 

computat ional  models w i l l  cons ide r  a lgor i thmic  attempts a t  t e x t  understanding,  

and should c l e a r l y  i n d i c a t e  t h e  complexity of these issues. 
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2.0 THE FORM OF CONNECTED DISCOURSE 

The general model of tex t  understanding suggested i n  t h e  l a s t  s e c t i o n  

de sc r i be s  t h e  s t r u c t u r e d  content  of t ex t  r ep resen ta t ion .  This s e c a a n  

con t a in s  work i n v e s t i g a t i n g  a similar, y e t  d i s t i n c t ,  type  of s t r u c t u r e  - the 

a b s t r a c t ,  underlying form of a t ex t .  (Not everyone would accept t h i s  

d i s t i a c t i o n ,  b u t  i t  seems analogous t o  t h e  d i s t i n c t i o n  between t h e  s y n t a c t i c  

structure of sentences and t h e  semantic  s t r u c t u r e  of  t h e i r  underlying 

meaning.) Much of  t h i s  work has been done by c u l t u r a l  an thxopo lop i s t s  or by 

t hose  i n t e r e s t e d  i n  l i t e r a r y  analys is .  L i t t l e  of t h e  t r a d i t i o n a l  work ha8 

been done w i t h  cogn i t ive  o r  computational models i n  mind, and hence t ends  t o  

r e l y  on i n t u i t i v e  understanding of  t he  terms. Th i s  less computational work 

w i l l  be p resen ted  q u i t e  b r i e f l y ,  s i nce  t h e  p r e sen t a t i on  is intended t o  sugges t  

t h e  kinds of r e s u l t s  t h a t  have been obtained,  r a t h e r  than  t h e  d e t a i l s  of t h e s e  

conclusions. It is  necessary t o  de f i ne  t h e s e  ideas i n  a computational way  

t h a t  can be i n t e g r a t e d  i n t o  t h e  models of t e x t  understanding,  and some r e cen t  

work has  begun t h i s  task. 

2.1 S t r u c t u r a l  Analysis  O f  Text 

Most modern work i n  t h e  s t r u c t u r a l  a n a l y s i s  of  t e x t s  has  r o o t s  i n  t h e  

work of t h e  Russian s t r u c t u r a l i s t ,  Propp [68]. Propp was concerned w i th  t h e  

form of Russian f o l k t a l e s .  and developed a method f o r  de sc r i b ing  t h e  

s imilari t ies  he found i n  a corpus of 100 f o l k t a l e s .  The major s t r u c t u r a l  u n i t  

t h a t  he developed , he designated a function. These func t ions  ac t  l i k e  

meta-actions i n  t h a t  t h e y  desc r ibe  major even t s  o r  event  complexes t h a t  were 
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r epea ted ly  found i n  t h e  t a l e s .  For  example, Absenta t ion  is  t h e  f u n c t i o n  t h a t  

d e s c r i b e s  t h e  s i t u a t i o n  i n  which one ~ f  t h e  members of t h e  fami ly  a b s e n t s  

h imsel f  from home, and Tr icke ry  is t h e  func t ion  which desc r ibes  a v i l l a i n ' s  

a t t e m p t  t o  dece ive  h i s  v i c t i m  i n  o r d e r  t o  t a k e  possess ion  o f  him o r  h i s  

belongings.  Propp fourid th i r ty -one  such func t ions  t o  be adequate  t o  desc r ibe  

t h e  e v e n t s  i n  t h e  t a l e s  t h a t  h e  s tudied .  Impor tan t ly ,  t h e  o rde r ing  of t h e  

f u n c t i o n s  was found t o  be f ixed.  Some functicrns a r e  o p t i o n a l ,  bu t  i f  they am 

p r e s e n t  t h e i r  p o s i t i o n  is  f ixed with r e spec t  t o  t h e  o t h e r  ftlnctions. All of 

the f u n c t i o n s  are def ined  i n  terns of a c t o r s  t h a t  p a r t i c i p a t e  i n  t h e  

s i t u a t i o n s  they descr ibe .  P.ropp d i d  some a n a l y s i s  of t h e  r e s t r i c t i o n s  on t h e  

assignment of v a r i o u s  c h a r a c t e r s  t o  t h e s e  f u n c t i o n a l  ro le s .  He n o t e s  t h a t  t h e  

aame c h a r a c t e r  is l i k e l y  t o  play a f i x e d  set of r o l e s ,  which h e  d e s i g n a t e s  a 

sphere  of ac t ion .  These spheres of a c t i o n  inc lude  such  f a m i l i a r  s t o r y  r o l e s  

as hero, v i l l a i n  and f a l s e  hero. F i n a l l y ,  Propp n o t e s  t h a t  a s i n g l e  f o l k t a l e  

may be  composed of a sequence of bas ic  t a l e s .  He d e s i g n a t e s  t h e  b a s i c  tale a 

I1 move". Thus, a f o l k t a l e  ,may be a one-move o r  a multi-move tale,  with  each 

move conforming t o  t h e  d e f i n i t i o n  of a t a l e .  These r u l e s  cap tu re  t h e  

s i m i l a r i t y  of  the  f o l k t a l e s  which could d i f f e r  widely i n  t h e  details of  

c h a r a c t e r s ,  s e t t i n g ,  s p e c i f i c  a c t i o n s ,  etc.  I t  Is c l e a r  t h a t  Propp's r u l e s  

could be expressed formally ,  and t h a t  i s  what Klein et  a1 f ? 4 j  d i d  by w r i t i n g  

a computer program t o  genera te  t h e  func t ion  sequences of a  number of 

f o l k t a l e s ,  us ing Prupp's d e f i n i t i o n s .  

The i d e a s  of Propp have been re f ined  and genera l i zed  by Barthes ,  Bremond, 

Greimas and Todorov ( the i r  work is not generally ava i l ab l e  in  Engl ish bu t  i s  

reviewed i n  van D i  jk  [ 7 2 ]  and Weinolci (72) ). T h e i r  work has  been d i r e c t e d  
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toward the r e d e f i n i t i o n  of Propp's func t ions  as p r o p o s i t i o n s ,  and of actor8 as 

case r e l a t i o n s  of t h e s e  p ropos i t ions .  They have a l s o  a t tempted t o  generalize 

the func t ions  by making them less s p e c i f i c ,  and t o  apply them t o  o ther  forms 

d f  t ex t s .  However, Hendricks [ 7 2 ]  demonst rates the f l e x i b i l i t y  of  Propp's 

o r i g i n a l  f u n c t i o n s  by u s i n g  them t o  a n a l y z e  p a r t  of the  Bradbury novel 

Something Wicked T h i s  Way Comes. 

Chafe [72, 751 d i s c u s s e s  the p r o c e s s  of  "verba l iza t iou" ,  by which he 

means t h e  t r a n s l a t i o n  of non-verbal knowledge i n t o  v e r b a l  ou tput .  One o f  t h e  

proposed component processes of v e r b a l i z a t i o n  is breaking  the knowledge in to  

smaller chunks according t o  p a t t e r n s ,  which are  c a l l e d  " s ~ h e m a t a ' ~ .  These 

schemata a r e  grammar l i k e  d e s c r i p t i o n s  of p o s s i b l e  v e r b a l  sequences. Thus, he 

n o t e s  t h a t  a  certain class of s t o r i e s  w i l l  always be of t h e  form: 

PLOT + MORAL 

Chafe a l s o  mentions such schemata as  TRICK and VISIT as occur r ing  i n  the  

stories he h a s  analyzed. He e x p l i c i t l y  s t a t e s  t h a t ,  a t  t h i s  time, schematic  

analysis of a story is done by "imagination abd i n t u i t i o n " .  He discusses 

aspects of the  schematic analysis of s e v e r a l  simple t a l e s ,  bu t  these are 

mostly i l l u s t r a t i v e  rather than complete, i n  any sense. 

Colby [73] analyzes  Eskimo f o l k t a l e s ,  i d e n t i f y i n g  "eidons", which are 

s imilar  t o  Propp's func t ions ,  and producing a grammar capable  of g e n e r a t i n g  

some of t h e s e  t a l e s .  Colby observes  t h a t  most n a t i v e  speakers  are probably 

no t  very familiar with story grammars of t h i s  type  (or t h e  knowledge they 

r e p r e s e n t ) ,  s i n c e  only a f e w  i n d i v i d u a l s  a r e  a b l e  t o  g e n e r a t e  such t a l e s  

Nonetheless, i t  seems reasonable t o  assume t h a t  t h e  same t ype  of s t r u c t u r e  can 
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be found in more convent ional  s t o r i e s  

Although most work i n  t h i s  a r e a  has involved a n a l y s i s  of some form of 

t r a d i t i o n a l  n a r r a t i v e ,  Labov and Waletzky [67] p r e s e n t  ana lyses  o f  oral  

v p r s i o n s  of pe r sona l  experiences .  Even i n  t h i s  informal  type of n a r r a t i v e ,  

they  f i n d  f i v e  r e g u l a r  components: an o r i e n t a t i o n ,  a complicat ion,  an 

e v a l u a t i o n ,  t h e  r e s o l u t i o n  and a coda o r  moral, The l a s t  two components are  

o p t i o n a l .  A t o t a l l y  d i f f e r e n t  type  of material i s  examined by Becker [ 6 5 ]  who 

d i s c u s s e s  p a t t e r n s  i n  expos i to ry  paragraphs. 

All of t h e s e  a n a l y s e s  r e l y  on t h e  i n t u i t i v e  unders tanding of t h e  ana lyze r  

t o  grasp t h e  meaning of t h e  s t r u c t u r e s  from i n f o m a l  d e s c r i p t i o n s  and t o  f i n d  

t h e s e  s t r u c t u r e s  i n  t h e  t e x t  being analyzed. For t h i s  reason, t h e  p a r t i c u l a r  

s t r u c t u r e s  t h a t  have been suggested are of l e s s  i n t e r e s t  than is  t h e  general 

r e s u l t  t h a t  q u i t e  r e g u l a r  h igh  l e v e l  p a t t e r n s  are found i n  tex ts  of many 

types ,  which may be c h a r a c t e r i z e d  independently of  t h e  s p e c i f i c  t e x t u a l  

content .  

2.2 Kintsch And Van Dijk 

I n  a d d i t i o n  t o  t h e  content  macro-s t ructures  (d iscussed  i n  s e c t i o n  1.2.4) 

Kin tsch  and van D i  jk [ 75 ]  and van D i  jk  [75a, 761 d i s c u s s  even h i g h e r  l e v e l  

"super-s t ructures" ,  used t o  organize  t h e  content  of a t e x t  according t o  t h e  

type  of t h e  t e x t ,  which a r e  de r ived  from t h e  work i n  s t r u c t u r a l  a n a l y s i s  of 

t e x t s .  They l i m i t  t h e i r  work t o  narratives,  which they d e f i n e  a s  a s p e c i f i c  

t y p e  of a c t i o n  d iscourse .  Narrative c a t e g o r i e s  such as Episode S e t t i n g ,  
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Complication, etc. are s u p e r s t r u c t u r e s  under which are organized ei ther more 

n a r r a t i v e  ca t ego r i e s  o r  t h e  content  macro-structures of t h e  text .  Van Dijk 

[75aJ p r e s e n t s  a f a i r l y  complete example. I t  i nc ludes  a  1600 word t e x t  from 

T h e  Decameron, a p r o p o s i t i o n a l  a n a l y s i s  o f  t h e  s t o r y ,  the  content 

macro-st r uc tu r e s  of t h e  s t o r y  and t h e  n a r r a t i v e  ca t ego r i e s  under  which t h e  

macro-st NCtu re s  are organized. The fol lowing abbrevia ted  fragment should 

give an i n d i c a t i o n  of t h e  kind of a n a l y s i s  being proposed. 

L l l l l l l l l l l - - - - l o - - - * ~ ~  

I I 
STORY MORAL 

I 
----1---11-1 

I 

I I 
EPISODE1 

I 
O - W I I U I I I I - I - I - L I  

I 1 
SETTING HAPPENING 

I I 
,--I--------,-- 

I 1 
COMPLICATION RESOLUTION 

I 1 
I 

Landolfo l o se s  h i s  f o r t une  
i 

( d e t a i l  p ropos i t i ons  about t h i s  l o s s )  

Some expetiments were done t o  tes t  t h e  role of t he  understander 's  no t i on  

of  n a r r a t i v e  s t r uc tu r e .  An Apache myth and three Decameron s t o r i e s ,  which 

were of comparable d i f f i c u l t y  a t  t h e  sentence  l e v e l ,  were presented.  They 

d i f f e r e d  i n  t h a t  t he  Apache myth had an  o rgan iza t ion  no t  f a m i l i a r  t o  t h e  

subjec ts .  There was much g r e a t e r  v a r i e t y  i n  the p ropos i t i ons  d i f f e r e n t  people  
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used in tllc recall' of the myth than i n  the o ther  three stories. Another' 

experiment comparcd recalls of s u b j e c t s  who had read a normal story to those 

of s u b j e c t s  who had rend scrambled vers ions  of the  same s tory .  The recalls 

were i n d i s t i n g u i s h a b l e  by judges. Both of t h e ~ e  groups of expeiiments 

ind i ca te  the a c t i v e  role of  one's expectat ions  about the  f o m  of a discourse 

in arganizir~g the r e p r e s e n t a t i o n  of t h a t  discourse, When this is impossible, 

as in the Apache myth, recall is less organized and more random. 

2 .3  Rumelhart 

Rumelhart ( 7 4 ,  751 p r o p o s e s  a story grammar that  i s  capable of producing 

structures s i m i l a r  t o  those  described by Kintsch and van Dijk (section 2.2) 

H i s  grammar contains rules like the fol lowing:  

1. STORY -> SETTING + EPISODE 

2. EPISODE -> EVENT + REACTION 

3. REACTlON -> INTERNAL-RESPONSE + OVERT-RESPONSE 

U s i n g  these rules, he descr ibes  the s y n t a c t i c  s tructure  of simple s t o r i e s .  

The following fragment i l l u s t r s t e s  the t y p e s  of structures derived (ignoring 

t h e  p a r e n t h c ? s i z c d  p r e d i c a t e s  f o r  now): 



STORY 
I 

- I - - - - - - L I L I C I L I C I I I I I I  

I I 
SETTING (AND) EPISODE (INITIATE) 

I I 
-I--------------------- 

I I 
EVENT (CAUSE) REACTION (MOTIVATE) 

I I 
( p r o p o s i t i o n s  d e s c r i b i n g  ~ a r g i e ' s  I 

b a l l o o n  b e i n g  popped ) I 
I 

L-1--------------11--------- 

I I 
XNTERNAL-RESPONSE OVERT-RESPONSE 

I I 
Margie is  s a d  Margie  cries 

A s s o c i a t e d  w i t h  most s y n t a c r t c  s t o r y  rules are s e m a n t i c  rules which are used 

t o  g e n e r a t e  a co r r e spond ing  s e m a n t i c  s t r u c t u r e  f o r  t h e  s t o r y ,  The semantic 

rules for t h e  s y n t a c t i c  rules g i v e n  above are: 

1, ALLOW (SETTING, EPISODE) 

2, INITIATE (EVENT, REACTION) 

where t h e  s e m a n t i c  p r e d i c a t e s  are i n t e n d e d  t o  mean what  is suggested by their 

names (e.g. t h e  SETTING ALLOWS t h e  EPISODE t o  occu r ) .  The f i g u r e  g i v e n  above 

c o n t a i n s  t h e  a p p r o p r i a t e  s e m a n t i c  p red ica te ,  i n  p a r e n t h e s e s ,  a t  each  node i n  

the s y n t a c t i c  s t r u c t u r e .  (Rumelhart  uses a comple te ly  s e p a r a t e  s e m a n t i c  

s t r u c t u r e , )  
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Rumelhart d i g c u s s e s  some elementary summarization ru les  that operate on 

t h e  semantic s t r u c t u r e  o f  a s t o r y .  Some i l l u s t r a t i v e  r u l e s  are: 

1. MOTIVATE ( though t ,  response)  => response 

2. INITIATE (X, Y) => Y 

3.  INITIATE (X, Y) => Y (because  1 when 1 after)  X 

These rules could  produce t h e  e i t h e r  o f  t h e  fo l lowing  summaries ( f o r  t h e  

EPISODE i n  t h e  s t o r y  fragment g iven  above):  

1. Margie c r i e d .  

2, Margie c r i e d  because  h e r  b a l l o o n  had popped, 

Rume.lhart8s i d e a s  are in t ended  t o  be p r i m a r i l y  i l l u s t r a t i v e  ("a t e n t a t i v e  

beg inn ing  of  a t h e o r y u ) ,  and d e a l  w i t h  very s i m p l i f i e d  s t o r i e s .  They do argue 

c l e a r l y  f o r  t h e  n o t i o n  of  bo th  a s y n t a c t i c  and a seman t i c  structure f o r  t h e  

r e p r e s e n t a t i o n  of a s t o r y ' s  meaning. The s y n t a c t i c  s t r u c t u r e  a l l o w s  

p r o d u c t i o n  of t h e  seman t i c  s t u c t u r e ,  which i s  j u s t i f i e d  by i t s  u s e f u l n e s s  i n  

p roducing summaries. 

2.4 Mandler And Johnson 

Mandler  and Johnson [ 7 7 ]  d i s c u s s  an extended form o f  ~ u m e l h a r t ' s  s t o r y  

grammar, which they propose a s  a b a s i s  f o r  t e x t  r e c a l l  s t u d i e s .  The extended 
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grammar a l lows mu l t i p l e  ep i sodes  and does not  u t i l i z e  t h e  a d d i t i o n a l  s t r u c t u r e  

conta in ing  t h e  semantic i n t e r p r e t a t i o n  which Rumelhart suggests.  Mandler and 

Johnson f e e l  t h a t  t h i s  second s t r u c t u r e  is  unwieldy and f r equen t l y  redundaat., 

Conjunction, time-ordering and c a u s a l i t y  are inc luded as  categories i n  the  

grammar. They observe t h a t  r e s t r i c t i o n s  imposed on a story by this type  of 

grammar inc lude  al lowing only a s i n g l e  p ro t agon i s t  per episode ,  and 

p r o h i b i t i n g  t h e  r e a l i z a t i o n  of h ighe r  l e v e l  nodes i n  t h e  actual text. They 

demonstrate t h e  u t i l i t y  of t h e i r  grammar on s e v e r a l  s t o r i e s ,  inc lud ing  "The 

War of t he  Ghosts". They a l s o  no t e  t h a t  a  t r ans fo rmat iona l  component remains 

t o  be developed which would provide  f o r  d e l e t i o n s  and reorde r ings  of t h e  i d e a l  

story s t r u c t u r e -  They d i s c u s s  a set of p r e d i c t i o n s  f o r  recall  s t u d i e s ,  which 

are suggested by t h i s  d e f i n i t i o n  of s tory.  s t r uc tu r e .  These inc lude:  

1. Accuracy w i l l  be b e t t e r  as the s t o r y  is complete and ordered  as 

def ined  by the  i d e a l  s t r u c t u r e -  

2, Elabora t ions  w i l l  be poorly reca l led .  

3. Opt iona l  nodes' r e a l i z a t i o n s  w i l l  be less w e l l  r e c a l l e d m  

4. Causa l i ty  w i l l  be better r e c a l l e d  than  simple time-ordering. 

5. Invers ions  should be fewer a s  t h e  story i s  c l o s e r  t o  t h e  i d e a l  

s t r u c t u r e -  

6. Omissions and v i o l a t i o n s  of the i d e a l  s t r u c t u r e  w i l l  be r e f l e c t e d  by 

a d d i t i o n s  and d i s t o r t  ions. 
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Unfor tuna te ly ,  t h e  only experimental  work reported i s  a c o w r i s o n  of recalls 

of s t u d e n t s  from f i r s t  grade, f o u r t h  grade  and u n i v e r s i t y  l e v e l s ,  on a set of 

s t o r i e s  which are very n e a r  t h e  i d e a l  s t r u c t u r e .  Hopeful ly ,  t h i s  is only t h e  

beginning s t a g e  of v a l i d a t i o n  of t h e  proposed model* An i n t e r e s t i n g  r e s u l t  

from t h i s  experinlent i s  t h e  p r o b a b i l i t y  of r e c a l l  o f  a p r o p o s i t i o n  as a 

f u n c t i o n  of i t s  r o l e  For  u n i v e r s i t y  s t u d e n t s ,  S e t t i n g s  ( i n t r o d u c t i o n  of 

c h a r a c t e r s )  and Beginnings ( i n i t i a t i o n  of event  sequences) were b e s t  

remembered* Attempts and Outcomes (which t o g e t h e r  formed Goal P a t h s )  were 

nex t  best r e c a l l e d *  Reactions (mental  e v e n t s )  and Endings (which were u s u a l l y  

either very p r e d i c t a b l e  o r  omi t ted  i n  t h e  stories used)  were least w e l l  

r e c a l l e d .  'These r e s u l t s  a r e  i n  harmony wi th  t h e  r e s u l t s  reported by Kintsch  

and van D i j k  (which are d iscussed  i n  S e c t i o n  1.2.4). 

2.5 Thorndyke 

Thorndyke [771 attempts t o  va l ida te  the b a s i c  n o t i o n  of under ly ihg  text 

form as a necessary  p a r t  of a t e x t  understanding.  Re applies a s t o r y  

s t r u c t u r e  grammar, which is n e a r l y  i d e n t i c a l  t o  t h a t  proposed by Rumelhart, t o  

two s t o r i e s ,  "Ci r c l e  I s l and"  (analyzed by F reder iksen  [75b] ) and "The Old 

Farmer" (g iven  by Rumelhart [74J), each pf which r e s u l t s  i n  a s t r a i g h t f o r w a r d  

h i e r a r c h i c a l  s t r u c t u r e .  The i n i t i a l  rule of t h e  grammar i s  

STORY -> SETTING + THEME t PLOT + RESOLUTION 

Thorndyke wishes t o  tes t  the e f f e c t s  of  v i o l a t i n g  this rule.  He does s o  by 

performing r e c a l l ,  summary and r e c o g n i t i o n  experiments on f o u r  va r i - a t ions  of 



Page 41 

t h e  s to r i e s .  Thesc a r e  a normal Form of t h e  s t o r y ,  a story with  the Theme 

moved t o  t h e  end,  a s t o r y  with t h e  Theme omitted and a descriptive version 

which omits causal  and temporal cont inui ty .  using only s t a t i v e  or  single 

a c t i o n  sentences. I n  comp r ehens ib i l i  t y  judgements and r e c a l l  tests ,  the 

normal form s t o r y  was bes t ,  t h e  Theme-after form next ,  with t h e  last two cases 

more dependent on the  p a r t i c u l a r  s tory.  Recalls of t h e  Theme-after passages 

alao showed a s t rong tendency t o  re loca te  t h e  Theme t o  i t s  normal pos i t i on ,  

near the  beginning of t h e  s tory .  There was a l s o  a tendency i n  t h e  more 

s t ruc tu red  passages f o r  h i g h e r l e v e l  p ropos i t ions  t o  have a h igher  p r o b a b i l i t y  

of reca l l .  Summarizations showed t h a t ,  of t he  reca l led  proposi t ions ,  the 

h i g h e r l e v e l  ones were much more l i k e l y  t o  be included as  part of the summary. 

Summaries of the  desc r ip t i ve  p resen ta t ions  yielded a wider  selection of 

proposi,tions. I n  recognition tests, the  more s t ruc tu red  passages produced 

more recognition e r r o r s  when t h e  t e s t  p ropos i t ion  was cons i s t en t  wi th  t he  

s t o r y ,  while t he  less s t ruc tu red  passages produced more accura te  recognition. 

I n  at tempts  t o  separa te  t h e  e f f e c t s  of content  and s t r u c t u r e ,  Thorndyke 

t e s t e d  t h e  f o u r  s t o r i e s  obtained by using each of t he  o r i g i n a l  p l o t s  wi th  two  

cha rac t e r  / objec t  sets. He found t h a t  the Farmer p l o t  was always more 

comprehensible. He a l s o  found t h a t  p resen ta t ion  of a second s t o r y  using t h e  

same p l o t  s t r u c t u r e  improved l a t e r  r e c a l l  of t he  f i r s t  s tory .  

Thorndyke concludes t h a t  t e x t  s t r u c t u r e s  are b a s i c  t o  comprehension, 

although some are inherent ly  more complex than others.  The d i s t i n c t  ion  

between s t r u c t u r e  and content i s  supported by t h e  p o s i t i v e  e f f e c t  of repeated 

s t r u c t u r e  p r i o r  t o  reca l l .  And f i n a l l y ,  t h e  s t r u c t u r a l  pos i t i on  of a 



Page 42 

p ropos i t ion  has s i g n i f i c a n t  in£ h e n c e  on both r e c a l l  end summarization. 

2.6 Text Grammar 

"Text grammar" i s  the designat ion used f o r  another  cur ren t ly  a c t i v e  line 

of i n v e s t i g a t i o n  i n t o  the  s t r u c t u r e  of t ex t .  The fundamental i deas  of t e x t  

grammar are discussed by van Dijk [ 7 2 ] ,  Ihwe [ 7 2 ] ,  Kummer [ 7 2 ] ,  Petofi [72]  

and P e t o f i  and R i e s e r  [73]. (Unfortunately,  a g r e a t  por t ion  of t h e  work is  

not a v a i l a b l e  i n  English.) The p r i n c i p l e  concern i s  the  formulation of 

generat ive  desc r ip t i ons  of texts, r a t h e r  than ind iv idua l  s e n t e n c e s ,  and i s  

usua l ly  approached us ing a model s i m i l a r  t o  t h a t  of t he  generat ive semantics 

school of l i n g u i s t i c s .  Van Dijk sugges ts  t h e  following f i v e  components of a 

text grammar: 

1. Semantic formation r u l e s  f o r  t h e  meanings of t e x t s ,  as a whole. 

2. Transformations which opera te  on this t e x t  meaning. 

3. Transformations which produce a sequence of s e n t e n t i a l  semantic 

rep resen ta t ions  from the  t e x t  meaning, 

4. Transformations which produce q sequence of s e n t e n t i a l  s y n t a c t i c  

represen ta t ions  ( including l e x i c a l  i terns) from tho sequence of 

s e n t e n t i a l  semantic rep  resent  a t  ions. 

5. Rules p a i r i n g  s y n t a c t i c  representa t ions  with morphonological 

representa t ions .  
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nc-  c q o n e n t a  would operate i n  t h e  order  given t o  generate a t ex t*  He 

cqhasires this is only the ou t l ine  of a theory, and t h a t  most of the  hard 

dttdls rerain t o  be specified. A s ign i f i can t  amount of work has been done on 

ccqoaents 1 and 2, formall,y defining represenmtions of text.  This has 

in&ded n u m e m s  examinations of the  use of some extended predica te  calculus  

u a basic representat ion (primarily addressing the  meaning of individual  

satemces and objects) but has a l so  l e d  t o  psychologically motivated 

imestiwtioas (as discussed i n  Section 1.2.4) and t o  studies i n  t h e  general 

stacture of textual types (as discussed i n  Section 2.2). Discussions of  

capmmnts 3 and 4 have been mostly descr ip t ive ,  ind ica t ing  phenomena t h a t  

rst be accounted f o ~  without ac tua l ly  defining them. Many of these  phenomena 

seem best characterized as operatdons operat ing on two o r  more underlying 

proposit ions-  These phenomena include anaphora (including pronominalization 

md article se lec t ion) ,  sentence stress, cont ras t ,  use of c l a u s a l  

caajtanctions, and verb tense  determination. O f  course, c e r t a i n  l i t e r a r y  

styles m a  alter the  tt  normal" ru les ,  choosing repe t i t ion  over 

prooariaanzation omission of causal connect ion, repet i t i o n  of c e r t a i n  

#.tcnce forms, etc. Operations which occur on a s ing le  proposi t ion include: 

. amt ic  t r a n s f o n a t i o n s ,  such as personif icat ion and the  use of metaphor; 

wmctic traasformations, such a s  inversions and o the r  s t y l i s t i c  operat ions;  

.rd pbaaological transformations, such a s  those producing rhyme, a l l i t e r a t i o n  

.od meter. The set of r ea l i za t ion  ru le s  used t o  produce a p a r t i c u l a r  t e x t  

fm its generated underlying s t ruc tu re  is assumed t o  be l imited by the  type 

of tart that being generated (e.g. mystery, nar ra t ive ,  etc.) ,  which is 

Lpdicated by some underlying abs t r ac t  type marker. The se lec ted  ru le s  w i l l  
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also determine t h e  t e x t u a l  c h a r a c t e r i s t i c s  u s u a l l y  r e f e r r e d  t o  as s t y l e  o r  

literary merit. 

I t  seems t h a t  any complete t e x t  unders tanding  model must have a set of 

rules r e l a t i n g  t h e  under ly ing  s t r u c t u r e  of t h e  text  - i n d i v i d u a l  and groups of 

p r o p o s i t i o n s  t o g e t h e r  wi th  g l o b a l  a s p e c t s  of t h e  t e x t  - t o  i t s  surface 

r e a l i z a t i o n .  Although us ing  a g e n e r a t i v e  model, t e x t  grammarians are 

concerned with i d e n t i f y i n g  and c h a r a c t e r i z i n g  these r e l a t i o n s h i p s ,  and the 

r e s u l t s  of t h e i r  i n v e s t i g a t i o n s  should  be of d e f i n i t e  v a l u e  i n  d e s c r i b i n g  t e x t  

unders tanding ,  once t h e i r  research  has reached t h e  p o i n t  of c l e a r l y  d e f i n i n g  

t h e  n a t u r e  of t h e s e  s u r f a c e  phenomena i n  terms of t h e  meaning of t ex t .  

2.7 Discuss ion  And Conclusions 

The p r i n c i p a l  hypotheses  of t h e s e  i n v e s t i g a t o r s  is t h a t  t h e r e  is are very 

high l e v e l  s t r u c t u r e s  which organize  content  s t r u c t u r e s  i n  the  r e p r e s e n t a t i o n  

\of a t e x t .  T h i s  s e c t i o n  was begun w i t h  t h e  warning t h a t  t h e  d i s t i n c t i o n  

between t h e s e  two d i f f e r e n t  types  of s t r u c t u r e s  might be d i f f i c u l t  t o  def ine.  

I t  seems c l e a r  t h a t  a l though each proposa l  t h a t  h a s  been considered cla ims t o  

be concerned w i t h  t h i s  high l e v e l  s t r u c t u r e ,  some confusion e x i s t s .  The 

i n t e r a c t i o n s  between t h e  a b s t r a c t  s t r u c t u r e s  and t h e  content  s t r u c t u r e s  are 

n o t  c h a r a c t e r i z e d  a t  a l l .  Thus, Kintsch and van Dijk do not d e s c r i b e  t h e  

r e s t r i c t i o n s  on what type  of e v e n t s  may r e a l i z e  a CON.PLICATION category. 

S i m i l a r l y ,  Rumelhart does not e x p l a i n  how t h e  c o r r e c t  semantic r u l e  would be 

s e l e c t e d  when a  choice i s  p o s s i b l e  (e.g. Two s e q u e n t i a l  EVENTS may be r e l a t e d  

by e i t h e r  CAUSE o r  ALLOW). Mandler and Johnson, and t o  some e x t e n t  Thorndyke, 
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t h a t  would u s u a l l y  b e  cons idered  semantic.  Thus, conjunc t  ion  time o r d c d n g  

and c a u s a l i t y  may appea r  i n  t h e  " syn tac t i c "  s t r u c t u r e  of  a story. Although 

t h i s  d i f f i c u l t y  i n  d i s t i n g u i s h i n g  between t h e  two t y p e s  o f  structure. 

suggest t h a t  t h e r e  is no d i s t i n c t i o n .  t h e  ev idence  provided  by t h e  exirrtenca 

of d e s c r i b a b l e  c l a e s e a  of t e x t s  seems t o  i n d i o a t e  t h a t  some t y p e  of  h i g h  level 

s t r u c t u r e s  d o e x i s t .  It remains t o  c l e a r l y  d e f i n e  t h e  n a t u r e  of thasa 

s t r u c k u r e s ,  and t o  e x p l a i n  t h e i r  r e l a t i o n s h i p  w i t h  c o n t e n t  s t r u c t u r e s ,  without 

r e p e a t i n g  t h e  fallacy of c r e a t i n g  a m u l t i t u d e  of  s u b c a t e g o r i e s  (e.g. wny  

d i f f e r e n t  EVENT subtypes)  which a r e  a l l e g e d  t o  be pu re ly  s y n t a c t i c  c a t e g o r i e s .  

These s t r u c t u r e s  f i t  n e a t l y  i n t o  t h e  model d i s c u s s e d  i n  t h e  c o n c l u s i o n  of 

t h e  conten t  s e c t i o n  ( s e c t i o n  1.4). They are t h e  h i g h e s t  l e v e l  o f  s t r u c t u r e ,  

unde r  which con ten t  s t r u c t u r e s  are organized.  T h i s  is c o n s i s t e n t  w i t h  the 

h y p o t h e s i s  of Kin t sch  and van D i j k  (d i scussed  i n  s e c t i o n  1 - 2 * 4 )  t h a t  the 

s t r u c t u r a l  d e s c r i p t i o n  of a t e x t  is one of t h e  impor tan t  a s p e c t s  o f  its 

r e p r e s e n t a t i o n .  They s p e c i f i c a l l y  sugges t  t h a t  t h e s e  st m c t u r e s  organize 

macro-s t ruc tures ,  which p rov ide  t h e  con ten t  o r g a n i z a t i o n  of t h e  t e x t .  T h i s  i a  

q u i t e  ~ 0 n S i S t e h t  w i t h  t h e  r e s u l t s  of s t r u c t u r a l  a n a l y s i s  which, as Hendr ickc  

[731 p o i n t s  o u t ,  o r d i n a r i l y  u s e s  a summary o r  synops i s ,  n o t  t h e  a c t u a l  t ex t .  

as a b a s i s  f o r  a n a l y s i s .  (Recall t h a t  macro-s t ruc tures  are proposed ae t h e  

b a s i s  f o r  summary genera t fon) .  O f  course  very simple o r  very  n a v e l  t e x t a  

might not  have any structure of t h i s  type ,  scnce no a p p r o p r i a t e  s t r u c t u r e  

would be pre-exis ' tent.  O f  course ,  t h e  problem of l e a r n i n g  these s t r u c t u r e  is 

as d i f f i c u l t  t o  explain ( i f  not more d i g f i c u l t )  as t h e  l e a r n i n g  of c o n t e n t  

s truct-uree.  Such acquisition is  simply not w e l l  understood. The work of t h e  
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text  grammarians suggests t h e  complexity and A l v e r s i t y  of l i n g u i s t i c  phenomena 

that nsay be related t o  underlying textual representnt:ion. This work also 

ruggsats that  many aspects o f  a t e x t ,  other than its l i t e r a l  meaning and 

general type,  may require e x p l i c i t  representation.  Although a eound 

computational representat ian of a t y l i ~ t i c  aspects of t e x t 0  may seem a d i s t a n t  

goal, i t  is sti l l  important to  re ta in  i t  as part of the goal  of understanding 

t e x t ,  and t o  r e a l i z e  that  the  r ichness  of human u s e  of language w i l l  be only 

p a r t i a l l y  accounted f o r  without t h i s  component 
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3.0 COMPUTATIONAL MODELS OF TEXT UNDERSTANDING 

Th i s  section w i l l  survey computational work on t h e  process  of text 

understanding. Computational models w i l l  be seen t o  be of va lue  i n  a t  least 

two ways. FLrst, many of the  f e a t u r e s  pos tu la ted  i n  o t h e r  models w i l l  be 

found i n  these  computational models, f requent ly  motivated pr imar i ly  by 

computational concerns. This  tends t o  support these  hypotheses. Secondly, 

many poin t s  passed over very quickly by o t h e r  workers are seen t o  o f f e r  

formidable problems when one at tempts  t o  set out a f u l l  computational 

descr ip t ion .  The discovery of inadequate desc r ip t i on  i s  e s s e n t i a l  i n  

develeping sound models. "Computational" w i l l  be taken t o  mean any model t h a t  

is  ac tua l ly  programmable o r  t h a t  is formally defined. The work se l ec t ed  for 

discuss ion i n  t h i s  s ec t ion  is  genera l ly  t r e a t e d  i n  more d e t a i l  than t h a t  i n  

previous sect ibns.  The reason f o r  t h i s  is t h a t  i f  t h e  complexity of  

rcomputationally specifying c e r t a i n  represen ta t ions  and processes is t o  be made 

clear, i t  i s  impossible t o  t r e a t  these  matters cursor i ly .  This ,  i n  tu rn ,  has 

necess i t a ted  g r e a t e r  selectivity on t h e  part of t h e  author i n  choosing work 

t h a t  seems t o  b e s t  convey c e r t a i n  types of problems. 

B e l l e r t  1701 at tempts  t o  def ine  the not ion of t h e  coherence of a text ,  

and i n  doing s o  suggests  some of the same conclusions reached by computational 

l i n g u i s t s  i n  their t e x t  understanding work. Coherence r e f e r s  t o  t h e  p roper ty  

of a set of u t t e rances  which make i t  a connected d i scourse  r a t h e r  than  a 

random c o l l e c t  ion of u t terances .  Re fe ren t i a l  i d e n t i t y  has of t en  been 

suggested as  an ind i ca t ion  of coherence, but i t  is c l e a r l y  i n s u f f i c i e n t .  For 

example: 
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John drinks a l o t  of coffee.  John married a blonde. 

Both sentences  r e f e r  t o  John, but  do not  form a coherent discourse.  

Furthermore, r e f e r e n t i a l  i d e n t i t y  i s  unnecessary, Consider t h e  two sentences: 

There has been a drought. People are s ta rv ing ,  

These are coherent without  any e x p l i c i t  r e f e r e n t i a l  i den t i t y .  Bellert def ihes  

a coherent t e x t  as one i n  which t h e  semantic i n t e r p r e t a t i o n  of each sentence 

i s  dependent on t h e  semantic i n t e r p r e t a t i o n  of the preceding sentences. The 

semantic i n t e r p r e t a t i o n  of a sentence i a  defined as t h e  set of conclusions 

t h a t  can be i n f e r r e d  from t h a t  sentence. She sugges ts  t h a t  there  are two 

types  of conclusions t h a t  may be drawn: 

1. those drawn only from knowledge of t he  language 

2. those  drawn from knowledge of t he  world 

Both types  of conclusions a r e  abso lu te ly  necessary i n  understanding t e x t  and 

may be appropr ia te ly  drawn when t h e  coherence of the  t e x t  requires.  She 

concludes t h a t  "an u t t e r ance  has  meaning only i n  t h e  e n t i r e  context and 

through our  knowledge of t he  world". The r e s t  of the work discussed i n  t h i s  

s e c t i o n  wd 11 st rongly  re in force  these conclusions. 

The discuss ion i s  d iv ided  i n t o  two sect ions.  The f i r s t  conta ins  e a r l i e r  

work t h a t  suppor ts  the claim t h a t  world knowledge is e s s e n t i a l  t o  t he  

understanding of t ex t .  The  c lose ly  r e l a t ed  problem of making i m p l i c i t l y  

conveyed information e x p l i c i t  is  a l s o  a p r i n c i p l e  concern. The second sec t ion  
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describes later work in whlch t h e  o r ~ a n i z a t i o n  of world knowledge is 

recognized as a c r i t i c a l  question for t e x t  understanding. 

3.1 The Necessity O f  World Knowledge 

3.1.1 Charniak - 

Charniak's work [72, 74, 761 is probably the f i r s t  at tempt t o  s e t  out  in 

a well defined fashion the dimension of information processing that must be 

carried on i n  the understanding of  a story. The tarn "understanding" i s  

necessarily vague, but Charniak suggests an intuitive definition. Consider 

the following story fragment: 

Fred was goipg t o  the store .  Today was Jack's birthday and Fred was going 
t o  get  a present. 

It should be clear t h a t  i f  a human had read and unders tood  t h i s  fragment that 

he would be able to answer such questions as 

1. Why i s  Fred going t o  the store? 

2. Who i s  Fred buying the p r e s e n t  for? 

3. Why is  Fred buying a present? 

Charniak claims that a semantic representation of t h i s  fragment (i.e. an 

understanding of i t )  should e x p l i c i t l y  contain t h e  answers to ordinary 

questions such as these. Note the impor t an t  p o i n t  that this type of 
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unders tanding  could be a t t a i n e d  only through the u s e  of general knowledge of 

t h e  world, a long wi th  t h e  e x p l i c i t  s t a t e m e n t s  of t h e  t e x t .  Knowledge requi red  

t o  answer t h e  above q u e s t i o n s  would i n c l u d e  such f a c t s  as: 

1. A person  having  a b i r t h d a y  i s  likely t a  receive presents .  

2. P r e s e n t s  are of t e n  bought a t  s t o r e s .  

So Charniak's  g o a l  becomes o u t l i b i n g  a n  answer t o  t h e  ques t ion  of h w  common 

sense knowledge may be incorpora ted  i n t o  t h e  process  of unders tanding natural  

language. A c l o s e l y  r e l a t e d  g o a l  i s  t h e  de terminat ion  of how much knowledge 

of this t ype  i s  requ i red  by t h e  basic problems of n a t u r a l  language, such as 

the r e s o l u t i o n  of pronominal re ference ,  

Charniak breaks  t h e  problem of process ing  n a t u r a l  language i n to  two 

parts. The f i r ~ l t  p a r t  i s  the t r a n s l a t i o n  of n a t u r a l  l'anguage i n t o  a farm t h a t  

i s  convenient f o r  use i n  making deductions.  T h i s  i n t e r n a l  r e p r e s e n t a t i o n  i s  

l i k e  t h e  unders tanding  t h a t  a person would be capable  of ob ta in ing  without 

cqntext .  The i n t e r n a l  r e p r e s e n t a t i o n  i s  a canonica l  p r o p o s i t i o n a l  form, 

Thus, e i t h e r  of t h e  sen tences  

Jack caught a cold. 

Jack came down wi th  a cold ,  

might be represented by t h e  p r o p o s i t i o n  

(BECOME-SICK-WITH JACK COLD) 

which r e p r e s e n t s  the e x p l i c i t  meaning o f  e i t h c r  of t h e  sentences.  The second 
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p a r t  of t h e  problem i s  what Charniak c a l l s  Deep Semantic  Processing (DSP). 

T h i s  i s  t h e  p r o c e s s i n g  t h a t  makes e x p l i c i t  t h e  i m p l i c i t  i n f o r m a t i o n  conveyed 

by the story. Charniak e l e c t s  t o  examine only  DSP. 

The f u n c t i o n  of t h e  sys tem t h a t  Charniak proposes  i s  t o  read a s t o r y  

which has a l r e a d y  been t r a n s l a t e d  i n t o  i n t e r n a l  r e p r e s e n t a t i o n  and o u t p u t  a 

data base  of p r o p o s i t i o n s  t h a t  e x p l i c i t l y  represent a l l  of t h e  i n f o r m a t i o n  

conveyed by t h e  s t o r y .  In o r d e r  t o  do t h i s ,  t h e  sys tem uses commdn sense 

knowledge t o  make i m p l i c i t  i n fo rma t ion  e x p l i c i t -  T h i s  knowledge i s  coded i n t o  

the  system i n i t i a l l y ,  and i s  no t  learned o r  modif ied,  

Charniak 's  g o a l  o f  unders tanding  s t o r i e s  l e a d s  d i r e c t l y  t o  t h e  q u e s t i o n s  

of what k ind  of i m p l i c i t  information i s  conveyed, what k i n d s  of common sense 

knowledge are r equ i r ed  t o  e x p l i c a t e  t h a t  i n fo rma t ion ,  how should this common 

s e n s e  knowledge be r ep resen ted  and when and how is  i t  used. I n  answering the 

q u e s t i o n  about  t h e  t y p e s  of i m p l i c i t  in£ ormat ion Charni ak d i scove red  t h a t  

r e s o l u t i o n  of  pronominal r e f e r e n c e  f r e q u e n t l y  requi  red common s e n s e  knowledge. 

Cons ider  Charniak's most d i scussed  example [Charniak, 741 : 

Today was Jack ' s  b i r thday .  Penny and J a n e t  went t o  t h e  s t o r e .  They were 
going t o  get presen t s .  J a n e t  dec ided  t o  g e t  a top. "Don't do t h a t "  Penny 
said. "Jack h a s  a top. H e  w i l l  make you t a k e  i t  bock." 

The "it" i n  t h e  last  l i n e  is  normally unders tood t o  refer t o  t h e  t o p  t h a t  

Penny would buy, b u t  any pu re ly  s y n t a c t i c  p rocedures  would probably  s e l e c t  t h e  

t o p  t h a t  Jack a l r eady  has ,  on t h e  b a s i s  of  recency. The c o r r e c t  c h o i c e  of  

r e f e r e n t s  seems t o  b e  based on t h e  common s e n s e  knowledge that i f  a p r e s e n t  i s  

purchased and g iven ,  i t  may be r e tu rned  o r  exchanged. The  f a c t  t h a t  if a 

person r e c e i v e s  a d u p l i c a t e  present h e  may not w i s h  t o  keep i t  is also 
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re l evant .  T h i s  r e a l i z a t i o n  l e d  Charniak t o  c o n c e n t r a t e  on t h e  problem of 

pronominal reference.  I n s t a n c e s  of r e f e r e n c e  are c l e a r l y  recognizable  i n  t h e  

i n p u t ,  and t h e  need t o  u t i l i z e  common s e n s e  knowledge seems f u l l y  present .  

Charniak decided t o  r e p r e s e n t  common sense knowledge as in ferences .  That 

is,  implicit  knowledge i s  made e ~ p l i c i t  by having r u l e s  which i n f e r  the 

i m p l i c i t  f a c t  upon p r e s e n t a t i o n  of the necessary  e x p l i c i t  information.  Por 

example, i f  one knows t h a t  i t  i s  r a i n i n g ,  t h e  i n f e r e n c e  t h a t  anyone o u t s i d e  

w i l l  get  w e t  i s  v a l i d ,  The p r e s e n t a t i o n  of the sen tence  

John went outs ide .  

is s u f f i c i e n t  t o  trigger t h e  common sense i n f e r e n c e  

John g o t  w e t ,  

i n  a s i t u a t i o n  i n  which i t  i s  known t o  be ra ining.  Charniak's chaice of 

in£ e r e n c e s  as a represen t  a t i o n  was probably s t r o n g l y  inf luenced  by t h e  

a v a i l a b i l i t y  of MICRO-PLANNER. (For  a d i s c u g s i o n  of MICRO-PLANNER, see 

Winograd [74] and Charniak 1761) Before examining h i s  in fe rences  i n  more 

detail, one o t h e r  q u e s t i o n  must be  cons idered .  S ince  an i n f e r e n c e  is  drawn a t  

some p a r t i c u l a r  t i m e ,  t h e  q u e s t i o n  of when i n f e r e n c e s  should be made arises. 

Three possible answers t o  t h e  q u e s t i o n  are  suggested:  

1. Make no  i n f e r e n c e s  until the  s t o r y  is  accessed  (e .g.  t o  answer a 

ques t ion  abou t  i t ,  summarize a p a r t  of i t ,  e t c , )  
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2. Make in fe rences  as t h e  story i s  read, but  only those  t h a t  are 

necessary t o  solve  some p a r t i c u l a r  problem (e. g. t o  solve p roblems 

of ambiguity o r  reference)  

3. Make non-problem in fe rences  as t h e  s t o r y  i s  read, making e x p l i c i t  aa 

much information as poss ib l e  

Charniak r e j e c t s  t he  f i r s t  p o s s i b i l i t y  because i f  i t  is necessary t o  make 

dedu.cti0ns from a l l  previous  p ropos i t ions  when accessing some propos i t ion ,  

there i s  no t h e o r e t i c a l  difference from making them as the  story is read, And 

he argues thqt t h e r e  is no way t o  be s u r e  t h a t  you have made t h e  co r r ec t  and 

necessary inferences  without examining all previous  proposi t ions.  An argument 

aga ins t  both the  f i r s t  and second p o s s i b i l i t i e s  i s  t h a t  t h e  meaning of any 

propos i t ion  may be context -sens i t ive  Consider a story i n  which Janet wants  

t o  t r ade  wi th  Jack f o r  h i s  pa in ts .  The sentence 

"Those p a i n t s  make your airplane look funny" Jane t  sa id .  

should probably be understood as pa r t  of a bargaining s t r a t e g y  and not  an 

expression' of Janet 's  true fee l ings .  S ince  no e x p l i c i t  problem i s  presented 

by this sentence, no in fe renc ing  would be done, and hence t h e  correct 

understanding would be missed. So Charniak s e l e c t s  t h e  t h i r d  poss ib ' i l i  ty , 

making inferences  whenever p o s ~ i b l e  as the  story i s  read. 

Charniak implements in fe rences  e s s e n t i a l l y  as  MICRO-PLANNER antecedent 

theorems. H e  dist jnguishes  two types of common sense in fe rences  which he 

des igna tes  base rout ines  and demons. Base rout ines  rep resent  knowledge t h a t  
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should always be a v a t l a b l e  and does not  need t o  be t r i g g e r e d  by a spec i f i c  

con tex t*  F o r  example, knowledge about t rsding shou ld  always be a v a i l a b l e  ro 

t h a t  any s ta tement  about  a t r a d e  t h a t  has  occurred w i l l  cause t h e  ibfarencer 

t h a t  t h e  ownership r e l a t i o n s  have been reversed.  Base routincar are 

implemented a s  an tecedent  theorems matched a g a i n s t  each input  proporition. 

Some i n f e r e n c e s  are no t  always a p p r o p r i a t e ,  such as the previous  example about 

g e t t i n g  wet i n  t h e  ra in .  The i n f e r e n c e  would be i n c o r r e c t  i f  made in r 

non-raining s i t u a t i o n .  T h i s  t y p e  of inference, c a l l e d  a demon, is implementad 

as  antecedent  theorems that are not always ac t ive .  Demons are activated by 

b a s e  rout ines .  Thua, t h e r e  would be a base rou t ine  about r a i n i n g  which could 

make immediate i n f e r e n c e s  and a c t i v a t e  demons a p p r o p r i a t e  t o  t h e  context ,  

ra in .  The prev ious  i n f e r e n c e  rule uould be a demon of this type. 

Charniak r e f e r s  t o  the set of p r o p o s i t i o n s  which match a base rou t ine ' s  

p a t t e r n  as its t o p i c  concept. He notes t h a t  a t o p i c  concept may occur e i t h e r  

b e f o r e  o r  a f t e r  a p r o p o s i t i o n  which would match one of t h e  t o p i c   concept'^ 

demons. Consider  t h e  two sequences: 

1, It was ra ining.  Jack  was ou t s ide .  

2. Jack was outs ide .  I t  was ra in ing .  

I n  t h e  f i r s t  sequence, t h e  r a i n  base  r o u t i n e  i s  matched which a c t i v a t e s  t he  

outside-implies-wet demon. The demon matches the next  p ropos i t ion  causing t h e  

i n f e r e n c e  t h a t  Jack is wet. Charniak c a l l s  t h i s  looking f o m a r d ,  and i t  is 

handled c o r r e c t l y  by antecedent  theorems. I n  t h e  second sequence, however, 

the demon i s  not  a c t i v a t e d  u n t i l  a f t e r  t h e  p r o p o s i t i o n  so  the i n f e r e n c e  is 
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mirsed. T h i s  is  c a l l e d  looking backward. Charniak proposes a n  ex tena ion  t o  

antecedent  theorems s o  t h a t  when a demon is a c t i v a t e d ,  the d a t a  base i s  

m a r c h e d  f o r  matches. Then, i n  the  second sequence, the i n f e r e n c e  would be 

made when t h e  t h e  demon was a c t i v a t e d .  

A f i n a l  obse rva t ion  about  demons concerns deac t iva t ion .  Obviously, i f  

demons are context  dependent, they must be d e a c t i v a t e d  when t h e  context  is  no 

longer preeent.  T h i ~  is i l l u s t r a t e d  by 

It was ra ining.  When i t  q u i t ,  Jack  went outs ide .  

It should not  be i n f e r r e d  t h a t  Jack  go t  w e t .  Although t h i a  s imple example 

could probably be handled by t h e  ra in  base r o u t i n e ,  i n  g e n e r a l  t h e  problem i s  

q u i t e  d i f f i c u l t  and Charniak offers no real so lu t ions .  He assumes t h a t  

d e a c t i v a t i n g  demons a f t e r  some f i x e d  number of  in te rmed ia te  p r o p o s i t i o n s  would 

be a s a t i s f a c t o r y  f i r s t  approximation. 

Charniak's model i n c l u d e s  two o t h e r  components. Be  sugges t s  a 

bookkeeping component t o  keep t h e  data base upda ted  and t o n s i s t e n t .  When 

inferences are made, they w i l l  f r equen t ly  r ep lace  o t h e r  a s s e r t  i ons  p rev ious ly  

true. For example i f  J ack  i a  i n s i d e ,  then  goes ou t s ide ,  bookkeeping would 

mark the  o r i g i n a l  f a c t  as no l o n g e r  t r u e ,  bu t  would keep i t  f o r  h i s t o r i c a l  

purposes (such as  answering t h e  ques t ion ,  "Was Jack inside?") .  The f o u r t h  

component i s  made up of f a c t  f inde r s .  These are necessary as a r e s u l t  of 

Charniak's dec i s ion  t o  make a l l  p o s s i b l e  i n £  erences  which are exp resaed as 

demons as the s t o r y  i s  read. C l e a r l y ,  many possible i n f e r e n c e s  should not  be 

made t o  avoid clogging t h e  system with a huge number of assertions. To avoid  



Page 56 

t h i s ,  t h e s e  unnecessary i n f e r e n c e s  w i l l  n o t  be r e a l i z e d  a s  dcmons. I n f e r e n c e s  

such as t h e  f a c t s  t h a t  John i s  i n  h i s  house,  h i s  neighbor!~ood, c t c ,  i f  he  is 

i n  h i s  k i t c h e n  f a l l  i n t o  t h i s  category.  Some s i t u a t i o n s  may r e q u i r e  t h e  

a v a i l a b i l i t y  of  t h e s e  f a c t  so The sequence 

Jack was i n  t h e  house. L a t e r  he  was i n  t h e  k i t c h e n .  

should n o t  be i n t e r p r e t e d  as a change i n  l o c a t i o n ,  from t h e  house  t o  the 

ki tchen .  Fac t  f i n d e r s  a r e  implemented as MICRO-PLANNER consctluent theorems, 

w i t h  pat terns which a r e  matched a g a i n s t  d e s i r e d  goals .  They t h u s  make c e r t a i n  

in fo rmat ion  a v a i l a b l e  through deduct ion  t h a t  i s  not s u f f i c i e n t l y  important  t o  

i n f e r  as soon as poss ib le .  Fact finders are always ava i lab le ,  n o t  a c t i v a t e d  

and d e a c t i v a t e d  l i k e  demons. 

Charniak's  complete model i s  dep ic ted  below. The model shows t h a t  t h e  

i n f e r e n c e s  a r e  t r e a t e d  ;Like a d d i t i o n a l  p r o p o s i t i o n s  and are  t h u s  subject t o  

DSPo 

Incoming Apply Apply 
>Base-------- 

Apply 
Asgertions------- Xla t ching---- >Bookkeeping 

CC Demons Routines  
I I I 
I v v ------- I n f e r e n c e s  (new a s s e r t i o n s )  

3.1.2 Rieger  - 

In some ways Rieger's work [ 7 4 .  751 seems c l o s e l y  r e l a t e d  t o  Charniak's ,  

b u t  i t  is not  c l e a r  t h a t  t h i s  is completely true. Ricger's sys tem a c c e p t s  

s e n t e n c e s  as inpu t  which a r e  a l r eady  analyzed i n t o  t h e i r  semant ic  

r e p r e s e n t a t i o n s ,  and makes e x p l i c i t  a d d i t i o n a l  i n f o r m a t i o n  t h a t  he  c la ims i s  
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i q l i c i t l y  in the input. R e  designates these additional pieces of information 

inferences, and agrees with Charniak tha t  they should b e  made whenever 

possible Rieger discusses t h e  use of in£  erences i n  handling problems such as 

reference, but the bulk of h i s  work i s  spec i f i ca t ion  of t h e  inferences,  

themselves, and i t  is  here t h a t  the  main value of his work is found. Rieger 

Sdentlfies sixteen classes of inferences which will be discussed i n  t h r e e  

brod  categories (not Rieger's categories).  

31.2 Causal Connection - 

Pirst, there are inferences which are concerned with the causal 

camectiopg between states and a c t s  (Rieger's treatment resembles t h e  use i n  

robotics wo* (e.8. Fikes and Nilsson [71] ) of preconditions - states that 

be true for an a c t  t o  occur - and postconditions - states t h a t  result 

fror m act occurring). Given t h a t  a s t a t e  or act i s  t r u e  or has occurred, 

rbrt inferences may be made? 

1. Causative inferences suggest the likely cause 
input: Mary has t h e  diamond ring. 
inference: Someone must have given or sold  

the r ing to Mary. 

2. Enablement inferences suggest s t a t e s  t h a t  were necessar i ly  t me 
input: Mary gave John a book, 
inference: Mary had t h e  book just before she 

gave it t o  John. 

3. Resultative inferences suggest results t h a t  f ollswed 
input:  Mae gave John the book. 
inference: John has  the book, 

4. Missing enablement inferences explain why something cannot occur 
input: Mary couldn't see t h e  horses f inish.  
inference: Something must be blocking her view. 



Page 58 

5.  I n t e r v e n t i o n  i n f e r e n c e s  e x p l a i n  how something may be stopped o r  
p revent ed 

input: Mary was h i c t i n g  John l j i t h  a bat. 
in fe rence :  Taking t h e  b a t  away from Mary 

would stop her. 

3,1.2.2 Miss ing  Informat ion  - 

The second ca tegory  of in£ e rences concerns supply ing  common knowladgo 

about  f a m i l i a r  o b j e c t s  o r  a c t i o n s  t h a t  is not  in t h e  input. 

1, S p e c i f i c a t i o n  i n f e r e n c e s  f i l l  i n  missing p a r t s  
inpu t :  John h i t  Mary. 
in fe rence :  John used h i s  hand t o  h i t  Mary, 

2. Funct ion  i n f e r e n c e s  supply t h e  normal r o l e  of o b j e c t s  
inpu t :  John got a book. 
in fe rence :  John will read tbe book. 

3. Normatiwe i n f e r e n c e s  supply information about  what f s normally t r u e  
inpu t :  Pete i s  a, human. 
in fe rence :  P e t e  probably has a g a l l  bladder.  

4, State d u r a t i o n  i n f e r ences  sugges t  how long some s ta te  w i l l  p e r s i s t  
inpu t :  John s t a r t e d  e a t i n g  a t  6:00.  
in fe rence :  fie is probably still eating a t  6:15. 

5 .  Feature inferences connect features of objects with  t h e  objects  
input :  Fred wagged h i s  t a i l .  
Xnference: Fred is a non-human animal- 

6. s i t u a t i o n  i n f e r e n c e s  supply o t h e r  l i k e l y  aspects of a s f t u a t i o n  
i n p u t :  M a r y  is going t o  a masquerade. 
in fe rence :  Mary i s  probabky wearing a costume* 



3.1.2.3 Motivation Atid Rnwledse - 

The third category of lnfarsoces concerns human mrivationr and 

knowledge, and their  relation t o  one's actions. 

1. Motivation inferences suggest  reasons for an actor to do eo~vlthing 
input: John h i t  Mary. 
infetenee John wanted Mary t o  be  hurt. 

2. Actioa-pwdiction infbmncao suggert a poseible courae of actian from 
a pamon's wants 

input: John wants some na i la .  
inaereacer John is likely t o  go t o  a 

hardware store. 

3. Enablement-p redict ion  inferences suggest reasons for s pamon 
bringing about a certain e ta te  

input: Mary put on hot glasses. 
inferencd: Mary probably wants t o  

look a t  e m t h i n g .  

4, Utterance-intent inferences supply information intended, but not 
actually ~ t a t e d  

input: Mary couldn't jump the fence. 
inference: Mary wanted t o  jump the  fence. 

5 .  Knwledge propagation inferences predict whet else a patson would 
know i f  given that he knows certain th ings  

input: B i l l  knew that Mary hit.  John with  a bat. 
inference: R i l l  knew that John had been hurt.  

One point that ehould be c lar i f ied  i s  that the  use of the tern inference 

to designate the impl ic i t  information a sentence conveys i e  p a r t i d l l y  

misleedcng. What is  i m p l i c i t ,  and thus misht need to be made explicit, is  

direct ly  a function of the  seaant i c  representation. Consider t h e  previous 

examp le 

Mary gave John the book. 
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I f  t h e  fact t h a t  John possesses  t h e  book a f t e r  being g iven  i t  i s  an in fe rence ,  

I t  1s not c l e a r  what meaning t h e  r e p r e s e n t a t i o n  of t h e  sentence captures .  

Sure ly ,  the t r a n s f e r  d f  possess i an  i a  t h e  meaning of t h e  sen tence ,  no t  jus t  an 

i m p l i c i t  add i t ion .  A t  the o t h e r  extreme, t h e  example 

John h i t  Mary. 

s u r e l y  does  qo t  n e c e s s a r i l y  mean t h a t  John  wanted t o  h u r t  Mary. T h i s  is  

c l e a r l y  conveyed i m p l i c i t l y ,  i f  a t  a l l .  

It is very d i f f i c u l t  t o  e v a l u a t e  t h e  completeness o r  adequacy of  such a 

l a r g e  set of i n f e r e n c e  types, b u t  R iege r  c e r t a i n l y  sugges t s  how large the 

class of informat ion  i s  t h a t  can be i m p l i c i t l y  conveyed by t e x t  and, 

therefore which might need t o  be made e x p l i c i t  d u r i n g  the process ing  of  that 

t e x t .  Any proposed scheme f o r  r e p r e s e n t i n g  and unders tanding t e x t  should  be 

examined t o  see how each of these  t y p e s  of information is s t o r e d  and i n  what 

way t h e  informat ion  i s  a s s e r t e d  t o  be p a r t  of t h e  meaning of  t h e  input .  

3.1.3 Schank - 

Charniak's  model of  s t o r y  comprehension p r imar i ly  discgsses c o n n e ~ t t o t ~ a  

between p r o p o s i t i o n s  of a s t o r y  that a l t e r  t h e  sequence of even t s  involved i n  

unders tanding  t h e  s t o n .  Far example, t h e  unders tanding of some sentence  of a 

s t o r y .  may be c o r r e c t  because a  demon had been previous ly  a c t i v a t e d ,  thus 

a l lowing  t h e  c o r r e c t  i n t e r p r e t a t i o n  of t h a t  sentence.  Charniak dges not  say 

much about  e x p l i c i t l y  rep r e s e a t i n g  t h e  connection between t h e  p r o p o s i t i o n  

r e s p o n s i b l e  f o r  a c t i v a t i n g  t h e  demon, and t h e  c o r r e c t l y  understood 
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proposition. However, s ince  h e  mainly i n v e s t i g a t e s  reference,  obta in ing t h e  

c o r r e c t  re fe ren t  i s  an e x p l i c i t  representa t ion  of t he  understanding. Clearly, 

many kinds of connections might e x i s t  between propos i t ions  of a connected 

discourse.  Schank ( [73b], Schank and Abelson [77] ) investigates causa l i t y  as 

one of t h e  primary discourse connectives. Schank's proposals  are discussed i n  

terms of his Conceptual Dependegcy theory [Schank, 73a], but are largely 

independent of it. The term conceptual izat ion is  used t o  r e f e r  t o  e i t h e r  a 

proposi t ion  (using one of the  smal l  se t  of p r imi t i ve  p red i ca t e s  o r  acts)  o r  t o  

a state  ( i .e .  an objec t  having some value f o r  some attr ibute) .  Schank notes 

t h a t  t h e  sentence 

John cried because Mary s a i d  he  was ugly. 

a s s e r t s  a connection between 

Mary said John was ugly. 

and 

John cried.  

But c l o s e r  consideration reveals  t h a t  some of the links i n  this connection are 

unspecified, John must have found out t h a t  Mary had sa id  i t  and t h i s  

knowledge must have made h i m  unhappy, which was manifested in his crying. I n  

orde r  t o  be able  to recognize instances of missing l i n k s  and t o  be a b l e  t o  

supply them, Schank develops a c l a s s i f i c a t i o n  of t y p e s  of causality and 

characterizes their form and meaning. (It should be c l e a r  t h a t  here, as i n  

a l l  Conceptual Dependency, there i s  no simple mapping from English t o  t h e  
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underlying r e p r e s e n t a t i o n ,  ) 

The f i r s t  type o f  causa t ion  i s  a r e s u l t  i n  which an  a c t  may bring about  a 

change of s t a t e ,  For  example 

John went t o  New York, -RESULT-> John i s  i n  New York, 

The second type  of causat ion  i s  enablement T h i s  is t h e  s i t u a t i o n  i n  which a 

change of s t a t e  b r i n g s  about t h e  c o n d i t i o n s  necessary f o r  some act t o  occur, 

John has a ring, -ENABLE-> John gave i t  t o  Mary. 

The t h i r d  c a u s a l  t y p e ,  i n i t i a t i o n ,  i s  t h e  r e l a t i o n s h i p  between any 

c o n c e p t u a l i z a t i o n  and the a c t  bf someone th ink ing  about  t h a t  thing.  

John -INITIATE-> I t h i n k  about B i l l .  
(John reminds m e  of B i l l .  ) 

The fourth and f i n a l  t y p e  is reason causa t ion ,  T h i s  i s  t h e  r e l a t i o n s h i p  t h a t  

holds between t h e  a c t  of dec id ing  t o  do something and a c t u a l l y  doing that 

th ing.  

John decided t o  leave town. -RFASON-> John l e f t  town, 

Schank also sugges t s  the utility of  s non-specif ic  caugal  connection,  which he  

designates "lead-t  0". This would be used t o  rep  resent c a u s a l l y  connected 

e v e n t s  i n  s i t u a t i o n s  where t h e  s p e c i f i c  t y p e  of c a u s a l i t y  o r  t h e  s p e c i f i c  

cha in  of causes is  unknown, 
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Although Schnnk explores t h e  pure ly  s y n t a c t i c  expansion of English 

c a u s a l s  i n t o  h i s  formal  c a u s a l s ,  he  concludes t h a t  t h e  s y n t a c t i c  approach i s  

t oo  limited. Consider t he  sentence 

The hurr icane caused my depression. 

Treat ing  t h i s  a s  an i n s t a n c e  of i n i t i a t i o n  causat ion  ( t h e  hur r icane  initiated 

depressed t h i n k i n g )  makes i t  causal-syntact i c a l l y  co r r ec t ,  but  t h e r e  i e  

c l e a r l y  something miss ing  t h a t  e x p l a i n s  what l e d  t o  t h e  depressian. Schank 

suggests  t h a t  o the r  knowledge i s  used t o  f i nd  the connection, and t h i s  

suggestion seems t o  indicate a f a r  more genera l  approach t o  understanding 

English expres s ions  of causa l i t y  than  any s y n t a c t i c  approach, 

Schank s u g g e s t s  t h a t  a pe r son  would, i f  poss ib le ,  f i n d  a reasonable 

connection such as tha t  t he  hurr icane  probably blew down t h e  speaker 's  house 

which caused him t o  lose  money which caused him t o  become depressed, I n  order 

t o  accomplish t h i s  e l a b o r a t i o n  a person would have t o  use  a g r e a t  d e a l  of 

world knowledge. Schank proposes  that  a number of d i f f e r e n t  k inds  of 

knowledge are involved here. F i r s t ,  t h e r e  are axioms about t he  way people 

f e e l ,  such a s  

A l .  Bad results  can cause depression. 

Associated with an axiom would be a number of more i d io sync ra t i c  b e l i e f s ,  such 

as 

IB1 .  Less money i s  a bad r e s u l t .  

F i n a l l y ,  general  knowledge of t h e  world  would a l s o  be necessary. Th i s  would 



necessarily inc lude  f a c t s  auch as 

WK1. O b j e c t s  can have monetary value. 
WK2. Changes i n  an o b j e c t ' s  phys ica l  s t a t e  can cause a 

change i n  i ts  worth* 

A person  making the  above connect ions would essentially be engaged i n  problem 

solving. Given the  f i n a l  s t a t e ,  depress ioo ,  he would f ind  en axiom which 

e x p l a i n s  i t  then f i n d  an  i d i o s y n c r a t i c  b e l i e f  which would meet the e x i m ' s  

p r e c o n d i t i o n s  (bad r e s u l t s ) ,  t hen  use  world knowledge t o  e s t a b l i s h  t h a t  a 

n e g a t i v e  change of s t a t e  could be t h e  real c u l p r i t ,  then n o t i c e  t h a t  a 

h u r r i c a n e  is  able t o  destroy objec ts .  The real  p o i n t  o f  t h i s  discussion seems 

to  be that much a d d i t i o n a l  knowledge is  requi red  t o  e s t a b l i s h  conrlections t h a t  

people  are able t o  (and do) make when understanding connected sentences.  This 

i s  an a f f i r m a t i o n  of Bellert's hypothesis,  and con£ irms Charniak's 

conclus ions ,  bu t  is reached a f t e r  work on a d i f f e r e n t  t e x t  unders tanding 

p roblem, 

Schank [75b] a t t e m p t s  t o  use t h e s e  types of causal i ty  as a b a s i s  f o r  

d e f i n i n g  t h e  semant ic  rep r e s e n t a t i o n  of a paragraph. lie a rgues  t h a t  t h e  

c o l l e c t e d  rep r e s e n t a t  ions  of t h e  i n d i v i d u a l  sen tences  of t h e  paragraph do not  

form a r e p r e s e n t a t i o n  o f  t h e  paragraph as  a whole. Much addttinnal implicit 

in format ion  could be made e x p l i c i t ,  b u t  Schank suggests tha t  und i rec ted  

e x p l i c a t i o n  i s  not  p l a u s i b l e e  He o f f e r s  a s o l u t i o n  t o  the  problem o f  what 

in fo rmat ion  should be made e x p l i c i t  by d e f i n i n g  a paragraph r e p r e s e n t a t i o n  as 

a c a u s a l l y  connected sequence. I n f e r e n c e s  a r e  l i m i t e d  t o  those  items of 

in fo rmat ion  requi red  t~ f i n d  t h e  c a u s a l  connections.  



Page 65 

The e t a t e a  tha t  are u s u a l l y  true when an  a c t  occu r s  a r e  c a l l e d  t h e  

neceasaty c o n d i t i o n 8  of t h a t  act. These states would be ~ o n n e c t c d  t o  t h e  act  

by an e n a b l i n g  causa t ion .  Schank d i v i d e s  necessary c o n d i t i o n s  i n t o  two types:  

absolutely necessary c o n d i t i o n s  and reasonable  necessary c o n d i t i o n s  (ANCs and 

RNCs) .  The former must always be t r u e  when a n  act occurs.  RNCs, however, tare 

normal ly  t r u e ,  b u t  may be v i o l a t e d  wi thou t  c r e a t i n g  an anomalous s i t u a t i o n .  

For example 

John was working i n  h i s  yard. 

has a8 an ANC (among o t h e r s )  t h a t  John h a s  a yard.  An RNC might  be  t h a t  i t  

was n i c e  weather ,  b u t  t h i s  could  be v i o l a t e d *  It would on ly  i n d i c a t e  

something unusua l ,  and perhaps  s i g n i f i c a n t .  Schank i l l u s t r a t e s  t h e  u s e  of 

neceeeary c o n d i t i o n s  t o  e s t a b l i s h  c a u s a l  c h a i n s  by ana lyz ing  s e v e r a l  s t o r i e s .  

A b r i e f  d e s c r i p t i o n  of one of  t h e s e  should i n d i c a t e  h i s  methods. H e  c o n s i d e r s  

t h e  fo l lowing  paragraph:  

John began t o  mow h i s  lawn. Suddenly h i s  t o e  s t a r t e d  bleeding, ... When 
he c leaned o f f  h i s  t o e ,  h e  d i scovered  t h a t  he  had s tepped  i n  tomato sauce. 

Mowing t h e  lawn has  as ANCs such t h i n g s  a s  t h e  e x i s t e n c e  of John, the lawn, a 

mower, e t c .  and as RNCs t h a t  i t  is good weather and t h e  grass needs mowing. 

These c o n d i t i o n s  would be i n f e r r e d  when the  f i rs t  sen tence  was processed s i n c e  

they were not e x p l i c i t l y  s t a t e d .  I f  t h e  f i r s t  sentence had been preceded by 

a n  e x p l i c i t  s t a t emen t  of e i t h e r  o r  bo th  of  t h e s e  RNC6, they would have been 

connected as e n a b l i n g  t h e  mowing. (There i s  g rea t  d i f f i c u l t y  i n  f i n d i n g  a 

g e n e r a l  scheme which a l lows  i n f e r r i n g  of  normal necessary  c o n d i t i o n s ,  b u t  

p r o h i b i t s  i n f e r r i n g  unusual ones. I n  t h i s  case, i t  secms reasanable t o  infer 
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a l l  of them.) The second sentence  p r e s e n t s  a more d i f f i c u l t  problem. Same 

sequence of i n f e r e n c e s  would have t o  be made which produces t h e  chain:  mowing 

invo lves  t u r n i n g  b lades ,  which could h i t  a t o e ,  which could cause i t  t o  bleed. 

The f i n a l  sen tence  of t h e  s t o r y  i l l u s t r a t e s  t h e  p o i n t  about normali ty  

considerations. To e x p l a i n  t h e  tomato sauce ,  one must i n f e r  t h a t  John g o t  i t  

an h i s  toe, b u t  t h i s  seems l i k e  an a b n o m l  i n f e r e n c e  t o  make w i t h  no o t h e r  

explana t ion .  However, i f  t h e  paragraph was preceded by t h e  sentences :  

John was ea t ing  p i z z a  o u t s i d e  on his lawn, He n o t i c e d  t h a t  the grass was 
very  long and and he  go t  out  his mower. 

Then t h e  final sentence  seems much more reasonable. One would i n f e r  t h a t  

p izza  has tomato sauce,  and John dropped some on t h e  lawn and l a t e r  s tepped i n  

i t ,  

I n  summary, Schank s t a t e s  t h e  fo l lowing c o n d i t i o n s  f o r  t h e  r e p r e s e n t a t i o n  

of a paragraph: 

1. Each inpu t  sen tence  i s  represented.  

2. These rep r e s e n t a t  ions  should be conceptua l ly  connected, p r ima r i l y  by 

c a u s a l  chains, 

3. The necessary  condl t f o n s  f o r  every conceptual izat ion must be 

e x p l i c i t l y  represented, and may o r i g i n a t e  as inpu t  sen tences  o r  may 

be i n f e r r e d  e i t h e r  from prev ious  c o n c e p t u a l i z a t i o n s  o r  because they 

are normal. 



4 .  A s t o r y  i s  t h e  j o i n i n g  of causal cha ins  t h a t  crilminote i n  the "point" 

o f  t he  s t o r y .  Othe r  p a t h s  are of less i n t e r e s t .  

3.2 The Organiza t ion  O f  World Knowledge 

A c h a r a c t e r i s t i c  common t o  a l l  of t h e  preceding  work i s  t ha t  a great deal 

of world knowledge i a  requi red ,  b u t  there is  no c lear  o r g a n i z a t i o n  of t h i s  

knowledge. I t  i s  clear t h a t  any system with large amounts o f  knowledge 

represented  simply as demons o r  i n f e r e n c e  r u l e a  would become bogged dawn 

searching f o r  r e l evan t  knowledge and would qu i t e  probably  draw i n c o r r e c t  

in£ erences  because knowledge would be a p p l i e d  i n  inappropriate contexts 

(recall Charniak's concern about t h e  d e a c t i v a t i o n  of demons). Charniak [ 75, 

76,  771 himself  sugges t s  t h a t  more organized knowledge would be supe r io r  t o  

the demon approach. These r e a l i z a t i o n s  have l e d  t o  a  number of p roposa l s  f o r  

t h e  o rgan iza t ion  of knowledge. Minsky [75]  i a t roduced  t h e  term "frame" f o r  

knowledge s t r u c t u r e s ,  but  Winograd I751  Bobrow and Norman [ 75 ]  ( u s i n g  t b  

term "schema") and Rumelhart and Ortbny (771 d i s c u s s  c l o s e l y  r e l a t e d  ideas. 

Recent ly ,  Bobrow and Norman 1771 have desc r ibed  a  language f o r  knowledge 

r e p r e s e n t a t i o n  (Ec2RL) i n  which the frame concept p l a y s  a c e n t r a l  role. These 

knowledge s t r u c t u r e s  are intended t o  organize  convent ional  o r  encyclopedic  

kncrwledge, rather than def  initionsl features or c h a r a c t e r i s t i c s ,  T h i s  

knowledge is described i n  terms of roles o r  s l o t s  which p a r t i c i p a t e  i n  t h e  

s i t u a t i o n .  These are t h e  v a r i a b l e s  of t h e  frame. Frames must also have t h e  

a b i l i t y  t o  re ference  o t h e r  frames. A d e t a i l e d  d i s c u s s i o n  o t  t h e  nature of 
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frames is  i n a p p r o p r i a t e  h e r e ,  p r i m a r i l y  because i t  is  o u t s i d e  the scope of 

t h i s  survey, but  i n  p a r t  because many of t h e  computational  ques t ions  regarding 

frames are no t  completely answered. However, recent  computational  work haa 

begun t h e  a t t empt  t o  i n c o r p o r a t e  such o r g a n i z a t i o n  of knowledge i n t o  text  

unders tanding  systems. 

3.2.1 Schank And Abelson - 

3.2.1 1 S c r i p t s  - 

Schank ([75bl, Schank e t  a 1  1751 and Cul l ingfo rd  [751) extends his ideas 

wfth t h e  a d d i t i o n  of l a r g e ,  p r e - e x i s t i n g  knowledge s t r u c t u r e s  t h a t  he cal ls  

s c r i p t s .  H e  s a y s  t h a t  i t  i s  necessary t o  have l a r g e  amounts o f  specific 

knowledge about known s i t u a t i o n s ,  s ince otherwise i t  is d i f f i c u l t  o r  

imposs ib le  t o  recognize t h e  c a u s a l  r e l a t i o n s h i p s  between events. A scr ipt  is 

a sequence of a c t i o n s  t h a t  provide  knowledge about t h e  t y p i c a l  occurrence of 

some s i t u a t i o n .  T h e  fo l lowing i s  a partial d e s c r i p t i o n  of t h e  s c r i p t  for 

going t o  a r e s t a u r a n t :  

S c r i p t :  Res taurant  
Track:  Coffee shop 
Roles: Custome r, Wai t ress ,  Chef, CasKier 
Props: Tables ,  Menu, Food, Check, Money 
Reason: To ge t  food t o  eat 
Ent ry  cond i t ions :  Customer ( is  hungry; has money) 
Resu l t s :  Customer ( is  no t  hungry; h a s  less money; 

is  p leased)  
Cashier (has more money) 

Scene 1: En te r ing  
Go t o  r e s t a u r a n t  
Find an  ernp ty t a b l e  
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Decide where t o  sit  
Go t o  table  
S i t  down [MAINCON] 

Scene 2r  Order ing 
Receive menu 
Read menu 
Decide what t o  e a t  
Tell Waitress what i s  wanted [MAINCON] 

Scene 3: Eat ing 
@ e m  

Scepe 4: E x i t i n g  
1 *. 

The scenes a r e  t h e  main episodes  of t h e  e v e n t ' a n d  each i s  def ined  i n  terms of 

a sequence of s p e c i f i c  ac t ions .  Schank sugges t s  t h a t  s c r i p t s  would need t o  be 

d i v i d e d  a t  t h e  t o p  l e v e l  i n t o  d i f f e r e n t  t r a c k s  whicih d i s t i n g u i s h  t h e  sequences 

f o r  d i f f e r e n t  t y p e s  of restaurants. 

Th& u s e f u l n e s s  of a s c r i p t  i s  seen by cons ide r ing  t h e  sequence 

J o h n w e n t  to a res t au ran t .  H e  ordered a hamburger from t h e  waitress. H e  
p a i d  and l e f t .  

Many d e t a i l s  of this sequence have been omit ted and connect ions between t h e  

a c t i o n s  would be impossible  to e s t a b l i s h  wf t h o u t  knowledge of what c o n s t i t u t e s  

going  t o  a r e s t au ran t .  Furthermore,  t h e  d e f i n i t e  r e fe rence  t o  t h e  waitress is  

meaningful  only because all p a r t i c i p a n t s  i n  a s c r i p t  are a u t o m a t i c a l l y  

in t roduced  by any re fe rence  to t h a t  s c r i p t .  The s c r i p t  also c o n t a i n s  t h e  

c o n d i t i o n s  that must be t r u e  f o r  s u c c e s s f u l  execu t ion  of t h e  s c r i p t ,  as w e l l  

as t h e  r e s u l t s  of s u c c e s s f u l  execut ion.  Each scene has  one act t h a t  is  

cons idered  t h e  e s s e n t i a l  a c t  of  t h a t  p a r t  of t h e  s c r i p t .  These acts are 
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c a l l e d  t h e  M A I N  CONceptualizations of a scene. 

S c r i p t s  r ep resen t  t h e  knowledge about  convent ional  s i t u a t i o w  t h a t  any 

r e a d e r  would be  assumed t o  know. But t h e  s e p a r a t e  q u e s t i o n  of  how t o  

r e p r e s e n t  a t e x t  which c o n t a i n s  s c r i p t  usages  must be answered. I f  t h e  

rcy r e s e n t a t  i o n  of t h e  r e s t a u r a n t  s t o r y  above wee merely an e l abora ted  c a u s a l  

cha in  c o n t a i n i n g  many e v e n t s  i n £  e r r e d  from t h e  r e s t a u r a n t  s c r i p t ,  t h e  u n i f y i n g  

d e s c r i p t i o n  t h a t  t h e s e  e v e n t s  t o g e t h e r  c o n s t i t u t e  going t o  a r e s t a u r a n t  worrld 

be l o s t .  Schank. proposes t h a t  t h a t  t h e  e l a b o r a t e d  c a u s a l  cha in  i s  only one 

l e v e l  of t h e  s to ry ' s  r e p r e s e n t a t i o n  - t h e  Conceptual Dependency (CD) l e v e l .  

There  is a l s o  a second l e v e l  of  r e p r e s e n t a t i o n  - t h e  Knowledge S t r u c t u r e  (KS) 

l e v e l .  A t  t h e  KS l e v e l  t h e  above s t o r y  would have a r e p r e s e n t a t i o n  l i k e :  

S c r i p t s R e s t a u r a n t  
Custome rcJohn 
Food=Hambu rge r 

A d d i t i o n a l l y ,  t h e  s c r i p t  r e p r e s e n t a t i o n  would be l inked  t o  each of t h e  e v e n t s  

a t  t h e  CD l e v e l  which was p a r t  of t h a t  s c r i p t  ins tance .  Schank sugges t s  t h a t  

t h e  c a u s a l  c h a i n  a t  t h e  CD l e v e l  should c o n t a i n  a l l  t h e  e v e n t s  e x p l i c i t l y  

mentioned p l u s  t h e  MAINCONS of  any scene  t h a t  is mentioned. I f  any event  is 

encountered which i s  not a n d e r s t a n d a b l e  i n  terms of the  c u r r e n t  s c r i p t ,  t h e  

event  w i l l  be represented  a t  t h e  CD l e v e l ,  bu t  w i l l  a l s o  be placed on a Wierd 

list. For  example Schank d i s c u s s e s  t h e  p rocess ing  of a s t o r y  i n  which John 

has  h i s  pocket  picked whi l e  r i d i n g  a subway. L a t e r ,  he has no money w i t h  

which t o  pay the b i l l  a f t e r  e a t i n g  a t  a r e s t a u r a n t -  The f i r s t  sequence of 

e v e n t s  i s  understood i n  terms of t h e  subway s c r i p t ,  bu t  t h e  pocket p ick ing  

even t  i s  p laced  on t h e  Wierd l is t .  When apply ing  t h e  r e s t a u r a n t  Gcr ip t ,  t h e  



&aability to pay is encountered i n  the t e x t  and i s  inexplicable from the  

r o t m ~ r m t  script. The s c r i p t  a p p l i e r  asks t he  monitoring program t o  look f o r  

c p r r s ~ a l  occurrences tha t  could r e s u l t  i n  John having no money. The 

d t o r  finds the pocket picking event, and re turns  the  informati6n t o  the  

scrlpt qplier which uses i t  as the required explanation. 

Of course, the problems i n  general are much more d i f f i c u l t  than this 

riqle example indicates. For example, an unusual event within  a s c r i p t  could 

imterrupt the script's normal continuation. Obstacles,  such as not being able 

to get wbat you want a t  a res taurant ,  may cause a l t e r i n g  o r  abandoning t h e  

restaurant script. Distract ions ,  sueh as  a robbery i n  a tes taurant  may lead 

t o  suspension of the restaurant script f o r  a sub-story, o r  t o  its abandonment, 

Furthermore, simultaneous,, independent s c r i p t s  are possible. The s i t u a t i o n  of 

eating i n  a dining c a r  involves both the  t r a i n  s c r i p t  and the restaurant 

scr ip t .  Finally, the activation and t e r m i n a t i o n  of scripts i s  a very complex 

p roblem. For  example, consider t h e  sequence: 

John went t o  a restaurant,  A f t e r  ea t ing  lobs te r ,  he bought a watch. 

Does t h i s  describe a restaurant event followed by a purchasing event, o r  t h e  

more unusual case of buying a watch i n  a restaurant? Either i s  possible,  and 

the story i n  which t h i s  s,equence is found would determine the most probable 

in terpreta t ion.  
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3.2.1 2 Goals And P lans  - 

Schank and Abelson (75, 771 ( a l s o  see Meehan 1761 and Wilensky [76])  have 

recen t ly  suggested t h a t  a11 connected event sequences are not apprcrp riatoly 

represented by s c r l p t s .  Consider t h e  sequence: 

Johh wanted t o  become king- H e  went t o  ge t  some arsenic. 

It seems that t r e a t i n g  the  poisoning-the-king s i t u a t i o n  as  so convent ioar l  

t h a t  a s c r i p t  f o r  i t  e x i s t s  is u n r e a l i s t i c ,  The so lu t ion  l i e s  i n  realixlag 

t h a t  whi le  s c r i p t s  handle w e l l  known s i t u a t i o n s ,  mechanisms rmst e x i s t  which 

are a b l e  t o  handle novel s i t u a t i o n s  using genera l  knowledge. "Plans" are 

suggested as the  appropr ia te  mechanism. A plan i s  a general course of actaon 

in tended t o  r e a l i z e  some goa l ( s ) ,  A poss ib le  h ierarchy of high-level goals  is 

shown i n  Figure 3-l(a). Motivated ac t ions  are always associa ted  wi th  the 

s a t i s f a c t i o n  of some high-level  goal-  Frequently,  more s p e c i f i c  sub-goals 

e x i s t  which are motivated by a high-level  goal. For example, someone may want 

t o  go t o  t h e  t r a i n  s t a t t o n  ( ins t rumenta l  goal )  s o  he can go t o  New York (a 

1 I s p e c i f i e d  goal )  s o  he can enjoy pleasure" (high-level goal ) .  The purpose of 

c l e a r l y  def in ing  a goa l  h ierarchy is t o  enable understanding of s i t u a t i o n s  i n  

which an actor faces goal conflict and elects $0 pursue the highes t  goal  (e .gw 

"preserve heal th" r a t h e r  than "en joy pleasure") ,  
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Achieve 
Sex Rest 

a. Goal Hierarchy ------------------------------- 

GET (named p lan)  USE (named plan)  

INVOKE- THINE (planbox) 

ASK (planbox) 

D-KNOW (D-goal) C BARGAIN-OBJECT (planbox) 

'TELEPHONE-BOOK ( s c r i p t )  

b.  Associated Knowledge 

Figure 3-1 
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But general knowledge about Row goals  can be achieved must a lso  be 

a v a i l a b l e .  The "D-goal" i s  proposed as t h e  fundamental  unit of organization 

for  suhh in format ion .  A D-goal i e  a p o i n t  pf access t o  p lanning  information 

f o r  t h e  r e a l i z a t i o n  of some goal. Foe example, D-KNOW i s  t h e  D-goal f o r  t h e  

goal o f  knowing something, D-CQNT f o r  the goal of p h y s i c a l l y  con t roZ l ing  

something, and D-PROX f o r  the goal of being in proximity to something. The 

D-goals' a s s o c i a t e d  knowledge is an o rde red  l is t  of "planboxee", each of which 

p t o v i d e s  d e t a i l  i n f o p t i o n  on one method for achieving the  goal .  The 

o r d e r i n g  prwides thb sequence i n  which the methods are l i k e l y  t o  be 

considered.  For example, D-KNOW has an ASK planbox (as a highly likely 

method) which specifies the ac tua l  act  of a s k i n g  the appropriate q u e s t i o n ,  t h e  

in t ended  r e s u l t  ( fee .  g e t t i n g  t h e  answer), and t h e  pre -condi t ions  neces sa ry  

t o  successfujlly ask. Some of t h e  p re -cond i t i ons  are: communication i s  

possi"b1e; the  persbn  being asked knows the answer; the person being asked is  

d i sposed  t o  answer t h e  q u e s t i o n ,  When a planbbx i s  ext rernely s p e c i f i c ,  i t  

becomes a scr ipt .  Using t h e  telephone book is a method o f  acquiring certain 

k inds  of knowledge that i s  so conventional that  it is a script, Certain 

'recurring sequences  of B-goals are called "named plans". The named plan,  

U S E ( x ) ,  s t a n d s  fo r :  

D-KNOW(the l o c a t i o n  o f  \x) 
D-PROX (x )  
D-CONT (x )  
perform p_repara t lons  a n d  d o  a c t i o n  a p p r o p r i a t e  t o  x 

Figure 3 - l ( b )  s h a m  the r e l a t i o n s h i p  of D-goals, planboxes, s c r i p t s  and named 

plans  t o  each other and to t h e  goal  h i e r a r c h y .  



The r e p r e s e n t a t i o n  of t h e  p l a n s  of a c t o r s  i n  a t e x t  would be a t  t h e  KS 

level (w i th  s c r i p t s ) .  The D-goals would be e x p l i c i t l y  r ep re sen ted  and would 

be connected t o  a c t u a l  a c t s  a t  the CD level which (a t t empted  t o )  implement t h e  

p l a n  For example, t h e  s en t ence :  

John t r i e d  t o  f i n d  o u t  who ate t h e  candy. 

would be repreaentsd arro: 

Ks Level CD Leve l  - 
p l a n  

D-KNOW(John,?.ate t h e  candy)---implementati-on--> DO 
I 

Failure <--------------------- result------------ 
I 

That is, the plan of t r y i n g  t o  know who a t e  the candy was implemented B S  some 

u n s p e c i f i e d  a c t  (DO) which f a i l e d  t o  achieve the  plan's  goal .  A c t s  (a t  t h e  CD 

level) which meet pre -cond i t i ons  of p lanboxes  would be l i n k e d  t o  the D-goal 

they enable .  

A d d i t i o n a l  i n fo rma t ion  is  suggested as b e i n g  a p p r o p r i a t e  and necessary 

f o r  t h e  KS  level. T h i s  i n c l u d e s ,  f o r  each character, h i s  goals, t h e  c u r r e n t  

s t a t u s  of each goal, s t r a t e g i e s  which could  be used t o  a c h i e v e  each goal and  

f a c t s  (true i n fo rma t ion  as opposed t o  a c t u a l  occurrences) relevant t o  goal 

unders tand ing .  T h i s  in£ onna t ion  i.s mainta ined on "Coal F a t e  Graphs" ,  wh ich  

a l s o  c o n t a i n  a s s o c i a t i o n s  between c h a r a c t e r s  and any "Themes" (large goal 

complexes such as BECOMING-RICH) i n  which h e  i s  p a r t i c i p a t i n g .  
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Schapk and Abeleon appear t o  be committed t o  the development of a very 

complex system f o r  t h e  o r g a n i z a t i o n  o f  knarledga, and t h e  r e p r e s e n t a t i o n  of 

such knowledge when i t  b c c u r s  i n  stories.  It  s h o u l d  be appa ren t  tha t  t h e y  rare 

a t t e m p t i n g  t o  model g o a l  related human knowledge and a c t i o n s ,  since such 

knowledge and a c t i o n s  are common in s t o r i e s .  Since t h i s  knowledge p n  be 

r e q u i r e d  t o  undera tand  p a r t i c u l a r  s t o r i e s  i t  1 4  no t  clear a t  what p o i n t  ( i f  

any) one ceases t o  s tudy  t e x t  unde rs t anding  and b e g i n s  model l ing  p e r s o n a l i t y  . 

3.2.2 P h i l l i p s  - 

P h i l l i p s * [ 7 5 a , 7 5 b ]  p r e s e n t s  probably t h e  most comprehensive computa t iona l  

model of t ex t ,  i n  t h a t  he  is concerned w i t h  t h e  r e p r e s e n t a t i o n  of a l l  types of 

knowledge and t e x t u a l  r e l a t i o r s h i p s .  T h i s  b r e a d t h  is  in fo rma t ive ,  but  

n e c e s s q r i l y  r e s u l t s  i n  a l a c k  of d e p t h  i n  some areas. H e  presents a 

r e p r e s e n t a t i o n a l  scheme which h e  u s e s  f o r  t h e  v a r i ~ u s  r equ i r ed  t y p e s  of 

knowledge, which i n c l u d e  world  knowledge, l i % g u l s t i r  knowledge and t h e  

knowledge conveyed by t h e  text.  Phillips w.orld knowledge, " the 

encyc lopedia" ,  c o n s i s t s  of both t h e  s t a t i c  d a t a  s t r u c t u r e s  and t h e  dynamic 

p r o c e s s e s  which o p e r a t e  upon these s t r u c t u r e s .  The  static d a t a  s t r u c t u r e  is  a 

f a i r l y  c o n v e n t i o n a l  bu t  very w e l l  d e f i n e d ,  semant ic  network ( c l o s e l y  r e l a t e d  

t o  t h e  s u g g e s t i o n s  of Hays [73] ) which use nodes f o r  e n t i t i e s  and e v e n t s ,  and 

arcs  for t h e  relationships between nodes. The set of hierarchical  

r e l a t i o n s h i p s  between e n t i t i e s  ( t h e  t axonomic-  s t r u c t u r e )  i s  c a l l e d '  t h e  

p a r a d i g m a t i c  s t r u c t u r e .  The syntagmat i c  s t r u c t u r e  is t h e  see o f  r e l a t i o n s h i p s  

between e v e n t s  and t h e  even t  p a r t i c i p  a n t s  ( c a s e  o r  argument r e l a t i o n s h i p s ) .  
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P h i l l i p 8  incroaucea a Modality node a t t a c h e d  t o  e v e r y  even t  which i s  a lways  

used t o  refer t o  the event and i t s  p a r t i c i p a n t s  as a whole. ( I n  many systems 

this is r ep re sen ted  on ly  i n d i r e c t l y . )  The d i s c o u r s e  r e l a t i o n s h i p s  of  

c a u o a l i  t y  , time ordering and s p a t i a l  r e l a t i o n s  are rep r e s e n t e d  by arcs between 

t h e  Moda l i t y  nodes  of even ts .  P h i l l i p s  d e f i n e s  a n o t h e r  t y p e  of  r e l a t i o n a h i p  

which h e  d e s i g n a t e s  t h e  M e t a l i n g u a l  o r g a n i z a t i o n  of knowledge. T h i s  a l l o w s  

him t o  r e p r e s e n t  a concept  as a u n i t ,  and yet have a complete  subnetwork 

e l q b o r a t i n g  t h e  meaning of  t h a t  concept .  F o r  example, t h e  u n i t a r y  concept  

"poison" would have  as its composi t ion "someone i n g e s t i n g  something which 

c a u s e s  t h a t  pe r son  t o  be ill". T h i s  rep r e s e n t a t i o n a l  t echn ique  p r o v i d e s  t h e  

fundamental  c a p a b i l i t i e s  of  f rames  o r  s c r i p t s  - expans ion  o f  something i n t o  

i t s  p a r t s ,  and knowledge about  t h o s e  p a r t s .  

The p r o c e s s e s  t h a t  o p e r a t e  on the semant ic  network are d i v i d e d  i n t o  two 

c l a s s e s ,  The f i r s t ,  pa th- t  r a c i n g ,  i n v o l v e s  on ly  fo l lowing  pathts th rough  t h e  

p a r a d i g m a t i c  s t r u c t u r e .  T h i s  t y p e  of p r o c e s s  would be used t o  f i n d  t h a t  "Mary 

gobbled cav ia r "  was a more s p e c i f i c  i n s t a n c e  of  "People eat  food". The second 

type of process is pa t te rn-match ing ,  and i n v o l v e s  c o n s t r a i n t s  between the 

components, F o r  example, de te rmin ing  t h a t  "John killed h i m s e l f t ' i s  s u i c i d e  

while "John k i l l e d  ~111" i s  n o t ,  r e q u i r e s  a c o r e f e r e n c e  c o n s t r a i n t  i n  t h e  

d e f i n i t i o n  of s u i c i d e .  P h i l l i p s  observes t h a t  p a t h - t r a c i n g  is  compu ta t iona l ly  

e q u i v a l e n t  t o  f i n i t e  s t a t e  automata,  w h i l e  pat tern-matching i s  necessarily 

more complex. 
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Discourse ,  o r  t e x t ,  i s  represented  u s i n g  t h e  same r e p r e s e n t a t i o n a l  

scheme, b u t  may be c h a r a c t e r i z e d  by p r o p e r t i e s  not  applicable t o  d iscont inuous  

knawlddge. The f i r s t  of t h e s e  p r o p e r t i e s  i s  connectedness. Two p r o p o s i t i o n s  

are pa rad igmat i ca l ly  connected i f  each has  an argument such t h a t  the two 

arguments have a common paradigmat ic  s u p e r o r d i n a t e  node, o r  i f  t h e  f i r s t  is 

the immediate s u p e r o r d i n a t e  of t h e  the second. For  example, " l ions"  and 

' I t  i g e r s "  b o t h  have "animal" as supero rd ina te ,  so  t h e  fo l lowing are connected 

pa rad igmat i ca l ly :  

Lions  are indigenous co Afr ica .  T i g e r s  have s t r i p e s .  

And t h e  two propos i t ions :  

Man i s  a hun t ing  animal. Modern man h u n t s  f o r  spor t .  

are a l s o  connected s i n c e  t h e  second i s  a more s p e c i f i c  p r o p o s i t i o n  ("modern 

man" i s  immediately subord ina te  t o  ''man") than  t h e  f i r s t .  Two p r o p o s i t i o n s  

are d i s c u r s i v e l y  connected when d i s c u r s i v e  r e l a t i o n s  (em g. c a u s a l i t y  ) e x i s t  

between them. 

The second a t t r i b u t e  of d i s c o u r s e  i s  themat ic i ty .  A theme i s  a 

p r e s c r i b e d  p a t t e r n  ( r ep resen ted  by a Meta l ingual  cons t ruc t ion)  t o  which a 

d i s c o u r s e  may conform. A theme may be ~ ' c o n t e n t i v e "  l i k e  "acc identa l  drowning" 

t l which i s  represented  a s  e x i s t i n g  when a person i s  caused t o  be  i n  t h e  w a t e r  

and i s  unable  t o  a c t ,  t h e  combination of which causes him t o  drown". T h i s  is 

c o n t e n t i v e  s i qce  i t  s p e c i f i e s  both t h e  p a r t s  (events )  of t h e  theme and t h e i r  

i n t e r r e l a t i o n s h i p s .  A 'lnon-contentive" theme i s  one t h a t  provides  only a 

s t r u c t u r a l  p a t t e r n  o r  the  i n t e r r e l a t i o n s h i p s  between some unspec i f i ed  



e n t i t i e s  "clue" i s  defined t o  be "an unobserved act that  causes the 

ex is tence  of something". The exact events and results are unspecified. A 

discourse  i s  thematic i f  i t s  propoaitiona can be matched t o  a theme or 

hierarchy o f  themes ( i .e .  a theme which matches several p ropos i t ions  i n  a 

discourse ,  such as "accidental  drowning", may i n  turn be a part o f  another 

theme, s u c h  as "tragedyft). P h i l l i p a  then  def ines  a coherent d i scourse  as one 

which i s  bo th  connected (each proposition is  connected t o  a t  l e a s t  one other 

proposi t ion)  a n d  thematic. 

P h i l l i p s  points out t h a t  although there  is no simple one-to-one mapping 

between h i s  representa t ions  and the  cons t ruc t s  used i n  tex t  analyses like 

those of Grimes ( sec t ion  1.2.3) and Propp ( sec t ion  1. .2) ,  his structures do 

provide f o r  t h e  representa t ion  of most of t h e  proposed relationships, Some of 

Grimes r h e t o r i c a l  p red ica tes ,  such as A t t r i bu t ion ,  Spec i f i c  and Col lec t ion ,  

c o r r e s p o n d  t o  paradigmatic connectedness, while o thers ,  such as Covariance, 

correspond t o  d i scurs ive  copnectedness. S t i l l  o t h e r  r h e t o r i c a l  p red ica tes ,  

such a s  Respqnse and Analogy and Propp's patterns of funct ions  i n  a move (as 

w e l l  a s  t h e  functions, themselves) correspond t o  thematic s t ruc tu re .  Hence, 

P h i l l i p s  claIms t o  have presented computational i n t e r p r e t a t i o n s  fo r  t h e  

p r i n c i p l e  t e x t  phenomena. 

As a t e s t  o f  h i s  proposed model of  t e x t ,  P h i l l i p s  p resen t s  a model of 

t e x t  understanding embodied i n  a computer program. H i s  program i n p u t s  a 

discourse i n  t he  form of parse t r e e s  of the sentences and bu i ld s  the  knowledge 

representa t ion  of the  discourse.  An i n t e r e s t i n g  use of t h e  Metalingual 

cons t  mcti  on i s  i t s  funct ion i n  r ep lac ing  non-cognitive surface  w o r d s  by the 
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a p p r o p r i a t e  c o g n i t i v e  s t r u c t u r e .  F o r  example, t h e  p r e p o s i t i o n  "through" i s  

replaced by t h e  c o g n i t i v e  s t  tucture f o r  "in-contact-wLth" i n  a s e n t e n c e  l i k e :  

The Abominable Snwman walked th rough  t h e  snow. 

"fhus, t h e  same r e p r e s e n t a t i o n a l  mechanism i s  used f o r  such  d i v e r g e n t  t y p e s  of 

knowledge as  s y n t a c t  i c a l l y - r e l a t e d  i n f o r m a t i o n  and t h e m a t i c  s t r u c t u r e s .  

Once t h e  p a r s e  t ree h a s  been conve r t ed  i n t o  t h e  knowledge r e p r e s e n t a t i o n  

of the  p r o p o s i t i o n ,  t h e  unde r s t and ing  p r o c e s s  i n v o l v e s  two major  s t e p s .  The 

f irst  fs begun by matching t h e  i n p u t  p r o p o s i t i o n  (IP) a g a i n s t  t h e  encyc loped ia  

t o  f i n d  a cor responding  g e n e r a l i z e d  p r o p o s i t i o n  (GP). Thus, t h e  IP 

The boat  c o n t a i n s  H o r a t i o  Smith. 

i s  matched t o  the GP 

Things  c o n t a i n  peaple .  

N o t i c e  t h a t  P h i l l i p s  u s e s  GPs t o  c a p t u r e  t h e  same knowledge t h a t  f e a t u r e s  and 

s e l e c t i o n a l  r e s t r i c t i o n s  c a p t u r e  i n  many o t h e r  systems.  So t h e  c o r r e c t  

i n t e r p r e t a t i o n  of a GP is  t h a t  i t  is  a  p l a u s i b l e  p r o p o s i t i o n ,  not  a neces sa ry  

t r u t h .  Once t h e  I P  h a s  been matched t o  a GP, t h r e e  a d d i t i o n a l  checks are made 

s t a r t i n g  from t h e  matched GP. One is t o  de te rmine  i f  any of t h e  terms o f  t h e  

p r o p o s i t i o n  have M e t a l i n g u a l  d e f i n i t i o n s .  I f  so ,  new knowledge cor respondin& 

t o  t h e  d e f i n i t i o n  i s  added t o  t h e  d i s c o u r s e  r e p r e s e n t a t i o n .  F o r  example, i f  

t h e  d i s c o u r s e  inc luded  t h a t  "John was poisoned" t h e  e l a b o r a t e d  in fo rma t ion  

t h a t  "John i n g e s t e d  something t h a t  caused him t o  be ill" would be added. A 

second  check i s  t o  see i f  t h e  matched GP i s  d i s c u r s i v e l y  connected t o  any 
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o t h e r  GPs. I f  s o ,  new k~lowledge i s  added t o  t h e  d i s c o u r s e  which co r r e sponds  

t o  t h e  r e l a t e d  GP and t h e  d$.ecursive connect ion.  I f  t h e  rnatche'd GP were 

"People are i n j u r e d "  and i t  had a causal l i n k  t o  "People are u n a b l e  t o  act", 

t h e n  t h e  IP "John was i n j u r e d "  would r e s u l t  i n  t h e  a d d i t i o n  oE "John was 

u n a b l e  t o  a c t "  w i t h  a c a u s a l  l i n k  from t h e  o r i g i n a l  I P ,  I t  is by u s i n g  t h e s e  

i n t e r r e l a t i o n s h i p s  o f  G P s  t h a t  P h i l l i p s  accompl i shes  i n f e r e n c e .  The t h i r d  

t e s t  i s  t o  de te rmine  i f  t h e  matched GP i s  a p a r t  of  any ' con ten t ive  theme. 

(The encyc lopedia ' s  GPs have p o i n t e r s  t o  a l l  c o n t e n t i v e  themes which contain 

them.) I f  s o  t h e  theme is matched a g a i n s t  t h e  d i s c o u r s e  as a whole t o  see i f  

all components are p r e s e n t  and a l l  c o n s t r a i n t s  s a t i s f i e d ,  I f  t hey  are, the 

theme is addtid t o  t h e  d i s c o u r s e  rep r e s e n t  a t i o n .  "Accidenta l  drowning1' would 

be added t o  a d i s c o u r s e  r e p r e s e n t a t i o n  which had matched the GPs and 

connec t ions  I' ("People contact- water" and " ~ e o p l e  cannot  ac t " )  cause ("People 

drown") " w i t h  a co re fe rence  c o n s t r a i n t  on "people", 

A f t e r  p r o c e s s i n g  Ips and adding t h e  r e l a t e d  s t r u c t u r e  t o  t h e  d i s c o u r s e  

r e p r e s e n t a t i o n ,  t h e  second ma jo r  s t e p  is t e s t i n g  t h e  d i s c o u r s e  for coherence.  

T h i s  i nvo lve  t w o  tests. The f i r s t :  de te rmines  i f  t h e  d i s c o u r s e  is  connected.  

Then, t hema t i c i t y ,  i s  tested by checking to see i f  a s i n g l e  undominated theme 

h a s  been found. I t  should  be  no ted  t h a t  non-contenr ive  themes, s i n c e  t h e y  

have no component a c t i o n s ,  and t h u s  cannot  be p o i n t e d  t o  by GPs, mus t  be 

tested f o r  in a serial fash ion .  I f  t h e  discourse passes  both  tests, t hen  i t  

i s  judged coherent .  
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To illustrate t h e  p r o c e s s ,  a ve ry  b r i e f  d e s c r i p t i o n  o f  the under s t and ing  

of a atory w i l l  be given. Given the s t o r y :  

(IP1) A b o a t  c o n t a i n s  H o r a t i o  Smith. 
( IP2)  The b o a t  ove r tu rns .  
( IP3)  H o r a t i o  Smith drowns, 

t h e  f o l l o w i n g  e v e n t s  would occur :  

1, I P 1  and I P 2  would be matched t o  GPs which a r e  p a r t s  of a complex 

e v e n t  that has as a c a u s a l  r e s u l t ,  when i n s t a n t i a t e d ,  t h e  added 

p r o p o s i t i o n s :  

(AP1) H o r a t i o  Smith is i n  t h e  water. (caused jointly by IPl and IP2) 

(AP2) H o r a t i o  Smith i s  injured, (caused j o i n t l y  by I P 1  and IP2)  

2. The GP cor responding  t o  AP2 r e s u l t s  i n  t h e  a d d i t i o n  o f :  

(AP3) H o r a t i o  Smith cannot ac t -  (caused by AP2) 

3. The GPs cor responding  t o  AP1 and AP3 are part o f  a complex event that 

h a s  the c a u s a l  result "People drownt', But this is  t h e  GP which 

matches  IP3. S o  a causal l i n k  is  added from AP1 and AP3 t o  IP3. 

4. The d i s c o u r s e  i s  tes ted  f o r  connectedness ,  and passes t h e  t e s t .  

5. The d i s c o u r s e  matches t h e  "accidental drowning" theme, which i s  t h e  

only theme i t  matches, s o  i t  i s  thema t i c ,  and t h u s  coheren t ,  
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P h i l l i p s  p r i n c i p l e  goal  was a computational model of t e x t *  His model of 

t e x t  understanding was intended t o  demonst rate that the proposed 

represen ta t ions  c o u l d  ac tua l ly  be b u i l t  from a n  i npu t  text. His text  model 

does seem t o  present a reasonable representation f o r  a number of t e x t  

phenomena, several  of which have not been considered by o the r  computational 

models, Paradigmatic c o n n e c t e d n e s s  and some types  of thematic structure seem 

p a r t i c u l a r l y  important. Iiowever, s eve ra l  ob j ec t  i ons  must be ra i sed  t o  his 

model of tex t  underslanding. The f i r s t  ob jec t ion  is  t h a t  his t e s t a  for 

coherence a r e  appl ied  on ly  t o  the complete discourse ,  and are not formulated 

i n  such a way as t o  suggest s t r a t e g i e s  t o  avoid i nco r r ec t  interpretation of 

propos i t ions  pnd re la t ionsh ips ,  I f  t h i s  were done, t he  s equen t i a l  processing 

of input  p toposi t ions  would cont inual ly  test f o r  coherence, and incoherence 

would immediately suggest t h a t  some mis in t e rp re t a t i on  might have been made, or  

some inference omitted. A second ob jec t ion  i& tha t  t h e  d e f i n i t i o n s  of 

connectedness and thematici  t y  are inadequate. A common superordinate  node is 

s imply not s u f f i c i e n t  t o  e x p l a i n  paradigmatic connectedness. The example of 

sentences about l i o n s  and t i g e r s  would be connected on ly  i n  some context t h a t  

explained why these  statements were being made (e, g. "All* I know about lions 

and t i g e r s  is . . ."). Themat ic i ty  i s  defined without respect t o  how much of 

t h e  discourse the theme accounts for. A theme cannot account f o r  a l l  of t h e  

p ropos i t ions  in a discourse un l e s s  t h e  d iscourse  i s  very t r i v i a l ,  and y e t  i f  a 

theme matched on ly  t h e  f i r s t  three proposit ionS of a one hundred propos i t ion  

d iscourse ,  it could h a r d l y  be ca l l ed  t h e  theme of the discourse.  Finally, a 

number of aspects of t h e  understanding processes a r e  not convincingly shown t o  

b e  computationally p r ac t i ca l .  The  problem of avoiding inco r r ec t  add i t ions  t o  
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t he  d i s c o u r s e  r e p r e s e n t a t i o n  from a r i c h  encyc loped ia  is ignored.  Each 

exawle  h a s  e x a c t l y  t h e  r i g h t  i n f a m a t i o n  a v a i l a b l e .  Also,  i t  ie mot c l e a r  

that: t he  use of g e n e r a l i z e d  p r o p o s i t i o n s  would work when t h e r e  a m  ~averrrl 

.levels of g e n e r a l i z a t i o n  p o s s i b l e .  F o r  example, t h e  g p e r e l i z e d  p r o p o s i t i o n  

"People c o n t a c t  wate r"  h a s  a s s o c i a t e d  knowledge, b u t  t h e  h i g h e r  l e v e l  

p r o p o s i t i o n  "People c o n t a c t  t h i n g s t t  would a l s o  need t o  be p r e s e n t  w i t h  i ts  

a s s o c i a t e d  knowledge. And f i n a l l y ,  t h e  methods of a c c e s s i n g  themes - by 

p o i n t e r s  t o  a l l  o c c u r r e n c e s  of g e n e r a l i z e d  p r o p o s i t i o n s  o r  by s e r i a l  s e a r c h  - 
b o t h  seem comput a t  i o n a l l y  unaccep t a b l e .  P r o p o s i t i o n s  l i k e  " ~ e o p l e  go" would 

r e s u l t  in ,  a combina tor ic  e x p l o s i o n  of p o s s i b i l i t i e s .  F o r  a l l  o f  these 

r ea sons ,  P h i l l i p s '  unde r s t and ing  model i s  u s e f u l  more i n  s u g g e s t i n g  t h e  k i n d s  

of problems involved ,  t han  i n  p r o v i d i n g  a n  a c t u a l  model of  tex t  unders tanding.  

3.3 O t h e r  Work 

Space l i m i t a t i o n s  and t h e  narrowly d e f i n e d  scope  of t h i s  sunrey have 

combined t o  e l i m i n a t e  c e r t a i n  i n t e r e s t i n g  work from d e t a i l e d  c o n s i d e r a t i o n .  

Wi lks  [ 75 ,  76, 771 h a s  d e s c r i b e d  a t e x t  unde r s t and ing  (and t r a n s l a t i o n )  sys tem 

which u s e s  a meaning r e p r e s e n t a t i o n  ca l l ed  P r e f e r e n c e  Semantics.  The sys tem 

normal ly  opercl tes  i n  a  b a s i c  mode, d e a l i n g  with s e n t e n c e s  i n d i v i d u a l l y ,  b u t  i s  

capab le  of e n t e r i n g  an extended mode when a r e f e r e n c e  problem occurs .  An 

example i s  "it" i n  

John  drank  t h e  whiskey  from t h e  g l a s s  and - i t  f e l t  warm i n  h i 3  stoomch. 

S e v e r a l  p r o c e s s e s  are involved  i n  t h e  a t t e m p t  t o  de te rmine  t h e  c o r r e c t  

r e f e r e n t .  "Ext r ac t ion l '  i s  t h e  a d d i t i o n  of  l o g i c a l l y  t r u e  p r o p o s i t i o n s ,  only  



Page 85 

wtlicSt  in the text, but available from the meanings of the unite. Thus, 

both 

"ltm was in John's stomach, 
The vhiskey is in a part of John- 

roipld a t h  be extracted. These t w o ,  pqopositions can be ident i f ied ,  thus 

resolving "it" as "the whiskey". 

*I Bwever, had the above example been . and it was good." the original 

pruposifions, as v e l l  as  relevant extractions, would then be subjected t o  

m ccuncm sense inference rules" such as 

1. <1 drink 2) -> (1 judges  2 )  

2, (1 is good) <-> ( 2  wants 1) 

rt3ich would be used to find t h e  shortest inference chain identifying the 

referent. For the example, when "the whiskey'' i s  t e s t e d ,  the established 

(John d r h k  whiskey) -I-> (John judges whiskey) 
-subset-> (John wants whiskey) <-2- (Whiskey is  good) 

w h e r e  %ant" events are a subset of "judge" events. 

A recent a d d i t i o n  t o  Wilks' system i s  l a r g e  knowledge structures ( l i k e  

frames) called "pseudo-texts". They are s u g g e s t e d  as containing other  

knavledge which might be required i n  solving reference problems (a l though they 

have other important use in understanding individual words).  
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A t  t h e  l e v e i  of t e x t ,  Wilks d i f f e r s  from Rieger  and Charniak p r i m a r i l y  i n  

his i n s i s t e n c e  upun e n t e r i n g  an extended made only when a problem r e q u i r e s  i t .  

Reference p toblems are t h e  only problems he d i s c u s s e s  as  t r i g g e r i n g  t h i a  mode 

H i s  u s e  of pseudo-text  B i n  e s t a b l i s h i n g  t e x t u a l  connect ions is  s t i l l  t o o  

b r i e f l y  d e s c r i b e d  t o  c r i t i c a l l y  evaluate .  

R i e g e r  ~ ( [ 7 5 b ,  75c, 76a, 76b1, Rieger and Grinberg [771)  h a s  desc r ibed  a 

complex system f o r  t h e  organized r e p r e s e n t a t i o n  of cause and e f f e c t  k n w l e d g e ,  

.a& p l a n s  u t i l i z i n g  t h i s  knowledge. A set of d e c i s i o n  trees ("selection 

11 networks") a r e  p o s t u l a t e d  which. g iven  a goal, s e l e c t  c e r t a i n  common s e n s e  

a lgor i thms"  capable of r e a l i z i n g  t h a t  goal. Rieger  asserts t h a t  the same 

knowledge s t - ructures  used f o r  planning,  should be  used f o r  unders tanding  t h e  

i n t e n t i o n a l  ac t s  of o t h e r s ,  To do t h i s  i n  t e x t ,  h e  r e q u i r e s  k n w l e d g e  which 

allows p r e d i c t i o n  of g o a l s  and a c t i o n s  l i k e l y  t o  be made i n  response t o  t h e  

occurrence  of some event  o r  state,  A subsequent sen tence  i s  t e s t e d  t o  see i f  

i t  confirms any p r e d i c t i o n  by being a s t e p  i n  an expected a c t i o n  o r  i n  an 

a lgor i thm t o  achieve an expected goa l ,  T h i s  t e s t i n g  requ i res  t h a t  a l l  

a lgor i thms  be indexed by s tep.  Thus,  i t  must b~ p o s s i b l e  t o  f i n d  a l l  

occurrences  of (X GOT0 Y) i n  some s e t  of a lgori thms,  A confirmat ion is  used 

t o  more- coslfidently p r e d i c t  the course  of a c t i o n  be ing  followed, C l e a r l y ,  

Rieger is  dea l i ng  with the same problems a s  Schank and Abelson ( s e c t i o n  

3,2.1.2), bu t  ha.s not y e t  c l e a r l y  demonstrated the  u t i l i t y  o r  p r a c t i c a l i t y  of 

h i s  approach t o  t h i s  aspect of t e x t  understanding.  
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Hobbs 176, 771 has d i s c u s s e d  a n a l y s e s  of v a r i o u s  t e x t s  based on h i s  own 

sys tem of semantics.  P o s s i b l e  f n t e r s e n t e n t i a l  r e l a t i o n s  are d e s c r i b e d  by 

p a t t e r n  - ac t ion  p a i r s  which, when matched by i n p u t  s e n t e n c e s  modify t h e  t ex t  

r e p r e s e n t a t i o n  tree apprap r i a t e l y .  These r e l a t i o n s  i n c l u d e  causality, time 

o r d e r i n g ,  pa raph rase ,  examp 1.2, c o n t r a s t ,  p a r a l l e l  cons t . ruc t ion  and v l o l a t e d  

e x p e c t a t i o n .  These r e l a t i o n s h i p 8  i n d i c a t e  t h a t  Hobbs does  n o t  make a 

d i s t i n c t i o n  between conten t  and form ( a u t h o r  imposed) r e l a t i o n s .  Thc 

complexi ty  o f  Hobbs' system ( i n  t h e  l a r g e  number of r u l e s  and t h e i r  

i n t e r a c t i o n s )  makes e v a l u a t i o n  d i f f i c u l t  until h e  h a s  completed his computer 

implementat ion.  

O the r  work t h a t  should  be mentioned i n c l u d e s  Schmidt ([761, Schmidt and 

Sridharan [77]), who d i s c u s s e s  t h e  problem of recognitioh of p l a n s  from 

a c t i o n s ,  as wel l  as Novak [76] and Bobrow, e t  a 1  [77] who both u s e  frame l i k e  

knowledge s t r u c t u r e s  i n  s p e c i a l i z e d  language unde r s t and i  rag systems. 

3.4 Discuss ion  And Conclus ions  

What have the discrissed computa t iona l  models added t o  t h e  p r e v i o u s l y  

described model of t e x t  unders tand ing?  Charniak, Riegex and Wilks  have 

demonstra ted  h o w - i t  i s  possible t o  infer i n fo rma t ion  on ly  i m p l i c i t  i n  a t e x t .  

Schank h a s  e s p e c i a l l y  examined t h e  r i c h n e s s  and complexi ty  of c a u s a l  

connec t ions ,  which a r e  often i m p l i c i t .  T h i s  c a p a b i l i t y  raises many a d d i t i o n a l  

q u e s t i o n s ,  however, i nc lud ing  when, and  how many, i n f e r e n c e s  s h o u l d  be made. 

Whi le Cllarniak and Rieger sugges t  making many i n f e  rences whencvv r p o s s i b l e ,  

Wilks argues f o r  making them only as  required.  N e i t h e r  a p p r o a c h  has  y e t  been  
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a p p l i e d  t o  s u f f i c i e n t  ly 1 argc t r x t  s and knwledge  bases t o  convincingly 

demonstrate i t s  v a l i d i t y .  

Pre-existcnt kn~wledgr s t ruc tu res  h a v e  been s u g g e s t e d  by Schaak and 

Philips t o  avoid t h e  extrc:mc8ly d i f f i c u l t  p roblem of making matiy-step inference 

chains to e s t a b l i s h  i n l p l i  c i  t c o n ~ ~ c c t  ions. Although use o f  these s t r u c t u r e s  

has d e m o n s t r a t e d  t h e i r  a b i l i t y  t o  meet t h i s  goal ,  as w e l l  a s  t h e i r  u s e f u l n e s s  

i n  generation of summaries a n d  p a r a p h r a s e s ,  problems have appeared. Complex 

knowledge s t r u c t u r e s  and  r e a l  t e x t s  p r e s e n t  many d i f f i c u l t . k e a  la matching an 

input p r o y o s l t l o n  w i t h  an element in the s t r u c t u r e .  When t h e  match is 

i m p e r f e c t ,  or- when many choices  a re  (computationally) p o s g i b l e ,  i t  i s  very 

d i f f i c u l t  t o  perform t h e  required matching correctly, 

I n  a n  attempt t o  d e a l  w i t h  this d i f f i c u l t y  (as wel l  a s  others), and t o  

r e c o g n i z e  t h e  f a c t  t h a t  nove l  s i t u a t i o n s  are a l s o  unde rstandable,  Schank, 

Abelson, R i e g e r  a n d  S c h m i d t  have been concerned  with r e c o g n i z i n g  the 

m o t i v a t i o n s  and intentions of  a c t o r s .  T h i s  aspect of u n d e r s t a n d i n g  i s  c l e a r l y  

i m p o r t a n t ,  f o r  t h e  s t a t e d  r t3asons ,  b u t  t h e  approaches  d e s c r i b e d  have  almost 

c e r t a i n l y  b e e n  too  s i m p l i f  i c d  f o r  the u n d e r s t a n d i n g  ,of a c t u a l  t e x t s .  

I t  Thus  *the requi rcmcnt t h a t  an  u n d e r s t a r ~ d i n g  of a  t e x t  c o n t a i n s  as much 

i n f e r r e d  i n f o r n i a t ~ o ~ ~  a s  h ~ ! c ~ s s ~ i r y  t o  mqet some minimal  l e v e l  of ... 
coherence" (section 1 . 4 )  i s  wen  t o  bc a c o m p u t a t i o n a l l y  d i f f i c u l t  problem. 

T h e  orgat- l iz ing c o r ~ t t ~ i ~ t  S I  1 1 1 ,  t t ~ r l ~ ~ ;  a r c  i ~ s c ~ f u l  i n  d e a l i n g  w i t h  t h i s  problem, b u t  

c r e a t e  new problems. Knocll c-dgc) nrltl rr~p r e s r ~ n t  a t  i o n  of p l a n s  and intentions i s  

introduced t n  hnndalr* so r . \ c3  of thcsr  problems. Tt  s h o u l d  be noted t h a t  t h e  

p r e v i o u s l y  d j  sc~~r;sotl n r o t l c ~ l  t l ~ ~  n o t  s p c r l  f i c , i l l y  d i s t i n g u i s h e d  t h i s  t y p e  of 
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knowledge. Coherence has been def ined  i n  tllcse computational models as 

connectivity e s t a b l i s h e d  by inferrencing, matching a knowledge structure or 

being a step in a plan.  The exact d i s t i n c t i o n s  between these three types of 

knowledge are s t i l l  blurred,  and i t  remains t o  be demonstrated that these 

d i s t i n c t i o n s  are appropriate and adequate. 

Only P h i l l i p s  and Hobbs have addressed representing the form of texts ,  

bqt these suggestions have not beeh computationally adequate, nor has there 

been any clear di s t inc t ion  between form and content structures. A better 

defined notion of tex t  form should certainly play a role in the ongoing 

determinatiion of t e x t u a l  coherence t h a t  occurs during comp rehension in the 

t e x t  understanding model. 

With regard t o  forge t t ing ,  l i t t l e  has been added, a l though h i g h e r l e v e l  

knowledge s tructures  could be used to  summarile t h e i r  more d e t a i l e d  components 

(which could then be "forgotted').  Schank has  a l s o  suggested that  the least 

connected proposit ions i n  a representation are t hose  most likely t o  be 

forgotten. However, these ideas have not been se r ious ly  investigated. I n  

general, computational models understand t e x t s  per fec t ly  ( i f  a t  a l l ) ,  and do 

not contain any imperfect ret  rieval  processes. Permanent learning and 

integrat ion with p r i o r  knowledge has not been investigated in these systems, 

nor has any explanation been offered f o r  o c c a s i o n a l  r e c a l l  of surface t e x t ,  -- 
These systems genera l ly  d o  not  keep the surface  t e x t  a t  a l l ,  b u t  c o u l d  e a s i l y  

do sv. However, i t  would result i n  per fec t  r e c a l l  o f  t h i s  information. 
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The p r i n c i p a l  v a l u e  of  computa t iona l  models has been t h e  demons t ra t ion  of 

t h e  g r e a t  d i f f i c u l t y  i n  a c t u a l l y  s p e c i f y i n g  comprehension a lgor i thms .  It  is  

all t o o  e a s y ,  when e x p l a i n i n g  h w  a p a r t i c u l a r  r e s u l t  i s  ach ieved ,  t o  i g n o r e  

t h e  problem o f  a v o i d i n g  i n c o r r e c t  pa ths .  The f a c t  t h a t  h i g h e r - l e v e l  content 

st ructures are compu ta t iona l ly  u a e f u l ,  and also p s y c h o l o g i c a l l y  i n d i c a t e d ,  is  

an  impor t an t  con f i rma t ion .  The i n v e s t i g a t i o n s  of  more, a c t u a l  texts by 

systems hav ing  more knowledge available ( n o t  j u s t  the relevant knowledge) i s  

an impor t an t  s t e p  i n  validating t h e  models b e i n g  proposed. 
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4.0 FINAL OBSERVATIONS 

The fo l lowing  p o i n t s  are accep ted  by most researchers concerned with t e x t  

unders tanding :  

1. Much in fo rma t ion  i m p l i c i t  i n  t e x t s  i s  explicit i n  an unde r s t and ing  of 

t h a t  t e x t .  

2. There  is some t y p e  of h ie r ;  r c h i c a l  o r  mul t i - level  o r g a n i z a t i o n ( s )  o f  

the  unde r s t and ing  of a text .  

3. Organized,  p re -ex i5 ten t  knowledge i s  requlred t o  a c h i e v e  this type of 

unders tanding.  

The s tudy  of knowledge r ep rescn ta t ion , and  t h e  n a t u r e  of  knowledge s t r u c t u r e s  

i s  a primary concern. Many computat ional  problems have not  been resolved. A 

p a r t i c u l a r l y  important  q u e s t i o n  f o r  text under s t and ing  concerns  t h e  n e c e s s i t y  

of redundant ly  copying g e n e r a l  knowledge f o r  s p e c i f i c  i n s t a n t i a t i o n s .  Fahlman 

(773 d i s c u s s e s  t h i s  problem i n  d e t a i l ,  and o f f e r s  some ways i n  which t o  a v o i d  

unnecessary redundancy. The r e l a t i o n s h i p  of t h e  con ten t  and t h e  form of  t e x t s  

needs  a d d i t i o n a l  c l a r i f i c a t i o n .  S i m i l a r l y ,  t h e  r e l a t i o n s h i p  o f  g e n e r a l  

c o n t e n t  s t r u c t u r e s  t o  r e p r e s e n t a t i o n s  f o r  p l a n s  and i n t e n t i o n s  needs  study t o  

see how d i s t i n c t  t h e s e  are. And of course ,  t h e  large a r e a s  of  l e a r n i n g  and 

f o r g e t t i n g  a re  impor t ah t ,  b u t  m i s s i n g ,  components of  a t e x t  unde r s t and ing  

model. I n  a d d i t i o n  t o  t h e s e  open problems, a t t e m p t s  t o  a p p l y  t h e  combined 

insights of t h e  d i v e r s e  r e sea rch  p e r s p e c t i v e s  t o  a c t u a l  t e x t s  i s  a neces sa ry  

s t e p  i n  e v a l u a t i n g  t h e  adequacy o f  c u r r e n t  t e x t  unders tanding  models. 
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