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W h e n R e a c t i v e P l a n n i n g i s N o t  E n o u g h : 

U s i n g C o n t e x t u a l  S c h e m a s t o R e a c t 

A p p r o p r i a t e l y t o E n v i r o n m e n t a l  C h a n g e ^ 

Roy M. Turner 

School  o f  IC S 

Georgi a Institut e o f  Technolog y 

Abstract 

A problem solver operating in the real world must adapt its behavior to an 

unpredictabl e an d changin g problem-solvin g environment .  I t  mus t  reac t  appropriatel y 

t o change s i n th e situation ,  wher e wha t  i s appropriat e depend s t o a  larg e exten t  o n 

th e overal l  problem-solvin g context .  I n orde r  t o d o this ,  th e reasone r  need s t o hav e 

explici t  knowledg e abou t  th e contex t  i t  i s  in .  I n ou r  approach ,  th e problem-solvin g 

contex t  i s  represente d explicitl y  a s a  contextua l  schema .  Whe n presente d wit h a 

problem ,  th e reasone r  find s a n appropriat e contextua l  schema ,  the n use s i t  t o 
influenc e it s problem-solvin g behavior .  Th e reasone r  use s th e contextua l  schem a t o 

recogniz e importan t  change s i n th e problem-solvin g situatio n an d t o respon d 

appropriatel y t o thos e change s 

Our  approac h i s implemente d i n th e medi c progra m (Turner ,  1988b ; 

Turner ,  i n preparation) ,  medi c i s medica l  diagnosti c consultan t  whos e domai n i s 

puLmonology . 

A real-world problem solver solves problems in a world that is both unpredictable and 

changing .  Suc h a  reasone r  canno t  adop t  th e typica l  plannin g approac h o f  creatin g a  pla n an d 

the n executin g it—th e proble m i s likel y t o chang e durin g execution ,  thu s invalidatin g th e 

remainde r  o f  th e plan .  Instead ,  th e reasone r  mus t  reac t  appropriatel y t o unexpecte d change s i n 

th e stat e o f  th e world . 

Reactiv e plannin g researc h (e.g. ,  Agr e &  Chapman ,  1987 )  i s concerne d wit h reactin g t o 

change ;  however ,  n o reactiv e plannin g approac h explicitl y  represent s th e reasoner' s notio n o f  wha t 
th e problem-solvin g contex t  is .  Thi s i s unfortunate ,  becaus e th e appropriat e respons e t o a  chang e 

i n th e environmen t  depend s t o a  grea t  exten t  o n th e problem-solvin g context .  Conside r  th e 
followin g examples : 

Example 1. An appropriate response to a knock on the door when expecting 
friend s i s t o ope n th e doo r  an d sa y "Com e in!" ;  thi s i s  no t  suc h a n appropriat e 
respons e i n a  differen t  context :  on e i n whic h a n ax e murdere r  i s  suspecte d t o b e i n th e 
neighborhood . 

Example 2. While diagnosing a patient, a doctor sees a finding that makes him 
conside r  requestin g tha t  anothe r  diagnosti c servic e examin e hi s patient .  Normally ,  h e 
woul d g o ahea d an d reques t  th e consultation .  However ,  i f  h e i s a t  a  hospita l  wher e th e 
diagnosti c servic e i s ver y intereste d i n tryin g a  new ,  somewha t  risk y operatin g 
procedure ,  h e woul d likel y foreg o th e consultatio n an d attemp t  t o diagnos e th e patien t 
himself . 

T̂hi s researc h ha s bee n funde d i n par t  b y NS F Grant s IST-83177 1 an d IST-860836 2 an d b y gran t  DT D 09-25-8 7 
fro m th e Lockhee d A I  Center . 
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Example 3. A woman hails a cab, llicii waits calmly as it darts across two lanes 

of  traffi c  an d screeche s t o a  hal t  besid e th e cur b wher e sh e i s standing .  I n anothe r 

situation ,  th e w o m a n i s waitin g t o cros s a  stree t  whe n a  ca b dart s acros s tw o lane s o f 

traffi c  toward s th e cur b wher e sh e i s standing—thi s time ,  sh e back s quickl y away . 

In each of these examples, the reasoner's response is not solely determined by the stimuli (e.g., 

a knoc k o n th e door) .  Instead ,  th e entir e problem-solvin g context—al l  o f  th e informatio n abou t 

th e proble m solver' s goal s an d th e problem' s features—i s use d t o hel p determin e th e response .  S o 

i t  i s  i n mos t  real-worl d situations :  reaction s tha t  ar e perfectl y appropriat e i n on e contex t  wil l  b e 

inappropriat e o r  eve n dangerou s i n another .  A n accurat e judgmen t  o f  th e problem-solvin g contex t 

i s  crucia l  t o respondin g appropriatel y t o change s i n th e world . 

I n ou r  approach ,  th e reasone r  explicitl y  represent s th e problem-solvin g context s i t  know s 

abou t  a s contextua l  schemas .  Contextua l  schema s ar e store d i n a  conceptua l  memor y (cf . 

Kolodner ,  1984 ;  Simpson ,  1985 )  fro m whic h the y ca n b e retrieve d base d o n th e reasoner' s goal s 

and feature s o f  th e problem-solvin g situation .  W h e n a  ne w situatio n occurs ,  o r  whe n th e situatio n 

change s significantly ,  th e reasone r  retrieve s a  contextua l  schem a whic h characterize s th e ne w o r 

change d situation .  Informatio n fro m th e contextua l  schem a i s use d b y th e reasone r  t o respon d 

appropriatel y t o futur e change s t o th e environment . 

I n th e remainde r  o f  thi s paper ,  w e discus s contextua l  schema s an d ho w the y ar e use d t o 

respon d appropriatel y t o change s tha t  aris e durin g proble m solving .  W e dra w example s fro m 

MEDIC,  th e progra m tha t  i s th e testbc d fo r  ou r  approach ,  medi c i s a  schema-base d reasone r 

(Turner ,  1988a ;  Turner ,  1988b ;  Turner ,  i n preparation )  whos e domai n i s medica l  diagnosti c 

consultation s i n pulmonology . 

REPRESENTING THE PROBLEM-SOLVING CONTEXT 

I n orde r  t o respon d appropriatel y t o changes ,  a  reasone r  mus t  hav e a n explici t  representatio n 

of  wha t  it s curren t  problem-solvin g contex t  is .  A  representatio n o f  a  problem-solvin g contex t 

shoul d provid e th e reasone r  wit h informatio n t o allo w i t  t o behav e appropriatel y i n tha t  context . 

Thi s informatio n includes : 

• predictions about changes to the situation 

•  appropriat e goal s t o activat e i n respons e t o change s i n th e situatio n 

•  action s o r  procedure s tha t  ar e likel y t o b e usefu l  fo r  achievin g goal s i n tha t  contex t 

•  relativ e wort h o f  goal s likel y t o occu r  i n th e context—i.e. ,  informatio n whic h focuse s th e 

reasoner' s attentio n o n appropriat e goal s t o pursu e 

In MEDIC, we represent this knowledge in contextual schemas. These schemas represent 

genera l  knowledg e abou t  specifi c  type s o f  problem-solvin g situations .  Th e contextua l  schem a i n 

Figur e 1 ,  fo r  example ,  describe s pulmonar y consultations ,  i.e. ,  time s whe n a  docto r  ha s t o 

diagnos e a  pulmonar y disorder .  Othe r  contextua l  schema s w e woul d expec t  a  pulmonar y specialis t 

t o hav e woul d includ e thos e representin g "pulmonar y consultation s involvin g alcoholics, " 

"consultation s involvin g a  nodul e i n th e lung, "  an d "consultation s involvin g lun g cancer. " 

A contextua l  schem a ha s fou r  parts .  First ,  ther e i s a  descriptio n o f  th e problem-solvin g 

situatio n represente d b y th e schema ,  includin g a  descriptio n o f  th e patient ,  expecte d findings ,  etc . 

Thi s i s use d b y th e reasone r  t o determin e i f  th e contextua l  schem a represent s th e curren t 

situation ,  an d i t  als o provide s a  sourc e o f  prediction s abou t  expecte d feature s o f  th e 

problem-solvin g situation .  Second ,  a  contextua l  schem a ha s informatio n abou t  [joal s tha t  ar e 

likel y t o occu r  durin g proble m solving ,  alon g wit h informatio n abou t  change s t o th e environmen t 

tha t  shoul d trigge r  thos e goals .  Associate d wit h eac h goa l  i s  informatio n abou t  tha t  goal' s 

relativ e wort h i n th e contex t  represente d b y th e contextua l  schema .  Third ,  a  contextua l  schem a 
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Situation : 
patien t  is a hinnaii ,  smoke s (cf=;low ) 
cliie f  complain t  =  coug h (cf=:moderate ) 
finding s =  {dyspne a (cf=:low) ,  coug h (cf=:moderate) , 

abnormal-chest-X-ray s (cf=:very-low) } 
hypothese s =  {pulmonai y diseas e (cf=:high) } 

Goals : 
Gl :  Diagnos e a  patient . 

priority :  . 3 
G2:  Interpre t  findin g o f  dyspne a 

trigger :  fuidin g o f  dyspne a adde d t o S T M 
priority :  . 4 

G5: Interpret a finding. 
trigger :  finding  i s adde d t o S T M 
priority :  . 4 

G6:  Confiin i  a  hypothesi s tha t  pulmonai y djscjis c i s presen t 
trigger :  hjpothesi s o f  pulmonar y diseiis e i s adde d t o S T M 
priority :  . 4 

Scenes: 
main :  S i 
Si :  sc-consul t  ;, •  genera l  consultatio n -procedure 

goal :  G l 
S2:  sc-dyspi\e a ,• ;  procedur e tailore d t o interpre t  dyspne a 

goal :  G 2 

S5: sc-finding ;; general procedure for interpreting findings 
S6:  sc-hypothesi s ,-, •  genera l  procedur e fo r  evaluatin g hypothese s 

goal :  G6 ,  G 7 

Strategy: 
Hypothetico-deductiv e reasonin g 

Figur e 1 :  Par t  o f  a  contextua l  schem a reprcsentm g th e contex t  o f  a  puhnonar y consultation . 

contains a description of scenes (Schank, 1982) that generally occur in situations represented by 

th e schema :  i.e. ,  action s o r  procedure s tha t  ar e performe d t o achiev e problem-solvin g goals .  Thi s 

informatio n i s use d b y th e reasone r  t o find  appropriat e action s an d procedure s whe n simila r  goal s 

occu r  i n th e curren t  situation .  Finally ,  a  contextua l  schem a contain s informatio n whic h suggest s a 

possibl e problem-solvin g strateg y t o use ;  e.g. ,  th e schem a i n Figur e 1  recommend s th e strateg y o f 

"hypothetico-deductiv e reasoning "  fo r  pulmonar y consultations. ^ 

A contextua l  schem a ca n b e viewe d a s a  generalizatio n o f  prior ,  simila r  problem-solvin g 

episodes .  O n thi s view ,  a  schem a provide s informatio n about :  goal s tha t  hav e usuall y arise n i n 

simila r  episodes ,  an d wha t  usuall y trigger s them ;  pas t  decision s abou t  th e relativ e worth s o f  thos e 

goals ;  action s an d procedure s tha t  ar e usuall y usefu l  fo r  achievin g goal s i n simila r  situations ;  an d 

previously-usefu l  strategies . 

USING CONTEXTUAL SCHEMAS TO RESPOND TO CHANGES 

Knowledg e abou t  th e problem-solvin g contex t  i s  use d severa l  differen t  way s t o hel p th e 

reasone r  reac t  appropriatel y t o change s i n it s problem-solvin g situation : 

1. contextual schemas contain information that helps the reasoner decide which changes are 

important ; 

'Strategie s ar e represente d a s scliema s i n M E D I C ,  siniilail y t o th e wa y context s ar e represented .  Fo r  details ,  se e 
(Turner ,  1988b )  o r  (Turner ,  i n preparation) . 
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2. contextual schemas contain information that helps the reasoner select a goal to activate 

when a  chang e occurs ; 

3.  th e strateg y suggeste d b y th e contextua l  schema ,  alon g wit h knowledg e containe d i n th e 

schema abou t  th e relativ e wort h o f  goal s i n th e context ,  allow s th e reasone r  t o choos e 

betwee n severa l  activ e goals ;  an d 

4.  contextua l  schema s contai n informatio n abou t  usefu l  action s an d procedure s fo r  goal s i n 

tha t  context ;  thi s informatio n i s use d t o hel p th e reasone r  selec t  action s an d procedure s t o 

use t o achiev e it s goals . 

Deciding Wliich Changes are Important 

A reasone r  shoul d no t  reac t  t o ever y chang e i n it s problem-solvin g situation ,  bu t  onl y t o thos e 

tha t  ar e important .  Whic h change s ar e importan t  depend s o n th e problem-solvin g context .  Fo r 

example ,  i f  durin g a  problem-solvin g sessio n concerne d wit h plannin g a  mea l  th e clien t  tell s  th e 

reasone r  tha t  h e ha s a  chroni c cough ,  th e ne w informatio n constitute s a n unimportan t  chang e i n 

th e problem-solvin g situation ;  however ,  i n th e contex t  o f  diagnosin g th e client' s pulmonar y 

problem ,  th e sam e informatio n constitute s a n importan t  chang e i n th e situation ,  on e tha t  m a y 

impac t  th e fina l  diagnosis . 

Contextua l  schema s provid e th e reasone r  wit h informatio n abou t  importan t  change s tha t  ar e 

expecte d t o occu r  i n a  problem-solvin g situation .  Fo r  example ,  th e contextua l  schem a i n Figur e 1 , 

whic h represent s th e contex t  o f  pulmonar y consultations ,  predict s tha t  finding s o f  cough , 

dyspnea, ^  an d abnorma l  ches t  X-ray s wil l  occur ;  i f  an y o f  thes e d o occu r  i n th e reasoner' s curren t 

situation ,  the n th e reasone r  know s tha t  th e change ,  i.e. ,  th e occurrenc e o f  th e finding ,  i s 

importan t  an d shoul d b e responde d to . 

Activating Goals 

Par t  o f  a  reasoner' s respons e t o a  chang e i n it s problem-solvin g situatio n ha s t o d o wit h th e 

chang e itself :  th e reasone r  mus t  determin e a n appropriat e goa l  t o activat e t o ensur e tha t  th e 

chang e i s handled .  Whic h goa l  shoul d b e activate d depend s o n th e reasoner' s problem-solvin g 

context .  Fo r  example ,  a n appropriat e goa l  fo r  th e even t  o f  bein g tol d abou t  bac k pai n whe n i n a 

socia l  contex t  i s  expres s sympathy ;  i n th e contex t  o f  a  doctor' s ofRce ,  thi s sam e even t  wi U giv e ris e 

t o th e goa l  o f  interpre t  th e finding  o f  bac k pain . 

A contextua l  schem a ca n hel p th e reasone r  selec t  a n appropriat e goa l  fo r  it s  context . 

Associate d wit h mos t  goal s i n a  schem a i s informatio n abou t  environmenta l  event s tha t  shoul d 

trigge r  th e goal .  W h e n a  chang e occurs ,  th e reasone r  ca n us e thi s informatio n t o determin e whic h 

goal  i t  shoul d activate .  Th e contextua l  schem a i n Figur e 1 ,  fo r  example ,  suggest s activatin g th e 

goal  interpre t  finding  o f  dyspne a whe n a  findin g o f  dyspne a occurs . 

Choosing a Goal to Pursue 

Anothe r  par t  o f  a  reasoner' s respons e t o change s i n it s problem-solvin g situatio n i s decidin g 

whic h o f  it s  activ e goal s i s appropriat e t o pursue ,  give n th e new ,  change d stat e o f  th e 

environment .  A  proble m solve r  wil l  ofte n hav e severa l  goal s activ e simultaneously .  Fo r  example ,  a 

pulmonar y consultan t  suc h a s medi c migh t  hav e goal s suc h a s for m a  diagnosis ,  explai n th e 

finding  o f  dyspnea ,  gathe r  informatio n abou t  th e patient' s history ,  an d evaluat e th e hypothesi s tha t 

pneumoni a i s present .  Eac h goa l  ma y b e difTicult ,  an d mos t  o r  al l  o f  th e reasoner' s attentio n m a y 

be require d t o achiev e it .  Th e reasone r  mus t  hav e som e wa y t o choos e whic h goa l  t o focu s on . 

Contextua l  schema s provid e a  nic e wa y o f  judgin g th e relativ e wort h o f  goal s i n context .  First , 

a contextua l  schem a suggest s a  reasonin g strateg y t o us e i n th e context .  Strategie s provid e 

Ŝhortnes s o f  breath . 
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information about the relative worth, or priority, of each goal when the strategy is being followed. 

For  example ,  th e strateg y hypothetico-deductiv e reasonin g give s goal s relate d t o hypothese s (e.g. , 

evaluat e hypothesis )  greate r  priorit y tha n goal s relate d t o gatherin g information." ^  Second ,  eac h 

goal  i n a  contextua l  schem a provide s informatio n abou t  it s relativ e wort h i n tha t  context .  Fo r 

example ,  i n mos t  consultations ,  a  finding  o f  anemi a i s important ,  an d goal s relate d t o i t  shoul d 

hav e a  reasonabl y hig h priority .  However ,  i n consultation s involvin g alcoholi c patients ,  goal s 

relatin g t o anemi a hav e lo w priorit y sinc e anemi a i s a  complicatio n o f  alcoholism .  I n mos t 

contextua l  schema ^  (e.g. ,  th e on e i n Figur e 1) ,  goal s relatin g t o findings  ar e give n a  hig h priority ; 

i f  anemi a occur s i n context s represente d b y thes e schemas ,  goal s associate d wit h i t  woul d b e 

considere d important .  However ,  a  contextua l  schem a representin g pulmonar y consultation s 

involvin g alcoholi c patient s woul d explicitl y  giv e a  lo w priorit y t o th e goa l  o f  followin g u p anemia , 

preventin g th e reaisone r  fro m wastin g tim e o n th e unimportan t  goa l  i n tha t  context . 

I n MEDIC ,  informatio n abou t  th e wort h o f  a  goa l  come s fro m th e representatio n o f  th e goa l 

itsel f  (i.e. ,  al l  thing s bein g equal ,  som e goal s ar e mor e importan t  tha n others) ,  fro m th e curren t 

strategy ,  an d fro m th e contextua l  schema .  Informatio n fro m eac h sourc e i s combine d i n a 

weighte d su m t o giv e th e overal l  priorit y o f  th e goal;' '  th e goa l  wit h th e highes t  priorit y i s th e on e 

selecte d b y th e reasone r  t o pursue .  W h e n th e situatio n changes ,  medi c re-evaluate s it s goal s 

base d o n th e ne w situation ;  thi s lead s t o differen t  goal s bein g pursue d a t  differen t  time s durin g 

proble m solving . 

Selecting Actions 

T h e thir d par t  o f  a  reasoner' s respons e t o a  chang e involve s selectin g a n actio n o r  procedur e 

t o us e t o achiev e th e goa l  tha t  wa s activate d a s a  resul t  o f  th e change .  This ,  too ,  depend s o n 

reasoner' s problem-solvin g context ,  sinc e som e action s ar e mor e appropriat e i n on e contex t  tha n 

i n another .  Fo r  example ,  askin g th e questio n H o w fa r  ca n th e patien t  wal k befor e becomin g shor t 

of  breat h ?  i s on e wa y o f  gatherin g informatio n abou t  dyspne a fro m a  patient ;  th e answe r  ca n b e 

use d t o determin e th e severit y o f  th e dyspnea .  However ,  i n anothe r  context ,  on e i n whic h th e 

patien t  canno t  walk ,  thi s actio n i s inappropriate ;  instead ,  th e reasone r  shoul d perhap s as k H o w 

much activit y ca n th e patien t  perfor m befor e becomin g shor t  o f  breath? . 

A contextua l  schem a provide s th e reasone r  wit h a  context-specifi c  repertoir e o f  way s t o 

achiev e goals .  Contextua l  schema s contai n informatio n abou t  usefu l  action s an d procedure s fo r 

goal s tha t  the y predic t  wi U arise .  T h e reasone r  use s thi s informatio n a s a  sourc e o f  action s an d 

procedure s t o achiev e goal s i n it s problem-solvin g situation .  Fo r  example ,  i f  th e reasone r  i s 

workin g o n th e goa l  o f  interpretin g dyspnea ,  the n th e contextua l  schem a i n Figur e 1  woul d 

sugges t  achievin g i t  b y usin g th e specialize d procedur e sc-dyspnea. ^  Thi s procedur e ask s 

standar d question s designe d t o elaborat e wha t  i s know n abou t  th e finding,  includin g H o w fa r  ca n 

th e patien t  wal k befor e becomin g shor t  o f  breath ? I f  th e problem-solvin g contex t  i s  instea d on e i n 

whic h th e patien t  canno t  walk ,  th e contextua l  schem a use d wil l  recommen d a  differen t  procedure , 

on e whic h doe s no t  as k question s abou t  walking . 

I n MEDIC ,  procedure s ar e organize d i n specializatio n hierarchie s base d o n th e goal s the y 

achiev e an d th e feature s o f  situation s i n whic h the y ar e useful .  W i t h n o contextua l  schema ,  th e 

specializatio n hierarchie s mus t  b e searche d fo r  a n appropriat e procedure ,  whic h i s 

computationall y expensive .  B y usin g a  contextua l  schema ,  however ,  th e reasone r  need s onl y t o 

perfor m th e equivalen t  o f  a  tabl e look-u p withi n th e schem a t o find  a n appropriat e procedure . 

T h e reasone r  m a y the n eithe r  us e th e procedur e o r  tr y t o find a  mor e specifi c  on e usin g th e 

^See (Turner ,  1988b )  fo r  details . 
*Fo r  details ,  se e (Turner ,  i n preparation) . 
^Procedure s ar e represente d i n M E D I C a s a  kin d o f  schema ;  se e (Turner ,  1988b )  o r  (Turner ,  i n preparation )  fo r 
details . 
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procedure as a starting point to search the specialization hierarchies. In either case, the schema 

provide s a  short-cu t  t o finding  a n appropriat e procedure . 

CHOOSING A CONTEXTUAL SCHEMA 

Contextua l  informatio n ca n onl y hel p a  reasone r  respon d t o change s i f  th e contex t  ca n b e 

appropriatel y identified .  I n ou r  approach ,  thi s mean s choosin g a n appropriat e contextua l  schem a 

fo r  th e reasoner' s problem-solvin g situation .  Th e contextua l  schem a selecte d shoul d b e th e mos t 

specifi c  schem a th e reasone r  know s tha t  matche s th e problem-solvin g situation .  Fo r  example ,  i f 

th e proble m descriptio n i s diagnos e a  patien t  whos e chie f  complain t  i s  dyspnea ,  th e mos t  specifi c 

contextua l  schem a i s on e representin g consultation s involvin g cardiopulmonar y problems ,  no t  on e 

representin g consultation s i n general ,  sinc e dyspne a woul d b e expecte d i n th e forme r  an d no t  th e 

latter .  Ther e ar e thre e issue s t o resolv e i n finding  a n appropriat e contextua l  schema : 

1.  retrievin g schema s fro m memory ; 

2.  choosin g betwee n competin g schemas ;  an d 

3.  switchin g context s durin g proble m solving . 

Retrieval ,  i n ou r  approach ,  i s  fro m a  conceptua l  memor y (cf .  Simpson ,  1985 )  simila r  t o gyru s 
(Kolodner ,  1984) .  I n thi s scheme ,  contextua l  schema s representin g genera l  contexts ,  suc h a s 

diagnosti c consultations ,  inde x mor e specifi c  simila r  contexts ,  suc h a s consultation s involvin g 

cardiopulmonar y problems ,  usin g a s indice s th e feature s tha t  differentiat e betwee n them . 
Contextua l  schema s ca n b e retrieve d fro m th e memor y b y presentin g i t  wit h a  descriptio n o f  th e 

problem-solvin g situation :  goals ,  findings,  etc .  Th e memor y respond s wit h th e mos t  specifi c 
schemas tha t  matc h th e situation . 

Thi s doe s no t  completel y solv e th e proble m o f  finding  a n appropriat e contextua l  schema , 
however ,  sinc e mor e tha n on e schem a ma y b e returne d b y th e memory .  Th e reasone r  need s som e 

way o f  choosin g betwee n "competing "  schemas . 
Our  approac h i s t o mak e us e o f  a  se t  o f  preference s whe n selectin g betwee n competin g 

schemas .  Thes e include : 

• Favor schemas whose goals include all of the goals given in the initial problem statement. 

•  Choos e a  specializatio n o f  a  contextua l  schem a ove r  it s  paren t  i f 

-  i t  matche s th e situatio n b y som e featur e tha t  i s  missin g i n th e parent ,  o r 

-  i t  matche s b y a  featur e tha t  i s  mor e specifi c  i n th e chil d tha n th e parent . 

•  Choos e a  paren t  ove r  it s  specialization s i f  al l  specialization s matc h som e featur e t o th e sam e 
degre e an d otherwis e matc h th e situatio n n o bette r  tha n th e parent . 

•  Compar e contextua l  schema s base d o n th e feature s o f  th e situatio n matched ,  takin g int o 
accoun t  th e degre e o f  confidenc e eac h schem a ha s i n eac h predicte d featur e bein g present . 

Often the reasoner cannot simply select a contextual schema at the start of problem solving, 
the n us e tha t  schem a throughou t  th e problem-solvin g session .  Th e reasoner' s problem-solvin g 
situatio n wil l  chang e a s proble m solvin g progresses ,  and ,  a s thi s happens ,  th e contextua l  schem a 

i n us e ma y ceas e t o b e a  goo d matc h fo r  th e situation .  Some mechanis m i s neede d fo r  switchin g 
contexts :  i.e. ,  fo r  re-evaluatin g th e reasoner' s notio n o f  wha t  th e curren t  contex t  is . 

I n ou r  approach ,  th e reasone r  remember s al l  contextua l  schema s i t  consider s whe n selectin g 
one a s th e curren t  context .  Whe n it s problem-solvin g situatio n changes ,  th e reasone r  re-evaluate s 
it s choic e o f  contex t  b y re-examinin g thes e schemas .  I n addition ,  ne w candidat e schema s ar e 
added t o thos e th e reasone r  alread y i s considerin g b y a  separat e proces s calle d th e prober .  Th e 
probe r  monitor s th e reasoner' s problem-solvin g situatio n and ,  whe n ther e i s a  change ,  trie s t o find 
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a new contextual schema which fits the changed situation. If one is found, it is added to those the 

reasone r  i s alread y considered ,  an d th e reajsone r  i s notified .  Whe n th e reasone r  re-evaluate s it s 

context ,  th e ne w contextua l  schem a wi U b e availabl e a s a  candidate . 

CONTEXTUAL SCHEMAS AND OPPORTUNISM 

Respondin g appropriatel y t o change s i s closel y relate d t o opportunisti c reasonin g (cf . 

Hayes-Rot h &  Hayes-Roth ,  1979) .  Th e us e o f  contextua l  schema s promote s opportunis m i n tw o 

ways .  First ,  informatio n fro m contextua l  schema s i s use d b y th e reasone r  t o recogniz e importan t 

change s an d t o activat e goal s t o handl e them .  Thi s allow s th e reasone r  t o tak e th e opportunit y o f 

activatin g importan t  problem-solvin g goal s tha t  migh t  otherwis e b e activate d muc h late r  o r  no t 

at  all .  Th e importanc e o f  thi s i s eviden t  i n diagnosis .  Whe n a  finding  i s discovered ,  th e reasone r 

respond s b y activatin g a  goa l  t o interpre t  tha t  finding.  Pursuin g thi s goa l  wi U lea d t o th e 

generatio n o f  hypotheses ,  which ,  i n turn ,  serv e t o focu s th e reasoner' s problem-solvin g behavio r 

(cf .  Pate l  e t  al. ,  1987) .  Second ,  contextua l  schema s provid e informatio n th e reasone r  use s t o 

recogniz e a n opportunit y fo r  pursuin g a  goal .  Thi s take s th e form ,  i n ou r  approach ,  o f 

informatio n abou t  a  goal' s priorit y i n th e context .  I f  a  situatio n changes ,  i t  ma y caus e th e 

reasone r  t o switc h th e contextua l  schem a i t  i s using ;  this ,  i n turn ,  wi U provid e a  ne w estimat e o f 

th e goal' s priority ,  whic h ma y caus e i t  t o b e pursued . 

Othe r  researcher s studyin g opportunisti c reasonin g (e.g. ,  Hayes-Rot h &  Hayes-Roth ,  1979 ) 
hav e als o ha d th e goa l  o f  makin g thei r  proble m solver s respon d appropriatel y t o environmenta l 

change .  However ,  a s Hammond (Hammond ,  1988 )  notes ,  mos t  o f  thi s wor k "i s a  mode l  o f 

opportunis m a t  planning-tim e rathe r  tha n execution-time, "  an d thu s suffer s th e sam e 

shortcoming s a s mor e traditiona l  planners :  thes e planner s ignor e th e effect s o f  th e planner' s ow n 

action s o n th e environment . 

Hammond's wor k i n opportunisti c reasonin g deal s wit h satisfyin g suspende d goal s a s th e 

opportunit y t o d o s o arise s (Hammond ,  1988) .  Unfortunately ,  bot h hi s mode l  an d tha t  o f 

Birnbau m (Birnbaum ,  1986 )  see m t o t o mak e littl e provisio n fo r  th e activatio n o f  goal s i n th e 
first  place ,  bu t  concentrat e instea d o n thei r  reactivatio n onc e blocked .  Ye t  goa l  activatio n i s a 

crucij d par t  o f  bot h reactivit y an d opportunism .  Perhap s combinin g th e approac h presente d her e 

wit h on e o f  thei r  approache s woul d b e a  reasonabl e ste p toward s a  mor e complet e vie w o f 

real-worl d proble m solving . 

CONCLUSION 

Real-worl d proble m solver s mus t  no t  onl y reac t  t o change s whe n the y occur ,  bu t  the y mus t 

reac t  appropriately .  Th e respons e tha t  i s appropriat e depend s heavil y o n th e situatio n th e 

reasone r  i s in ;  thus ,  i f  th e reasone r  i s t o respon d appropriatel y t o changes ,  i t  mus t  hav e a n 

explici t  representatio n o f  it s problem-solvin g context . 

Our  approac h explicitl y  represent s problem-solvin g context s a s contextua l  schemas .  A 

contextua l  schem a provide s th e reasone r  wit h informatio n i t  ca n us e t o respon d appropriatel y t o 

change s i n a  contex t  represente d b y th e schema .  Specifically ,  a  contextua l  schem a provides : 

(1 )  prediction s abou t  change s likel y t o occu r  an d tha t  shoul d b e responde d to ;  (2 )  goal s tha t 

shoul d b e activate d i n respons e t o change s i n th e situation ;  (3 )  a<;tion s tha t  ar e usefu l  fo r  goal s 

occurrin g i n tha t  context ;  an d (4 )  strategie s an d othe r  informatio n th e reasone r  ca n us e t o asses s 

th e relativ e wort h o f  goal s i n it s curren t  context ,  allowin g i t  t o focu s o n appropriat e goal s durin g 

proble m solving . 

Our  approac h i s currentl y bein g teste d b y th e medi c progra m i n th e domai n o f  medica l 

diagnosti c consultations .  However ,  w e believ e ou r  approac h i s mor e genera l  tha n this .  I t  shoul d 
be usefu l  i n an y tas k i n whic h th e appropriat e respons e t o a  chang e depend s o n th e 
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problem-solving context. This will include most real-world problem-solving tasks. 
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