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Abstrac t 

It  i s  ou r  goa l  t o buil d cooperativ e proble m solvin g systems ,  knowledge-base d system s tha t  leverag e 
th e asymmetr y betwee n th e user' s an d th e system' s strength s an d thu s allo w th e dya d o f  use r  an d 
compute r  syste m t o achiev e wha t  neithe r  alon e coul d achieve .  Ou r  experienc e ha s show n tha t  i n thes e 
cooperativ e systems ,  th e nee d fo r  explanation s i s eve n mor e eviden t  tha n i n traditiona l  exper t  systems . 
Thi s i s du e t o th e fac t  tha t  thes e ne w system s ar e mor e open-ende d an d flexibl e an d therefor e allo w fo r 
more possibilitie s i n whic h a  use r  ca n reac h a n impasse ,  a  poin t  a t  whic h i t  i s  no t  clea r  ho w t o proceed . 

Observation of human-human problem solving shows that people are sensitive to the domain under 
discussio n an d th e other' s knowledg e o f  tha t  domain .  Peopl e ten d t o construc t  explanation s tha t  ar e 
minima l  i n th e numbe r  o f  concept s o r  chunks .  Thes e explanation s ar e no t  comprehensive ,  an d th e 
communicatio n partne r  i s abl e t o follo w u p o n aspect s whic h ar e stil l  unclear . 

1 Introductio n a n d Theoretica l  Basi s 

Our  researc h focuse s o n ho w t o buil d cooperativ e knowledge-base d system s tha t  tak e advantag e 

of  th e differen t  strength s o f  user s an d compute r  systems .  Computer s ca n b e a  sourc e o f  exper t  domai n 

knowledge ,  knowledg e the y ca n us e t o mak e suggestion s t o users .  Th e compute r  system' s rol e i n thi s 

dyad mus t  includ e th e abilit y  t o explai n thos e suggestions .  Fo r  variou s reasons ,  curren t  explanatio n 

system s ofte n fai l  t o satisf y users .  To o frequentl y the y ar e base d o n a n implici t  assumptio n tha t  explain -

in g i s a  one-sho t  affai r  an d tha t  th e syste m wil l  b e abl e t o produc e o r  retriev e a  complet e an d satisfyin g 

explanatio n provide d i t  i s  endowe d wit h artificia l  intelligence . 

Our approach takes advantage of existing information and knowledge-based systems technology 

alread y availabl e t o provid e th e use r  acces s t o explanation s a t  differen t  level s o f  detai l  an d complexity . 

Developmen t  effort s focuse d o n th e concept s requirin g explanatio n rathe r  tha n o n selectin g a  complet e 

prestore d explanation .  A  conceptua l  mode l  o f  th e domai n an d a  use r  mode l  provid e tha t  se t  o f  concepts . 

Explanatio n givin g require s establishin g a  suitabl e conceptua l  contex t  fo r  a  dialogu e betwee n th e use r 

and th e system .  Th e syste m mus t  kno w wha t  concept s ar e require d t o understan d a n entit y i n th e 

domai n an d furthermor e whic h subse t  o f  thos e concept s ar e unfamilia r  t o a  give n user .  Formin g suc h a n 

idiosyncrati c explanatio n i s a  constructio n rathe r  tha n a  selectio n process . 

We are investigating how to design systems that serve users as they are actively engaged in their 

own wor k — cooperativ e proble m solvin g systems .  Thes e system s provid e a  task-base d environmen t 

whic h user s emplo y t o accomplis h som e goal .  W e wan t  the m t o b e mor e tha n a  communicatio n mediu m 

wit h whic h t o describ e a  problem .  I n th e contex t  o f  thes e task-base d environment s w e analyze d th e 
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reason s peopl e see k explanations .  Th e commo n triggerin g conditio n i s tha t  the y experienc e a n impass e 

tha t  stop s o r  limit s thei r  work .  W e cal l  thes e "task-oriente d impasses "  an d hav e cataloge d the m t o bette r 

understan d ho w explanatio n givin g ca n hel p t o overcom e th e impasses .  Th e fou r  categorie s o f  task -

oriente d impasse s are :  actio n impasses ,  communicatio n impasses ,  motivatio n impasses ,  an d curiosit y 

impasses . 

1.  Actio n impasse s occu r  whe n user s d o no t  kno w wha t  t o d o next .  Som e actio n impass e 

question s are :  Wha t  shoul d I  d o next ? I s actio n th e righ t  thin g t o d o next ? H o w d o I  d o 
action ? Wha t  di d th e syste m jus t  do ? Wha t  ar e th e result s o f  doin g action ? Ca n I  d o 
actio n now ? 

2. A communication impasse is a failure to understand a given object in the environment. 
Representativ e question s are :  Wha t  i s object ? W h y i s object i  show n instea d o f  wha t  I 
expected ,  namel y object2 ? 

3. Motivation impasses fall into the realm of behavioral psychology; their basis is an 
anthropomorphi c vie w o f  th e compute r  system :  Representativ e question s are :  W h y di d th e 
syste m d o action ? W h y di d th e syste m jus t  communicat e wit h me ? W h y di d th e syste m 
jus t  sa y X ? W h y shoul d I  d o action ? W h y i s action ^  bette r  tha n action2 ? 

4. Curiosity impasses are a bit different. The other categories consist of questions that arise 
when user s encounte r  a  problem .  Curiosit y impasse s ar e no t  necessaril y  impasses ,  i n a 
stric t  sense ,  bu t  rathe r  a  diversio n fro m continuin g wit h th e task .  The y ar e circumstance s i n 
whic h user s see k t o gathe r  informatio n tha t  i s  interestin g o r  migh t  b e helpful ,  bu t  th e lac k o f 
whicl i  wil l  no t  preclud e the m fro m furthe r  work .  Fo r  consistenc y w e wil l  refe r  t o the m als o 
as "impasses" .  Question s tha t  illustrat e curiosit y impasse s are :  I s objec t  a  concep t  X ? 
H ow d o object ^  an d object2(i\̂ er ? 

To overcome these impasses, explanations in cooperative problem solving systems serve four 

functions ;  function s tha t  ar e simila r  t o finding s o f  empirica l  wor k o n explanatio n givin g i n exper t  system s 

[16] .  Th e function s o f  explanation s i n cooperativ e proble m solvin g system s are : 

1.  T o allo w user s t o examin e th e system' s recommendations , 

2. To relate recommendations to domain concepts — understanding "what is suggested", 

3. To provide a rationale for recommendations — understanding "why this would be better", 

4. To educate a user about underlying domain concepts. 

Thes e fou r  function s ar e no t  mutuall y exclusive .  A  singl e explanatio n episod e b y a  cooperativ e proble m 

solvin g syste m wil l  ofte n accomplis h severa l  o f  thes e functions . 

Even in cases where explanation systems have been designed with the above functions in mind, 

th e resul t  ha s typicall y bee n a  syste m tha t  explain s to o much ,  an d therefor e no t  enough .  A  familia r 

exampl e t o man y compute r  syste m user s i s th e m a n page ,  whic h contain s everythin g a  use r  migh t  wan t 

t o know ,  fro m th e system' s perspective ,  an d fo r  tha t  ver y reaso n i s ofte n to o muc h t o b e o f  use . 

In observing problem-solving interactions between salesmen and customers in a large hardware 

store ,  w e notice d tha t  explanatio n neve r  too k th e m a n pag e approach .  Whe n explanation s wer e required , 

th e approac h wa s on e o f  minimizin g th e explanation ,  the n followin g u p o n unclea r  concept s whe n neces -

sar y [13] .  Thi s i s interestin g i f  yo u conside r  th e fac t  tha t  th e particula r  stor e carrie s ove r  350,00 0 differen t 

item s i n ove r  33,00 0 squar e fee t  o f  retai l  space .  I f  salesme n too k th e approac h foun d i n man y compute r 

systems ,  th e explanation s the y gav e woul d b e extraordinaril y  long ,  i n orde r  t o b e complete ,  an d complex , 

i n orde r  t o tak e int o accoun t  th e relationship s t o othe r  item s i n th e store . 
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As a n exampl e o f  compute r  system s wit h extensiv e documentation ,  conside r  th e Symbolic s Lis p 

machine ,  whic h come s wit h ove r  400 0 page s o f  documentation ,  mos t  o f  whic h i s availabl e onlin e i n 

hypertex t  format .  Issuin g a  quer y (i.e .  a  reques t  fo r  a n explanation )  ca n resul t  i n page s an d page s o f  tex t 

and examples ;  frequentl y to o muc h t o diges t  an d mak e sens e of .  A s compute r  system s increas e i n 

power ,  the y als o increas e i n complexity .  Simpl y havin g mor e powerfu l  computer s wil l  no t  solv e th e 

proble m o f  explanation ,  i t  wil l  onl y exacerbat e it . 

In order to model the "minimalist explanation" approach found in human-human interactions in a 

knowledge-base d system ,  w e designe d a n extensio n t o Lisp-Critic ,  a  knowledge-base d sourc e transfor -

matio n system .  Supportin g idiosyncrati c explanatio n givin g require s a  use r  mode l  tha t  contain s a  detaile d 

representatio n o f  users '  knowledge .  Th e explanatio n approac h need s somethin g mor e tha n classifyin g 

user s b y leve l  o f  expertise .  Ou r  framewor k use s a  fine-graine d use r  mode l  an d a  minimalis t  approac h [6] . 

More theoretica l  basi s fo r  th e minimalis t  explanatio n approac h i s foun d i n relate d wor k o n discours e 

comprehension : 

1.  Short-ter m memor y i s a  fundamenta l  limitin g facto r  i n readin g an d understandin g tex t  [2,1] . 
The bes t  explanation s ar e thos e tha t  contai n n o mor e informatio n tha n absolutel y neces -
sary ,  sinc e extr a word s increas e th e chance s tha t  essentia l  fact s wil l  b e los t  fro m memor y 
befor e th e entir e explanatio n i s processed . 

2.  I t  i s  importan t  t o relat e writte n tex t  t o readers '  existin g knowledg e [11 ,  5] . 

Similar guidelines are also offered as principles of rhetoric. Flesch developed formulae to evaluate 

th e readabilit y  o f  tex t  [9 ]  tha t  emphasiz e brevity .  Compute r  explanatio n system s shoul d compl y wit h 

simila r  standards ,  therefor e shor t  sentence s an d know n vocabular y a s importan t  criteria .  Othe r  suppor t  i s 

foun d i n Strun k an d White' s familia r  manual ;  i t  contain s simila r  advice .  Writer s o f  explanator y tex t  ar e tol d 

"Don' t  explai n to o much "  [15] . 

2 An Explanation Approach 

Supportin g explanatio n require s th e syste m t o hav e enoug h knowledg e t o describ e wha t  i s goin g 

on an d why .  Operationa l  knowledg e i s ofte n capture d i n rul e for m (I f  conditio n the n action) .  Fo r  user s t o 

understan d a  rul e mean s tha t  the y mus t  kno w th e concept s underlyin g a  rule .  A  conceptua l  domai n 

model  provide s th e entir e se t  o f  prerequisit e knowledg e an d a  use r  mode l  filter s tha t  se t  fo r  a n individual . 

The user model helps select which subexplanations to actually present. One view of explanation is 

tha t  user s ar e engage d i n a n understandin g proces s tha t  i s base d o n generatin g explanation s t o them -

selve s [14] .  I t  follow s tha t  th e explanatio n componen t  ha s t o provid e user s wit h sufficien t  informatio n s o 

the y ca n develo p thei r  ow n self-explanation ,  an d ye t  no t  wit h s o muc h informatio n tha t  i t  interfere s wit h a 

person' s abilit y  t o construc t  meaningfu l  explanations . 

Determining what to explain to a user requires decomposition; the system must execute a GPS-like 

proces s [3] .  Prerequisit e knowledg e i s th e knowledg e a  use r  mus t  kno w i n orde r  t o understan d a  give n 

concept .  Thi s i s a  recursiv e process ,  understandin g thos e domai n concept s tha t  ar e prerequisite s fo r  th e 

give n concep t  requires ,  i n turn ,  understandin g thei r  prerequisite s an d s o on .  T o suppor t  suc h a n ap -

proac h a  dee p structur e fo r  th e domai n i s querie d t o obtai n th e se t  o f  prerequisites .  Still ,  a  satisfactor y 

explanatio n approac h wil l  d o more ,  namel y identif y th e concept s i n tha t  se t  tha t  d o no t  nee d explainin g 

becaus e th e use r  alread y know s them .  The n th e syste m reason s abou t  th e bes t  wa y t o explai n th e 

remainin g concepts .  Base d o n thi s genera l  schema ,  w e develope d a  framewor k consistin g o f  severa l 
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level s o f  explanations . 

It is also important to incorporate a fallback capability, allowing the user some recourse when the 

initiall y  provide d explanatio n fails .  N o computer-generate d explanatio n syste m ca n b e expecte d t o satisf y 

user s completel y — peopl e ar e no t  abl e t o achiev e thi s an d w e d o no t  expec t  an y mor e o f  compute r 

systems .  Th e situatio n wher e a  use r  doe s no t  understan d a n initia l  explanatio n o r  want s mor e detaile d 

informatio n mus t  b e accommodated .  On e techniqu e i s th e reactiv e approac h [12] ;  ou r  approac h i s 

simple r  i n tha t  i t  make s us e o f  existin g hypertex t  capabilities . 

3 Lisp-Critic Explanation System 

We hav e develope d a n explanatio n componen t  fo r  a  Lis p critiquin g syste m i n accordanc e wit h thi s 

framework .  Lisp-Criti c  I s tha t  syste m [7,4] .  I t  i s  a  knowledge-base d interactiv e syste m tha t  operate s i n 

a programmer' s editin g environment ,  providin g suggestion s o n ho w t o improv e use r  Lis p programs . 

W h en calle d o n t o examin e a  piec e o f  code ,  th e syste m inform s th e programme r  o f  eac h suggestio n i t  ha s 

fo r  improvin g th e program .  A s eac h suggestio n i s provided ,  th e programme r  ca n accep t  th e suggestion , 

rejec t  i t  outrigh t  o r  as k fo r  a n explanation .  User s see k explanatio n t o hel p the m understan d th e sugges -

tio n wel l  enoug h t o mak e th e accept/rejec t  decision .  Whe n a  suggestio n i s accepte d th e syste m actuall y 

rewrite s tha t  piec e o f  cod e i n th e user' s editin g buffer . 

We developed an approach that provides information in four layers of increasing detail. The first 

tw o layer s ar e no t  necessaril y  explanation s i n a  specifi c  sens e o f  th e wor d bu t  w e foun d tha t  i n man y 

situation s the y provid e enoug h informatio n t o satisf y syste m users . 

1.  A  fundamenta l  piec e o f  informatio n i s th e nam e o f  th e rul e tha t  identifie s a  suggeste d trans -
formation .  Th e rul e nam e i s a n abstrac t  referenc e t o a  chun k o f  domai n knowledge ,  tha t 
chun k i s a n instanc e o f  th e domai n objec t  clas s Lisp-Criti c  rule ;  i t  ma y o r  ma y no t  hav e 
meanin g t o users .  Sometime s whe n i t  doe s hav e meaning ,  user s ar e satisfie d jus t  knowin g 
whic h rul e fire d an d n o furthe r  explanation s i s required .  The y hav e sufficien t  informatio n o n 
whic h t o bas e a n accept/rejec t  decision . 

2.  Th e transforme d code ,  a s recommende d b y th e system ,  ca n b e compare d t o th e user' s 
code .  Th e syste m show s th e user' s cod e an d it s recommende d version .  Ofte n thi s i s 
sufficien t  fo r  user s t o understan d th e suggestio n an d the y ca n mak e a  decisio n o n whethe r 

t o accep t  o r  rejec t  th e advice . 

3.  Th e minima l  explanatio n laye r  i s th e poin t  wher e ou r  theoretica l  investigation s come s int o 

play .  Th e use r  i s provide d wit h a  textua l  descriptio n o f  th e system' s advic e base d o n th e 
domai n concept s behin d tha t  transformation . 

4.  Th e underlyin g computationa l  environmen t  alread y include s a  hypertext-base d informatio n 
space ,  th e Symbolic s Documen t  Examiner .  Lisp-Criti c  facilitate s acces s t o thi s informatio n 
fo r  user s wh o ar e no t  satisfie d wit h th e minimalis t  explanatio n o f  th e advice .  User s navigat e 
throug h th e hypertex t  spac e themselves ;  th e syste m firs t  locate s the m i n a n appropriat e 

context . 

The approach used in the current implementation evolved from attempts to provide explanations for 

an earlie r  versio n o f  Lisp-Criti c  [10] .  Th e approac h take n involve d rule-tracin g an d prestorin g textua l 

description s fo r  eac h transformatio n (laye r  1  an d 2  above) .  A  suit e o f  alternativ e canne d explanation s fo r 

eac h rul e wer e provided ;  eac h on e designe d t o mee t  th e need s o f  a  use r  wit h a  particula r  leve l  o f 

expertise .  T o provid e th e correc t  explanation ,  th e syste m classifie d a  use r  a s a  novice ,  intermediat e o r 

exper t  programmer .  Thi s approac h wa s o f  limite d success .  A  majo r  findin g fro m tha t  wor k wa s th e nee d 
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fo r  a  fine r  graine d approac h t o modellin g individua l  user s tha n classification :  A n approac h tha t  als o 

support s dynami c updat e a s users '  expertis e changes . 

The theoretical framework discussed above led us to emphasize concise and readable explana-

tions .  Metric s wit h whic h t o evaluate ,  o r  guideline s t o hel p construc t  suc h explanation s d o no t  exist .  W e 

decide d tha t  i t  woul d b e bes t  t o provid e ters e explanation s tailore d individuals ,  whil e recognizin g tha t  a t 

time s user s requir e additiona l  information .  T o provid e tha t  information ,  w e provide d th e hypertex t  "hooks " 

int o a n existin g on-lin e documentatio n system . 

The explanation levels shown in Figure 1 capture the necessary and sufficient conditions for an 

adequat e explanation ,  eac h leve l  incrementall y improvin g o n th e wor k don e a t  a  lowe r  leve l  b y usin g 

additiona l  knowledg e abou t  th e use r  an d th e domain .  A  leve l  0  explanatio n doe s no t  requir e knowledg e 

about  individua l  users .  I t  use s th e conceptua l  domai n mode l  t o mee t  th e necessar y conditio n tha t  i t 

knows everythin g require d t o understan d th e entit y needin g t o b e explained .  Th e se t  o f  prerequisit e 

concept s require d i n orde r  t o understan d th e objec t  th e use r  want s explaine d i s provide d b y a  dee p 

domai n model .  Leve l  1  bring s th e use r  mode l  int o th e process ;  th e prerequisit e concept s ar e "filtered " 

throug h th e use r  mode l  t o determin e th e subse t  o f  the m appropriat e fo r  explainin g t o a  give n individual . 

What  remain s i s ofte n large r  tha n wha t  woul d b e reasonabl y explaine d i n a  singl e dialogu e episode . 

Therefor e th e explanatio n componen t  use s knowledg e abou t  wha t  make s a  goo d explanatio n a t  leve l  2  t o 

orde r  an d prioritiz e th e concept s tha t  ar e t o b e explained . 

>•  2 

0 

r 

3 

4 Prioritize ,  sequence ,  lin k objec t  explanation s 

Selec t  "best "  explanatio n strateg y fo r  eac h objec t 

Selec t  a  subse t  o f  object s t o explai n 

Filte r  object s throug h use r  mode l 

Sho w al l  dependent-o n object s fro m domai n mode l 

Fiv e level s o f  explanatio n hav e bee n identified .  Leve l  0  insure s tha t  al l  prerequisit e knowledg e fo r 

a give n domai n objec t  i s  availabl e t o th e explanatio n component .  Leve l  1  build s o n to p o f  leve l  0 

and s o forth .  Th e curren t  implementatio n provide s leve l  2  explanations .  Th e domai n an d use r 

model  ca n als o suppor t  level s 3  an d 4 . 

Figur e 1 :  Explanatio n Level s 

Leve l  3  make s us e o f  additiona l  domai n knowledg e o r  perhap s othe r  informatio n i n th e use r  mode l 

t o determin e a  "best "  strateg y fo r  explainin g eac h concept .  Fo r  example ,  a  syste m coul d mak e us e o f  th e 

link s betwee n object s i n th e domai n mode l  an d th e use r  mode l  t o determin e candidat e concept s o r 

function s fo r  us e i n a  differentia l  descriptio n [8] .  On e objec t  ca n b e describe d differentiall y  i n term s o f 

anothe r  objec t  tha t  th e use r  alread y knows .  Leve l  4  perform s "syntacti c sugaring" .  Her e th e individua l 

explanation s fro m leve l  3  ar e ordere d an d linke d i n a n appropriat e manner .  Thi s i s a  nontrivia l  proces s 
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and require s th e syste m t o hav e knowledg e o f  discours e a s wel l  a s natura l  languag e generatio n 

capabilitie s tha t  excee d th e presen t  stat e o f  th e art . 

4 Role of the user model in explanations 

Cooperativ e proble m solvin g system s mus t  tailo r  explanation s i n orde r  t o adequatel y perfor m th e 

fou r  function s o f  explanation .  Th e basi s fo r  thi s tailorin g i s th e use r  model .  Th e use r  mode l  i s a n 

essentia l  component .  A  simpl e approac h i s t o classif y user s b y thei r  expertis e (e.g. ,  novice ,  intermediate , 

expert) .  Th e us e o f  stereotypin g an d classificatio n scheme s ca n accommodat e thos e system s tha t 

provid e one-sho t  advis e bu t  cooperativ e proble m solvin g system s nee d a  fine r  graine d representation s o f 

th e user . 

The user model contains a representation of the user's domain knowledge adequate to support any 

of  th e fiv e "levels "  o f  explanatio n show n i n Figur e 1 .  Th e implicatio n i s tha t  i t  mus t  b e based ,  a t  leas t 

partially ,  o n th e conceptua l  mode l  o f  th e domai n i n orde r  fo r  i t  t o serv e a s th e filte r  fo r  leve l  2  explana -

tions .  Th e mode l  need s t o captur e th e user' s goal s i n orde r  t o suppor t  leve l  3  explanations . 

Supporting level 4 explanations are more difficult. Explanations at this level are at the frontier of 

researc h o n natura l  languag e generatio n an d human-compute r  dialogu e technology .  W e wil l  no t  kno w 

everythin g require d o f  a  use r  mode l  t o suppor t  explanation s a t  thi s leve l  unti l  tha t  researc h matures .  A t 

thi s poin t  w e conjectur e variou s use r  mode l  capabilitie s neede d t o suppor t  thi s level ,  suc h a s knowin g th e 

educatio n an d readin g comprehensio n leve l  o f  a  user . 

5 Summary and Conclusions 

The problem s wit h curren t  explanatio n system s ar e widel y recognized ,  bu t  mos t  effort s t o improv e 

the m attemp t  eithe r  t o emulat e human-to-huma n communicatio n i n inappropriat e way s o r  t o provid e a 

complet e explanatio n i n "on e shot" .  Theoretica l  result s i n discours e comprehensio n an d principle s o f 

rhetori c ar e a  suitabl e startin g poin t  bu t  i t  mus t  b e kep t  i n min d tha t  al l  human-to-huma n communicatio n 

technique s ar e no t  appropriat e fo r  computer-base d explaining . 

In studying human-human problem solving, we note that one aspect that is less important than 

expecte d i s th e abilit y  t o produc e an d understan d natura l  language .  Peopl e rarel y tal k i n grammaticall y 

correc t  o r  eve n complet e sentences ,  ye t  the y manag e t o communicat e an d solv e problems .  W e cal l  thi s 

'natura l  communication, "  rathe r  tha n natura l  language .  W e hav e attempte d t o ma p natura l  communicatio n 

ove r  t o human-compute r  system s b y supportin g minimalist ,  layere d explanation s wit h th e capabilit y  fo r 

furthe r  follow-u p vi a hypertext . 

The approach we used provides several layers of explanation for advice from a knowledge-based 

system .  Th e firs t  tw o layer s ar e no t  explanation s i n th e strictes t  sense ,  althoug h the y ca n hel p user s 

achiev e understanding ,  bu t  ar e detaile d description s o f  wha t  wa s recommended .  Th e 3r d laye r  clarifie s 

th e recommendation s an d expose s th e use r  t o th e underlyin g rational e fo r  tha t  recommendation .  Thes e 

ar e minima l  explanation s tha t  quer y a  use r  mode l  t o fin d ou t  wha t  i s  necessar y fo r  th e use r  t o understan d 

a Lis p concept .  Lis p function ,  o r  Lisp-Criti c  rule .  Th e highes t  laye r  o f  informatio n provide s user s a 

fallbac k capabilit y  usin g a  ric h hypertex t  informatio n spac e i n the y ar e fre e t o explor e detail s o r  examin e 

concept s whic h the y stil l  d o no t  understand . 

306 



R e f e r e n c e s 

[1] Bruce K. Britton, John B. Black (editors). 
Understandin g Expositor y Text . 

Lawrenc e Eribau m Associates ,  London ,  1985 . 

[2] T.A. van Dijk, W. Kintsch. 

Strategie s o f  Discours e Comprehension . 

Academi c Press ,  Ne w York ,  1983 . 

[3] G.W. Ernst, A. NewelL 

A CM Monograp h Series :  G P S :  A  Cas e Stud y i n Generalit y an d Proble m Solving . 
Academi c Press ,  Londo n -  Ne w York ,  1969 . 

[4] G. Fischer. 
A Criti c  fo r  LIS P 

I n J .  McDermot t  (editor) .  Proceeding s o f  th e 10t h Internationa l  Join t  Conferenc e o n Artificia l  Intel -
ligenc e (Milan ,  Italy) ,  page s 177-184 .  Morga n Kaufman n Publishers ,  Lo s Altos ,  CA ,  August , 
1987 . 

[5] G. Fischer, S.A. Weyer, W.P. Jones, A.C. Kay, W. Kintsch, R.H. Trigg. 
A Critica l  Assessmen t  o f  Hypertex t  Systems . 
I n Huma n Factor s i n Computin g Systems ,  CHI'8 8 Conferenc e Proceeding s (Washington ,  D.C.) , 

page s 223-227 .  A C M,  Ne w York ,  May ,  1988 . 

[6] G. Fischer, A.C. Lemke, T. Mastaglio, A. Morch. 
Usin g Critic s t o Empower  Users . 
I n Huma n Factor s i n Computin g Systems ,  CHI'9 0 Conferenc e Proceeding s (Seattle ,  WA) .  A C M, 

NewYork ,  April ,  1990 . 

[7] G. Fischer, T. Mastaglio. 
Computer-Base d Critics . 
I n Proceeding s o f  th e 22n d Annua l  Hawai i  Conferenc e o n Syste m Sciences ,  Vol .  Ill :  Decisio n 

Suppor t  an d Knowledg e Base d System s Track ,  page s 427-436 .  IEE E Compute r  Society , 
January ,  1989 . 

[8] G. Fischer, T. Mastaglio, B.N. Reeves, J. Pieman. 
Minimalis t  Explanation s i n Knowledge-base d Systems . 
I n Proceeding s o f  th e Twenty-Thir d Annua l  Hawai i  Conferenc e o n Syste m Sciences ,  Vol .  Ill :  Deci -

sio n Suppor t  an d Knowledg e Base d System s Track ,  page s 309-317 .  IEE E Compute r  Society , 
January ,  1990 . 

[9] R. Flesch. 
The Ar t  o f  Readabl e Writing . 
Harpe r  &  Brothers ,  Ne w York ,  1949 . 

[10] J. Frank, P. Lynn T. Mastaglio. 
Usin g A  Criti c  Methodolog y a s a  Computer-aide d Learnin g Paradigm :  extendin g th e concepts . 
1987 . 
Fina l  Projec t  Repor t  fo r  CS65 9 -  Fal l  Ter m 1987 . 

[11] W. Kintsch. 
The Representatio n o f  Knowledg e an d th e Us e o f  Knowledg e i n Discours e Comprehension . 
Languag e Processin g i n Soda l  Context . 
Nort h Holland ,  Amsterdam ,  1989 ,  page s 185-209 . 
als o publishe d a s Technica l  Repor t  No .  152 ,  Institut e o f  Cognitiv e Science ,  Universit y o f  Colorado , 

Boulder ,  CO . 

307 



[12 ]  J.Moore . 

A Reactiv e Approac h t o Explanation . 

Technica l  Report ,  USC/lnformatio n Science s Institute ,  1988 . 

[13] B. Reeves. 
Findin g an d Choosin g th e Righ t  Objec t  i n a  Larg e Hardwar e Stor e - -  A n Empirica l  Stud y o f 

Cooperativ e Proble m Solvin g amon g Humans . 

Technica l  Report ,  Departmen t  o f  Compute r  Science ,  Universit y o f  Colorado ,  Boulder ,  C O ,  1990 . 
forthcoming . 

[14] R.G. Schank. 

Explanatio n Patterns :  Understandin g MEchanicall y an d Creatively . 
Lawrenc e Eribau m Associates ,  Hillsdale ,  NJ ,  1986 . 

[15] W. Strunk, E.B. White. 
The Element s o f  Style . 

Harcourt-Brace? ,  N e w York ,  1957 . 

[16] J.W. Wallis, E.H. Shortliffe. 
Customize d Explanation s Usin g Causa l  Knowledge . 
Rule-Base d Exper t  Systems :  Th e MYCI N Experiment s o f  th e Stanfor d Heuristi c Programmin g 

Project . 
Addison-Wesle y Publishin g Company ,  Reading ,  MA,  1984 ,  page s 371-388 ,  Chapte r  20" . 

308 


	cogsci_1990_301-308



