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S e q u e n c i n g E x p l a n a t i o n s t o E n h a n c e C o m m u n i c a t i v e 

F u n c t i o n a l i t y 

Danie l  D .  Suthers ^ 
Learnin g Researc h an d Developmen t  Cente r 

Universit y o f  Pittsburg h 

393 9 O'Har a Stree t 

Pittsburg h P A 1526 0 

suthers+Opitt.ed u 

A b s t r a c t 

The extent to which the segments of an expla-

natio n succee d i n carryin g ou t  thei r  intende d func -

tio n depend s i n p<ir t  o n ordering .  A  critici d aspec t 

of  understandin g a n explanatio n i s t o integrat e th e 

concept s an d proposition s i n th e explanatio n wit h 

existin g knowledge .  Orderin g shoul d attemp t  t o fa -

cilitat e thi s integratio n an d otherwis e enhanc e th e 

communicativ e functionalit y o f  th e segment s o f  a n 

explanation .  Thi s pape r  present s a  collectio n o f  or -

derin g strategie s tha t  translat e functiona l  relation -

ship s betwee n segment s o f  a n explanatio n int o order -

in g constraint s betwee n thos e segments .  Th e m a -

teria l  presente d her e i s on e componen t  o f  a  func -

tiona l  analysi s o f  explanatio n tha t  ha s bee n applie d 

t o th e desig n an d implementatio n o f  a  computer -

base d questio n answerin g system . 

Introduction 

The author's research is concerned with expla-
natio n a s a  communicativ e activity ,  focusin g mos t 

recentl y o n question-answerin g dialogues .  Explain -

er s d o mor e tha n jus t  provid e requeste d information . 

Explainer s als o tr y t o facilitat e th e questioner' s un -

derstanding ,  acceptance ,  an d retentio n o f  th e infor -

mativ e content .  The y d o s o b y 

•  basin g explanation s o n domai n model s tha t 

provid e ne w an d relevan t  knowledg e whil e re -

mainin g comprehensibl e t o th e questioner , 

• supplementing explanations with material not 

directl y requeste d b y th e questioner ,  an d 

• sequencing utterances in a manner that helps 

^  Researc h conducte d a t  th e Univenit y o f  Maasochusett i 
whil e supporte d b y gran t  MDR-875136 2 from  th e Nationa l 
Scienc e Foundatio n ain d b y Appl e Computer ,  an d a t  th e Uni -
versit y o f  Pittsburg h whil e supporte d b y gran t  MDR-915571 5 
from  th e Nationa l  Scienc e Foundatio n Application s o f  Ad -
vance d Technolog y program . 

th e questione r  understan d thei r  meanin g an d 

significance . 

The present paper addresses the third item by iden-

tifyin g a  numbe r  o f  strategie s fo r  th e coheren t  or -

derin g o f  a n explanation .  Thi s analysi s i s on e com -

ponen t  o f  a  multifacete d stud y o f  explanatio n whic h 

include s a n analysi s o f  ho w th e conten t  an d orga -

nisatio n o f  explanation s functio n t o achiev e com -

municativ e goal s unde r  potentiall y  conflictin g con -

straints ,  th e desig n o f  a  planne r  fo r  generatio n o f 

explanation s b y computer ,  an d a n implementatio n 

of  thi s planne r  a s a  multimedi a questio n answerin g 

syste m (Suther s 1993a ;  Suthers ,  Cornell ,  k  Wool f 

1992) . 

Coherent Sequential Structure 

Superficially, the sequential structure of an ex-

planatio n i s simpl y th e orde r  i n whic h it s segment s 
ar e positione d i n a  sequentia l  medium .  Thi s migh t 

be a  tempora l  ordering ,  a s i n speech ,  o r  a  spatia l 

one ,  a s i n text .  However ,  i t  m a y b e th e cas e tha t 

onl y par t  o f  th e orderin g i s non-arbitrary .  I n a  the -

oretica l  analysis ,  i t  i s  usefu l  t o thin k o f  th e sequen -

tia l  structur e o f  a n explanatio n a s a  partia l  orderin g 

tha t  ha s specifi c  justifications .  Thi s pape r  provide s 

thes e justification s b y identifyin g th e functiona l  sig -

nificanc e o f  orderin g decisions .  Th e orderin g strate -

gie s ar e hasc d o n thre e observation s abou t  th e se -

quentia l  structur e o f  a  coheren t  explanation : 

1. Sequential Structure is Derived from 

O the r  Structure .  A  nonarbitrar y orderin g o f  th e 

segment s o f  a n explanatio n i s  onl y possibl e whe n 

ther e ar e relationship s betwee n th e segment s tha t 

hav e implication s fo r  ordering .  Otherwis e ther e 

woul d b e n o basi s fo r  th e choice .  Thu s a  theor y o f 

sequentia l  structur e i s  necessaril y a  theor y o f  ho w 

othe r  relationship s betwee n segment s ar e exploite d 

t o constrai n ordering .  Whethe r  performin g a n anal -
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ysi s o f  explanation s o r  designin g a  compute r  syste m 

fo r  automate d generatio n o f  explanations ,  i t  i s  help -

fu l  t o explicitl y  represen t  th e relationship s tha t  hav e 

implication s fo r  ordering . 

2. Sequential Structure Enhances Function-

ality .  A n explanatio n tha t  i s  ordere d inconsis -

tentl y wit h intende d functionalit y wil l  b e les s co -

herent .  Th e relationship s betwee n segment s tha t 

ar e centra l  t o th e communicativ e functionalit y o f 
thos e segment s ar e prim e candidate s fo r  constrain -

mg ordering .  Thes e includ e variou s kind s o f  infor -

mative ,  supplementtd ,  an d prepositiona l  relation -

ships .  Spac e constraint s necessitat e leavin g tax -

onomie s an d definition s o f  thes e relationship s t o 

Suther s (1993a) .  I n thi s paper ,  w e wil l  assum e tha t 

thes e relationship s ar e availabl e (i.e. ,  ar e identifie d 

and m a d e explici t  b y othe r  analyti c o r  generativ e 

activities) .  W e mus t  nex t  identif y ho w (i n whic h 

direction )  eac h relatio n constrain s th e ordering . 

3. Sequential Structure Follows Integrative 
Gradients .  T h e explainer' s tas k i n producin g a 

sequenc e o f  utterance s i s t o facilitat e th e ques -

tioner' s acquisitio n o f  ne w knowledg e o n th e basi s o f 

hi s o r  he r  existin g knowledge .  Peopl e canno t  b e ex -

pecte d t o comprehen d arbitrar y informatio n a t  an y 

give n time .  Understandin g require s compatibl e ex -

perience s an d connection s wit h existin g concepts . 

The functionalit y o f  a n explanatio n i s enhance d i f 

it s  segment s ar e sequence d t o exploi t  th e "integra -

tiv e gradients'' '  alon g whic h ne w knowledg e ca n b e 
constructed ,  i n particula r  vi a it s connection s t o ex -

istin g knowledge . 

Three Ordering Relations 

Previous work has generally used a single 

orderin g relation ,  fo r  exampl e th e "satisfaction -
precedence "  relatio n o f  Gros z &  Sidne r  (1986) . 

We distinguis h tw o aspect s o f  sequentia l  structure : 

precedenc e an d juxtaposition .  Precedenc e indi -

cate s tha t  on e segmen t  shoul d occu r  befor e anothe r 

segment .  Precedenc e i s significan t  whe n prio r  com -

municatio n o f  th e content s o f  on e segmen t  facili -

tat e th e intende d functionalit y o f  th e content s o f 

anothe r  segment .  Fo r  example ,  definition s o f  term s 

usuall y preced e thei r  use .  Juxtapositio n indicate s 
tha t  on e segmen t  shoul d occu r  nex t  t o anothe r  seg -

ment  i n th e sequentia l  realizatio n o f  th e explana -

^  Previousl y colle d "epistemologica l  gradient!, "  th e phras e 
'integrativ e gradients "  i s  use d fo r  terminologica l  consistenc y 
wit h Leste r  t c Porte r  (1991) ,  wh o hav e a  simila r  notio n o f 
"integrativ e explanation. " 

tion .  Juxtapositio n i s significan t  whe n th e content s 

of  bot h segment s mus t  b e i n focu s o f  attentio n a t 

th e sam e tim e i n orde r  fo r  th e segment s t o fulfil l 

thei r  intende d communicativ e function .  Fo r  exam -

ple ,  statement s o f  similarit y an d differenc e ar e usu -

all y juxtapose d whe n makin g a  compariso n s o tha t 

th e relativ e significanc e o f  th e similaritie s an d differ -

ence s ca n b e weighed .  An y constrain t  o n sequentia l 

structur e mus t  involv e precedenc e o r  juxtaposition . 

We us e Contiguit y t o indicat e th e presenc e o f  bot h 

constraint s (i.e. ,  tha t  on e segmen t  shoul d occu r  im -

mediatel y befor e an d nex t  t o anothe r  segment) . 

Sequentia l  constraint s ca n b e expresse d a t  thre e 

granularities .  Inter-segmenta l  constraints ,  place d 
betwee n rhetorica l  an d communicativ e act s (Suther s 

1993a )  o r  intention s t o perfor m thos e acts ,  spec -

if y th e sequencin g o f  group s o f  clause s (e.g. ,  com -

poun d sentence s an d paragraphs )  relativ e t o eac h 

other .  Inter-propositiona l  constraints ,  place d be -

twee n propositions ,  specif y th e sequencin g o f  indi -

vidua l  clause s i n surfac e tex t  expressin g th e propo -

sitions .  Finally ,  intra-propositiona l  constraints , 

place d betwee n role s o f  a  proposition ,  control s voice , 

tha t  is ,  whic h rol e filler  i s  expresse d a s th e sub -

jec t  o f  a  clause .  Juxtapositio n constraint s betwee n 
rol e fillers  discourag e th e insertio n o f  a  subordinat e 

claus e betwee n th e realizatio n o f  th e rol e fillers. 

Notation for Ordering Strategies 

In Table 1 a number of ordering strategies are 

expresse d i n th e for m o f  rule s fo r  translatin g othe r 

kind s o f  relationship s int o orderin g relations .  Th e 

genera l  for m o f  th e rule s is : 

I f  S i  bear s relatio n R  t o S j  the n S i  - ^  S 2 

where Si and Sj are segments and Si —• Sa is one 

of  th e following : 

Si ^^ Sj for precedence (Si occurs sometime be-
for e S3) , 

Si i^ Sa for juxtaposition (Si and Sa are next to 

each othe r  i n eithe r  order) ,  an d 

Si —• S3 for contiguity (Si and Sa are juxtaposed 

and S i  precede s S3) . 

Propositions are denoted by (P ri ra ...) where P is 

a predicat e an d th e T j  ar e rol e fillers.  Th e notatio n 
fo r  intra-propositiona l  orderin g i s 

(Pri^ra...) 

meaning that the filler of ri is to be expressed €is the 

subjec t  i n a  clausa l  realizatio n o f  th e proposition . 
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Thre e predicate s ar e neede d t o expres s som e o f  th e 

orderin g strategies : 

F^aniliar-p(c )  whe n a  (possibl y fallible )  oracl e in -

dicate s tha t  concep t  c  i s  familia r  t o th e ques -

tioner . 

In-Focus-p(P) when P is a proposition at the 

en d o f  a  chai n o f  ordere d propositions :  P i  - ^ 

'lbpic-p(t) when t is a topic of a rhetorical act 

scopin g ove r  th e proposition s t o b e ordered . 

I t  shoul d b e note d tha t  th e orderin g strategie s d o 

not  instal l  "hard "  constraint s o n sequentia l  struc -

ture .  T h e strategie s ca n conflict ,  i n whic h cas e th e 

choic e betwee n the m i s a  stylisti c  matter .  Selecte d 

strategies ,  identifie d b y numbe r  i n Tabl e 1 ,  ar e dis -

cusse d below .  Se e Suther s (1993a )  fo r  furthe r  dis -

cussion . 

Constraints from Supplemental 

S t r u c t u r e 

Supplementa l  materia l  facilitate s th e under -

standin g o r  acceptanc e o f  othe r  segment s o f  a n ex -

planatio n i n specifi c  ways ,  th e succes s o f  whic h i s 

ofte n affecte d b y orde r  o f  presentation .  Becaus e o f 

this ,  on e o r  mor e orderin g strategie s ar e associate d 

wit h eac h supplementa l  relation ^  (Tabl e 1) .  Som e 

relation s giv e ris e t o a n unambiguou s ordering ,  em d 

thu s hav e onl y on e rul e i n th e table .  Th e orderin g 

implication s o f  other s ar e complicate d b y possibl e 

difference s i n tutoria l  strateg y an d individua l  differ -

ence s i n learnin g style .  Thi s i s wher e th e advantag e 

of  separatin g orderin g decision s fro m supplementa l 

relationship s lies :  w e ca n mode l  stylisti c  difference s 

wit h differen t  set s o f  orderin g strategie s tha t  ca n b e 
change d independentl y o f  th e supplementa l  strategy . 

Order in g B a c k g r o u n d (Rul e 2 ) .  Backgroun d 

materia l  i s  usuall y a  prerequisit e t o th e foreground , 

sinc e th e functio n o f  backgroun d i s t o enabl e th e 

compreheruio n o f  th e foreground .  On e woul d mak e 

an exceptio n t o th e B  ^ ^  F .  constrain t  onl y i f  an -

othe r  orderin g constrain t  ha d priority .  Contiguit y i s 

not  necessar y a s lon g a s th e tempora l  distanc e be -

twee n backgroun d an d foregroun d i s  smal l  enoug h 

tha t  th e backgroun d wil l  no t  hav e bee n forgotte n 

when th e foregroun d i s  encountered .  Thi s wil l  b e 

th e cas e i n th e short ,  interactiv e explanation s o f  th e 

kin d examine d b y thi s research . 

'  Supplementa l  relation s ar e a  lubie t  o f  "rhetorical "  rela -
tion s (McKeow n 1982 ;  Man n t c Thompso n 1986) . 

Tabl e 1 :  Rule s fo r  Orderin g Strategie s 

Constraint s fro m Supplementa l  Structur e 

1 I f  i 4 i s a n antithesi s o f  T 

the n T i ^ A . 
2 I f  fi  i s backgroun d fo r  F 

the n B  '- ^  F . 

3 I f  ̂  i s a n enrichmen t  o f  5 

the n S'-^E . 
4 I f  £ ^  provide s evidenc e fo r  assertion s i n H 

a the n E ' - ^ H . 

b o r  H  ^ ^  E  (stylisti c  choice) . 

5 I f  £  provide s a n exemplificatio n fo r  G 

a the n G ' - ^  E 

b o r  ̂  ^  G  (stylisti c  choice) . 

6 I f  il f  provide s a  motivatio n fo r  S 

the n S'-^M . 
7 I f  P  provide s a  previe w o f  B 

the n P'-^B . 
8 I f  5  i s a  summar y o f  B 

the n B ^ - ^ S . 

and 
Constrain t  fro m Questioner' s Familiarit y 

~ 9 I f  (P.../... n . . ) ,  Familiar-p(/) , 

Familiar-p(P ) 

the n ( P / ^ ^ . . . n . . . ) . 

Constraint s fro m Domai n Knowledg e 

T o I f  { N X  y )  wher e N  \ s a  Natural-Orderin g 

and X  i s i n th e <predecessor > rol e o f  N , 

the n { N x ^^y ) 
11 I f  (Subsumptio n c  s )  an d s  i s differentiate d 

withi n c  b y ( P a... ) 

the n (Subsumptio n c  a )  ̂ ^  ( P s...) . 

Informativ e an d Attentiona l  Structur e 

12 I f  Topic-p(t) ,  (Pi.. .  t... )  i s  unordere d 

and (P 3 ... )  doe s no t  contai n t 

then(P i t?^ . . . )?^ (P3 . . . ) . 

13 I f  i i  =  (P i  I  - ^  .. .  y...) ,  In-Focus-p(fl) , 

and (P a y  2  ... )  i s  unordere d 

the n (P i  X. .  . v . . . ) ^ ( P a y " - ^ 2 . . . ) 
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Orderin g Exempliflcatio n (Rule s 5 a a n d 5 b ) . 

Strategi c variatio n i a possibl e i n th e orderin g o f 

example s an d illustrations .  A n explaine r  ca n en -

courag e a  questione r  t o engag e i n inductiv e infer -

enc e b y givin g example s befor e th e generalisation s 

or  concept s tha t  the y exemplify ,  a s expresse d b y th e 

E — •  G  constrain t  o f  rul e 5b .  However ,  inductio n 

i s a  difficul t  task ,  an d th e desire d conclusion s ar e 

ofte n underconstraine d b y smal l  set s o f  example s 

(vanLeh n 1987) .  Alternately ,  th e exampl e ca n b e 

give n immediatel y afte r  th e concep t  o r  generaliza -

tio n bein g exemplified ,  a s expresse d b y th e G  ^ ^  E 
constrain t  o f  rul e 5a .  Unde r  thi s strategy ,  th e ques -

tione r  doe s no t  hav e t o gues s th e generalizatio n an d 

wil l  appreciat e wh y th e exampl e wa s introduced .  A n 

activ e questione r  ca n stil l  engag e i n inferenc e t o ver -

if y tha t  th e exampl e i s subsume d b y th e generaliza ^ 

tion . 

Orderin g Motivat io n (Rul e 6 ) .  A  motivatio n 

segment  i s intende d t o poin t  ou t  th e utilit y  o f  an -

othe r  segmen t  o f  a n explanatio n s o tha t  th e heare r 

wil l  appreciat e th e relevanc e o f  th e motivate d seg -

ment  enoug h t o tak e i t  seriously .  Motivatio n t o at -
ten d doesn' t  wor k retroactively ,  s o th e motivatin g 

segment  shoul d occu r  prio r  t o th e motivate d seg -

ment .  Contiguit y  i s preferred ,  bu t  no t  necessary . 

Orderin g Prev iew s a n d Summiu-ie s (Rule s 7 

an d 8 ) .  B y definition ,  a  previe w precede s th e 

mai n bod y o f  a n explanation .  T o serv e th e func -

tio n o f  preparin g th e questione r  fo r  th e sequenc e o f 
utterance s t o follow ,  a  previe w shoul d b e contiguou s 

wit h th e bod y previewed ,  becaus e a  previe w set s u p 

an expectatio n tha t  th e subsequen t  segment s wil l  b e 

thos e mentione d i n th e preview .  Violatio n o f  thi s ex -

pectatio n wit h intervenin g materia l  ca n caus e con -
fiision .  A  summar y i s simila r  t o a  previe w i n tha t 

bot h provid e skeleta l  char{u:terizatio n o f  th e mai n 

bod y o f  a n explanation ,  thoug h summarie s ca n re -

fe r  bac k t o conten t  tha t  wa s no t  availabl e a t  th e tim e 

of  a  preview .  Th e pedagogica l  utilit y  o f  a  summar y 

i s i n repetitio n an d consolidation .  Contiguit y  i s no t 

as import£tn t  fo r  summaries .  I n fact ,  a  summar y 

migh t  b e use d becaus e ther e i s som e extr a materia l 

betwee n th e segment s relate d b y th e summar y rela -

tion :  th e summar y function s t o refocu s o n th e mai n 

point s afte r  th e digression . 

C o n s t r a i n t s f r o m Q u e s t i o n e r ' s 

Fami l iar i t y w i t h C o n c e p t s 

New concepts can be introduced in relation to 

familia r  one s usin g an y domai n relatio n (notation -

ally ,  b y proposition s o f  an y n  >  1-ar y predicates) . 

Suppos e concep t  /  i s  familia r  an d n  i s new .  The n 

any propositio n ( P /  n )  o r  mor e generall y an y 

( P ci.../.. .  n.. .  c» )  wil l  d o th e job ,  provide d th e 

predicat e P  itsel f  i s familiar .  (A n unfamilia r  pred -

icat e won' t  b e muc h hel p i n integratin g a n unfa -

milia r  concep t  wit h existin g knowledge. )  Strateg y 

9 install s a n intra-propositiona l  constrain t  tha t  th e 

rol e playe d b y /  shoul d b e expresse d a s th e subject , 

yieldin g expression s o f  for m " F i s P-relate d t o n. " 

(no t  " n i s P ~ ̂-relate d t o / " ) .  W e nee d no t  identif y 

distinc t  strategie s fo r  eac h P .  Th e strateg y applie s 

t o an y ( P /  n )  i n whic h w e ca n independentl y iden -

tif y /  a s familiar .  Thi s strateg y canno t  exploi t  a 

relationshi p ( P z  y )  i n whic h neithe r  x  no r  y  ca n 

be identifie d a s bein g mor e familiar .  I n suc h a  sit -

uation ,  a n "integrativ e connection "  i s available ,  bu t 

ther e i s n o indicatio n o f  i n wha t  directio n i t  shoul d 

be exploited .  Othe r  informatio n i s neede d i n orde r 

t o activat e a  concep t  fillin g on e o f  th e roles . 

Constraints from Domain Knowledge 

Structure s 

Now we consider constraints derived from rela-

tionship s i n th e domai n knowledg e bein g expressed . 

Natural Orderings (Rule 10). Temporal and 

causa l  relation s ar e normall y experience d i n a  par -

ticula r  direction ,  fro m prio r  t o posterio r  event s o r 

fro m caus e t o effect ,  fo r  example .  Th e assumptio n 

tha t  ou r  cognitiv e apparatu s i s adapte d t o mor e eas -
il y  us e thes e relation s i n th e '^rward "  directio n sug -

gest s tha t  predicate s categorize d a s "natura l  order -
ings "  b e expresse d wit h th e prio r  even t  o r  caus e a s 

th e subjec t  (Bienkowsk i  1986) : 

"X caused y" (not "y is caused by x"). 

Ordering Genus and Differentia Proposi-

tion s (Rul e 11) .  Th e "differentia "  relatio n hold s 
betwee n tw o proposition s whe n on e propositio n 

{Pa... )  differentiate s a  subclas s a  fro m othe r  sub -

classe s o f  a  clas s c .  A n explaine r  choose s th e state -

ment  {Pa... )  fro m amongs t  al l  th e possibl e predi -

cate s on e coul d appl y t o a  becaus e P  distinguishe s 

a fro m th e othe r  subdivision s o f  c  tha t  th e ques -
tione r  migh t  kno w about .  Th e questione r  canno t 

recogniz e o r  asses s thi s significanc e o f  ( P a... )  un -

les s h e o r  sh e ha s bee n informe d o f  th e contras t  se t 
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(va n Frasse n 1980 )  agains t  whic h th e clai m (Pa... ) 

i s  bein g made .  Rul e 1 1 suggest s tha t  th e contras t 

clas s c  b e introduce d first : 

"An electric field is a kind of force field that 

applie s a  forc e t o a  charge d object. " 

not 

"An electric field applies a force to a 

charge d objec t  an d i s a  kin d o f  forc e field. " 

Mere precedence is insufficient because the differen-

ti a shoul d b e evaluate d i n ligh t  o f  th e genus .  Th e 

genus provide s th e contex t  i n whic h th e differenti a 

i s meaningful .  Contiguit y place s the m bot h i n focu s 

of  attentio n a t  once .  A t  th e intra-propositiona l  leve l 

th e constrain t  ca n b e weakene d t o on e o f  juxtaposi -

tio n t o allo w adjectiv e attachment s (e.g. ,  " A mam-

mal  i s a  hair y animal") .  Thi s strateg y ca n b e gener -

alise d t o th e leve l  o f  siblin g communicativ e act s o r 

rhetorica l  acts ;  se e Suther s (1993a) . 

Constraints from Informative and 

Attentiona l  Structur e 

The informative relations used in Suthers 

(1993a )  represen t  th e intentiona l  hierarch y o f  a n ex -

planatio n (Gros s k  Sidne r  1986) .  (The y ar e calle d 

•Hnformative "  relation s becaus e the y ar e derive d en -

tirel y from  consideratio n o f  wha t  kin d o f  informatio n 

must  b e expresse d i n orde r  t o perfor m a  rhetorica l 

act. )  Thes e ar e containmen t  relation s rathe r  tha n 

relation s betwee n segment s t o b e ordered .  Fo r  ex -

ample ,  th e textua l  realisatio n o f  eac h communica -

tiv e ac t  tha t  contribute s toward s th e performanc e 

of  a  rhetorica l  ac t  wil l  b e a  subsequenc e o f  th e tex -

tua l  realizatio n o f  th e rhetorica l  ac t  a s a  whole .  Be -

caus e th e informativ e relation s d o no t  occu r  betwee n 

segment s tha t  ca n b e ordere d wit h respec t  t o eac h 

other ,  thes e relation s canno t  b e directl y exploite d t o 

constrai n ordering .  However ,  informativ e structur e 

constrain s orderin g indirectl y a s follows . 

Inheritance of Ordering Constraints. The in-

formativ e relation s contro l  th e applicatio n o f  order -

in g constraint s & o m othe r  sources .  Fo r  example ,  i f 

one rhetorica l  ac t  mus t  b e complete d befor e anothe r 

begins ,  the n th e communicativ e act s performin g th e 

firs t  rhetorica l  ac t  mus t  b e complete d befor e th e 

communicativ e act s performin g th e secon d rhetor -

ica l  act .  Tha t  is ,  orderin g constraint s ar e inherite d 

down th e intentiona l  hierarchy . 

Ordering Based on Local Focus of Attention 

(Rule s 1 2 an d 13) .  Suther s (1993a )  discusse s 

how certai n item s ca n b e identifie d a s th e topi c o f 

a rhetorica l  act .  Whe n a  questione r  ask s a  question , 

th e topic s o f  th e quer y ar e brough t  int o th e focu s 

of  attention .  Thei r  foca l  statu s motivate s th e rel -

evanc e o f  assertion s mad e an d concept s introduce d 

by th e explaine r  i n th e response .  I f  assertion s o r 

concept s tha t  ha d n o apparen t  relatio n t o th e foca l 

topic s wer e introduced ,  th e questione r  migh t  b e un -

abl e t o integrat e the m an d coul d becom e confuse d 

due t o th e conversationa l  implicatur e o f  th e appar -

ent  chang e i n subjec t  (Gric e 1975) .  Fo r  example : 

"What killed the dinosaurs?" 

"Many rock s a t  th e KT-boundar y hav e a n 

unusua l  concentratio n o f  iridiu m .. . 

(Th e iridiu m poisone d them ? Th e 

speake r  doesn' t  wan t  t o tal k abou t  dinosau r 

demise? )  ... " 

In contrast, the following explanation changes focus 

of  attentio n fro m th e topi c t o othe r  concept s an d 

proposition s i n a  wel l  connecte d manner : 

"The dinosaur extinctions may have been 

cause d b y a  hug e meteorite .  Evidenc e fo r 

suc h a  meteorit e i s provide d b y a n un -

usua l  concentratio n o f  iridiu m foun d i n 

KT-boundar y rocks .  ... " 

Two orderin g strategie s ar e neede d t o exploi t  an d 

exten d loca l  focu s o f  attentio n (Gros s 1977 ;  Sidne r 

1979) :  on e strateg y t o constrai n th e transitio n & o m 

a topi c concep t  t o othe r  concepts ,  an d anothe r  t o 

constrai n th e transition s betwee n proposition s tha t 

shar e concepts .  Th e first ,  strateg y 12 ,  ensure s tha t 

some topi c t  i s  introduce d befor e non-topics .  Th e 

second ,  strateg y 13 ,  introduce s a  propositio n whe n 

i t  involve s a  concep t  o r  propositio n tha t  i s brough t 

int o immediat e focu s o f  attentio n b y anothe r  order -

in g decisio n (th e inter-propositiona l  ̂ ^  constraint ) 

and make s th e subjec t  o f  eac h propositio n b e th e 

rol e fille r  b y whic h i t  wa s introduce d (th e intra ^ 

propositiona l  y  — •  z  constraint) .  Th e contigu -

it y constrain t  coul d b e downgrade d t o precedenc e 
i f  necessar y t o resolv e a  conflic t  wit h othe r  order -

in g strategies .  Whe n a  propositio n introduce s a 

new concep t  o r  propositio n the n thi s ne w concep t 

or  propositio n become s a  ne w foca l  topi c an d strat -

egy 1 3 ca n b e iterated . 

Constraints from the "Epistemic 

C o n t e x t " 

Suthers (1993a, 1993b) discusses how the "epis-

temi c context "  (th e knowledg e availabl e t o th e ex -

plaine r  an d questione r  an d th e knowledg e share d 
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i n prio r  dialogue )  influence s th e choic e betwee n al -

ternat e domai n model s o n whic h t o bas e a n ex -

planation .  S o m e o f  th e "preferences "  presente d 

i n thes e publication s addres s sequentia l  concerns . 

For  example ,  whe n preference s t o "sa y somethin g 

new, "  "minimis e ne w propositions, "  an d "elabo -

rat e o n foca l  models "  ar e applie d togethe r  i n a  di -

alogu e abou t  som e phenomenon ,  incrementa l  con -

structio n o f  increasingl y elaborat e domai n model s 

of  th e phenomeno n wil l  resul t  (Suthers ,  Cornell ,  k 

Wool f  1992 ;  Whit e &  Frederikse n 1990) .  I n gen -

eral ,  th e epistemi c contex t  provide s importan t  con -

straint s o n sequentia l  structur e acros s multipl e ex -

change s bu t  ha a les s impac t  o n ou r  presen t  concer n 

— sequentia l  structur e withi n a  singl e utterance . 

Hence thi s pape r  doe s no t  discus s thes e othe r  con -

straint s further . 

Summary and Future Work 

The significance of sequential structure is in 

ho w th e expressio n o f  a n explanatio n i n a  sequentia l 

mediu m suc h a s tex t  enhance s th e communicativ e 

fiinctionalit y o f  th e segment s bein g ordere d an d fa -

cilitate s th e questioner' s integratio n o f  th e conten t 

of  a n explanation .  Thre e type s o f  orderin g rela -

tion s wer e differentiated ,  precedence ,  juxtaposi -

tion ,  an d contiguity .  A  numbe r  o f  strategie s wer e 

presente d tha t  instal l  orderin g constraint s base d o n 

othe r  functiona l  relationship s betwee n segments . 

Th e strategie s presente d i n thi s pape r  wer e de -

rive d fro m analysi s o f  exampl e explanation s an d 

foun d t o b e necessar y t o enabl e a n automate d expla ^ 

natio n generato r  t o produc e coherentl y sequence d 
explanation s (Suther s 1993a) .  However ,  psycholog -

ica l  validit y ha s no t  bee n tested .  I n collaboratio n 

wit h Ric h Thurlow ,  th e autho r  i s currentl y design -
in g a  serie s o f  psychologica l  experiment s t o tes t  th e 

impac t  o f  th e strategie s throug h on-lin e an d recal l 

studies . 

References 

Bienkowski, M. 1986. A Computational Model for 

Extemporaneou s Elaborations ,  C S L Repor t  1 , 

Cognitiv e Scienc e Laboratory ,  Princeto n Uni -

versity ,  Princeton ,  N.J . 

Grice, H. 1975. Logic and Conversation. In P. Cole 

i c J .  Morga n eds .  Synta x an d Semantics ,  Vol . 
S:  Speec h Acts .  N e w York :  Academi c Press . 

Gross, B. 1977. The representation and use of 

focu s i n a  syste m fo r  understandin g dialogs . 

I n Proceeding s o f  th e Fift h Internationa l  Join t 

Conferenc e o n Artificia l  Intelligence , 

Cambridge . 

67-76 . 

Grosz ,  B .  S i  Sidner ,  C .  1986 .  Attention ,  intention , 

an d th e structur e o f  discourse .  Computationa l 

Linguistic s 12:175-204 . 

Lester, J., k Porter, B. 1991. A student-sensitive 

discours e generato r  fo r  intelligen t  tutorin g sys -

tems .  I n Proceeding s o f  th e Firs t  Internationa l 

Conferenc e o n th e Learnin g Sciences ,  298-304 . 

Northwester n University ,  Chicago . 

Mann, W., & Thompson, S. 1986. Rhetorical 

structur e theory :  Descriptio n an d constructio n 

of  tex t  structures .  Proceeding s o f  th e N A T O 

Advance d Researc h Worksho p o n Natura l  Lan r 

guag e Generation .  Nijmegen ,  Th e Nether -

lands . 

McKeown, K. 1982. Generating Natural Language 

Tex t  i n Respons e t o Question s abou t  Databas e 

Structure .  P h D .  Diss. ,  Dept .  o f  Compute r  an d 

Informatio n Science ,  Universit y o f  Pennsylva -

nia . 

Sidner, C. 1979. Focusing in the comprehension of 

definit e anaphora .  I n M .  Brad y &  R .  Berwic k 

eds .  Computationa l  Model s o f  Discourse ,  267 -

330 .  Cambridge ,  Mass :  M I T Press . 

Suthers, D. 1993a. An Analysis of Explanation and 

it s Implication s fo r  th e Desig n o f  Explanatio n 

Planners .  Ph.D .  Diss. ,  Dept .  o f  Compute r  Sci -

ence ,  Universit y o f  Massachusetts . 

Suthers, D. 1993b. Preferences for Model Selection 

i n Explanation .  Forthcomin g i n Proceeding s o f 

th e Thirteent h Internationa l  Join t  Conferenc e 
on AHificia l  Intelligenc e (IJCAI-9S) .  C h a m -
bery ,  France . 

Suthers, D., Cornell, M., & Woolf, B. 1992. 

Step s fro m explanatio n plannin g t o mode l  con -

structio n dialogues .  Proceeding s o f  th e Tent h 

Nationa l  Conferenc e o n Artificia l  Intelligenc e 

(AAAI-92) ,  24-30 .  Sa n Jose ,  C A . 

vanLehn, K. 1987. Learning one subprocedure per 

lesson .  Artificia l  Intelligenc e 31:1-40 . 

va n Frassen ,  B .  1980 .  Th e Scientifi c  Image . 

ford :  Clarendo n Press . 
Ox-

White ,  B .  k .  Frederiksen ,  J .  1990 .  Causa l  Mode l 

Progression s a s a  Foundatio n fo r  Intelligen t 
Learnin g Environments .  Artificia l  Intelligenc e 
42:99-157 . 

993 


	cogsci_1993_988-993



