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Abstrac t 

A stiucturai model of discourse for natural language 
interactio n develope d fo r  th e LINLIN-syste m i s eval -
uate d usin g th e Wizard-of-O z metod .  2 1 dialogue s 
wer e collecte d usin g five  differen t  backgroun d systems , 
makin g i t  possibl e t o var y th e typ e an d numbe r  o f 
task s possibl e t o perfor m b y th e users .  Th e result s in -
dicat e tha t  th e structura l  complexit y o f  th e discours e 
i n man-machin e dialogue s i s simple r  tha n mos t  huma n 
dialogues ,  a t  leas t  fo r  informatio n retrieva l  an d som e 
type s o f  orderin g systems ,  suggestin g tha t  computa -
tionall y simple r  discours e model s ca n b e use d i n thes e 
domains . 

I n t r o d u c t i o n 

Th e ai m o f  th e LINLIN-projec t  i s  t o develo p a  nat -
ura l  languag e interfac e fo r  Swedish .  O n e importan t 
characteristi c o f  th e projec t  i s  tha t  i t  i s  base d o n a 
sublanguag e approac h (Grishma n &  Kittredge ,  1987) . 
Th e syste m i s  viewe d a s a  shel l  tha t  need s t o b e cus -
tomize d t o differen t  applications .  Th e genera l  part s 
ar e th e differen t  processin g modules ,  wherea s th e stati c 
knowledg e base s use d b y th e processin g module s nee d 
t o b e adapte d t o th e differen t  applications .  T h e pur -
pos e o f  th e presen t  pape r  i s t o describ e th e empiri -
cal  foundation s o f  th e project' s approac h t o discours e 
structure .  T h e linguisti c an d computationa l  aspect s o f 
th e projec t  hav e bee n describe d elsewher e (Ahrenberg , 
1989 ,  Ahrenberg ,  Jonsso n &  Dahlbac k 1990 ,  Jonsso n 
1991) .  Othe r  aspect s o f  th e empirica l  wor k ar e pre -
sente d i n Jonsso n &  Dahlbac k (1988) ,  Dahlbac k & 
Jonsso n (1989) . 

Th e LINLIN-approac h t o discours e differ s i n som e 
importan t  respect s fro m th e 'standar d model '  o f  dis -
cours e withi n computationa l  linguistic s (Grosz&Sidne r 
1986) .  Ou r  intentio n i s no t  t o creat e a  genera l  dis -
cours e theory .  I t  i s  onl y concerne d wit h man-machin e 
interactio n i n natura l  language ;  ther e i s n o clai m tha t 
i t  i s  applicabl e t o al l  type s o f  discourse ,  o r  eve n al l 
type s o f  dialogue .  I n a  sense ,  computationa l  efficienc y 
withi n a  limite d domai n i s preferre d t o generalit y wit h 

Thi s wor k wa s supporte d b y th e Swedis h Counci l  fo r 
Researc h i n th e Humanitie s an d Socia l  Science s (HSFR) . 

unknow n properties .  I t  i s  thu s a  computationa l  theor y 
i n th e sens e tha t  it s focu s i s o n interactio n wit h com -
puters ,  bu t  als o i n th e sens e tha t  i t  i s  implemente d 
(albei t  no t  a s ye t  integrate d wit h th e othe r  module s i n 
th e system )  (Jonsson ,  1991) . 

The Dialogue Model 

The dialogue model of the LINLIN-system (called 
L I N D A ,  fo r  LINkopin g DiAlogue )  i s a n abstrac t  char -
acterizatio n o f  th e dialogu e structur e i n NLI-dialogues . 
I n it s pur e form ,  th e mode l  i s onl y abou t  th e transfe r 
of  conten t  betwee n interlocutor s i n so-calle d 'transac -
tiona l  dialogues '  (Brow n &  Yule ,  1983 ,  p  1) .  I  wil l  firs t 
describ e thi s pur e model ,  an d the n retur n t o th e neces -
sar y amendments .  T h e descriptio n belo w i s base d o n 
Ahrenberg ,  Jonsso n &  Dahlbac k (1990) . 

T h e dialogu e object s ar e divide d int o thre e mai n 
classe s o n th e basi s o f  structura l  complexity .  Ther e 
i s on e clas s correspondin g t o th e siz e o f  th e dialogue , 
one correspondin g t o th e siz e o f  a  discours e segment , 
an d a  thir d correspondin g t o th e siz e o f  a  singl e speec h 
act  o r  dialogu e move .  T h e dialogu e i s thu s structure d 
i n term s o f  discours e segments ,  an d discours e segment s 
i n term s o f  move s an d embedde d segments .  Utterance s 
ar e no t  analyze d a s dialogu e objects ,  bu t  a s linguis -
ti c  object s whic h functio n a s vehicle s o f  on e o r  mor e 
moves. 

T h e basi c discours e segmen t  uni t  i s  a n initiative -
response-uni t  {JR-unit) .  i.e .  a n initiativ e (whic h open s 
a segment )  an d a  respons e (whic h close s th e segment) . 
Initiative s ar e basicall y directive s i n standar d speech -
act  terminology .  A n initiativ e ca n b e see n a s a n ac t 
wher e th e speake r  introduce s a  goa l  an d th e expec -
tatio n tha t  i t  wil l  b e satisfied .  A  respons e i s a n ac t 
wher e th e goa l  i s  satisfied ,  i.e .  th e valu e i s  given ,  o r 
th e expectatio n i s  eliminate d b y othe r  means .  T h e 
prototypica l  cas e o f  thi s i s  wher e a  questio n i s  fol -
lowe d b y a  conten t  answe r  o r  sayin g tha t  th e speake r 
doe s no t  kno w th e answe r  (eliminatio n o f  expectatio n 
by othe r  means) .  T h e respons e closin g th e segmen t 
nee d no t  b e adjacen t  t o th e initiative ,  sinc e inter -
ruption s an d clarificatio n sub-dialogue s m a y intervene , 
bu t  i t  mus t  follo w a t  som e point .  T h e IR-unit s ar e 
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the n sub-classifie d int o differen t  types ,  suc h a s Q/ A 
(question-answer )  d o yo u hav e an y book s o n AI ? / 
No,  Q / A S (question-assertion )  wh o i s th e autho r  o f 
Winnie-the-Pook ? /  P U B ha s n o informatio n abou t 
tha t  book ,  D / A C K (directive-acknowledgement )  Luxo r 
Symphony ordere d /  OK ,  etc. ^ 

The basi c categorie s i n th e dialogue s ar e tur n an d 
move.  A  tur n i s a  continuou s perio d o f  th e dialogu e 
wher e on e participan t  "speaks" .  A  tur n i s co-extensiv e 
wit h a n utteranc e b y use r  o r  system ,  sinc e mid-tur n 
interruption s canno t  occur .  Eac h tur n consist s o f  on e 
or  mor e moves .  A  mov e consist s o f  on e (speech )  act . 

The entir e dialogu e i s thu s structure d b y th e recur -
siv e us e o f  IR-units ,  whic h giv e th e dialogu e a  tre e 
structure .  I n contradistinctio n t o som e othe r  model s 
intende d fo r  computationa l  us e (e.g .  Wachtel ,  1986) , 
ther e i s n o intermediat e topic-base d descriptiv e level . 
Instea d a  numbe r  o f  topica l  parameter s ar e distin -
guished ,  e.g .  CurrentObject ,  Curren t  Attribute ,  an d 
CurrentSet ,  whic h ma y var y independentl y o f  eac h 
other .  Th e manageme t  o f  topi c an d topi c structur e 
i s thu s mor e elaborat e tha n i n th e Gros z an d Sidne r 
(1986 )  model .  A  basi c distinctio n i s mad e betwee n 
differen t  topi c domains ,  e.g .  tcisk-relate d (T )  an d dis -
cours e relate d (D )  move s an d IR-units .  Othe r  topi c 
domain s ar e als o used ,  bu t  th e type s an d number s var y 
betwee n differen t  dialogu e domains . 

I t  shoul d b e note d tha t  Levinso n (1981 )  ha s convinc -
ingl y argue d agains t  th e possibilit y  o f  basin g genera l 
structura l  model s o f  dialogue s o n speec h ac t  categorie s 
and a n adjacenc y pair s structure ,  i.e .  tha t  ther e ca n 
be n o synta x o f  conversationa l  structure .  T w o impor -
tan t  part s o f  th e argumen t  i s tha t  ther e ar e n o mean s 
of  determinin g wha t  count s a s wha t  i n a  dialogu e in -
dependentl y o f  th e situatio n i n whic h i t  take s place , 
and tha t  differen t  speech-act s withi n a n utteranc e nee d 
not  b e separate d int o differen t  sub-parts ,  bu t  tha t  th e 
same par t  o f  a n utteranc e ca n perfor m mor e tha n on e 
suc h act .  A  rathe r  stron g assumptio n o f  th e L IND A 
model  i s tha t  thi s nee d no t  b e tru e fo r  man-compute r 
dialogues . 

Empirical analysis 

The LINDA-mode l  ha s som e obviou s computationa l 
advantages ,  an d som e obviou s deficiencie s a s a  genera l 
computationa l  mode l  o f  discourse .  Th e question ,  then , 
i s t o wha t  exten t  th e L IND A mode l  i s  sufficien t  fo r  thi s 
applicatio n domai n i n it s entirety ,  o r  t o som e subset s 
thereof .  Sinc e w e lac k a n adequat e sub-languag e de -
scriptio n o f  thi s domain^ ,  thi s questio n ca n onl y b e 

^For  a t  leas t  som e spoke n dialogues ,  th e minima l 
segment  seem s t o consis t  o f  thre e units ;  (I)nitiative , 
(R)esponse ,  (C)onfirmation ,  c f  Stubbs ,  1983 ,  Bilange ,  1991 . 

^For a theoretical analysis of the differences between hu-
man dialogue s an d NL I  dialogues ,  se e Jonsson&Dahlbac k 
(1988) ,  Dahlbac k (1991) .  A n experimenta l  investigatio n o f 
thi s  i s currentl y i n progres s a t  ou r  lab . 

answere d b y a n empirica l  analysis ,  i n th e presen t  cas e 
we hav e use d so-calle d Wizard-of-O z experiments .  (Fo r 

a review ,  se e Jonsso n &  Dahlbac k (1988) ,  an d Frase r 
and Gilber t  (i n press) ) 

The basi c ide a i s simple .  W e hav e ou r  subject s si t 
down a t  a  termina l  t o solv e som e proble m whic h re -
quire s the m t o us e th e computer .  Bu t  instea d o f  inter -
actin g wit h th e syste m throug h ou r  "newl y develope d 
natura l  languag e interface" ,  w e hav e on e perso n sittin g 
at  th e othe r  en d o f  th e line ,  simulatin g suc h a  device . 

The ide a migh t  b e simple .  Bu t  t o actuall y ru n suc h 
an experimen t  i s no t  quit e tha t  simple ,  sinc e yo u wan t 
th e outpu t  fro m th e simulate d 'system '  t o b e every -
thin g tha t  th e perso n simulatin g i t  i s  no t  — provid -
in g quick ,  consisten t  answer s withou t  spellin g mistake s 
and othe r  sign s o f  huma n fallibility .  T o achiv e this ,  w e 
use a  simulatio n environmen t  wit h pre-store d answer s 
and othe r  hel p systems .  W e conside r  th e qualit y o f 
th e simulatio n environmen t  a  crucia l  facto r  behin d th e 
ecologica l  validit y o f  th e dialogue s collecte d an d th e 
concomitan t  applicabilit y  o f  conclusion s obtaine d fro m 
analysin g them .  I t  ca n als o b e note d tha t  researcher s 
not  havin g suc h a  metho d a t  thei r  disposa l  ofte n com -
ment  o n th e nee d fo r  i t  whe n discussin g thei r  wor k (e.g . 
Mc Kevitt ,  1990) .  Non e o f  ou r  subject s hav e realize d 
tha t  th e 'system '  wa s no t  a  system . 

Background systems 

To circumven t  th e ris k o f  drawin g genera l  conclusion s 
tha t  i n fac t  ar e onl y a  reflectio n o f  th e specifi c  exper -
imenta l  settin g used ,  w e hav e use d five  differen t  back -
groun d systems .  W e hav e varie d no t  onl y th e conten t 
domain ,  bu t  als o th e 'intelligence '  o f  th e systems ,  an d 
th e numbe r  an d type s o f  task s possibl e t o perfor m b y 
th e user . 

We hav e use d tw o databas e systems .  P U B i s a  li -
brar y D B i n us e a t  ou r  department .  C-lin e i s a  simu -
late d D B containin g informatio n abou t  th e compute r 
scienc e curriculu m a t  Linkopin g University . 

I n th e îFJ-syste m th e use r  ca n orde r  HiFi -
equipmen t  afte r  havin g querie d a  (simulated )  D B con -
tainin g informatio n abou t  th e availabl e equipment . 
The Trave l  syste m simulate s a n automate d trave l 
agenc y offerin g charte r  holiday s t o Gree k islands . 
Thes e system s diffe r  fro m th e tw o abov e i n tw o re -
spects ;  th e syste m i s mor e 'cognitively '  advanced ,  an d 
ther e ar e mor e action s tha t  ca n b e performe d b y th e 
user ,  i.e .  no t  onl y askin g fo r  informatio n bu t  als o orde r 
something . 

The Win e syste m i s a  simulate d advisor y system ,  ca -
pabl e o f  suggestin g suitabl e wine s fo r  differen t  dishes , 
i f  necessar y withi n a  specifi c  pric e range . 

The tota l  numbe r  o f  dialogue s i s  21 ;  PUB :  4 ,  HiFi : 
5,  C-line :  5 ,  Wine :  4 ,  Travel :  3 .  Th e tota l  numbe r 
of  utterance s i s 1055. ^  Thi s give s u s a n averag e o f 
50 utterances/dialogue .  Th e longes t  ar e i n th e trave l 

^Apar t  fro m th e dialoge s analyze d here ,  w e hav e col -
lecte d mor e tha n 6 0 others ,  usin g fou r  othe r  lea l  o r  simu -



domain ,  wher e th e averag e dialogu e i s 9 2 utterance s 
long ,  an d th e shortes t  ar e th e P U B dialogue s wit h a n 
averag e o f  2 5 utterances .  (Th e dialogue s ar c availabl e 
on file  o r  i n prin t  o n request .  Al l  ar e i n Swedish. ) 

Analysis criteria 

Our  analysi s i s base d o n th e sam e I R categorie s tha t 
ar e use d i n th e LINLI N system .  On e importan t  reaso n 
fo r  thi s i s  tha t  th e categorie s ar e domai n independent . 
We ca n therefor e compar e dialogue s fro m differen t  do -
mains .  Anothe r  advantag e i s tha t  th e categorie s ar e 
(fairly )  simpl e t o defin e an d identify ,  makin g i t  pos -
sibl e t o cod e th e dialogue s wit h sufficien t  inter-rate r 
reliabilit y  (97. 1 % ) .  Th e computationa l  advantag e o f 
not  havin g t o infe r  th e invisibl e intention s behin d a n 
utteranc e i n orde r  t o structur e th e dialogu e i s thu s par -
allelle d b y a  simila r  advantag e fro m a n analysi s poin t 
of  view . 

We us e onl y tw o basi c type s o f  moves ,  initiative s (I ) 
and response s (R) .  Th e definito n o f  th e categorie s i s 
base d o n loca l  informatio n only .  I f  th e mov e i s see n a s 
introducin g a  goa l  i t  i s  score d a s a n initiative ,  i f  i t  i s  a 
goal-satisfyin g move ,  i t  i s  score d a s a  response .  I n th e 
analysi s o f  th e dialogue s w e d o no t  tak e int o consider -
atio n th e fac t  tha t  i n th e L IND A mode l  onl y segment s 
of  th e I- R typ e ar e allowed ,  bu t  no t  fo r  instanc e I-R-R . 
I t  the n become s a n empirica l  question ,  whic h w e wil l 
retur n to ,  a s t o wha t  exten t  th e dialogue s follo w th e 
structura l  constraint s postulate d b y th e model ,  e.g .  it s 
tre e structure . 

I n mos t  case s th e I  an d R  categorie s o f  th e L IND A 
model  ca n b e use d i n a  fairl y  straightforwar d way . 
Ther e ar e howeve r  som e case s requirin g furthe r  consid -
eration .  On e cas e i s wher e th e syste m canno t  answe r 
th e questio n an d replie s wit h phrase s suc h a s "Don' t 
understand" ,  o r  "Wha t  d o yo u mea n b y X?" .  W e cod e 
th e first  case ,  wher e th e utteranc e concern s th e entir e 
phrase ,  a s a  response ,  an d th e latte r  a s a n initiative . 
Thus w e onl y identif y subdialogue s o f  clarificatio n i f 
par t  o f  th e previou s inpu t  i s understoo d b y th e sys -
tem.  Whe n th e syste m replie s tha t  i t  canno t  provid e 
an answe r  becaus e th e paramete r  o r  valu e ca n no t  b e 
foun d i n th e backgroun d system,w e cod e thi s a s a  re -
sponse ,  an d no t  a n initiativ e fo r  clarification ,  eve n i f 
th e syste m supplie s informatio n abou t  wha t  valu e o r 
field  wa s missing . 

To illustrat e thes e definitions ,  conside r  th e dialogu e 
belo w (PUBl:17-20) .  Not e tha t  th e secon d mov e span s 
tw o sentences .  Th e dialogu e i s score d I ,  I ,  R ,  R .  Th e 
reaso n fo r  no t  scorin g th e first  par t  o f  th e secon d tur n 
as a  response ,  i s  tha t  i t  doe s no t  i n a  stric t  sens e answe r 
th e questio n abou t  wher e thes e book s ca n b e found . 
Nor  i s i t  a  respons e givin g reason s fo r  wh y a n answe r 
canno t  b e provided ,  bu t  rathe r  a  questio n abou t  ho w 
th e answe r  shoul d b e presente d t o th e user ,  o r  i f  an y 
furthe r  processin g shoul d b e don e befor e presentin g it . 

late d backgroun d systems .  Dahlbac k (1991 )  describe s som e 
of  thes e i n mor e detail . 

U> Wher e ca n I  fin d book s abou t  Artificia l 
Intelligence ? 
S> Ther e ar e fiv e book s o n Artificia l 

Intelligence .  D o yo u wamt  me 
t o fin d ou t  wher e al l  axe ? 

U> Ye s 
S> (LIS T O F BOOKS) 

Discours e managemen t  move s suc h a s "Ca n I  hel p 
you wit h anythin g more? "  ar e al l  score d a s initiatives . 
We subcategoriz e the m a s D O (discours e opening) ,  D C 
(discours e continuation) ,  an d D E (discours e ending) , 
t o mak e i t  possibl e t o exclud e the m fro m som e o f  th e 
analysi s presente d below .  (Response s t o thes e kin d 
of  initiative s ar e optiona l  i n th e model) .  Onl y on e 
typ e o f  mov e canno t  b e code d a s initiativ e o r  response , 
namel y acknowledgement s o f  inpu t  (AI )  wher e th e sys -
te m replie s " P U B searching "  o r  somethin g similar . 

Results 

The result s o f  th e analysi s wil l  b e presente d i n tw o 
mai n parts .  Thi s sectio n give s a n overvie w o f  th e 
discours e i n th e difi"eren t  domains ,  an d a t  th e sam e 
tim e discusse s th e applicabilit y  o f  th e L IND A mode l 
t o them .  Th e nex t  sectio n raise s som e genera l  issue s 
emergin g fro m th e analysis . 

Database dialogues 

The P U B dialogue s ca n b e characterize d a s a  sequenc e 
of  isolate d question-answe r  sequence s wit h n o globa l 
structure .  A  larg e numbe r  o f  th e utterance s d o not , 
however ,  follo w th e simpl e patter n o f  I  followe d b y R . 
The reaso n fo r  thi s i s tha t  th e system ,  whe n aske d 
abou t  e.g .  book s abou t  a  specifi c  topic ,  ofte n doe s no t 
prin t  al l  item s tha t  hav e bee n found ,  bu t  instea d tell s 
how man y book s hav e bee n foun d an d ask s i f  th e use r 
want s t o se e al l  o f  them ,  a s i n th e exampl e above . 

Thes e dialogue s al l  fit  th e L IND A mode l  ver y well . 
I n fact ,  the y al l  consis t  o f  sequence s o f  onl y thre e types ; 
( I  R ) ,  ( I  ( I  R )  R) ,  o r  ( I  ( I  R )  ( I  R )  R ) ,  wit h onl y on e 
instanc e o f  th e las t  type .  Almos t  al l  o f  th e embedde d 
segment s concer n th e presentatio n o f  th e informatio n 
foun d b y th e system .  Th e sub-dialogue s neve r  g o mor e 
tha n on e leve l  down ,  th e longes t  bein g si x move s long . 

The C-lin e dialogues ,  als o databas e dialogues ,  hav e 
a clea r  an d simpl e I R structure .  Apar t  fro m th e endin g 
of  th e dialogues ,  wher e th e syste m doe s no t  alway s sen d 
some kin d o f  good-by e respons e whe n th e use r  declare s 
he ha s finished,  ther e ar e onl y thre e case s wher e th e di -
alogue s deviat e fro m bein g a  sequenc e o f  pur e IR-unit s 
wit h n o embeddings .  On e occur s becaus e o f  a  mis -
tak e b y th e Wizar d (o r  malfunctionin g o f  th e system) . 
The othe r  tw o occu r  becaus e o f  request s o f  clarifica -
tio n fro m th e system .  I n on e o f  thes e use r  supplie s th e 
requeste d information ,  i n th e othe r  th e use r  rephrase s 
th e entir e question ,  an d thu s abort s th e curren t  IR -
segment  an d create s a  ne w one .  Th e sub-dialogue s ar e 
neve r  mor e tha n tw o move s long ,  an d thei r  maximu m 
dept h i s consequentl y on e leve l  down . 



Suuiinar y o f  th e databas e dialogue s Bot h set s o f 
databas e dialogue s sho w a  simpl e an d clea r  discours e 
structure ,  characterize d b y onl y loca l  an d n o globa l  co -
herence .  Or ,  i f  yo u s o wish ,  ther e i s on e globa l  struc -
ture ,  bu t  n o intermediat e structures ,  somethin g whic h 
was als o foun d i n Grosz '  (1977 )  analysi s o f  he r  DB -
dialogues .  Th e sub-dialogue s ar e o f  a  simpl e character , 
bein g concerne d eithe r  wit h request s fo r  clarificatio n o r 
question s o f  ho w th e resul t  shoul d b e presente d o n th e 

screen .  Thes e sub-dialogue s ar e th e onl y case s wher e 
th e syste m take s ove r  th e initiative ;  fo r  th e majo r  par t 
th e dialogue s ar e use r  driven . 

Ordering dialogues 

W h en w e com e t o th e dialogue s wher e th e use r  ca n 
plac e a n order ,  HiF i  an d Travel ,  th e situatio n i s some -
what  mor e complicated .  Th e mai n reaso n fo r  thi s i s 
tha t  th e use r  an d th e syste m i n thes e case s hav e mor e 
task s t o perform ;  see k information ,  order ,  an d tel l 
wher e t o sen d th e ordere d goods .  A s a  consequenc e 
ther e ar e mor e kind s o f  topic s t o consider . 

The HiF i  dialogue s al l  hav e a  simpl e discours e struc -
tur e tha t  ca n easil y b e accommodate d t o th e structura l 
constraint s o f  th e L IND A model.  I n mos t  dialogue s 
th e use r  discusse s th e availabl e equipmen t  o f  on e kind , 
e.g .  receivers ,  an d thereafte r  order s on e o f  thes e befor e 
continuin g t o th e nex t  kin d o f  equipment .  I n al l  case s 
(bu t  one )  th e mov e wher e th e use r  order s somethin g 
i s immediatel y followe d b y a n explici t  confirmatio n o f 
th e order ,  eithe r  b y tellin g whic h ite m tha t  ha s bee n 
ordered ,  o r  simpl y b y a  confirmator y O K .  Th e vas t  ma -
jorit y o f  dialogu e segment s consis t  o f  simpl e IR-unit s 
wit h n o embeddings .  Ther e ar e i n fac t  onl y tw o em -
bedding s i n th e entir e HiF i  corpus ,  bot h cause d b y 
request s fo r  clarification ,  makin g th e sub-dialogue s i n 
HiF i  a s simpl e a s i n th e previousl y discusse d systems . 
Apar t  fro m th e initiative s sub-classifie d D O ,  D C ,  an d 
D E,  ther e ar e onl y thre e move s whic h d o no t  fit  int o th e 
structura l  constraint s o f  th e L IND A model ,  i n a  tota l 
of  mor e tha n 30 0 utterance s an d eve n mor e moves . 

Ther e i s i n fac t  on e exceptio n t o th e discours e pat -
ter n describe d here ,  namel y HiFil .  Th e strateg y o f  thi s 
user  differ s fro m th e other s a s sh e use s a  kin d o f  "zoom -
in g in "  strategy .  Instea d o f  choosin g on e ite m a t  th e 
time ,  sh e ask s initiall y  fo r  a  se t  o f  model s suitabl e fo r 
a smal l  room .  Thi s se t  turn s ou t  t o b e to o expensive , 
and th e res t  o f  th e dialogu e concern s whic h item s t o 
chang e t o ge t  a n optima l  se t  give n th e stipulate d cos t 
constraints .  W h e n sh e i s satisfied ,  sh e declare s thi s ex -
plicitl y  "thi s i s wha t  I  wan t  t o order "  (HiF i  1:27) ,  fol -
lowe d b y th e system' s confirmatio n o f  th e order ,  afte r 
whic h th e syte m take s th e initiativ e t o obtai n informa -
tio n abou t  th e deliver y i n th e usua l  way . 

Thi s stateg y i s als o see n i n al l  th e Trave l  dialogues . 
They contai n a  numbe r  o f  utterance s wher e th e use r 

niethe r  seek s information ,  no r  order s something ,  bu t 
instea d declare s som e intent s o r  preferences .  Thes e 
moves hav e a n importan t  communicativ e function , 

sinc e the y constrai n th e se t  o f  alternative s t o discus s 
further ,  bu t  als o th e se t  o f  possibl e referent s fo r  re -
ferrin g expressions .  Afte r  havin g declare d th e inten t 
t o g o t o Crete ,  a  questio n lik e "ar e ther e an y cheape r 
hotels? "  i s actuall y abou t  hotel s o n Crete ,  no t  abou t 
hotel s i n Greece .  Becaus e o f  thi s gradua l  'zoomin g in ' 
on th e order ,  ther e ar e n o move s i n th e dialogu e wher e 
th e syste m explicil y  acknowledge s wha t  ha s bee n de -
cide d upo n o r  ordere d s o far . 

The wa y thes e move s ar e categorize d an d analyze d 
obviousl y affect s th e structura l  analysi s o f  thes e dia -
logues .  I t  i s  i n fac t  possibl e t o mak e th e thre e dia -
logue s al l  fit  th e structura l  constraint s o f  th e LIND A 
model .  Th e wa y thi s ca n b e don e i s t o b e somewha t 
'liberal '  i n th e assignemen t  o f  response s t o th e initia -
tive s wher e th e use r  declare s hi s intent .  I f  w e accep t 
suc h a n analysi s strategy ,  ther e i s actuall y onl y on e 
cas e o f  a n incomplet e IR-uni t  i n th e entir e corpu s o f 
Trave l  dialogue s comprisin g som e 30 0 moves ,  an d thi s 
occur s becaus e o f  a  simulatio n mistak e b y th e Wizard . 

The proble m wit h thi s analysi s i s tha t  i t  fail s  t o 
captur e tha t  whic h make s thes e dialogue s diffe r  fro m 
th e databas e an d HiF i  dialogue s (excep t  fo r  HiFil) . 
The proble m o f  ho w t o handl e th e confirmation s o f 
th e order s o r  th e booking s i s fro m a  syste m develop -
ment  poin t  o f  vie w perhap s n o larg e obstacle ,  sinc e i t 
concern s wha t  th e syste m does ,  an d therefor e it s in -
terpretatio n seem s no t  t o b e al l  tha t  critical .  Fro m a n 
analysi s poin t  o f  view ,  th e proble m i s tha t  w e see m t o 
touc h th e limit s o f  th e mode l  used . 

Becaus e o f  th e difficultie s wit h th e structura l  anal -
ysis ,  i t  i s  somewha t  difficul t  t o asses s th e lengt h an d 
dept h o f  th e sub-dialogue s here .  I f  w e restric t  ourselve s 
t o th e clear-cu t  cases ,  w e find  her e suc h insertio n se -
quence s wit h a  max imu m lengt h o f  8  utterance s an d 
dept h o f  thre e levels . 

Summsu-y of the ordering diadogues Perhaps the 
most  interestin g resul t  emergin g fro m th e analysi s o f 
thes e dialogue s i s that ,  despit e bein g conducte d i n a 
more comple x situatio n tha n th e pur e databas e dia -
logues ,  the y hav e a  surprisingl y simpl e discours e struc -
ture .  Th e numbe r  o f  sub-dialogue s ar e fe w an d the y 
ar e al l  rathe r  short .  Ther e i s on e cas e goin g thre e level s 
down,  bu t  mos t  o f  the m ar e onl y on e leve l  deep . 

The distributio n o f  initiative s differ s betwee n th e tw o 
dialogu e domains .  Th e HiF i  dialogue s ar e almos t  ex -
clusivel y user-driven ,  wherea s th e opposit e i s mor e ac -
curat e fo r  th e Trave l  dialogues ,  thoug h no t  t o th e sam e 
hig h extent .  Th e importan t  consequenc e o f  thi s i s tha t 
ther e doe s no t  see m t o b e an y simpl e connectio n be -
twee n wh o ha s th e initiativ e an d th e typ e o f  discours e 
strategy ,  sinc e w e find  th e 'zoom '  strateg y bot h i n user -
drive n an d system-drive n dialogues . 

Advisory systems 

The Win e syste m i s th e onl y advisor y syste m i n ou r 
corpu s o f  dialogues .  Thi s mean s tha t  w e hav e som e dif -
ficulties  i n discernin g ho w muc h o f  th e pattern s foun d 



i n th e presen t  corpu s ar e reflection s o f  th e clas s o f  sys -
te m i t  represent s an d ho w muc h i t  reflect s th e specifi c 

domai n used . 
Thes e dialogue s ar e b y fa r  th e mos t  difficul t  t o an -

alyz e usin g ou r  I R dialogu e model .  Ther e ar e man y 
reason s fo r  this ,  o n m a n y diff"eren t  levels .  Sinc e th e 
domai n fo r  thes e dialogue s i s no t  a s clearl y circum -
scribe d a s fo r  th e othe r  system s unde r  study ,  bot h a s 
regard s th e competenc e o f  th e syste m an d a s regard s 
th e mutua l  knowledg e o f  th e interlocutors ,  th e user s 
sometime s find  i t  difficul t  t o understan d th e limit s o f 
th e linguisti c an d conceptua l  competenc e o f  th e sys -
tem . 

Anothe r  importan t  reaso n fo r  th e difficultie s w e en -
counte r  whe n analyzin g th e dialogue s i s tha t  th e dia -
logue s hav e a  mixe d initiativ e structure .  W e sa w previ -
ousl y tha t  mixe d initiativ e dialogue s ar e no t  necessar -
il y  difficul t  t o analyz e usin g ou r  model .  Th e structure s 
we find  i n th e W in e dialogue s are ,  however ,  o f  a  diff'er -
ent  kind .  The y ar e no t  sub-dialogue s o f  clarification , 
but  rathe r  o f  developmen t  o f  th e topi c discussed .  Thi s 
makes som e utterance s difficul t  t o classif y a s consist -
in g o f  separat e move s consistin g o f  pur e initiative s o r 
responses .  Ther e ar e 1 7 instance s o f  th e typ e o f  case s 
discusse d her e i n th e W i n e dialogues .  I n othe r  word s 
the y ar e quit e frequent ,  coverin g approximatel y 4 0 % 
of  th e entir e Win e corpus . 

Ther e i s als o anothe r  kin d o f  mov e occurrin g i n thes e 
dialogue s tha t  make s thei r  structur e deviat e fro m som e 
simpl e an d 'pure '  IR-pattern .  Thi s i s whe n th e sys -
te m solicit s informatio n no t  requeste d b y th e user ,  an d 
whic h shape s th e continuatio n o f  th e dialogu e with -
out  bein g initiative s tha t  make s th e partne r  issu e a 
response .  Thes e case s ar e th e onl y one s i n ou r  dia -
logue s wher e ou r  simplifie d classificator y schem e i s in -
sufficient .  Ther e ar e five  suc h utterance s i n th e W in e 
dialogues .  Th e surprisin g thin g i s no t  tha t  w e find 
thes e kin d o f  sequence s i n ou r  corpus ,  bu t  rathe r  tha t 
the y ar e s o few ,  an d tha t  the y onl y occu r  i n th e Win e 
dialogues .  I n ordinar y h u m a n discours e the y ar e prob -
abl y th e rul e rathe r  tha n th e exceptio n 

Usin g th e criteri a describe d abov e fo r  th e structura l 
analysis ,  w e find  i n thi s syste m sub-dialogue s o f  a  com -
plexit y simila r  t o th e on e foun d i n th e Trave l  dialogues . 
Th e m a x i m u m lengt h bein g 8  move s an d th e m a x i m u m 
dept h thre e levels . 

Evaluating the LINDA model 

I n it s mos t  simpl e for m th e dialogu e structur e i s a  se -
quenc e o f  IR-segments .  I t  i s  on e remarkabl e resul t  o f 
our  analysi s tha t  suc h larg e part s o f  ou r  dialogue s ac -
tuall y fit  thi s simpl e structure .  O n e wa y o f  expressin g 
thi s i s t o comput e ho w muc h o f  th e differen t  dialogue s 
tha t  fit  thi s pattern ,  usin g som e simpl e complexit y in -
dex .  T o d o thi s w e first  exclud e al l  initiative s tha t 
ar e code d DI ,  D C ,  o r  D E ,  an d als o al l  lA-moves ,  a s 
th e structur e o f  th e dialogue s a t  thes e point s i s mor e 
a reflectio n o f  th e desig n o f  th e simulate d syste m tha n 

anythin g else .  W e the n coun t  th e numbe r  o f  time s tha t 
th e dialogu e adhere s t o th e prototypica l  adjacency-pai r 
sequenc e o f  initiativ e followe d b y a  response ,  divide d 
by th e numbe r  o f  pair s o f  moves(i.e .  move s divide d b y 
two) . 

Thi s complexity-index ,  whic h show s th e exten t  t o 
whic h th e dialogue s confor m t o th e basi c adjacency -
pai r  sequenc e o f  a n initiativ e followe d b e a  response , 
give s th e followin g figures:  P U B 75.0 ;  C-lin e 95.7 ;  HiF i 
98.0 ;  Trave l  87.5 ;  W in e 78.1 . 

We ca n se e tha t  7 5 % o r  mor e o f  th e dialogue s consis t 
of  sequence s o f  simpl e IR-units ,  a  surprisingl y hig h fig-
ure .  Thi s doe s no t  mea n tha t  th e dialogue s consis t  o f 
a sequenc e o f  isolate d question s an d answers ,  a s ther e 
i s frequen t  us e o f  anaphori c expressions .  I n fac t  4 9 % 
of  th e inHiaiive s contai n som e kin d o f  anaphori c ex -
pressio n (Dahlbac k &  Jonsson ,  1989).' '  W h a t  th e fig-
ure s sho w i s rathe r  tha t  i n spit e o f  bein g clea r  case s o f 
connecte d discourse ,  thes e dialogue s hav e a  muc h sim -
ple r  structura l  complextit y tha n mos t  othe r  genres .  I t 
thu s seem s a s i f  mos t  man-machin e dialogue s i n nat -
ura l  language ,  eve n whe n n o restriction s o n th e users ' 
way o f  expressin g themselves ,  lac k mos t  o f  th e com -
plexit y foun d i n othe r  type s o f  discourse .  Ou r  corpu s 
i s admittedl y o f  a  limite d size ,  bu t  i t  cover s som e o f  th e 
most  typica l  possibl e application s fo r  N L I  technology , 
an d i s no t  tie d t o on e particula r  topi c domain .  Thi s 
give s u s som e confidenc e i n believin g tha t  th e result s 
hav e som e generalizability . 

75 % i s no t  10 0 % ,  an d a  syste m tha t  fail s  i n on e cas e 
out  o f  fou r  i s  obviousl y no t  sufficient .  Bu t  th e mode l  i s 
not  a s simpl e a s this ;  recursiv e embeddin g o f  I R unit s 
i s on e o f  it s  centra l  features .  Th e lo w inde x figure 
fo r  th e P U B dialogue s i s du e t o th e larg e frequenc y 
of  simpl e clarificatio n sub-dialogues .  T h e inde x i s thu s 
misleadin g fo r  thi s group ,  whic h mean s tha t  fo r  thre e o f 
th e dialogu e system s th e L I N D A mode l  ca n probabl y 
be use d her e withou t  amendments . 

Th e fit  t o th e model ,  eve n whe n insertio n sequence s 
ar e take n int o consideration ,  i s  no t  perfec t  eve n i n 
thes e thre e set s o f  dialogues ,  bu t  th e cause s fo r  thi s 
ar e al l  rathe r  simple .  First ,  w e hav e th e openin g an d 
closing s o f  th e dialogues ,  bu t  her e w e believ e tha t  care -
fu l  desig n o f  thes e aspect s o f  th e dialogu e wil l  elimi -
nat e mos t  o f  thos e cases .  Th e othe r  cas e o f  deviatio n 
fro m th e patter n o f  stric t  an d embedde d IR-sequence s 
i s whe n th e syste m initiate s a  clarificatio n sub-dialogu e 
whic h lead s th e use r  t o abor t  thi s sequenc e an d eithe r 
rephrasin g th e questio n o r  eve n bringin g u p a  ne w is -
sue ,  leadin g t o a  ....R)( I  ( I  ))(I.. .  sequence .  W h a t  i s 
interestin g abou t  thes e case s i s tha t  the y see m t o b e 
mor e frequen t  i n man-compute r  dialogue s tha n i n dia -
logue s betwee n people ,  th e reaso n obviousl y bein g tha t 
ther e i s n o nee d t o b e polit e t o a  computer ! 

I f  w e expan d th e L I N D A mode l  t o handl e thes e case s 

*Wor k i s currentl y i n progres s o n th e relationshi p be -
twee n th e IR-structur e an d th e us e o f  anaphori c expression s 
i n thes e dialogues . 



too ,  w e clai m tha t  ou r  result s suppor t  th e notio n tha t 
suc h a  mode l  ca n b e use d i n a n NL I  fo r  databas e ap -
plications . 

W h en w e com e t o th e clas s o f  orderin g system ,  th e 
issu e get s a  bi t  mor e complicated .  Th e result s fro m th e 
HlF i  syste m see m t o indicat e tha t  th e mode l  ca n als o 
accommodat e thes e kind s o f  dialogues ,  bu t  whe n w e 
come t o th e Trave l  syste m w e encountere d som e diffi -
culties .  Th e sampl e i s to o limite d t o mak e i t  possibl e 
t o dra w an y definit e conclusion s o n thi s issue ,  bu t  a s 
a workin g hypothesi s w e sugges t  tha t  i t  i s  possibl e t o 
allo w fo r  mor e tha n on e tas k t o b e performe d b y th e 
system ,  give n tha t  i t  i s  clea r  t o whic h tas k eac h mov e 
belongs .  Fro m a  syste m developmen t  poin t  o f  view , 
ther e i s anothe r  possibl e solution ,  namel y t o physicall y 
separat e th e tw o task s int o tw o window s o n th e screen . 
(Thes e isssue s ar e discusse d furthe r  i n Dahlbac k 1991 ) 

So fa r  w e hav e no t  foun d an y case s tha t  canno t  b e 
handle d b y a  slightl y modifie d L IND A model.  Bu t  i n 
th e advisor y Win e dialogue s w e see m t o touc h th e bor -
der s o f  th e model ,  an d perhap s eve n cros s them .  Ther e 
ar e a  numbe r  o f  interrelate d issue s here .  Spac e limita -
tion s prohibi t  a  detaile d discussio n o f  the m here ,  bu t 
not  mentionin g the m woul d mak e u s pain t  to o brigh t 
a pictur e o f  th e mode l  discussed . 

Structurally ,  w e foun d som e case s o f  IRR-sequence s 
and othe r  deviation s fro m th e basi c IR-structure .  Ex -
pandin g th e mode l  t o allo w fo r  thi s kin d o f  structur e 
i s perhap s possibl e t o d o an d stil l  preserv e it s basi c 
assumptions .  Wha t  i s mor e troublesom e i s tha t  w e 
foun d som e case s wher e i t  wa s difficul t  t o classif y a n 
utteranc e a s a  clea r  cas e o f  a n initiativ e o r  a  response , 
i t  wa s rathe r  a  littl e o f  both .  Thi s i s o f  cours e some -
thin g quit e natura l  i n mos t  dialogues ,  bu t  i t  create s 
problem s fo r  th e L I N D A model .  Th e difficultie s abov e 
can b e see n a s illustratin g th e limitation s o f  th e L IND A 
model  i n it s  pur e form .  I t  wa s neve r  mean t  t o b e a  gen -
era l  discours e model ,  s o th e fac t  tha t  i t  canno t  handl e 
some discours e type s i s no t  critical .  Bu t  th e interestin g 
poin t  i s  the n i n a  sens e no t  tha t  case s o f  thes e kind s 
ar e foun d i n ou r  corpus ,  bu t  rathe r  tha t  the y ar e s o 
fe w an d confine d t o on e typ e o f  dialogue . 

Summing up 

The mos t  importan t  resul t  o f  th e presen t  stud y i s th e 
demonstratio n tha t  man-machin e dialogue s i n natura l 
languag e d o no t  sho w th e structura l  complexit y ofte n 
foun d i n huma n dialogues .  A  cavea t  i s tha t  a  sub -
languag e approac h t o thi s domai n suggest s tha t  th e 
successfu l  managemen t  o f  connecte d discors e i n natu -
ra l  languag e interface s nee d no t  b e tha t  fa r  off ,  a t  leas t 
fo r  som e o f  th e mos t  importan t  applicatio n domains . 
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