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A b s t r a c t 

Computer support for learning in 
technica l  domain s suc h a s medicin e 
require s a n intelligen t  interfac e 
betwee n th e non-exper t  an d th e 
technica l  knowledg e base .  W e describ e 
a genera l  metho d fo r  constructin g 
suc h interface s an d demonstrat e it s 
applicabilit y  fo r  patien t  education .  Th e 
employmen t  o f  thi s technolog y i n a 
medica l  clini c pose s problem s whic h 
ar e linguistic ,  psychological ,  an d 
socio-cultural ,  rathe r  tha n 

technological ,  i n nature. ^ 

Real-Lif e Lea rn in g 

People learn in many situations which 
ar e no t  classifie d a s eithe r  schoolin g o r 
training .  Applyin g fo r  a  vis a a t  a 
foreig n consulate ,  appearin g i n cour t 
as plaintiff ,  defendent ,  o r  juror , 
placin g a n orde r  wit h a  trave l  agent , 
and visitin g a  medica l  clini c ar e 

W he preparatio n o f  thi s repor t  wa s 
supporte d b y gran t  No .  1  ROl  LM05299-0 1 
fro m th e Nationa l  Librar y o f  Medicine , 
Nationa l  Institut e o f  Health .  Th e opinion s 
expresse d ar e no t  necessaril y  thos e o f  th e 
sponsorin g agenc y an d n o endorsemen t 
shoul d b e inferred . 

example s o f  situation s whic h confron t 
th e non-exper t  wit h technica l 
knowledg e tha t  doe s no t  fi t  squarel y 
int o an y traditiona l  schoo l  subject .  T o 
participat e successfull y i n suc h 
situations ,  th e non-exper t  ofte n need s 
t o acquir e som e understandin g o f  th e 
relevan t  technica l  knowledge . 

I n thi s pape r  w e focu s o n learnin g 
i n th e medica l  clinic .  Ther e i s evidenc e 
tha t  patient s wit h mor e knowledg e 
abou t  thei r  diseas e an d thei r  therap y 
get  wel l  faste r  becaus e the y compl y 
mor e accuratel y an d mor e 
conscientiousl y wit h th e physician' s 
prescription s (Eraker ,  Kirscht ,  & 
Becker ,  1984) .  Th e distinctio n betwee n 
abortiv e an d prophylacti c treatment s 
of  migrain e provide s a n illustratio n o f 
th e relatio n betwee n knowledg e an d 
cure .  Migrain e patient s w h o 
experienc e symptom s tha t  consistentl y 
preced e a  migrain e attac k (e .  g. ,  visua l 
disturbances )  ar e typicall y give n 
drug s tha t  abor t  th e attack .  Becaus e 
abortiv e drug s ar e ineffectiv e i f  take n 
afte r  th e onse t  o f  a n attack ,  patient s 
withou t  suc h warnin g signal s ar e 
instea d give n prophylacti c drug s tha t 
hav e t o b e take n o n a  regula r  schedule . 
When a  patien t  complain s tha t  a 
prophylacti c dru g i s ineffective , 
questionin g migh t  revea l  tha t  h e o r 
she stoppe d takin g th e dru g whe n th e 
headache s stopped ;  th e headache s the n 
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returned .  Incorrec t  o r  incomplet e 
understandin g ca n jeopardiz e th e 
therapy . 

Severa l  factor s limi t  ho w muc h 
physician s ca n engag e i n patien t 
education .  (a )  Doctor' s time , 
particularl y th e tim e o f  specialists ,  i s 
alread y a  bottlenec k i n th e healt h car e 
system ,  (b )  Doctor s ar e no t  traine d t o 
communicat e wit h peopl e wh o d o no t 
shar e thei r  expertise ,  (c )  Th e doctor' s 
interes t  an d professiona l  prid e i s 
typicall y investe d i n diagnosin g th e 
diseas e an d findin g a  cure ,  no t  i n 
explainin g th e sam e seemingl y simpl e 
matter s ove r  an d ove r  agai n man y 
time s a  day . 

One solutio n t o thi s dilemm a i s t o us e 
Cognitiv e Scienc e technolog y t o 
provid e th e patien t  wit h acces s t o th e 
doctor' s knowledg e withou t  takin g u p 
th e doctor' s time .  I n collaboratio n wit h 
Bruc e Buchana n an d Dian a Forsyth e a t 
th e Intelligen t  System s Laborator y an d 
Gordo n Bank s a t  th e Presbyteria n 
Universit y Hospita l  w e ar e buildin g a 
compute r  syste m whic h ca n generat e 
answer s an d explanations ,  i n Englis h 
and on-line ,  i n respons e t o question s 
fro m patient s (Buchanan ,  Moore , 
Forsythe .  Banks ,  & .  Ohlsson ,  1992) .  W e 
ar e focussin g o n migrain e fo r  a 
variet y o f  reasons ,  includin g th e fac t 
tha t  i t  i s  a  frequen t  an d ofte n disablin g 
diseas e (Stewar t  e t  al ,  1992) .  W e firs t 
describ e th e technolog y w e ar e usin g 
and the n som e non-technologica l 
problem s tha t  aris e i n it s employment . 

O n - L i n e M e d i c a l  Explanat ion s 

Unlike other A. I. systems in the 
medica l  domain ,  th e purpos e o f  ou r 
syste m i s neithe r  t o automat e diagnosi s 
nor  t o trai n medica l  students ,  bu t  t o 
educat e patients .  Th e intende d syste m 
respond s t o patien t  question s wit h 
answer s an d explanation s whic h ar e 
generate d on-lin e an d adapte d t o th e 
individua l  patient .  W e describ e th e 
knowledg e base ,  explanatio n module , 
and quer y analyze r  o f  ou r  curren t 

prototype ,  an d indicat e wher e the y fal l 
shor t  o f  ou r  goals .  Th e prototyp e wa s 
implemente d b y Claudi a Tapi a (Tapia , 
1991) . 

The knowledg e base .  Th e topic s a  mi -
grain e patien t  migh t  wan t  o r  nee d in -
formatio n abou t  includ e (a )  th e physi -
olog y o f  migraine ,  (b )  potentia l  trig -
ger s fo r  headaches ,  (c )  th e 
accompanyin g symptoms ,  (d )  possibl e 
treatments ,  an d (e )  thei r  sid e effects . 
Our  goa l  i s  t o encod e a  significan t 
proportio n o f  th e medica l  profession' s 
extensiv e knowledg e abou t  thes e topic s 
(Raskin ,  1988) .  Th e curren t  knowledg e 
bas e contain s approximatel y 40 0 
concept s referrin g t o type s an d 
propertie s o f  headaches ,  symptoms , 
treatments ,  an d drugs .  N o causa l 
knowledg e ha s a s ye t  bee n encoded . 
The knowledg e bas e i s no t  a n exper t 
system ;  ther e i s n o inferenc e engin e 
fo r  diagnosi s o r  therap y planning .  I t  i s 
an ope n questio n whethe r  on-lin e 
medica l  reasonin g wil l  ultimatel y b e 
neede d o r  whethe r  w e ca n encod e 
everythin g w e migh t  wan t  t o explai n 
t o th e patien t  i n th e knowledg e base . 
The knowledg e bas e i s implemente d i n 
Loo m (MacGregor ,  1988) . 

The explanatio n module .  Previou s 
researc h o n th e generatio n o f  natural -
languag e explanation s indicate s tha t 
an informativ e explanatio n canno t  b e 
generate d fro m a  knowledg e bas e b y 
translatin g interna l  cod e (procedures , 
rules ,  o r  schemas )  int o Englis h 
(Buchana n &  Shortliffe ,  1984 ;  Moor e & 
Swartout ,  1988) ,  bu t  require s a  dedi -
cate d proble m solver ,  calle d a  tex t 
planner .  Th e tex t  planne r  describe d b y 
Moor e (1989) ,  Moor e an d Pari s (1989) , 
and Moor e an d Swartou t  (1989 )  oper -
ate s accordin g t o means-end s analysis : 
Post  a  goal ,  activat e operator s tha t  ca n 
achiev e tha t  goal ,  an d pos t  th e subgoal s 
require d b y thos e operators ;  recurs e 
unti l  al l  poste d operator s ar e primitive . 
However ,  th e goal s an d operator s ar e 
not  interprete d a s physica l  situation s 
and moto r  action s a s i n typica l  proble m 
solver s an d planner s (see ,  e .  g. , 
Wilkins ,  1988) .  Th e goal s ar e discours e 
goals ,  i .  e. ,  effect s tha t  a  speake r  migh t 
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want  hi s o r  he r  utteranc e t o hav e o n a 
hearer .  Example s ar e t o mak e th e 
heare r  believ e som e propositio n an d t o 
persuad e th e heare r  t o perfor m som e 
action .  A  differen t  typ e o f  discours e 
goal  i s  t o establis h som e rhetorica l  re -
lation ,  e .  g. ,  tha t  a n assertio n P  i s evi -
denc e fo r  som e othe r  assertio n Q  o r 
tha t  description s P  an d Q  diffe r  wit h 
respec t  t o som e attribut e A .  Th e opera -
tor s encod e rhetorica l  strategie s b y 
whic h discours e goal s ca n b e accom -
plished .  Fo r  example ,  t o mak e th e 
heare r  understan d th e difference s 
betwee n tw o objects ,  firs t  describ e 
what  the y hav e i n commo n an d the n 
lis t  thei r  differences .  Syntactically ,  a n 
operato r  consist s o f  a n effect-- a goal — 
and a  conjunctio n o f  subgoals ,  th e sat -
isfactio n o f  whic h i s sufficien t  t o 
achiev e tha t  effect .  Th e applicatio n o f 
an operato r  i s guide d b y constraints ,  i . 
e. ,  test s o n th e knowledg e bas e (o r  o n 
some othe r  knowledg e source ;  se e be -
low) .  Th e primitiv e operator s ar e in -
dividua l  speec h acts ,  e .  g. ,  t o asser t  o r  t o 
ask2 . 

The detail s o f  thi s metho d fo r  tex t 
plannin g hav e bee n publishe d i n 
Moore (1989) ,  Moor e an d Pari s (1989) , 
and Moor e an d Swartou t  (1989) .  I t  wa s 
originall y implemente d i n th e contex t 
of  a n exper t  syste m fo r  programmin g 
styl e (Moore ,  1989) ,  bu t  w e hav e suc -
cessfull y transferre d i t  t o th e migrain e 
domain .  Ou r  prototyp e contain s 
approximatel y 3 5 operators ,  althoug h 
thi s numbe r  i s expecte d t o grow ;  mor e 
tha n 7 5 operator s wer e neede d t o 
produc e satisfactor y performanc e i n 
th e programmin g domain .  Th e curren t 
syste m generate s answer s t o thre e 
type s o f  question s wit h onl y on e o r  tw o 
seconds '  delay .  Whe n aske d t o compar e 
prophylacti c an d abortiv e treatment s 
(i .  e. ,  give n th e reques t  " C O M P A RE 

^The speec h act s ar e onl y primitiv e relativ e 
t o th e tex t  planner .  Eac h speec h ac t 
generate s a  comple x descriptio n o f  th e 
desire d utteranc e whic h i s passe d t o th e FU F 
languag e generato r  (Elhada d &  Robin ,  1992 ) 
fo r  translatio n int o English . 

migrain e prophylacti c treatmen t  an d 
migrain e abortiv e treatment") ,  th e 
syste m generate s th e followin g tex t 
(Tapia ,  1991) : 

"Migraine prophylactic treatment and 
migrain e abortiv e treatmen t  ar e mi -
grain e pharmacologica l  treatments . 
Migrain e prophylacti c treatmen t  i s 
use d t o preven t  migrain e whil e mi -
grain e abortiv e treatmen t  i s use d t o 
abor t  migraine .  Migrain e prophylacti c 
treatmen t  require s yo u t o tak e a  dru g 
dail y wherea s migrain e prophylacti c 
treatmen t  require s yo u t o tak e a  dru g 
at  th e immediat e onse t  o f  headaches . 
Migrain e prophylacti c treatmen t  i s 
suitabl e fo r  frequen t  o r  sever e 
headache s whil e migrain e abortiv e 
treatmen t  i s suitabl e fo r  infrequen t  o r 
non-sever e headaches. " 

As the example shows, the text plan-
ner  need s t o b e fin e tune d t o mak e th e 
tex t  mor e idiomatic ,  bu t  thi s i s a  lo w 
priorit y a t  thi s time .  T o produc e thi s 
text ,  th e syste m post s th e goa l  t o mak e 
th e patien t  kno w th e contras t  betwee n 
th e tw o treatments .  Thi s goa l  i s 
achieve d throug h a n operato r  tha t 
post s th e tw o subgoal s t o infor m th e 
patien t  abou t  a  superordinat e concep t 
of  whic h bot h treatment s ar e instance s 
(i .  e. ,  bot h ar e pharmacologica l  treat -
ments )  an d t o mak e th e heare r  kno w 
thei r  contrastin g attributes .  Th e latte r 
subgoa l  i n tur n activate s a n operato r 
whic h post s th e subgoal s t o infor m th e 
patien t  abou t  eac h individua l  differ -
enc e (i .  e. ,  th e differen t  purposes , 
treatmen t  protocols ,  an d indications) . 

To adap t  a  tex t  t o a n individua l  pa -
tient ,  th e syste m need s a  use r  (patient ) 
model .  W e d o no t  anticipat e implement -
in g a  runnabl e use r  model ,  o r  eve n a n 
overla y model ,  bu t  wil l  settl e fo r  a 
globa l  descriptio n (Ohlsson ,  i n press) . 
Relevan t  globa l  descriptor s includ e 
age ,  curren t  therapy ,  educationa l 
background ,  healt h stat e (othe r  dis -
eases ,  fitness ,  pregnancy ,  etc.) ,  pas t 
treatmen t  attempts ,  an d gender .  Ou r 
syste m wil l  acces s th e use r  mode l  i n 
th e sam e wa y a s th e knowledg e base : 
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throug h constraint s o n th e operators . 
For  example ,  a n operato r  t o infor m th e 
patien t  tha t  pregnanc y i s a  coun -
terindicato r  fo r  dru g X  migh t  includ e a 
constrain t  tha t  th e patien t  i s  female . 
We anticipat e tha t  th e patien t  mode l 
wil l  consis t  mainl y o f  informatio n 
gathere d b y th e physicia n an d t o a 
lesse r  exten t  o f  informatio n gathere d 
durin g th e patient-syste m interaction . 
The curren t  syste m doe s no t  hav e a 
user  model . 

The Quer y analyzer .  Th e top-leve l 
goal  i n a  tex t  pla n derive s fro m th e 
user' s question .  Th e curren t  syste m ha s 
a parse r  whic h ca n accep t  thre e type s 
of  use r  request s type d i n fro m th e key -
board :  (a )  describ e X ,  (b )  describ e 
propert y Y  o f  X ,  an d (c )  compar e X  an d 
Y,  wher e X  an d Y  ca n b e eithe r  treat -
ment s o r  drugs .  Du e t o th e difficultie s 
of  parsin g ope n ende d keyboar d inpu t 
and th e nee d fo r  robus t  performanc e 
i n th e medica l  clinic ,  th e finishe d sys -
te m wil l  us e othe r  technologie s fo r  ac -
ceptin g use r  queries .  Th e use r  wil l  b e 
abl e t o selec t  question s fro m a  menu . 
I n addition ,  i f  h e o r  sh e want s th e sys -
te m t o clarif y it s response ,  th e use r  ca n 
highligh t  th e problemati c portio n o f 
th e tex t  an d receiv e a  context-sensitiv e 
menu o f  possibl e follow-u p questions . 
See Moor e an d Swartou t  (1990 )  fo r  a  de -
scriptio n o f  suc h a n interface . 

P r o b l e m s o f  E m p l o y m e n t 

We envision placing our completed 
syste m i n a  neurolog y clini c wher e 
migrain e patient s ca n interac t  wit h i t 
as desired .  Interactio n wit h th e syste m 
i s no t  intende d t o replac e visit s wit h 
th e physician ,  bu t  t o hel p th e patien t 
make bette r  us e o f  th e limite d tim e 
wit h th e physician .  However ,  th e em -
ploymen t  o f  advance d technologie s i n 
rea l  lif e situation s i s a  non-trivia l  en -
deavor .  A s w e hav e argue d elsewher e 
(Ohlsson ,  1991) ,  mos t  o f  th e problem s 
involve d i n th e desig n an d us e o f  in -
structiona l  technologie s ar e no t  tech -
nological .  W e hav e s o fa r  identifie d 

thre e group s o f  non-technologica l 
problem s whic h w e nee d t o addres s 
wit h respec t  t o th e migrain e tutor . 

Linguisti c problems .  Althoug h w e 
hav e a  technolog y fo r  generatin g 
Englis h tex t  on-line ,  thi s technolog y 
does no t  tel l  u s whic h tex t  w e ough t  t o 
generate .  T o produc e idiomatic ,  com -
prehensible ,  an d non-redundan t  text , 
our  syste m mus t  b e sensitiv e t o a t  leas t 
some o f  th e factor s tha t  shap e people' s 
utterances .  On e suc h facto r  i s tha t 
peopl e adap t  thei r  formulation s t o wha t 
has alread y bee n sai d i n previou s part s 
of  th e dialogue .  Fo r  example ,  a n objec t 
lik e a  dru g ca n b e referre d t o a s "it" ,  i f 
i t  ha s bee n recentl y mentioned ,  bu t  no t 
otherwise .  A s a  mor e comple x example , 
i f  a  patien t  firs t  ask s a  docto r  abou t  th e 
sid e effect s o f  Indera l  ( a migrain e 
drug )  an d the n late r  ask s hi m o r  he r  t o 
describ e Elavi l  (a n alternativ e drug) , 
th e docto r  i s likel y t o respon d t o th e 
secon d reques t  b y contrastin g Elavi l 
wit h Inderal .  Ou r  syste m ca n adap t  it s 
tex t  plan s t o wha t  ha s bee n sai d earlie r 
by includin g test s o n th e store d dia -
logu e histor y amon g th e constraint s 
associate d wit h th e operators . 
However ,  w e d o no t  ye t  kno w h o w 
m u ch o f  th e previou s dialogu e t o tak e 
int o account .  W e ar e currentl y collect -
in g dat a o n huma n dialogue s i n orde r 
t o categoriz e suc h backwar d refer -
ence s an d t o determin e ho w fa r  bac k 
int o a  dialogu e the y extend . 

Psychologica l  problems .  Student s 
frequentl y distor t  th e conten t  o f  sci -
enc e instructio n b y incorporatin g 
what  the y ar e taugh t  int o thei r  prio r 
misconception s abou t  th e relevan t 
topi c (Confrey ,  1990) .  Similarly ,  mi -
grain e patient s ar e likel y t o hav e prio r 
belief s abou t  huma n physiolog y an d 
medicin e tha t  affec t  wha t  the y wil l  o r 
can lear n fro m ou r  syste m (Arnaudi n 
& Mintzes ,  1985 ;  Fumham,  1988 ,  Chap . 
5) .  Oversimplifie d causa l  reasonin g i s 
one potentia l  sourc e o f  difficult y 
(Einhor n &  Hogart ,  1986) .  Migrain e 
attack s ar e triggere d probabilisticall y 
by a  wid e rang e o f  factor s (chocolate . 
re d wine ,  stress ,  etc. )  an d a  patien t  ca n 
be sensitiv e t o mor e tha n on e factor . 
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Furthermore ,  thes e factor s ca n b e ad -
ditive ,  s o tha t  re d win e an d chocolat e 
take n togethe r  migh t  trigge r  a n attac k 
eve n whe n eithe r  facto r  b y itsel f 
woul d not .  Correc t  understandin g o f 
thes e fact s migh t  b e hindere d b y a 
common tendenc y t o thin k i n term s o f 
single ,  deterministi c cause s (Konold , 
1989) .  Fo r  example ,  on e physicia n re -
porte d th e cas e o f  a  patien t  wh o discov -
ere d tha t  re d win e triggere d he r  mi -
graines ,  bu t  wh o late r  conclude d tha t 
she wa s mistake n o n th e basi s o f  a 
singl e instanc e o f  a  glas s o f  win e tha t 
di d no t  caus e a  headache .  W e ar e cur -
rentl y plannin g a  serie s o f  studie s o f 
people' s conceptio n o f  medica l  causal -
it y an d it s effec t  o n learnin g fro m 
medica l  explanations . 

Socio-cultura l  problems .  Peopl e wh o 
wor k i n a  medica l  clini c typicall y per -
ceiv e themselve s a s engage d i n th e ra -
tiona l  enterpris e o f  fixin g th e ailment s 
of  th e visitin g patients .  However ,  a 
clini c i s als o a  socia l  syste m wit h it s 
own more s an d customs .  I f  ou r  mi -
grain e tuto r  i s t o mak e a  constructiv e 
contributio n t o th e lif e o f  th e clinic ,  i t 
has t o b e designe d wit h thi s syste m i n 
mind .  Fo r  example ,  i t  i s  no t  a  prior i 
obviou s whic h type s o f  informatio n 
patient s typicall y reques t  o f  physi -
cians ,  no r  whic h kind s o f  explanation s 
physician s usuall y giv e t o patients .  W e 
began thi s projec t  wit h th e notio n tha t 
patient s ar e alway s intereste d i n th e 
physiologica l  mechanis m o f  thei r  dis -
ease an d tha t  docor s spen d a t  leas t  som e 
of  thei r  tim e explainin g diseas e mech -
anisms ,  bu t  w e n o longe r  believ e this . 
Patient s as k mainl y fo r  instrumenta l 
information ,  e .  g. ,  informatio n abou t 
headach e triggers ,  an d doctor s repor t 
t o u s tha t  the y rarel y voluntee r  infor -
matio n abou t  physiologica l  mecha -
nisms .  Ou r  colleagu e Dian a Forsyth e a t 
th e Intelligen t  System s Laborator y i s 
currentl y conductin g ethnographi c 
researc h i n fou r  medica l  setting s i n 
orde r  t o stud y thes e an d relate d issue s 
(Forsythe ,  1992) . 

C o n c l u s i o n s 

Our belief in the viability and general 
applicabilit y  o f  ou r  approac h t o on -
lin e generatio n o f  explanation s i s 
considerabl y strengthene d b y th e fac t 
tha t  i t  coul d b e transferre d fro m th e 
domai n o f  programmin g styl e t o th e 
rathe r  differen t  domai n o f  migrain e 
treatments .  Thus ,  w e no w hav e a  gen -
era l  technolog y fo r  providin g a  non -
exper t  wit h a n intelligen t  interfac e t o 
exper t  knowledge ,  a s lon g a s tha t 
knowledg e i s encode d i n a  compute r 
knowledg e base .  Th e implication s o f 
suc h a  technolog y obviousl y reac h be -
yon d ou r  immediat e objectiv e o f  im -
provin g patien t  education . 

However ,  th e employmen t  o f  thi s o r 
any othe r  instructiona l  technolog y i n 
situation s i n real-lif e situation s i s a 
difficul t  enterprise .  Th e problem s o f 
employmen t  ar e no t  themselve s tech -
nologica l  i n nature .  Linguisti c con -
ventions ,  th e psycholog y o f  learning , 
and th e structur e o f  th e socia l  syste m 
i n whic h th e technolog y i s t o b e 
employe d mus t  al l  b e considered . 

As ou r  societ y become s mor e knowl -
edge-driven ,  non-expert s wil l  increas -
ingl y fin d tha t  the y mus t  acquir e a t 
leas t  a  rudimentar y familiarit y wit h 
some exper t  knowledg e bas e i n orde r  t o 
sta y i n contro l  o f  thei r  ow n lives . 
Peopl e wil l  mor e ofte n b e learnin g i n 
rea l  lif e situation s whic h ar e no t  con -
ceptualize d a s instructional .  W e believ e 
tha t  th e fiel d o f  applie d Cognitiv e 
Scienc e woul d benefi t  fro m studie s o f 
ho w t o desig n instructiona l  system s fo r 
a variet y o f  suc h situations . 
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