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Coherenc e Relatio n Assignmen t 

K.  Dahlgre n 

IBM/Lo s Angele s Scientifi c  Cente r 

Abstract. Three empirical studies of coherence in large corpora of commentary text are 

sketched ,  showin g tha t  cu e phrase s ar e infrequent ,  an d tha t  substantiv e coherenc e relation s 

must  b e assigne d i n orde r  t o infe r  discours e structure .  Th e notio n o f  coherenc e i s carefull y 

define d i n relatio n t o th e world ,  cognitiv e model s o f  th e world ,  an d forma l  semanti c represent -

ation s o f  discourse .  A n efficien t  algorith m fo r  assignin g discours e coherenc e relation s i s 

described ,  whic h employ s informatio n fro m syntax ,  cu e phrases ,  lexica l  items ,  forma l  semantic s 

and naiv e semantics .  Th e algorith m correctl y assign s th e coherenc e relation s eviden t  i n a n 

8000 wor d corpus . 

1.0 Introduction 

Analyse s o f  discours e structur e i n cognitiv e scienc e hav e bee n dominate d b y tw o approaches . 

One examine s syntacti c an d cu e phras e informatio n only ,  i n orde r  t o avoi d unsolve d semanti c 

puzzle s [3 ,  13 ,  28 ,  32] .  I n thi s framewor k Gros z an d Sidne r  hav e estabhshe d tha t  discours e i s 

structure d i n a  hierarchy ,  an d tha t  anaphor a resolutio n i s constraine d b y 'Tocu s spaces "  o r 

segment s o f  discours e [13] .  Th e othe r  approac h seek s t o accoun t  fo r  coherence—substantiv e 

relation s betwee n portion s o f  a  discours e [5 ,  11 ,  24 ,  17 ,  15 ,  27 ,  21 ,  31 ,  34 ,  36] .  Th e coherenc e 

grou p divide s int o tw o camps ,  th e top-down s [31] ,  an d th e bottom-up s (al l  o f  th e others) .  W e 

ar e amon g th e latter ,  tha t  is ,  w e ai m t o buil d discours e structur e claus e b y clause ,  becaus e a 

bottom-u p approac h wil l  lea d t o mor e transportable ,  genera l  result s tha n wil l  th e (apparently ) 

more tractabl e scrip t  scheme .  Thi s wor k i s par t  o f  a n ongoin g project ,  NewSelector ,  fo r  com -

putationa l  tex t  understandin g an d precis e tex t  selectio n [5 ,  8] .  Th e wor d meanin g represen -

tatio n i n NewSelecto r  i s base d upo n Naiv e Semantic s (NS) ,  a  theor y whic h identifie s wor d 

meaning s wit h commonsens e theorie s o f  object s an d events . 

Studies of Coherence in Commentary. We have carried out three studies of coherence in an 

expandin g corpu s o f  IVal l  Stree t  Journa l  (WSJ )  commentar y texts .  Stud y 1  [5 ]  o f  8,00 0 word s 

i n si x article s sough t  t o examin e wha t  informatio n i s use d i n coherenc e relatio n assignmen t 

(CRA) ,  an d t o determin e whethe r  syntacti c marker s an d cu e phrase s wer e sufficien t  informa -

tio n fo r  C R A .  Th e coherenc e relatio n literatur e wa s reviewe d [3 ,  10 ,  15 ,  17 ,  24] ,  an d 1 9 

coherenc e relation s (full y  define d i n [5] )  whic h ar e relevan t  t o th e commentary '  genr e wer e 

identified .  I n thi s pape r  w e focu s o n jus t  tw o o f  these ,  caus e an d goal .  A  coherenc e relatio n 

was assigne d t o eac h claus e i n th e corpu s b y tw o judges .  Th e syntacti c an d semanti c proper -

tie s o f  eac h claus e wer e encoded .  Thes e propertie s include d claus e type ,  voice ,  mood ,  presenc e 

of  negation ,  agentivenes s o f  subject ,  typ e o f  subjec t  an d object ,  an d aspectua l  clas s o f  th e 

verb .  Th e correlation s betwee n th e coherenc e relatio n assigne d t o a  clause ,  an d 

syntactic/semanti c propertie s o f  th e claus e for m th e basi s o f  th e algorith m describe d i n Sectio n 

3.  W e foun d tha t  th e informatio n use d i n C R A was :  1 )  syntax ,  2 )  cu e phrases ,  3 )  lexica l 

items ,  4 )  tense ,  5 )  aspect ,  6 )  worl d knowledge . 

Study 2 [6 ], of the same 8,000 words and 8,000 more, examined global coherence (or segmen-

tation )  t o determin e whic h factor s influence d it .  Fo r  eac h ne w S ,  th e possibilit y  o f  a  ne w 

sister -  o r  sub-segmen t  arises .  W e foun d tha t  chang e o f  coherenc e relatio n wa s th e mos t  reli -

abl e indicato r  o f  ne w segmen t  an d chang e o f  subjec t  nex t  mos t  reliable .  Othe r  factor s wer e 
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paragraph indentation, length of segment with the same coherence relation to some other, cue 

phrases ,  an d even t  anaphors .  Significantly ,  ther e wa s a  segmentin g cu e phras e suc h as , 

"turnin g to... "  i n onl y 1 6 % o f  th e case s o f  a  ne w siste r  segment .  Clearl y an y computationa l 

syste m whic h look s onl y fo r  direc t  cue s wil l  mis s mos t  o f  th e structure .  Substantiv e coherenc e 

relations ,  i f  the y ca n b e extracted ,  ar e powerfu l  indicator s o f  structure . 

Study 3 [ 22] of the same 16,000 plus 4,500 more words of WSJ text examined personal pro-

nouns ,  demonstrative s an d definit e N P anaphora .  W e foun d tha t  whe n w e segmen t  tex t  a s 

propose d i n Stud y 2  [ 6 ] ,  th e resultin g structur e predict s constraint s o n anaphor a resolution . 

Thi s wor k support s [13 ]  empiricall y an d als o show s tha t  even t  anaphor a ha s ver y differen t 

constraint s fro m individua l  anaphora . 
2. 0 Coherenc e 

Why Comput e Coherence ? Th e reason s fo r  computin g coherenc e ar e several .  First ,  i t  i s  uncon -

troversia l  tha t  tex t  understandin g require s segmentatio n [13,2 8 ] .  Thes e segment s o r  focu s 

space s ca n onl y b e foun d usin g coherence ,  a s indicate d i n Stud y 2 .  Second ,  ou r  Stud y 3 

shows tha t  b y computin g coherence ,  anaphor a resolutio n ca n b e significantl y constrained . 

Otherwise ,  yo u eithe r  hav e t o us e brut e force ,  whic h lead s t o a  combinatoria l  explosion ,  an d 

stil l  indeterminat e results ,  o r  tr y cue s hk e indentation ,  whic h wil l  b e correc t  onl y 5 0 % o f  th e 

time ,  an d cu e phrases ,  whic h ar e presen t  onl y 1 6 % o f  th e time .  Third ,  mor e intelligen t  tex t 

understandin g i s mad e possibl e b y coherenc e inferences .  Tex t  i s  telescopic ,  an d th e reade r  fills 

i n th e gaps .  A  computationa l  syste m whic h model s suc h inference s wil l  b e abl e t o reflec t 

much mor e accuratel y th e huma n understandin g o f  text .  Fourth ,  whe n considerin g whethe r 

one tex t  i s  relevan t  t o another ,  th e mor e naiv e inferencin g computed ,  th e mor e accurat e th e 

relevanc e reasonin g wil l  be .  Finally ,  becaus e o f  thi s las t  point ,  a  computationa l  syste m wit h 

coherenc e ca n answe r  man y mor e querie s accurately ,  a s i n (l)-(3) . 

W hy di d Joh n mak e a  profit ? —Becaus e h e invested .  (1 ) 

W hy di d Joh n invest ? —I n orde r  t o mak e a  profit .  (2 ) 

What  di d Joh n inves t  in ? -Typically ,  stock s o r  bonds .  (3 ) 

Problems with Coherence Theory. One of the reasons for the past emphasis on overt elements 

lik e structur e an d cu e phrases ,  i s  tha t  unsolve d problem s hav e plague d th e coherenc e approac h 

and mad e i t  a  dubiou s notion .  Th e first  proble m i s on e o f  definition .  W e hav e trie d t o rectif y 

thi s belo w b y givin g a  carefu l  definitio n o f  wha t  coherenc e is .  Secondly ,  settlin g upo n a  se t  o f 

coherenc e relation s ha s bee n a n elusiv e goal .  Mos t  studie s hav e attempte d t o handl e al l 

genre s wit h on e bi g se t  [10 ,  15 ,  17 ,  24] ,  bu t  th e se t  o f  relation s varie s wit h genre .  Th e sol -

utio n lie s i n assignin g genr e first,  the n computin g coherenc e [27] .  Th e thir d proble m i s infor -

mality .  Muc h o f  th e stud y o f  coherenc e ha s bee n descriptiv e [17,24 ]  an d ha s no t  attempte d t o 

provid e a  direc t  lin k betwee n coherenc e theor y an d forma l  semanti c theories .  Recen t  develop -

ment s i n forma l  semantic s provid e a  framewor k an d ongoin g researc h devote d t o givin g trut h 

condition s fo r  entir e discourse s a s wel l  a s singl e sentence s [20 ,  1 ,  35 ,  2] .  I t  i s  no w possibl e t o 

integrat e coherenc e structur e wit h forma l  semanti c representatio n (especiall y o f  tempora l  orde r 

and aspectua l  clas s whic h ou r  Stud y 2  foun d ar e particularl y significan t  indicator s o f  coher -

ence relations) .  Th e thir d proble m i s tha t  no-on e ha s propose d a n algorith m fo r  extractin g 

coherenc e relations .  Thi s i s becaus e t o d o so ,  b y al l  accounts ,  require s worl d knowledge ,  an d 
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it has heretofore seemed impossible to encode world knowledge in a non-a^ hoc, transportable 

and practicabl e way .  Ou r  theor y o f  lexica l  representation ,  Naiv e Semantics ,  offer s a  solution . 

What is Coherence? We consider the notion of coherence for all types of discourse, spoken and 

written .  I t  i s  base d upo n th e intuitio n tha t  th e discours e (4 )  seem s t o "han g together" ,  an d 

tha t  th e discours e i n (5 )  doe s not .  Empirically ,  t o th e exten t  tha t  discourse s d o no t  cohere , 

the y ar e difficul t  t o interpre t  an d remembe r  [16 ,  34 ,  11] . 

Joh n investe d heavily .  H e profite d handsomely .  (4 ) 

Joh n investe d heavily .  H e at e pizza .  (5 ) 

The problems in coherence theory have been: 1) What is a coherent discourse? and 2) Which 

entitie s cohere :  sentences ,  clauses ,  th e proposition s expressed ,  th e rea l  event s denoted ? I n ou r 

view ,  a  coheren t  discours e i s on e fo r  whic h th e heare r  ca n buil d a  cognitiv e representatio n 

suc h tha t  th e relation s amon g event s an d individual s i n th e representatio n correspon d wit h hi s 

understandin g (theory )  o f  th e wa y actua l  worl d event s an d individual s relate. '  Althoug h th e 

representatio n ma y contai n a  variet y o f  type s o f  sensor y images ,  i n general ,  th e hearer' s 

"understanding "  amount s t o a  naiv e (i n th e sens e o f  [  14] )  theor y o f  th e causa l  an d othe r 

structur e o f  object s an d event s [11 ,  34] . 

Consider a formal semantic representation for the discourse (4), shown in (6) as a Discourse 

Representatio n Structur e (DRS )  afte r  K a m p [20 ]  an d Ashe r  [1] .  I t  ha s th e conten t  tha t  ther e 

was a n individua l  Joh n an d tw o events ,  th e firs t  o f  Joh n investin g heavily ,  th e secon d o f  Joh n 

profitin g handsomely .  Notic e tha t  ther e ar e tw o inference s i n th e D R S ,  on e o f  tempora l  orde r 

betwee n th e investin g an d th e profitin g (r l  <  r2 )  [26] ,  th e othe r  concernin g anapho r  resol -

utio n o f  "he "  t o John .  Th e cognitiv e pictur e o f  th e event s constructe d b y th e heare r  (an d 

presumably ,  intende d b y th e speaker )  i s  indicate d i n Englis h o n th e right-han d sid e o f  (6) .  I t 

include s al l  o f  th e conten t  o f  th e D R S plu s th e inferenc e tha t  John' s goa l  i n investin g ha d 

been t o mak e a  profit .  Thi s goa l  inferenc e i s a  coherenc e inference .  Th e heare r  bring s th e 

discours e int o accor d wit h his/he r  understandin g o r  theor y abou t  investing .  Th e reaso n fo r 

sayin g tha t  "understanding "  involve s a  theor y (belie f  rathe r  tha n knowledge )  i s tha t  ver y ofte n 

people ,  an d cultures ,  ar e quit e mistake n i n suc h causa l  inferences .  Nevertheless ,  the y d o us e 

suc h structurin g theorie s t o manag e th e environmen t  an d t o communicat e vi a language . 

Becaus e member s o f  a  subcultur e S H A R E naiv e theories ,  th e speake r  ca n juxtapos e jus t  thes e 

tw o sentences ,  an d kno w tha t  th e heare r  wil l  gues s tha t  John' s goa l  ha d bee n profit .  I n 

summary' ,  speaker s i n a  give n genr e mak e a  discours e (an d thereb y thei r  reportin g o f  events ) 

understandabl e b y choosin g t o repor t  event s usin g certai n verb s i n a  certai n sequence .  Thi s 

choic e i n a  well-structure d discours e make s i t  maximall y possibl e fo r  th e heare r  t o buil d a 

cognitiv e pictur e o f  thes e event s whic h coheres .  I t  wil l  coher e t o th e exten t  tha t  he/sh e ca n 

brin g i t  int o accor d wit h her/hi s theorie s abou t  th e wa y th e worl d works .  Th e relationship s i n 

th e naiv e theor y o f  th e worl d ar e causal ,  intentional ,  comparative ,  part-whole ,  etc . 

We claim that coherence belongs in a cognitive inference module, not in syntax or semantics 

[6] .  Tempora l  orde r  an d anaphor a resolutio n belon g i n th e compositiona l  semantic s becaus e 

the y ar e explicitl y  an d linguisticall y marked .  Coherenc e i s a  gradien t  phenomeno n i n tha t  th e 

better-structure d th e discourse ,  th e mor e readil y an d reliabl y a  heare r  wil l  mak e coherenc e 

inferences .  Similarly ,  th e mor e knowledgeabl e an d tune d i n th e hearer ,  th e mor e accuratel y 
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Discours e Representatio n Structur e 

ul,el,e2,now,rl,r 2 

John(ul) 

el  invest(ul ) 

heavily(el ) 

e2 profit(ul ) 

handsomely(e2 ) 
r l  <  no w 

el  cr l 

r l  < r 2 

e 2 ^ r 2 

Cognitiv e Representatio n 

John first invested heavily 

and the n profite d 

handsomely . 

John's goal in investing had 

been t o mak e a  profit . 

(6 ) 

he/sh e wil l  recove r  th e speaker' s intende d cognitiv e representation .  Thu s C R A require s cogni -

tiv e reasonin g whic h goe s beyon d wha t  th e discours e say s directly .  I n thi s pape r  w e ar e 

ofierin g tw o innovations :  a n accoun t  o f  th e relationshi p betwee n forma l  semantic s an d coher -

ence ,  base d upo n [2] ,  an d a n empirically-constructe d algorith m fo r  C R A . 

In comparison with other work, ours is similar to van Dijk and Kintsch [34] in that they 

defin e coherenc e b y whethe r  sentence s i n a  discours e describ e relate d fact s i n som e possibl e 

world ,  an d the y assum e tha t  larg e amount s o f  worl d knowledg e ar e employe d i n buildin g a 

cognitiv e mode l  o f  a  discourse .  W e diffe r  i n definin g coherenc e a s relatin g discours e events , 

rathe r  tha n a s relatin g sentences .  Furthermore ,  w e clarif y th e questio n o f  trut h condition s a s 

oppose d t o naiv e (o r  heuristic )  inferenc e regardin g discours e interpretation .  An d w e provid e 

an algorithm .  W e dra w upo n Hobb s [16 ]  an d M a n n an d Thompso n [24 ]  fo r  coherenc e 

relations .  However ,  w e defin e the m a s relatin g discours e event s i n a  cognitiv e even t  model , 

rathe r  tha n a s relatin g utterances ,  clauses ,  o r  span s o f  discourse ,  a s the y do .  Fo r  them ,  coher -

ence i s essentiall y  a  propert y o f  presentatio n style ,  o f  th e speaker' s intende d effec t  o n th e 

hearer .  I n contrast ,  fo r  us ,  coherenc e i s essentiall y  a  propert y o f  menta l  model s [19 ]  whic h 

finds  it s origi n i n belic p abou t  relationship s amon g rea l  events .  Ou r  approac h appeal s t o 

cognitiv e strategie s an d belief s peopl e us e al l  o f  th e time ,  whethe r  thinkin g verball y o r  not . 

Yet  anothe r  vie w define s coherenc e i n term s o f  th e speaker' s goal s [13,1 5 ] .  W e agre e wit h 

Polany i  [27 ]  tha t  thi s aspec t  o f  coherenc e belong s i n a  leve l  o f  theor y abov e tha t  o f  cognitiv e 

model s o f  interpretatio n o f  discourse . 

What are Coherence Relations? In particular, what are the relations cause and goal? A coher-

ence predicatio n cause(el,e2 )  i s a  speaker/heare r  theor y abou t  th e causa l  connection s betwee n 

events .  Startin g wit h th e basics ,  wha t  i s  a n even t  (denotationally) ? On e standar d view ,  wit h 

many problems ,  i s tha t  a n even t  i s  a  spatiall y  an d temporall y locate d occurrenc e i n th e rea l 

world .  A  mor e sophisticate d vie w o f  event s i s a s concret e particular s individuate d b y thei r 

cause s an d consequence s [9] .  Thi s woul d explai n th e existenc e o f  rea l  event s i n th e world . 

N ow conside r  a  rea l  event ,  sa y a  ca r  fallin g ove r  a  cliff .  Thi s ca n b e broke n int o tw o causall y 

relate d event s a s i n (7) . 

el .  Th e ca r  cam e t o th e edge .  e2 .  Th e ca r  fel l  ove r  th e edge .  (7 ) 
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The car came too close to the edge, a critical point was reached in which the car was no 

longe r  balance d o n th e edge ,  an d i t  fel l  over .  W e tak e caus e a s define d i n [9] ,  wher e caus e i s 

a two-plac e predicat e relatin g event s suc h tha t  i f  th e sam e even t  (wit h al l  o f  th e relevan t  situ -

atio n included )  shoul d reoccur ,  th e cause d even t  woul d reoccur .  O n thi s analysi s w e ca n 

assume th e existenc e o f  causatio n i n th e world . 

But in terms of the cognitive phenomenon of events and their structure in discourse, we must 

explai n huma n interpretatio n o f  th e actua l  world ,  no t  th e worl d itsel f  Eve n th e direc t  obser -

vatio n o f  som e rea l  even t  involve s observe r  interpretation ,  minimally ,  o f  th e ide a tha t  eac h 

fram e o r  pixe l  h e see s i s par t  o f  th e sam e rea l  even t  an d no t  a  serie s o f  differen t  events .  Th e 

observe r  vie w tha t  a  certai n thin g i s happening ,  e.g. ,  tha t  ca r  i s  fallin g of f  o f  tha t  cliff ,  i s  a 

theory—ofte n a  consciou s verba l  theory .  "Oh ,  tha t  ca r  i s  fallin g of f  o f  tha t  clifT' .  W h e n th e 

observe r  thinks ,  "Oh ,  a n accident" ,  w e hav e eve n mor e theorizin g an d interpretatio n a s acto r 

goal s (o r  lac k o f  them )  ar e inferred .  S o th e predicatio n o f  event s i s epistemological ,  heuristic , 

and retractable . 

How shall we analyze observer construction of causal inferences? Given that there are cases 

wher e on e even t  cause s anothe r  (suc h as ,  th e ca r  come s to o clos e t o th e edge ,  an d fall s ove r 

th e cliff) ,  i n th e cognitiv e interpretatio n o f  event s (an d o f  text s reportin g events) ,  peopl e 

activel y theoriz e an d hypothesiz e abou t  th e causa l  an d intentiona l  structur e o f  event s a s the y 

unfol d [11] .  Peopl e ar e tentativ e abou t  suc h inferences ,  bu t  i n orde r  t o function ,  the y mus t 

guess .  Suc h guesse s ar e naiv e theorie s abou t  th e causa l  an d intentiona l  structur e o f  events . 

Furthermore ,  th e inferre d causa l  structur e i s a n importan t  correlat e o f  memor y fo r  th e event s 

[11] .  I n exampl e (7) ,  suc h a  naiv e hypothesi s woul d b e forme d whe n th e observe r  use s naiv e 

physic s t o figur e ou t  tha t  (el )  an d (e2 )  ar e causall y related .  Th e poin t  i s  tha t  i n under -

standing ,  interpretin g an d labellin g observation s o f  rea l  worl d events ,  member s o f  a  Wester n 

cultur e (an d probabl y o f  an y culture )  infe r  tha t  th e critica l  poin t  wa s reached ,  an d tha t  th e 

comin g clos e t o th e edg e (i n th e end )  cause d th e fallin g ove r  th e edge .  Th e sam e hold s fo r 

discours e an d tex t  understanding .  A s the y read ,  peopl e infe r  causa l  structur e an d intentiona l 

structur e (th e goal s o f  agents )  [11] .  I n othe r  words ,  cause ,  goa l  an d enablemen t  ar e salien t 

relation s hypothesize d b y reader s abou t  tex t  events .  Revisin g th e definition ,  then ,  a  coherenc e 

relatio n i s a  naiv e theor y o f  th e relatio n betwee n event s introduce d int o a  discourse .  I t  i s  a 

binar y predicat e whos e argument s ar e discours e individuals ,  discours e event s o r  state s o r  set s 

thereo f  (se e Ashe r  [2]) .  A  coherenc e theor y (predication )  arise s fro m naiv e theorie s abou t  th e 

causa l  an d othe r  structur e o f  th e world. ^ 

Naive Semantics. Turning to the third problem with coherence theory, we briefly describe our 

solution ,  a  wa y o f  representin g commonsens e knowledge .  Naiv e Semantic s (NS )  [5 ]  i s  a 

theor y o f  wor d sens e meanin g representatio n i n whic h associate d wit h eac h sens e o f  eac h 

conten t  wor d (noun ,  verb ,  adjective )  i s  a  naiv e theor y o f  th e sor t  o f  object ,  actio n o r  propert y 

named b y th e word .  N S reject s a  theor y i n whic h wor d meaning s ar e broke n u p int o atomi c 

primitive s whic h directl y pla y a  trut h conditiona l  rol e i n sentenc e an d discours e interpretation . 

Instead ,  thes e ar e suppose d t o contribut e non-monotonicall y t o th e meanin g representation , 

and further ,  the y involv e man y unfire d inferences .  Thes e ric h naiv e theorie s ar e generaliza -

tions .  Thoug h no t  "true" ,  the y ar e an d mus t  b e clos e enoug h t o true ,  enoug h o f  th e time ,  fo r 
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people to refer correctly to real objects and events, and to communicate using language. NS 

representation s ar e ric h an d open-ended .  Anythin g a t  al l  ca n b e there .  Th e numbe r  o f  featur e 

value s coul d b e a s larg e a s th e numbe r  o f  word s i n Englis h [33] .  Wor d meaning s ar e see n a s 

th e name s o f  concepts ,  an d concept s ar e menta l  representation s whic h ma y tak e man y form s -

visual ,  motor ,  tactil e o r  verbal .  Obviously ,  a t  th e presen t  stag e o f  computation ,  w e ar e limite d 

t o th e verba l  aspects .  N S representation s o f  nou n concept s com e fro m th e result s o f 

psycholinguisti c studie s o f  objec t  concept s i n th e prototyp e theor y [29 ,  4] .  I n principle ,  suc h 

representation s coul d b e quit e extended .  I n practice ,  w e us e th e firs t  1. 5 minute s o f  subjects ' 

freelistin g o f  properties .  Thes e ar e type d (e.g. ,  color(red)) .  A n exampl e i s banker ,  show n 

belo w i n Englis h translation . 

Typically, a banker is a well-dressed educated male who works in an office in a bank. He 

i s traine d i n mathematics .  H e i s dedicated ,  civic-minded ,  an d ha s hig h status .  H e func -

tion s a s a  financie r  wh o lend s money .  Inherentl y a  banke r  i s a  perso n i n authorit y whos e 

functio n i s t o engag e i n busines s an d handl e money . 

For verbs, we use the approach of Graesser [12], where it was shown that people conceive of 

action s i n term s o f  thei r  implications ,  suc h a s cause ,  goal ,  result ,  location ,  manne r  an d s o on . 

We als o classif y verb s aspectuall y afte r  Vendle r  [23] .  Th e ver b entr y i s base d upo n typica l 

and inheren t  implications .  A n exampl e i s invest : 

Typically, investing is done with capital in the form of money or other asset. One invests 

i n stock ,  commodities ,  an d rea l  estate .  Later ,  on e ma y sel l  i t  o r  us e i t  a s collateral . 

Inherently ,  a  sentien t  invest s wit h th e goa l  o f  makin g a  profit . 

NS provides a means of representing the world knowledge attached to English words in a 

general ,  non-a ^  ho c way ,  resultin g i n transportabl e representations .  Fro m th e engineerin g 

poin t  o f  view ,  thes e representations ,  thoug h painstaking ,  ar e i n fac t  feasible ,  an d the y g o a 

lon g wa y towar d providin g th e informatio n necessar y fo r  syntacti c disambiguatio n [7] ,  wor d 

sens e disambiguatio n [5] ,  relevanc e reasonin g an d coherenc e [6] .  Fortunately ,  i t  i s  no t  neces -
sar y t o encod e al l  o f  commonsens e knowledg e i n orde r  t o achiev e significan t  an d usefu l  result s 

i n tex t  understanding .  Wit h ou r  independentl y derive d representations ,  w e succeede d wit h al l 

of  th e CRA' s w e nee d N S fo r  i n th e Stud y 1  corpus .  W e foun d an d confirme d tha t  discours e 

cue phrases ,  syntax ,  compositiona l  semantic s (tens e an d aspect )  an d N S (o r  conceptua l  know -

ledge )  al l  contribut e t o discours e coherence . 
3. 0 Coherenc e Relatio n Assignmen t  Algorith m 

The C R A algorith m wa s develope d b y examinin g th e information-bearingnes s o f  eac h o f  th e 

factor s foun d i n Stud y 1  relativ e t o eac h othe r  fo r  eac h coherenc e relation .  Thos e wit h a  hig h 

informationa l  loa d wer e include d a s factor s t o b e considere d durin g processing .  I n addition , 

we considere d th e mos t  efficien t  orderin g o f  test s fo r  th e factors .  Information-bearingnes s 

result s follow .  Cu e phrase s suc h a s i n orde r  t o fo r  goa l  an d becaus e fo r  caus e [y ]  ar e decisiv e 

fo r  C R A wher e present ,  bu t  ar e onl y presen t  i n 9 % o f  loca l  coherenc e an d 1 6 % o f  global . 

Similarly ,  certai n specifi c  lexica l  item s suc h a s th e verb s contras t  o r  oppos e fo r  th e contras t 

relatio n ar e highl y indicative ,  bu t  rar e i n th e data .  A s fo r  syntax ,  mos t  construction s ar e 

merel y suggestiv e o f  coherenc e relations .  Fo r  example ,  a  mai n claus e i s mor e likel y t o 
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Tabl e I .  Discours e Coherenc e Algorith m 

Sourc e an d Targe t  coher e unde r  Relatio n i f 

syntacti c test s retur n Relation ,  o r 

connective s indicat e Relation ,  o r 

Relatio n =  comment  i f  commen t  test s succeed ,  o r 

Relatio n =  impor t  i f  impor t  test s succeed ,  o r 

causa l  test s retur n Relatio n an d 

not  bot h Sourc e an d Targe t  ar e stativ e an d 

sourc e i s temporall y befor e targe t 

or 

Relatio n =  situatio n i f  situatio n activit y test s succeed ,  o r 

Relatio n =  sequenc e i f  sequenc e test s succee d an d 

Sourc e an d Targe t  ar e teli c  an d 

sourc e i s temporall y befor e target . 

introduc e a n argumen t  o f  certai n coherenc e relations .  However ,  suc h tendencie s ar e no t 

helpfu l  i n buildin g a n algorithm .  A  smal l  numbe r  o f  syntacti c structures ,  o n th e othe r  hand , 

ar e decisive .  Thes e ar e th e comparativ e fo r  contrast ,  a  generi c sentenc e fo r  a  generalization , 

ver b ellipsi s fo r  a  paralle l  o r  contrast ,  relativ e clause ,  participia l  an d appositiv e fo r  description . 

Turning to formal semantics, tense alone is not informative for CRA, because clauses in the 

simpl e pas t  tens e introduc e event s whic h ca n bea r  an y coherenc e relatio n t o othe r  discours e 

events .  Clause s i n th e simpl e presen t  introduc e event s whic h bea r  al l  bu t  on e (reporte d event ) 

of  th e coherenc e relation s t o othe r  discours e events .  However ,  tempora l  order ,  tha t  is , 

whethe r  o r  no t  th e event s o r  state s introduce d i n tw o clause s overlappe d i n time ,  i s  inform -

ative .  Cause ,  goal ,  elaboratio n an d comment  requir e tempora l  precedence ,  whil e parallel ,  con -

trast ,  generalization ,  description ,  an d other s ca n relat e full y  overlappin g event s o r  states .  Thu s 

lac k o f  tempora l  orde r  ca n b e use d t o exclud e th e possibilit y  o f  certai n coherenc e relations . 

Aspect is more decisive than temporal order in CRA. Aspect refers to the temporal perspec-

tive ,  th e continuit y an d completion ,  o f  a  clause .  On e o f  th e tw o clause s introducin g discours e 

event s mus t  b e teli c fo r  certai n causa l  coherenc e relation s t o hol d betwee n th e events .  Fo r 

othe r  relation s t o hold ,  clause s mus t  b e claus e activit y o r  claus e stative .  I n N S ,  th e aspec t  o f 

a ver b i s Uste d a s par t  o f  it s  lexica l  entry .  Bu t  contex t  affect s aspect ,  s o th e aspec t  o f  th e 

entir e claus e mus t  b e compute d [25] ,  takin g int o accoun t  factor s suc h a s progressiv e ver b 

markin g an d quantifie d o r  unspecifie d subjec t  o r  object .  A n algorith m fo r  claus e aspec t 

assigimien t  i s  unde r  development . 

A fmal factor which influences discourse coherence inferences is commonsense knowledge, 

whic h i s require d whe n a  pai r  o f  clause s provid e n o o r  insufficien t  cu e phrases ,  syntacti c prop -

erties ,  tempora l  orde r  o r  aspec t  informatio n fo r  C R A .  A n exampl e i s  (4) ,  whic h ha s tw o 

simpl e pas t  tens e clauses ,  bot h clause-telic ,  bot h mai n clause s wit h n o discours e cues .  Thes e 

propertie s ar e consisten t  wit h sequence ,  cause ,  goal ,  enablement ,  elaboration ,  impor t  o r 

comment .  Her e N S ca n b e use d fo r  C R A .  Th e N S representatio n o f  th e ver b inves t  i s  pow -

erfu l  enoug h t o driv e th e inferenc e tha t  goal(e,,e2) .  I n th e corpus ,  independentl y derive d N S 

representation s ar e sufficien t  fo r  C R A i n al l  o f  th e case s wher e i t  i s  needed . 
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Coherence Relation Assignment Algoritlim. The local algorithm, shown in Table I, considers 

eac h claus e (Source )  i n relatio n t o th e other s i n a  segmen t  on e a t  a  tim e (Target) .  Anothe r 

(global )  algorith m build s th e segmen t  tre e [6] .  Th e informatio n th e loca l  algorith m use s ar e 

syntacti c propertie s o f  th e sourc e clause ,  connective s i n eithe r  th e sourc e o r  target ,  th e 

tempora l  orde r  o f  th e event s i n th e sourc e an d target ,  N S informatio n associate d wit h th e 

verbs ,  semanti c informatio n suc h a s type s o f  adverbials ,  mood ,  an d agentivenes s i n th e clauses . 

The algorith m wa s han d teste d i n th e origina l  corpu s wit h 97.5 % accuracy .  A  tes t  o n a n 

additiona l  corpu s o f  8,00 0 word s i s i n progress . 

Applying the Algorithm. Finally, we step through the algorithm on a complex sample text, 

whic h i s a  paraphras e o f  on e o f  th e article s i n ou r  corpus . 

Levine, (ex) charged with SEC violations last May, (e-^) was convicted (e-^J and sentenced 

her e yesterday .  Levin e (e j  ha d engage d i n extensiv e inside r  trading .  H e (ŝ J wa s greed y 

and fŝ J wante d mor e money .  Levine' s ligh t  sentenc e (s-, )  reflect s (e Ĵa n attemp t  b y th e 

cour t  t o (e,) )  rewar d cooperatio n i n suc h cases .  Th e Judg e (eio )  sai d tha t  Levine' s (en ) 

cooperatio n (ei2 J ha d influence d hi m i n hi s favor .  Critic s (cxy )  argue d tha t  ligh t  sentence s 

(e^ )  wil l  resul t  i n mor e violations . 

The coherence relations in this text that we explain are reported event(e2), sequence(e3,e2), situ-

atio n activity(e,,e2) ,  situation-activity(e4,e2) ,  cause(s5,e4) ,  goaI(s6,e4) ,  import(s7,e2) , 

comment( e 10,62) ,  an d comment(e,3,e2) .  W e us e th e notatio n Q  t o denot e th e claus e whic h 
introduce s a n even t  e ^  o r  a  stat e 5, .  Th e firs t  claus e t o b e considere d i s C 2 i n relatio n t o th e 

participia l  claus e C, .  Referrin g t o th e algorith m i n Tabl e I ,  w e se e tha t  th e mai n claus e C 2 wil l 

designat e a  reporte d even t  becaus e C 2 wil l  fai l  th e syntacti c test s (i t  i s  no t  a  relativ e clause , 

appositive ,  no r  an y o f  th e syntacti c structure s th e algorith m look s for) .  Ther e i s n o 

connective ,  n o ver b o f  sayin g fo r  th e commen t  test ,  an d n o modal ,  conditional ,  interrogativ e 

or  impor t  ver b fo r  th e impor t  test .  Whe n th e algorith m trie s i n th e causa l  test s t o prov e tha t 

C2 expresse s a  reporte d event ,  i t  wil l  succeed .  Next ,  th e algorith m consider s C j  i n relatio n t o 

C2.  Her e test s succee d o n th e sourc e claus e C, .  Sinc e C ,  i s a  participia l  i t  mus t  b e eithe r 

descriptio n o r  situation .  A s C j  contain s a  tim e adverbial ,  i t  i s  designate d situation .  Not e tha t 

th e tim e adverbia l  i n th e mai n claus e C 2 di d no t  resul t  i n th e sam e assignment .  Nex t  th e 

algorith m consider s C 4 i n relatio n t o Cj .  Reporte d event s (€3 )  ar e trie d first  a s target s i n com -

mentary ,  becaus e th e commentar y genr e revolve s aroun d them .  Considerin g C 4 i n relatio n t o 

C2,  syntacti c tests ,  connectives ,  commen t  test s an d impor t  test s al l  fail .  Ther e i s onl y a n indi -

rec t  relatio n betwee n breakin g th e la w an d bein g convicted ,  s o causa l  test s fail .  N o w th e algo -

rith m trie s situation_activity ,  an d succeed s becaus e C 4 i s i n th e perfect .  Nex t  th e algorith m trie s 

C5 i n relatio n t o C2 .  Al l  test s u p throug h impor t  fail .  N o w th e algorith m trie s causa l  test s 

and finds  i n th e N S representation s tha t  gree d ca n caus e peopl e t o brea k th e law ,  s o i t  assign s 

cause(s5,e2) .  Similarly ,  i t  finds  tha t  a  typica l  goa l  o f  breakin g th e la w i s makin g money ,  s o i t 

assign s goal(82,64) .  Turnin g t o C 7 i n relatio n t o Cj ,  th e syntactic ,  connectiv e an d commen t 

test s fail .  Th e impor t  tes t  succeed s becaus e (S7 )  overlap s (ej )  i n time ,  an d reflec t  i s  a n impor t 

verb .  Finally ,  th e tw o commen t  clause s C, o an d C ^  ar e discovere d becaus e the y fai l  th e syn -

tacti c an d connective ,  tests ,  an d the y contai n non-performativ e verb s o f  saying . 
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