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Abstruc t 

Advice-giving is improved by understanding and responding 
t o use r  feedback.  Previou s model s o f  thi s tasi c trea t  use r  re -
sponse s a s misunderstanding s o r  misconception s an d focu s o n 
generatin g altemat e o r  correctiv e explanations .  B y an d large , 
however ,  thes e model s d o no t  conside r  th e possibilit y  tha t  th e 
system' s advic e i s inappropriat e an d ma y nee d revisio n durin g 
th e cours e o f  a n on-goin g dialog .  Thi s pape r  present s a  mode l 
of  th e proces s o f  revisin g plan-oriente d advic e i n respons e t o 
user  feedback.  Ou r  focu s i s o n mechanism s fo r  evaluatin g 
plannin g alternatives ,  for  detemiinin g whe n t o revise  advice , 
and for  dynamicall y generatinge.\planaiionso f  thes e revisions. 

Introduction 

Advisin g ca n b e viewe d a s th e proces s o f  providin g suggeste d 
course s o f  action .  A n advice-givin g dialo g i s on e i n whic h th e 
adviso r  give s advice ,  th e use r  provide s feedbac k abou t  tha t 
advice ,  an d th e adviso r  addresse s tha t  feedback . 

Researc h int o constructin g computationa l  model s o f  advis -
in g ha s focuse d o n th e proble m o f  recognizin g an d respond -
in g t o use r  misunderstaridingso r  misconceptions .  Addressin g 
misunderstanding s ha s bee n modele d a s a  reactiv e plannin g 
process ,  wher e th e adviso r  ha s a  se t  o f  plan s fo r  gettin g aaos s 
a particula r  piec e o f  advic e (e.g. ,  tryin g a n exampl e o r  pro -
vidin g a n analogy )  an d execute s altemat e plan s i n respons e 
t o recognize d understandin g failure s [  1,2,9,10] .  Addressin g 
misconception s ha s bee n modelle d a s a  proces s o f  inferrin g in -
correc t  use r  belief s an d plannin g appropriat e explanation s fo r 
w hy thes e belief s ar e incorrec t  4,5,6,8,13] .  I n bot h cases , 
however ,  th e mistak e i s assume d t o li e wit h th e user ,  an d whil e 
th e advisor' s presentatio n changes—eithe r  b y choosin g dif -
feren t  presentatio n plan s o r  b y extendin g th e presentatio n t o 
encompas s explanation s fo r  incorrec t  beliefs—th e advisor' s 
suggeste d course s o f  aaio n remai n stati c 

Othe r  earlie r  wor k [11 ,  12 ]  extende d thes e effort s t o ac -
knowledg e tha t  a  use r  reject s advic e no t  becaus e o f  a  mis -
understandin g o r  misconceptio n bu t  becaus e o f  flaws  i n th e 
advic e itself ,  suc h a s failin g t o tak e int o accoun t  al l  o f  th e 
user' s goals .  However ,  thi s wor k focuse d o n th e proble m o f 
inferrin g h o w a  use r  respons e relate s t o previousl y state d ad -
vic e (Le. ,  relatin g a  state d use r  belie f  t o th e advisor' s specifi c 
suggestion s o r  explanation s fo r  thos e suggestions) ,  an d di d 
not  provid e a  mode l  o f  th e proces s o f  actuall y revisin g advic e 
or  o f  generatin g appropriat e explanation s fo r  thos e revisions . 

Thi s paf>e r  extend s earlie r  wor k t o addres s thes e problems , 
concentratin g o n plan-oriente d advice .  Specifically ,  w e pro -
vid e a  detaile d mode l  o f  th e proces s b y whic h a n adviso r 
ca n revis e a  pla n t o tak e int o accoun t  use r  feedbac k an d the n 
generat e a n explanatio n fo r  an y revision . 

'Thi s wor k wa s sponsore d b y NS F researc h initiatio n awar d #IRI -
9309795 . 

T h e P r o b l e m 

Our  mode l  o f  th e advisor' s behavio r  assume s th e followin g 
scenario .  Th e use r  ha s initiall y  provide d th e adviso r  wit h 
an explici t  reques t  t o kno w th e bes t  pla n fo r  a  use r  goa l  G , 
and th e advisor' s tas k i s t o provid e tha t  plan ,  alon g wit h a n 
explanatio n fo r  w h y th e pla n i s best .  Furthermore ,  th e adviso r 
be ieve s tha t  G  ca n b e achieve d b y an y on e o f  a  se t  o f  plans , 
Pi.. .  Pn ,  an d tha t  th e use r  possesse s som e additiona l  goal s 
(an d weighting s o f  thei r  relativ e importance )  tha t  influenc e 
whic h P i  i s  actuall y th e bes t  pla n fo r  G . 

Initially ,  th e advisor' s proble m i s t o determin e whic h P i  t o 
sugges t  t o th e use r  an d t o provid e a n explanatio n fo r  wh y i t 
i s  th e best .  However ,  th e advisor' s belief s abou t  whic h goal s 
th e use r  possesse s (an d thei r  relativ e weightings )  ma y wel l  b e 
incorrea ,  leadin g t o a  suggeste d pla n tha t  i s  no t  acceptabl e t o 
th e use r  A s a  result ,  th e use r  provide s feedbac k t o th e advisor , 
and th e adviso r  mus t  re-evaluat e candidat e plan s i n ligh t  o f 
thi s newl y acquire d information .  I n particular ,  th e user' s 
feedbac k i s a  descriptio n o f  a  use r  goa l  and/o r  weighting ,  o r 
alternatively ,  i t  i s  on e o r  mor e belief s fro m whic h a  use r  goa l 
and/o r  weighting s ca n b e inferre d [  12] . 

Figur e 1  i s a n exampl e advice-givin g dialo g tha t  fits  thi s 
scenario .  I n thi s dialog : 

•  Th e use r  ask s th e adviso r  fo r  th e bes t  wa y t o remov e a  file. 
•  Th e adviso r  believe s tha t  removin g a  file  ca n b e adiieve d 

by an y on e o f  th e plan s represente d b y th e command s "r m 
file",  "r m - i  file",  " m v file  Amp" ,  " m v file  /dev/floppy" . 

•  Th e adviso r  believe s tha t  whic h remova l  pla n i s bes t  de -
pend s o n possibl e use r  goal s suc h a s preventin g accidenta l 
file  removal ,  allowin g file  recovery ,  minimizin g remova l 
time ,  an d avoidin g questions ,  a s wel l  a s th e relativ e im -
portanc e th e use r  give s t o eac h (e.g. ,  whethe r  preventin g 
accidenta l  file  remova l  i s  mor e importan t  tha n minimizin g 
remova l  time) . 

•  Th e adviso r  believe s tha t  thi s particula r  use r  ha s th e addi -
tiona l  goa l  o f  preventin g accidenta l  file  remova l  an d allow -
in g file  recovery ,  wit h preventin g accidenta l  file  remova l 
bein g slightl y preferred . 

•  Th e user' s response s explicitl y  indicat e th e additiona l  goal s 
of  o f  avoidin g question s an d ensurin g th e file  n o longe r 
exist s o n th e machine . 

To participat e i n thi s dialog ,  th e adviso r  mus t  abl e t o deter -
min e th e bes t  pla n fo r  th e user ,  accep t  use r  feedbac k (i n th e 
for m o f  additiona l  goal s an d change d weightings) ,  revis e thi s 
pla n t o tak e th e feedbac k int o account ,  an d provid e a  suitabl e 
explanation . 

The Advisor Architecture 

Our  adviso r  mode l  consist s o f  a  stereotypica l  use r  model , 
a dialo g model ,  a  pla n library ,  a  pla n evaluator ,  a  respons e 
generator ,  an d a  feedbac k processor . 
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User .  What' s th e bes t  wa y t o remove a  file? 

Advisor .  Us e "r m - i  file''.  I t  ask s yo u t o confir m befor e removing 
th e file. 

User  I  don' t  wan t  t o answe r  question s whe n I  remove a  file. 
Advisor .  A n alternativ e i s t o us e "m v A m p file".  Tha t  wa y yo u ca n 

copy bac k an y file  yo u accidentall y remove . 
User  I  wan t  th e file  of f  th e machine . 
Adviso r  "m v file  /dev/floppy "  wil l  als o allo w yo u t o recover  you r 

file.  I t  remove s you r  file  ont o a  floppy  disk . 

Figure 1: An Example Dialog 

The stereotypica l  use r  mode l  contain s a  "standard "  se t  o f 
U N I X use r  belief s  [3] .  Thi s include s a  standar d se t  o f  goal s 
and thei r  relativ e importanc e t o th e user .  Fo r  example , 
wit h file  removal ,  th e standar d use r  goal s ar e t o preven t 
accidenta l  file  remova l  an d t o allo w fo r  file  recovery ,  wit h 
th e forme r  preferre d slightl y ove r  th e latter .  Thes e goal s 
ar e use d i n determinin g th e advisor' s initia l  suggestio n o f 
apian . 

The dialo g mode l  contain s th e se t  o f  state d use r  an d advi -
sor  belief s (includin g use r  goals) ,  alon g wit h thei r  inferre d 
connection s t o th e dialo g [12] .  Fo r  example ,  on e inferre d 
connectio n i s tha t  a  use r  no t  wantin g t o answe r  question s 
i s addressin g a n unstate d effec t  o f  th e advisor' s suggeste d 
pla n o f  usin g "r m -i" .  Thes e belief s ar e use d i n evaluatin g 
plan s (overridin g th e advisor' s default s i n th e stereotypi -
cal  use r  model )  an d i n generatin g appropriat e explanation s 
(allowin g th e adviso r  t o generat e explanation s tha t  ar e cus -
tomize d t o what' s bee n previousl y discusse d i n th e dialog) . 
The pla n librar y contain s description s o f  availabl e plans , 
alon g wit h a  lis t  o f  eac h plan' s enablement s (condition s 
tha t  mus t  b e tru e befor e th e pla n ca n b e executed) ,  effect s 
(condition s tha t  ar e tru e afte r  th e pla n i s  executed) ,  an d ex -
ecutio n prof)ertie s (condition s tha t  ar e tru e abou t  th e plan' s 
execution) .  Fo r  example ,  th e pla n o f  " m v file  /tmp "  ha s 
th e effec t  tha t  th e file  n o longer  exist s i n th e origina l  direc -
tor y an d tha t  th e file  exist s i n "/tmp" ,  i t  ha s a n enablemen t 
tha t  "/tmp "  i s writeable ,  an d i t  ha s a  propert y tha t  i t  take s 
a tim e o n th e orde r  o f  second s t o execut e th e c o m m a n d . 
The effect s ca n b e bot h direc t  an d indirect ,  wit h th e indi -
rec t  effect s linke d t o direc t  effect s throug h causa l  chain s 
(e.g. ,  "r m -i "  ha s th e direc t  effec t  o f  askin g a  question , 
whic h lead s t o th e use r  answerin g a  question ,  whic h ca n 
)reven t  accidenta l  file  removal) .  Thi s informatio n i s use d 
)ot h i n evaluatin g plan s (supportin g pla n comparisons )  an d 

i n generatin g appropriat e explanation s (supportin g causa l 
rationale s fo r  pla n choices ) 
The pla n evaluato r  determine s th e bes t  pla n fo r  th e user ,  tak -
in g int o accoun t  th e se t  o f  possibl e plan s tha t  achiev e th e 
user' s state d goal ,  th e use r  belief s i n th e dialo g model ,  an d 
th e informatio n abou t  thes e plan s foun d i n th e pla n library . 
Thi s determinatio n i s don e b y a  weighted ,  numeri c compu -
tation ,  rathe r  tha n symbolically ,  an d result s i n a  rankin g o f 
plan s b y score s an d a n enumeratio n o f  th e relativ e influenc e 
of  th e variou s factor s tha t  determine d thi s ranking . 
The respons e generato r  form s a  symbolic ,  causa l  explana -
tio n fo r  w h y a  give n pla n i s mos t  appropriate .  Thi s ex -
planatio n take s advantag e o f  th e prio r  dialo g contex t  (fro m 
th e dialo g model) ,  th e advisor' s causa l  knowledg e o f  th e 
relevan t  pla n alternative s (fro m th e pla n library) ,  an d th e 
relativ e influenc e o f  th e differen t  factor s tha t  determine d 
th e final  pla n ranking . 
The feedbac k recognize r  determine s th e connectio n be -
twee n a  state d use r  goa l  an d previously-give n advice ,  infer s 

th e othe r  causally-relate d use r  belief s an d goals ,  an d deter -
mine s whic h factor s i n th e advisor' s earlie r  computatio n o f 
th e bes t  pla n nee d t o b e revised .  Thi s componen t  ha s bee n 
describe d i n detai l  elsewher e [12] . 

The focus of this paper is on plan evaluation and explanation 
generation . 

Plan Evaluation 

Our  mode l  evaluate s a  pla n i n th e contex t  o f  a  se t  o f  effec t 
goal s an d a  se t  o f  propert y goals .  A n effec t  goa l  i s  a  desire d 
conditio n o f  th e worl d afte r  executin g a  plan .  O n e exampl e 
i s th e goa l  o f  allowin g file  recovery ,  a  conditio n user s wan t  t o 
hol d tru e afte r  executin g a  file  remova l  command .  A  propert y 
goal  i s a  desire d conditio n whil e executin g a  plan .  O n e ex -
ampl e i s th e goa l  o f  fas t  executio n o f  th e remov e c o m m a n d , 
as i t  i s  a  constrain t  o n th e executio n o f  th e plan . 

Our  mode l  assume s th e use r  ha s a  singl e explicitl y  provide d 
use r  effec t  goal ,  G  (e.g. ,  remov e a  file),  an d a  se t  o f  unstate d 
effec t  an d propert y goals .  Give n G ,  th e adviso r  locate s a n 
initia l  se t  o f  plans .  P i  throug h P^ ,  b y finding  al l  plannin g 
operator s tha t  hav e th e user' s state d effec t  goa l  a s on e o f  thei r 
effects ,  an d eliminate s an y fro m th e se t  o f  possibl e alternative s 
tha t  hav e currentl y unachievabl e enablements . 

The proces s o f  determinin g th e bes t  P i  the n involve s ana -
lyzin g eac h P i  agains t  use r  goals ,  eithe r  state d o r  inferred ,  i n 
term s o f  thre e factors : 

1. The relative desirability of Pi's side effects. All else being 
equal ,  a  pla n tha t  no t  onl y achieve s th e user' s mai n goa l 
but  als o a n additiona l  use r  goal ,  i s  preferre d t o a  pla n tha t 
onl y achieve s th e user' s mai n goal . 

2.  Th e relativ e undesirabilit y  o f  P i  failin g t o hav e al l  desire d 
use r  properties .  Al l  els e bein g equal ,  a  pla n whos e ex -
ecutio n propertie s ar e simila r  t o wha t  th e use r  desire s i s 
preferre d t o on e whos e propertie s ar e fa r  fro m wha t  th e 
use r  desires . 

3.  Th e relativ e undesirabilit y  o f  havin g t o achiev e Pi' s un -
achieve d enablements .  Al l  els e bein g equal ,  a  pla n whos e 
enablement s ar e al l  satisfie d i s bette r  tha n a  p  a n wit h a n 
unsatisfie d enablement . 

Th e ke y proble m is :  H o w d o w e creat e a  computationa l 
model  o f  pla n evaluatio n tha t  encompasse s thes e factors ? O u r 
model  i s  tha t  th e proces s require s computin g a  desirabilit y  (o r 
undesirability )  measur e fo r  eac h o f  thes e factor s an d the n 
combinin g them . 

Computing Effect Desirability 

Effec t  desirabilit y  capture s th e relationshi p betwee n th e pla n 
and th e user' s effec t  goal s (othe r  tha n th e mai n effec t  goal , 
whic h triggere d thi s particula r  se t  o f  plans) .  I t  i s  define d a s 
{ E G D X  E A ) ,  wher e E G D represent s effec t  goa l  desirability , 
E A represent s goa l  achievement . 

E G D i s a  vecto r  tha t  capture s th e relativ e desirabilitie s 
(weightings )  o f  th e possibl e use r  effec t  goals .  Thi s vecto r 
contain s on e entr y pe r  possibl e use r  goal ,  whic h represent s 
th e goal' s strength .  Th e entr y correspond s t o a n intege r  be -
twee n 1 0 an d — 1 0 ,  wher e 1 0 represent s th e stronges t  goal , 
0 represent s apathy ,  an d — 1 0 represent s th e opposit e bein g a 
goal .  Thes e weighting s ar e initiall y  forme d fro m th e stereo -
typica l  use r  mode l  an d augmented ,  a s th e dialo g progresses , 
by state d an d inferre d use r  goals . 

E A i s a  matri x tha t  capture s th e relationshi p o f  eac h candi -
dat e pla n t o th e se t  o f  possibl e use r  effec t  goals ,  wher e ther e 
i s on e colum n pe r  plan ,  on e ro w pe r  goal ,  an d th e entrie s ar e 
value s tha t  captur e th e relationshi p betwee n th e pla n an d th e 
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goal .  Thes e value s als o correspon d t o a n intege r  betwee n 1 0 
and - 1 0 ,  wher e 1 0 represent s achievin g th e goal ,  0  represent s 
not  bein g relevan t  t o th e goal ,  - 1 0 represent s thwartin g th e 
goal ,  A  valu e betwee n 0  an d 1 0 mean s th e pla n onl y partiall y 
or  sometime s achieve s th e goa l  (e.g. ,  "r m -i "  onl y prevent s 
accidenta l  file  remova l  i f  th e use r  answer s "n "  fo r  files  tha t 
actuall y shouldn' t  b e removed) .  Thi s matri x capture s onl y 
th e final  relationshi p betwee n plan s an d goals ,  no t  th e causa l 
relationshi p o f  h o w thes e plan s achiev e o r  thwar t  th e goals . 

Th e resul t  o f  multiplyin g E G D x  E A i s a  vecto r  tha t 
capture s th e relativ e abilit y  o f  thes e plan s t o satisf y th e user' s 
effect-relate d goals .  Th e highe r  th e scor e fo r  a n individua l 
plan ,  th e close r  i t  come s t o satisfyin g th e user s goals . 

As a n example ,  th e stereotypica l  startin g value s o f  E G D 
fo r  ou r  exampl e dialo g i s  [10 ,  8,0,0] ,  wit h th e entrie s repre -
sentin g th e desirabilit y  o f  preventin g accidenta l  file  removal , 
allowin g file  recovery ,  avoidin g questions ,  an d ensurin g th e 
file  i s actuall y remove d fro m th e host .  Tha t  is ,  user s hav e pre -
ventin g accidenta l  remova l  a s a  stron g goal ,  wit h allowin g file 
recover y a  clos e second ,  an d user s ar e apatheti c abou t  avoid -
in g question s o r  ensurin g th e file  i s reaJl y removed) .  E A ' s 
initia l  value s ar e determine d base d o n causa l  relationship s an d 
ar e fixed  acros s al l  users ,  a s show n below : 

preven t  accidenta l 
file  remova l 
allo w recovery  o f 
an accidentall y 
removed file 
avoi d question s 
afte r  comman d 
ensur e file  no t  o n 
hos t  afte r  comman d 

use 
r m 

-1 0 

-1 0 

10 

10 

use 
r m - i 

9 

- 1 

-1 0 

10 

usemv 
/tm p 

0 

9 

10 

-1 0 

usemv 
floppy 

0 

10 

10 

10 

Th e result ,  fo r  ou r  exampl e file  remova l  plans ,  i s 
[-180,82,72 ,  80 ]  ("r m -i "  i s  ranke d th e highest ,  "m v floppy" 
i s ranke d a  clos e second ,  " m v /tmp "  i s ranke d third ,  an d "rm " 
i s ranke d a  distan t  fourth) .  Thi s lo w rankin g fo r  "rm "  i s a 
direc t  resul t  o f  it s  thwartin g bot h goal s th e use r  i s assume d t o 
have . 

Thi s computatio n o f  effec t  desirabilit y  rank s plan s i n term s 
of  effec t  goals ,  withou t  considerin g propert y goal s o r  enable -
ments .  A n adviso r  usin g onl y thi s informatio n t o evaluat e 
plan s coul d no t  addres s use r  response s dealin g wit h proper -
tie s o r  enablements ,  suc h a s "Bu t  I  wan t  a  faste r  file-removal 
c o m m a n d"  o r  "Bu t  I  don' t  wan t  t o hav e t o find  a  floppy  disk" . 

Computing Property Undesirability 

Propert y desirabilit y  capture s h o w clos e th e propertie s o f  eac h 
plan' s executio n c o m e t o meetin g th e user' s desire d con -
straint s o n tha t  execution .  I t  i s  compute d an d define d i n a 
way that' s simila r  t o effec t  desirability .  I n particular ,  i t  i s  de -
fined  a s P G D X  P D ,  wher e P G D represent s propert y goa l 
desirabilit y  an d P D represent s properl y distance . 

P G D i s a  vecto r  tha t  capture s th e relativ e desirabilitie s 
(weightings )  o f  th e possibl e use r  propert y goals .  Lik e E G D , 
i t  contain s on e entr y pe r  possibl e use r  goa l  tha t  represent s th e 
strengt h o f  th e goal ,  wit h a  valu e betwee n 1 0 an d - 1 0 ,  an d 
thes e weight s ar e initiall y  forme d fro m th e stereotypica l  use r 
model . 

P D i s a  matri x tha t  capture s th e relationshi p o f  eac h candi -
dat e pla n t o th e se t  o f  possibl e propert y goals ,  wher e ther e i s 
on e colum n pe r  pla n an d on e ro w pe r  property .  Wit h proper -
ties ,  however ,  w e ar e concerne d wit h measurin g distance ,  s o 
th e entrie s i n th e matri x represen t  h o w clos e th e plan' s exe -
cutio n come s t o havin g th e desire d property .  Tha t  is ,  becaus e 

ther e i s n o notio n o f  thwartin g a  propert y goal ,  th e value s i n 
thi s matri x ar e non-positive ,  betwee n 0  an d - 1 0 ,  wit h 0  rep -
resentin g a  pla n tha t  exactl y ha s th e particula r  propert y an d 
th e negativ e number s representin g h o w fa r  th e pla n i s fro m 
havin g tha t  property . 

As a n example ,  fo r  file-removal  ther e ar e tw o c o m m o n 
user-desire d properties :  fas t  executio n an d c o m m a n d sim -
plicity .  Ou r  stereotypica l  startin g value s o f  E P D fo r  thes e 
goal s i s [4,6 ]  (comman d simplicit y i s slightl y preferre d t o 
fas t  execution) .  P A ' s initia l  value s ar e determine d base d o n 
causa l  relationship s an d ar e fixed  acros s al l  users ,  a s show n 
below : 

use use us e m v us e m v 

execute s 
quickl y 
command 
simplicit y 

r m 
0 

0 

r m - i 
-4 

-2 

/tm p 
-4 

-4 

floppy 
-8 

-6 

That  is ,  "rm "  ha s bot h o f  thes e properties ,  bu t  th e other s ten d 
t o execut e mor e slowl y an d ar e no t  a s simpl e (sinc e the y al l 
requir e command-lin e arguments) . 

Th e overal l  resul t  fo r  propert y desirabilit y  fo r  ou r  exam -
pl e (computin g E P D x  P D )  i s  [0 ,  - 2 8 ,  - 4 0 ,  - 68 ]  ("rm "  i s 
ranke d th e highest ,  "r m -i "  i s  ranke d a  distan t  second ,  " m v 
/tmp "  i s ranke d third ,  an d "m v file  /dev/floppy "  i s ranke d th e 
lowest) .  Here ,  "rm "  ha s a  hig h rankin g i s a  direc t  resul t  o f  it s 
havin g exactl y th e propertie s th e use r  desire s i n a  removal -
command. 

Computing Enablement Undesirability 

Enablement undesirability captures the negative conse-
quence s t o th e use r  o f  havin g t o achiev e enablin g conditions . 
Our  mode l  compute s enablemen t  undesirabilit y  a s E U x  R E , 
wher e E U i s a  enablemen t  undesirabilit y  vector ,  an d R E i s 
a require d enablement s matrix . 

E U i s a  vecto r  tha t  capture s th e relativ e undesirabilit y  o f 
eac h o f  th e know n enablement s fo r  th e se t  o f  plan s unde r  con -
sideration .  I t  i s  intende d t o mode l  th e user' s perceive d attitud e 
to'var d havin g t o achiev e th e enablement .  Sinc e an y enable -
ment  i s somewha t  undesirable ,  th e value s rang e betwee n — 1 0 
and 0 ,  wit h a  - 1 0 indicatin g a  highl y undesirabl e enablemen t 
conditio n an d a  0  indicatin g apath y towar d th e enablement . 

R E capture s whic h plan s ar e associate d wit h whic h en -
ablements .  It s value s rang e fro m 0  t o 10 ,  wit h a  1 0 indicatin g 
an unsatisfie d enablement ,  a  0  indicatin g tha t  it' s  no t  a n en -
ablemen t  o r  tha t  it' s  a  currentl y satisfie d enablement ,  an d 
an in-betwee n valu e indicatin g a  partiall y  unsatisfie d enable -
ment .  Th e ide a i s tha t  eve n i f  a  pla n ha s a n enablemen t  that' s 
a lo t  o f  wor k t o achieve ,  tha t  wor k i s irrelevan t  i f  it' s  alread y 
achieved . 

As a n example ,  fo r  th e file-removal  commands ,  th e possibl e 
plan-specifi c  enablement s ar e spac e i n "/tmp "  an d locatin g 
a floppy  dis k (director y writ e permissio n i s a n enablemen t 
of  an y pla n fo r  removin g a  file,  s o i t  ca n b e ignored) .  A 
stereotypica l  E U i s [—3 ,  — 6 ] ,  whic h indicate s th e use r  mind s 
tryin g t o clea n u p "/tmp" ,  bu t  mind s m u c h mor e havin g t o 
locat e a  floppy. 

spac e i n /tm p 
availabl e floppy 

use 
r m 

0 
0 

use 
r m - i 

0 
0 

usemv 
/tm p 

10 
0 

usemv 
floppy 

0 
10 

By multiplyin g E U an d R E ,  w e com e u p wit h a n undesir -
abilit y  cos t  vecto r  fo r  thes e plan s o f  [0,0 ,  — 3 0 ,  - 6 0 ] . 
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C o m p u t i n g A n Overal l  R a n k i n g 

Essentially ,  effec t  desirabilit y  capture s th e progres s th e use r 
can mak e towar d achievin g variou s use r  goals ,  whil e properl y 
undesirabilit y  an d enablemen t  undesirabilit y  captur e th e pric e 
th e use r  ha s t o pay—jus t  h o w fa r  th e pla n i s fro m ideal .  Ou r 
model  combine s thes e measurement s t o achiev e a n overal l 
desirabilit y  fo r  th e pla n b y normalizin g eac h o f  thes e mea -
surement s an d the n computin g a  weighte d sum , 

where scorei is Pi's score, iwj represents a weight, n^d is 
th e normalize d effec t  desirability ,  n„t ,  i s th e normalize d pla n 
undesirability ,  an d n^ u i s th e normalize d enablemen t  undesir -
ability . 

We normaliz e effec t  desirabilit y  an d propert y undesirabilit y 
by dividin g th e respectiv e score s b y th e numbe r  o f  effec t  an d 
propert y goals ,  respectively .  Fo r  effec t  goals ,  thi s result s i n 
a scor e betwee n - 1 0 0 an d 10 0 (wher e 10 0 i s a  pla n tha t 
achieve s al l  th e goals ;  a  scor e o f  0  i s a  pla n tha t  i s essentiall y 
side-effec t  neutral ,  an d — 1 0 0 i s a  pla n tha t  thwart s al l  th e 
goals) .  Fo r  propert y goals ,  w e d o th e same ,  bu t  thi s result s 
i n a  scor e betwee n - 1 0 0 an d 0 ,  wher e 0  i s a  pla n tha t  i s 
idea l  i n term s o f  it s properties ,  an d — 1 0 0 i s a  pla n that' s a s 
fa r  a s possibl e fro m ideal .  W e normaliz e enablin g condition s 
by dividin g b y th e numbe r  o f  enablemen t  conditions ,  whic h 
lead s t o a  scor e betwee n - 1 0 0 an d 0 ,  wher e 0  i s a  pla n wit h n o 
negativ e attitud e towar d achievin g it s enablement s an d - 1 0 0 
i s a  pla n wit h maxima l  negativ e attitude . 

The weights ,  Wi ,  represen t  th e user' s overal l  weighting s 
of  eac h o f  thes e type s o f  factors .  I f  eac h lU j  i s 1 ,  th e use r 
weight s eac h facto r  evenl y (which ,  i n turn ,  implie s tha t  th e 
same desirabilit y  scal e ha s bee n use d fo r  effec t  goals ,  propert y 
goals ,  an d attitud e towar d enablements) .  B y providin g thes e 
weightings ,  th e mode l  allow s eac h o f  thes e factor s t o b e place d 
on thei r  o w n relative ,  rathe r  tha n absolute ,  scale .  I n addition , 
th e weighting s ca n b e use d t o captur e genera l  attitude s o f  th e 
user ,  suc h a s a  use r  fo r  w h o m i t  i s  m u c h mor e importan t  t o 
achiev e a s man y effec t  goal s a s possibl e tha n t o hav e a  pla n 
that' s a  lo t  o f  wor k t o execute . 

We hav e use d stereotypica l  startin g weighting s o f  1 ,  .5 , 
and . 5 fo r  ou r  pla n evaluations ,  givin g eve n weigh t  t o effec t 
desirabilit y  o n on e han d an d th e combine d undesirabilit y  o f 
pla n propertie s an d pla n enablement s o n th e othe r  hand .  Th e 
resul t  fo r  ou r  exampl e i s approximatel y [—45 ,  14 ,  3 ,  — 1 1 ] , 
whic h suggest s fo r  th e standar d use r  "r m -i "  i s  th e best ,  "m v 
/tmp "  i s a  distan t  second ,  an d bot h "rm "  an d " m v floppy" 
leav e th e use r  wors e of f  whe n thei r  sid e effect s ar e considered . 
However ,  exactl y wha t  th e variou s stereotypica l  weighting s 
shoul d b e i s a n ope n questio n tha t  need s t o b e experimentall y 
addressed . 

Revising Goal Weightings 

Our  mode l  o f  pla n evaluatio n i s heavil y dependen t  o n th e 
relativ e desirabilitie s o f  effec t  goals ,  propert y goals ,  an d pla n 
enablements .  A  ke y questio n i s h o w t o th e adviso r  ca n modif y 
thes e weighting s durin g th e cours e o f  a n on-goin g dialog . 

Our  mode l  currentl y revise s weight s differentl y depend -
in g o n severa l  differen t  classe s o f  goal-base d use r  responses : 
thos e tha t  provid e unqualifie d goal s (e.g. ,  " I  wan t  X "  o r  " I 
do no t  wan t  X " ) ,  thos e tha t  provid e qualifie d goal s (e.g. ,  " I 
reall y wan t  X "  o r  " I  ver y m u c h d o no t  wan t  X " ) ,  an d thos e 
tha t  provid e goa l  preference s (e.g. ,  " I  prefe r  X  t o Y " ) .  Th e 
assumptio n i s tha t  th e user' s underlyin g purpos e i n makin g 
thes e statement s i s t o infor m th e adviso r  tha t  th e curren t  pla n 
i s insufficien t  becaus e i t  doesn' t  appropriatel y tak e th e newl y 
state d goa l  int o account . 

For  unqualifie d goals ,  th e adviso r  simpl y change s th e goa l 
weightin g t o th e m a x i m u m valu e (-1 0 o r  10 ,  dependin g o n 
whethe r  it' s a  positiv e o r  negativ e goal) ,  rathe r  tha n tryin g t o 
infe r  a n appropriat e value .  Thi s "maxima l  change "  approac h 
i s attractiv e becaus e i n re-evaluatin g a  plan ,  ther e ar e onl y tw o 
outcomes :  th e pla n eithe r  remain s th e bes t  pla n o r  anothe r 
pla n become s th e best .  I f  maximall y revisin g th e weightin g 
doe s no t  resul t  i n a  ne w "best "  alternative ,  i t  suggest s tha t 
th e curren t  alternativ e canno t  b e improve d o n i n term s o f  thi s 
goal .  O n th e othe r  hand ,  i f  i t  doe s resul t  i n a  n e w alternative , 
tha t  alternativ e i s provide d a s th e bes t  plan ,  an d th e use r  i s 
give n th e opportunit y t o reduc e thi s weightin g i n subsequen t 
response s (throug h qualifie d goal s o r  goa l  preferences) . 

I n ou r  example ,  whe n th e use r  specifie s tha t  h e doesn' t  wan t 
t o answe r  questions ,  th e goa l  o f  avoidin g question s i s auto -
maticall y give n a  10 .  Thi s result s i n a n effec t  goa l  desirabilit y 
vecto r  o f  [10,8 ,  10,0] ,  resultin g i n a  n e w rankin g fo r  file  re -
moval  plan s i n term s o f  goa l  effects ,  [-80,-12 ,  172 ,  180] . 
Havin g thi s ne w informatio n make s "rm "  a  bette r  alternativ e 
tha n before ,  an d i t  make s " m v /dev/floppy "  th e bes t  pla n w h e n 
considere d solel y i n term s o f  goa l  effects .  However ,  whe n th e 
adviso r  consider s propert y undesirabilit y  an d enablemen t  un -
desirability ,  " m v /tmp "  become s th e bes t  plan . 

For  qualifie d goals ,  th e adviso r  change s th e goa l  weightin g 
by a  eithe r  a  fixed  amoun t  o r  a  "delta" ,  dependin g o n th e 
linguisti c ter m use d a s a  qualifie r  (e.g. ,  "really "  cause s th e 
goal  weightin g t o b e se t  t o a  hig h value ,  "prefe r  not "  cause s 
th e goa l  weightin g t o b e a  med iu m value ,  an d s o on) .  T h e 
assumptio n her e i s tha t  th e use r  i s awar e th e adviso r  considere d 
th e goal ,  bu t  believe s th e adviso r  pu t  a n incorrec t  weightin g 
on it . 

Finally ,  fo r  goa l  preferences ,  th e adviso r  change s th e goa l 
weighting s t o reflec t  th e state d preference .  I n a  use r  statemen t 
suc h a s " I  prefe r  X  t o Y "  cause s X' s weightin g t o b e increase d 
t o a  delt a ove r  Y  (wit h th e precis e delt a dependin g o n an y 
qualifiers) . 

As wit h ou r  initia l  weighting s an d ou r  relativ e weighting s o f 
effec t  goals ,  propert y goals ,  an d enablements ,  exactl y wha t  th e 
delta s shoul d b e fo r  variou s linguisti c term s an d preference s 
i s a n ope n question . 

Providing An Explanation 

Our  mode l  assume s tha t  th e adviso r  wil l  respon d t o th e use r 
by eithe r  providin g a  ne w alternativ e (an d a n appropriat e ex -
planation) ,  explainin g tha t  th e previou s alternativ e i s th e bes t 
(eve n takin g int o accoun t  th e user' s lates t  feedback) ,  o r  pro -
vidin g a n explanatio n tha t  correct s a  mistake n use r  belie f  [12] . 
D ue t o spac e considerations ,  w e tackl e onl y th e first:  explain -
in g w h y a  n e w alternativ e i s th e best . 

Our  mode l  fo r  providin g a n explanatio n relie s o n fou r 
advice-givin g principles ,  derive d fro m Grice' s conversationa l 
max im s [7] .  Thes e are : 

1. Don't waste the user's time by stating anything the user 
alread y knows . 

2.  Don' t  confus e th e use r  b y changin g th e dialo g focu s onc e 
it' s o n th e ne w alternative . 

3.  Don' t  confus e th e use r  b y providin g informatio n tha t  form s 
a cas e agains t  thi s alternative . 

4.  Don' t  wast e th e user' s tim e b y tellin g th e use r  somethin g 
tha t  ca n b e inferre d b y a n assumptio n o f  adviso r  coopera -
tiveness . 

We illustrate these principles by showing how the model 
applie s the m t o determin e th e conten t  fo r  th e respons e ex -
plainin g w h y "m v /tmp "  i s n o w th e bes t  pla n fo r  th e goal . 
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Goal  Effects : 
la )  r m - i  doe s involv e answerin g question s 
1 b )  m v /tm p doe s no t  involv e answerin g question s 
2a)  r m - i  doe s preven t  accidenta l  file  remova l 
2b)  m v A m p doe s no t  preven t  accidenta l  file  remova l 
3a)  r m - i  doe s no t  allo w recover y 
3b)  m v /tm p allow s recover y 
Enablemen t  costs : 
4a)  r m - i  doe s no t  requir e spac e i n /tm p 
4b)  m v /tm p require s spac e i n /tm p 
Propert y Effects : 
5)  r m - i  execute s faste r  tha n m v /tm p 
6)  r m - i  i s  a  simple r  tha n m v /tm p 

Figure 2: The factors where "mv tmp" and "rm -i" differ. 

F ro m examinin g dialogs ,  i t  appear s tha t  advisor s consis -
tentl y us e comparativ e explanation s t o explai n w h y a  ne w 
pla n i s a  bette r  choic e tha n a n existin g alternative .  Thus ,  th e 
advisor' s firs t  tas k i s t o determin e t o whic h alternativ e th e ne w 
pla n shoul d b e compared .  O n e approac h i s t o compar e th e 
recommende d pla n t o eac h o f  it s  a  ternatives ;  however ,  thi s 
ca n lea d t o a  comple x an d length y respons e eve n i n ou r  simpl e 
example .  Anothe r  approac h i s t o compar e th e pla n t o th e nex t 
bes t  alternative .  However ,  i f  th e nex t  bes t  alternativ e ha s no t 
yet  bee n mentione d i n th e dialog ,  thi s suddenl y change s th e 
focu s o f  th e dialog ,  an d ha s th e potentia l  t o confus e th e user . 
As a  result ,  ou r  mode l  applie s th e principl e o f  maintainin g 
focus ,  an d th e adviso r  compare s th e ne w alternativ e wit h th e 
most  recentl y suggeste d alternative .  Fo r  ou r  example ,  thi s 
means comparin g " m v /tmp "  t o "r m -i" ,  th e pla n currentl y 
unde r  discussion . 

Th e advisor' s nex t  tas k i s generat e a n explanatio n fo r  w h y 
" m v /tmp "  i s bette r  tha n "r m -i" .  Thi s explanatio n involve s 
a compariso n o f  cost s an d benefit s betwee n th e tw o plans , 
whic h hav e bee n compute d a s par t  o f  th e advisor' s calcula -
tio n o f  th e plan' s desirability ,  Fo r  ou r  example .  Figur e 2  list s 
th e variou s cost s an d benefit s i n genera l  orde r  o f  mos t  influen -
tia l  differenc e t o leas t  (item s wit h th e sam e numbe r  reflec t  th e 
same underlyin g goal ,  suc h a s answerin g questions) .  Becaus e 
of  th e larg e numbe r  o f  influences ,  i t  i s  cumbersom e t o discus s 
al l  o f  thes e influence s i n a  singl e response .  A s a  result ,  th e ad -
viso r  mus t  determin e a n appropriat e subse t  o f  thes e influence s 
i n a  give n response . 

O ne approac h t o determinin g whic h cost s an d benefit s t o 
discus s i s t o mentio n onl y th e mos t  salien t  difference s be -
twee n th e plans ,  wit h salienc e define d i n term s o f  th e larges t 
influenc e o n th e plan' s overal l  score .  However ,  thi s heuristi c 
ofte n fails ,  a s m a n y differen t  factor s m a y contribut e relativel y 
equally ,  o r  th e mos t  salien t  differenc e m a y b e on e th e use r  i s 
alread y awar e of .  A s a  result ,  ou r  approac h i s t o appl y th e 
advice-givin g principle s abov e t o reduc e th e se t  o f  candidat e 
cost s an d benefits . 

I n particular ,  th e adviso r  first  avoid s confusin g th e use r  b y 
eliminatin g fro m consideratio n an y facto r  tha t  argue s agains t 
th e advisor' s n e w recommendation .  Fo r  ou r  example ,  th e 
adviso r  ignore s an y facto r  tha t  negativel y influence s whethe r 
" m v /tmp "  i s th e bes t  plan .  Thi s eliminate s (2a )  an d (2b) , 
whic h indicat e a  failur e o f  "m v /tmp "  t o achiev e a  goal ,  (4a ) 
and (4b) ,  whic h indicat e tha t  i t  require s a n additiona l  enable -
ment ,  an d (5 )  an d (6) ,  whic h indicat e tha t  "r m -i "  ha s som e 
additional ,  desirabl e properties . 

Next ,  th e adviso r  avoid s tellin g th e use r  wha t  th e use r  al -
read y k n o w s b y eliminatin g an y belie f  foun d i n th e dialo g 
model .  Thi s eliminate s (la) ,  whic h th e user' s previou s re -

spons e explicitl y  addressed .  A t  thi s point ,  th e remainin g 
choice s ar e (lb) ,  whic h point s ou t  tha t  m v "/tmp "  doe s no t 
involvinganswerin g questions ,  an d (3a )  an d (3b) ,  whic h poin t 
out  tha t  m v "/tmp "  allow s recover y an d "r m -i "  doe s not . 

Afte r  narrowin g d o w n th e se t  o f  factor s t o thos e tha t  wil l 
not  confus e th e use r  an d tha t  th e use r  doesn' t  alread y know , 
th e adviso r  ha s a n acceptabl e response . 

Advisor .  Us e m v "/tmp" .  I t  doe s no t  requir e tha t  yo u answe r 
questions .  I t  allow s yo u t o recove r  you r  file  an d "r m -i " 
doe s not . 

However ,  th e adviso r  the n trie s t o mak e th e respons e a s 
brie f  a s possibl e b y repeatedl y applyin g th e cooperativenes s 
principle ,  whil e ensurin g tha t  th e focu s principl e i s no t  vi -
olated .  I n particular ,  th e adviso r  assume s tha t  i f  th e use r 
mention s a  pla n flaw,  F ,  th e use r  expect s tha t  an y ne w sug -
geste d pla n wil l  no t  hav e thi s F  (o r  tha t  i f  i t  does ,  th e adviso r 
wil l  mentio n it) .  I t  ca n therefor e eliminat e fro m consideratio n 
any respons e tha t  suggest s th e ne w pla n wil l  no t  hav e a  previ -
ousl y mentione d flaw.  I n thi s case ,  thi s eliminate s (lb) ,  sinc e 
i f  th e adviso r  simpl y state s "us e m v /tmp "  i n respons e t o th e 
user' s desir e no t  t o answe r  questions ,  th e use r  wil l  infe r  tha t 
thi s pla n doe s no t  involv e answerin g questions—s o there' s n o 
nee d fo r  th e adviso r  t o explicitl y  mentio n it . 

Afte r  thi s  first  applicatio n o f  th e cooperativenes s principle , 
th e adviso r  i s lef t  wit h (3a )  an d (3b) ,  whic h lead s t o a  briefe r 
response . 

Advisor :  Us e m v "/tmp" .  I t  allow s yo u t o recove r  you r  file 
and "r m -i "  doe s not . 

However ,  b y agai n applyin g th e cooperativenes s assumption , 
th e adviso r  ca n narro w thi s respons e d o w n t o simpl y (3b) .  I n 
particular ,  th e adviso r  assume s tha t  i f  i t  mention s tha t  a  ne w 
pla n ha s a n effec t  E ,  th e use r  wil l  infe r  tha t  th e ol d pla n doe s 
not  resul t  i n effec t  E .  A s a  result ,  statin g (3b )  alon e wil l  impl y 
(3a) .  Whil e th e adviso r  ca n als o us e th e convers e o f  thi s rul e 
t o reduc e th e respons e t o (3a) ,  whic h implie s (3b) ,  doin g s o 
violate s th e focu s principle .  Tha t  is ,  mentionin g tha t  "r m -i " 
doesn' t  suppor t  file  recover y allow s th e use r  t o infe r  tha t  " m v 
/tmp "  doe s suppor t  recovery ;  however ,  i t  shift s th e focu s fro m 
th e ne w alternativ e t o a n ol d one . 

Future Work 
Ther e ar e severa l  ke y area s o f  futur e work :  verifyin g th e be -
haviora l  prediction s mad e b y th e model ,  experimentin g wit h 
alternat e weightings ,  extendin g an d revisin g th e model ,  an d 
integratin g th e mode l  wit h existin g wor k i n dialo g respons e 
planning . 

Verifying The Model's Predictions 

Our  mode l  make s severa l  prediction s abou t  advisor y dialog s 
tha t  nee d t o b e verifie d experimentally .  O n e predictio n i s tha t 
adviso r  explanation s fo r  w h y on e pla n i s bette r  tha n anothe r 
wil l  no t  necessaril y  involv e th e facto r  tha t  i s  "largest "  differ -
enc e betwee n th e tw o candidat e plans .  A  relate d predictio n i s 
tha t  explanation s tha t  follo w ou r  model' s advice-givin g prin -
ciple s wil l  b e rate d t o b e mor e cooperativ e tha n explanation s 
base d o n th e heuristi c o f  choosin g th e "largest "  differenc e 
betwee n pla n candidates .  Whil e ou r  mode l  i s base d o n anal -
ysi s o f  a  variet y o f  UNIX-relate d advice-givin g dialogs ,  an d 
i t  appear s t o mode l  th e behavior s i n man y o f  thes e dialogs , 
thes e experiment s ar e necessar y t o evaluat e th e model' s over -
al l  quality . 

Experimenting With Alternate Weightings 

O ne drawbac k t o ou r  curren t  approac h lie s i n h o w w e hav e 
forme d ou r  stereotypica l  weightings .  Fo r  th e U N I X domain . 
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th e stereotypica l  value s fo r  user s hav e bee n assigne d b y ap -
)lyin g genera l  principle s t o specifi c  U N I X commands .  W e 
lav e treate d file  removal ,  fo r  example ,  a s a n instanc e o f  th e 

genera l  notio n o f  destroyin g something ,  an d w e applie d th e 
principl e tha t  user s wan t  t o ensur e the y don' t  destro y anythin g 
accidentally ,  an d i f  the y do ,  the y wan t  a  wa y t o ge t  i t  b a c k — 
but  preferrin g no t  t o destro y somethin g i n th e first  place .  W e 
hav e the n trie d t o approximat e thi s notio n wit h ou r  weigh t 
values .  Fo r  a  full-blow n U N I X advisor y system ,  however ,  i t 
i s  necessar y t o hav e a  mor e accurat e mode l  o f  use r  goals .  O n e 
way t o addres s thi s proble m i s b y providin g differen t  U N I X 
user s wit h questionnaire s tha t  hav e the m ran k variou s goal s 
i n differen t  situations .  Thi s empirica l  approac h ca n als o b e 
applie d t o determinin g th e weighting s o f  propert y goal s an d 
of  enablemen t  undesirability . 

A featur e o f  ou r  curren t  approac h i s tha t  w e ca n readil y 
experimen t  wit h differen t  weighting s an d stud y th e resultin g 
adviso r  behavior .  I n particular ,  i t  appear s tha t  w e ca n us e 
our  mode l  t o begi n t o explor e th e effect s o f  use r  personalit y 
on advice-giving .  Fo r  example ,  i t  m a y wel l  b e possibl e t o 
represen t  lazines s b y givin g a  hig h undesirabilit y  t o enablin g 
condition s (i.e. ,  tha t  th e bes t  solutio n i s th e on e requirin g th e 
leas t  effort ,  regardles s o f  whethe r  i t  achieve s othe r  goals )  an d 
t o explor e h o w th e dialog s generate d b y ou r  syste m com -
par e t o real-worl d advisor y dialog s involvin g "lazy "  users . 
Whil e other s hav e represente d personalit y trait s a s weighte d 
combination s o f  goal s [14] ,  ther e ha s bee n littl e wor k o n 
studyin g h o w personalit y affect s user-adviso r  interactio n i n 
advice-givin g dialogs . 

Extending And Revising The Model 

Our model currently uses a straightforward algorithm for re-
visin g it s weightings :  i t  simpl y substitute s a  maxima l  positiv e 
or  negativ e weighting .  Ther e ar e a  variet y o f  alternative ,  mor e 
subtl e approache s tha t  m a y lea d t o a  mor e accurat e mode l  o f 
th e advice-givin g process .  O n e i s t o us e a  "delta "  i n respons e 
t o use r  goals ,  rathe r  tha n a  fixed  target .  Tha t  is ,  th e mode l  ca n 
slightl y incremen t  o r  decremen t  it s weightin g eac h tim e th e 
user  mention s a  goal .  A  mor e subtl e versio n o f  thi s approac h 
i s t o hav e th e amoun t  o f  chang e dependen t  o n th e valu e o f 
th e weighting :  th e les s initia l  informatio n abou t  a  goal ,  th e 
more i t  change s (e.g. ,  a n initia l  weightin g o f  0 ,  indicatin g a n 
apatheti c user ,  woul d resul t  a  larg e change ;  a  weightin g o f  — 7 
indicatin g a  strongl y negativ e goa l  woul d chang e littl e i n re -
spons e t o a  use r  statement) .  It' s  clearl y necessar y t o compar e 
th e behavio r  o f  thes e approache s wit h ou r  own . 

Integrating With Dialog Planning 

Our plan evaluator and response generator together determine 
th e high-leve l  conten t  o f  a n explanator y justificatio n fo r  w h y 
a give n pla n i s th e bes t  alternative .  Thi s content ,  however , 
may no t  b e suitabl e a s th e entir e response .  Ou r  model ,  fo r 
example ,  generate s a n explanatio n tha t  " m v /tmp "  allow s th e 
user  t o recove r  a  file,  bu t  ou r  illustrativ e dialo g show s tha t  th e 
adviso r  ha s embellishe d tha t  explanatio n wit h a n additiona l 
causa l  justificatio n o f  exactl y h o w th e file  ca n b e recovered : 
namely ,  tha t  th e file  exist s i n "/tmp "  an d ca n b e recovere d 
by copyin g i t  back .  Whil e w e ca n ge t  reasonabl e adviso r 
behavio r  b y tweakin g ou r  mode l  t o automaticall y provid e 
a causa l  explanatio n fo r  an y goal ,  a  bette r  approac h i s t o 
thin k o f  ou r  respons e generato r  a s generatin g a  goa l  fo r  a 
dialo g plannin g proces s (e.g. ,  infor m th e use r  tha t  " m v /tmp " 
allow s th e use r  t o recove r  a  file),  wher e th e dialo g planne r 
i s responsibl e fo r  determinin g whethe r  i t  i t  i s  necessar y t o 
provid e th e causa l  justification . 

C o n c l u s i o n s 

Thi s pape r  ha s presente d a  mode l  o f  th e proces s b y whic h a n 
adviso r  ca n revis e plan-oriente d advic e i n respons e t o use r 
feedback .  I n particular ,  th e mode l  provide s a  genera l  mech -
anis m fo r  evaluatin g candidat e plan s i n respons e t o differen t 
state d use r  goals ,  an d i t  demonstrate s h o w applyin g a  smal l 
set  o f  advice-givin g principle s ca n determin e th e conten t  o f 
an appropriat e explanatio n fo r  an y newl y recommende d plan . 

Thes e advice-givin g dialog s ca n b e viewe d a s a  collabo -
rativ e plannin g proces s [4 ,  5 ,  6 ,  15] ,  wher e th e adviso r  an d 
use r  cooperat e t o locat e th e bes t  pla n fo r  th e user' s goals .  O u r 
wor k i s complimentar y t o earlie r  effort s i n thi s area .  I t  differ s 
i n tha t  i t  provide s a  formalizatio n o f  th e proces s o f  evaluatin g 
a pla n tha t  take s int o accoun t  al l  factor s (effects ,  properties , 
and enablements) ,  a s oppose d t o onl y a  subse t  o f  them .  I t 
als o provide s a  mechanis m base d o n genera l  conversationa l 
principle s fo r  determinin g th e factor s t o discus s i n a  response , 
as oppose d t o th e heuristi c o f  simpl y discussin g th e "mos t 
important "  factor . 
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