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EXPERIEHCE AN D PROBLEM SOLVING:  A  FRAMEWORK 

Janet L. Kolodner 
Rober t  L .  Simpson ,  Jr . 

School of Information and Computer Science 
Georgi a Institut e o f  Technolog y 

Atlanta ,  G A 3033 2 

ABSTRACT 

Most research into problem solving has considered each problem to be solved 
as a  uniqu e event .  Ou r  observation s lea d u s t o conclud e tha t  muc h o f  th e 
proble m solvin g peopl e d o i s base d o n previou s experience .  Analog y t o previou s 
simila r  problem s help s i n solvin g ne w problems ,  an d eac h proble m solvin g 
experienc e contribute s t o th e knowledg e availabl e fo r  late r  proble m solving . 
Thi s pape r  present s a  framewor k fo r  thos e component s o f  proble m solvin g whic h 
rel y o n previou s experience .  Th e processe s involve d an d th e organizatio n o f 
experienc e whic h support s thos e processe s ar e considered .  Example s ar e draw n 
fro m tw o proble m domains :  diagnosi s an d treatmen t  o f  moo d disorder s an d pla n 
selectio n fo r  resolutio n o f  disputes . 

1. EXPERIEHCE'S ROLES IN PROBLEM SOLVING 

Problem-solving is a widely-studied area in both psychology and artificial 
intelligenc e (e.g. ,  [1],[5],[7]) .  Yet ,  wit h rar e exception s [6] ,  ther e i s lit -
tl e stud y o f  experience' s rol e i n th e process .  Ou r  observation s hav e le d u s t o 
believ e tha t  experienc e play s tw o importan t  role s i n proble m solvin g [3] : 
First ,  experienc e contribute s t o refinemen t  an d modificatio n o f  reasonin g 
processes .  Successfu l  experience s reinforc e already-know n rule s o r  previou s 
hypotheses ,  whil e failure s requir e analysi s o f  th e reasonin g an d knowledg e use d 
originally ,  an d modificatio n o f  fault y rule s an d knowledge .  Experience' s secon d 
rol e i s equall y important .  Individua l  experience s ac t  a s exemplar s upo n whic h 
t o bas e late r  decisions .  Analog y t o previou s case s serve s t o guid e an d focu s 
late r  decisio n making .  A n exampl e fro m medicin e illustrate s ou r  claims : 

Dr. X sees a patient who shows classic signs of Major Depression. 
She ha s previousl y bee n diagnose d a s Depressive ,  an d wa s treate d i n a 
menta l  hospita l  wit h antidepressants .  Sh e wa s sickl y a s a  child ,  ha s 
had a  drinkin g problem ,  an d ha s ha d som e unexplaine d physica l  illnes -
ses .  Dr .  X  conclude s tha t  sh e i s sufferin g fro m Majo r  Depression , 
Recurrent ,  withou t  Melancholi a an d treat s he r  wit h antidepressants . 
They see m t o work ,  bu t  th e woman come s bac k complainin g o f  additiona l 
majo r  physica l  disorders .  Takin g a  furthe r  history ,  th e docto r  find s 
tha t  he r  unexplaine d medica l  problem s hav e bee n numerous .  Realizin g 
tha t  thi s i s a n importan t  consideration ,  h e make s a  secon d diagnosi s 
of  Somatizatio n Disorde r  (adapte d fro m [11] ,  cas e #125) . 

As a result of this case. Dr. X should learn that it is important to 
conside r  medica l  histor y i n choosin g predominan t  clinica l  features ,  an d tha t 
Depressio n ca n camouflag e Somatizatio n Disorder .  Usin g th e firs t  fact ,  h e ca n 
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th e AFIT .  Th e view s expresse d ar e solel y thos e o f  th e authors .  Thank s t o Dr . 
Rober t  M.  Kolodner ,  Dan a Eckart ,  an d Kati a Sycara-Cyranski . 
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refin e hi s rule s fo r  choosin g predominan t  clinica l  features .  Th e relationshi p 
betwee n Depressio n an d Somatizatio n Disorde r  wil l  b e helpfu l  i n diagnosin g an d 
treatin g late r  cases .  T o illustrat e experience' s rol e i n providin g exemplars , 
conside r  Dr .  X' s capabilitie s upo n seein g a  secon d patien t  diagnose d fo r  Majo r 
Depressio n wh o als o ha s unexplaine d medica l  problems .  We expec t  hi m t o transfe r 
hi s knowledg e fro m th e previou s cas e t o th e ne w on e an d conside r  whethe r  th e ne w 
patien t  migh t  als o hav e Somatizatio n Disorder . 

In building a framework for problem solving which includes experience, we 
must  conside r  a  numbe r  o f  issues : 

1. Which reasoning processes use experience? 
2.  What  knowledg e i s availabl e a s a  resul t  o f  experience ? 
3.  Ho w i s experientia l  knowledg e integrate d int o reasonin g processes ? 
4.  Ho w doe s experienc e chang e th e structur e o f  knowledg e i n memory ? 

We are studying these problems in two domains: the common-sense resolution of 
dispute s [10] ,  an d th e diagnosi s an d treatmen t  o f  moo d disorder s [3] . 

2. EXFEEIEHCE COHTRIBUTES TO LEARNING 

We begin by considering the reasoning processes which rely on experience. 
We identif y tw o experientia l  processe s whos e primar y purpos e i s refinemen t  an d 
modificatio n o f  reasonin g processe s an d domain-specifi c  knowledge :  similaritjr -
triggere d generalizatio n an d failure-triggere d explanation . 

Similarity-triggered generalization [2] occurs when two cases already clas-
sifie d i n th e sam e wa y shar e additiona l  feature s no t  accounte d fo r  b y th e clas -
sification .  I n tha t  case ,  a  ne w concep t  describe d b y th e share d feature s i s 
created .  I t  i s  a  generalizatio n o f  th e case s an d a  specializatio n o f  th e 
origina l  classification .  Thus ,  i f  mos t  o f  th e case s a  docto r  ha s see n i n whic h 
th e patien t  i s  diagnose d fo r  Majo r  Depressio n an d ha s hear t  problem s respon d t o 
th e sam e treatment ,  the n a  generalizatio n ca n b e mad e tha t  thi s medicatio n i s 
goo d fo r  treatin g Majo r  Depressive s wit h hear t  problems .  Generalizatio n o f  thi s 
sor t  ca n b e though t  o f  a s confirmin g hypothese s tha t  migh t  hav e bee n mad e o n th e 
basi s o f  on e example . 

When a hypothesis is violated, or a piece of knowledge (e.g., rule) fails 
t o wor k a s expected ,  failure-triggere d explanatio n occur s [3] ,  [9l .  A n explana -
tio n fo r  th e failur e i s found ,  an d th e faile d piec e o f  knowledg e i s modified . 
Thi s i s illustrate d i n th e psychiatri c exampl e above .  I n general ,  trackin g dow n 
a failur e an d explainin g i t  ar e har d problems .  A s w e shal l  se e late r  however , 
experienc e ca n pla y a  rol e i n thi s proces s i f  a  failur e i s reminiscen t  o f  a 
previou s one .  A  thir d typ e o f  learnin g i s th e integratio n o f  a  ne w cas e int o 
memory' s alread y existin g structures .  Thi s i s discusse d i n sectio n 4 . 

3. EXPERIENCE COHTRIBUTES EXEMPLARS FOR ANALOGY 

A second set of experiential processes transfer knowledge from a previous 
cas e t o a  curren t  one .  We cal l  th e proces s b y whic h thi s happen s similarity -
triggere d analogica l  reasoning .  When a  ne w cas e i s reminiscen t  o f  previou s 
cases ,  thos e case s ar e use d a s exemplar s t o ai d i n evaluatio n o f  th e ne w case . 
A prerequisit e fo r  analogica l  reasonin g i s th e capabilit y  o f  rememberin g 
appropriat e previou s episodes .  Thi s wil l  b e discusse d i n sectio n 4 .  Fo r  now , 
i t  wil l  suffic e t o sa y tha t  a  previou s episod e ca n b e recalle d i f  i t  i s  clas -
sifie d similarl y t o th e curren t  on e an d ha s simila r  feature s no t  predicte d b y 
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tha t  classification .  A n attemp t  t o recal l  previou s simila r  case s occur s eac h 

tim e ne w feature s o f  th e curren t  cas e ar e discovered .  I n general ,  particula r 
pas t  experience s calle d t o min d b y a  curren t  proble m ca n b e usefu l  i n an y o f  th e 
followin g proble m solvin g tasks : 

1. They can aid in problem classification by predicting additional 
feature s t o b e investigate d o r  b y pointin g ou t  alternativ e clas -
sifications . 

2.  The y ca n hel p i n plannin g b y suggestin g procedure s o r  course s o f 
actio n t o b e followe d o r  avoided ,  o r  b y suggestin g a  mean s o f 

implementin g a  plan . 
3.  The y ca n sugges t  a n explanatio n an d a  mean s o f  recover y fro m 

failure . 

We saw experience functioning as an aid in classification earlier when Dr. 
X diagnose d hi s secon d cas e o f  Majo r  Depressio n combine d wit h unexplaine d 
physica l  problems .  Whil e th e firs t  tim e h e ha d t o wai t  fo r  th e treatmen t  t o 
fai l  t o mak e th e secondar y diagnosi s o f  Somatizatio n Disorder ,  h e ha s a n exem -
pla r  t o bas e hi s diagnosi s o n th e secon d tim e h e see s suc h a  patient . 

Experience is useful in plan selection in several important ways. First a 
previou s cas e ca n sugges t  a  pla n fo r  proble m resolutio n o r  on e t o b e avoide d 
(e.g. ,  a  previou s treatmen t  tha t  worke d o r  didn' t  wor k i n a  simila r  case) . 
Analogica l  reasonin g i s als o usefu l  durin g pla n selectio n i n evaluatin g 
potentia l  plan s an d i n choosin g betwee n alternatives .  Th e proces s involve s 
simulatin g th e result s o f  alternativ e treatment s o r  course s o f  actio n an d 
evaluatin g the m i n ligh t  o f  previou s experience .  Simulatio n o f  alternative s 
provide s hypothetica l  situation s simila r  t o previou s ones .  Th e succes s o r 
failur e o f  previou s attempt s a t  implementin g th e sam e pla n unde r  simila r  con -
dition s provide s a  metri c fo r  evaluatio n o f  a  potentia l  cours e o f  action .  We 
see thi s us e o f  analog y quit e ofte n i n prescribin g treatment .  Thi s proces s i s 
relate d t o Schank' s intentiona l  remindin g [9 ]  an d Wilensky' s [12 ]  Projector . 
Experienc e ca n als o b e helpfu l  i n choosin g th e mean s fo r  implementin g a  selecte d 
pla n (simila r  t o Mostow' s [4 ]  operationalization) .  An y particula r  pla n tha t  i s 
selecte d fo r  resolutio n o f  a  proble m migh t  b e applie d i n severa l  ways .  Applica -
tio n o f  th e common-sens e pla n "on e cuts ,  th e othe r  chooses",fo r  exampl e require s 
differentiatin g betwee n th e part y whic h wil l  d o th e cuttin g an d whic h wil l  d o 
th e choosing . 

Experience, as part of follow-up, aids with explanation of and recovery 
fro m failure s [10] .  Upo n failur e recognition ,  th e reasone r  attempt s t o recal l  a 
simila r  previou s error .  Feature s availabl e fo r  suc h recal l  includ e th e origina l 
ones plu s thos e associate d wit h th e failure .  A  previou s simila r  failur e ma y 
provid e a n explanatio n whic h ca n b e applie d i n diagnosin g th e erro r  i n th e 
curren t  case .  I t  ma y als o sugges t  a  pla n fo r  erro r  recovery . 

The following scenerio shows multiple uses of analogy in solving a complex 
problem .  Conside r  a  common-sens e reasone r  readin g i n th e pape r  abou t  th e 
disput e betwee n Egyp t  an d Israe l  ove r  possessio n o f  th e Sinai .  Sh e know s 
somethin g abou t  th e Korea n War  an d th e recen t  disput e betwee n th e U S an d Panam a 
tha t  resulte d i n th e U S givin g bac k economi c an d politica l  bu t  no t  militar y 
contro l  o f  th e cana l  t o Panama .  Initia l  consideratio n o f  th e Sina i  disput e 
cause s remindin g o f  th e Korea n War  sinc e bot h involv e dispute s ove r  land ,  bot h 
ar e competitive ,  an d i n neithe r  ca n th e conflic t  b e resolve d completel y fo r  bot h 
sides .  Base d o n thi s reminding ,  sh e predict s tha t  Israe l  an d Egyp t  wil l  divid e 
th e Sina i  equally .  Sh e late r  read s tha t  thi s advic e wa s give n an d rejecte d b y 
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bot h sides .  Considerin g tha t  "divid e equally "  failed ,  sh e i s reminde d o f  th e 
tim e he r  daughter s wer e quarrellin g ove r  a n orange .  Sh e ha d suggeste d tha t  the y 
divid e i t  equally ,  an d the y ha d rejecte d that ,  sinc e on e wante d t o us e th e 
entir e pee l  fo r  a  cake .  Realizin g tha t  sh e hadn' t  take n thei r  rea l  goal s int o 
account ,  sh e the n suggeste d tha t  the y divid e i t  agreeabl y — on e tak e th e peel , 
th e othe r  th e fruit .  Thi s remindin g provide s th e suggestio n tha t  failure s 
sometime s occu r  becaus e th e goal s o f  th e disputant s ar e misunderstood .  Sh e 
therefor e attempt s a n alternat e understandin g o f  Israe l  an d Egypt' s goals . 
Considerin g tha t  Israe l  want s th e Sina i  a s a  militar y buffe r  zon e i n suppor t  o f 
nationa l  security ,  an d tha t  Egyp t  want s th e lan d fo r  nationa l  integrity ,  sh e ca n 
now reconside r  th e conflic t  a s a  politica l  disput e wit h concordan t  goals . 
Furthe r  reasonin g fro m th e orang e disput e suggest s tha t  "agreeabl e division " 
base d o n th e rea l  goal s o f  th e disputant s i s appropriate .  Thi s cause s remindin g 
of  th e Panam a disput e sinc e i t  i s  politica l  wit h simila r  goal s an d name d plan . 
The analog y mad e possibl e throug h thi s remindin g allow s operationalizatio n o f 
th e "agreeabl e division "  plan .  Usin g th e settlemen t  betwee n Panam a an d th e U S 
as a  guide ,  th e U S i s replace d b y Israe l  (th e part y currentl y i n contro l  o f  th e 
object )  an d Panam a i s replace d b y Egyp t  (th e part y wh o use d t o ow n i t  an d want s 
i t  back) .  A s wa s th e cas e i n th e Panam a Cana l  agreement ,  th e predictio n i s mad e 
tha t  Egyp t  wil l  ge t  economi c an d politica l  contro l  o f  th e Sinai ,  whil e it s 
norma l  righ t  o f  militar y contro l  wil l  b e denied . 

4. EHC0DIH6 AND ORGANIZING EXPERIENCE 

A prerequisite for learning from and using experience is the capability of 
retrievin g relevan t  pas t  experience s applicabl e t o a  ne w situation .  Th e memor y 
structur e w e propos e i s base d o n generalize d episode s [2] ,  [8 ] .  Thes e struc -
ture s hol d generalize d knowledg e compile d fro m th e experience s the y organize , 
and individua l  experience s ar e indexe d i n thes e structure s accordin g t o thei r 
differences .  When tw o experience s diffe r  fro m th e generalize d episod e i n th e 
same way ,  a  collision ,  whic h w e cal l  "reminding "  [2] ,  [8 ]  occurs .  Prediction s 
base d o n th e firs t  episod e ca n b e use d t o analyz e th e ne w on e (analogy) . 
Similaritie s betwee n th e tw o episode s ca n b e compile d t o for m a  ne w memor y 
schema wit h th e structur e jus t  describe d (generalization) . 

The organization provides a way of locating exemplars to use in evaluating 
a ne w case .  Th e proces s whic h allow s analogica l  "reminding "  i s a  traversa l 
procedure .  When a  ne w cas e i s encountered ,  appropriat e generalize d episode s ar e 
chose n fo r  it .  Feature s whic h differentiat e a  ne w cas e fro m other s i n th e sam e 
generalize d episod e ar e extracte d fro m i t  an d indice s associate d wit h thos e 
feature s ar e traversed .  I n th e process ,  th e ne w cas e collide s wit h previou s 
case s alread y indexe d i n memory .  I t  i s  thos e case s whic h ar e no w availabl e fo r 
furthe r  evaluation .  Ne w case s ar e adde d t o memor y b y th e sam e process . 

Cases are indexed in memory by their differentiating features and also by 
failure s whic h occu r  i n th e cours e o f  processing .  This.allow s learnin g an d 
remindin g o n th e basi s o f  failure .  I f  blam e ca n b e assigne d fo r  a  failure ,  th e 
cas e i s indexe d b y thos e feature s whic h cause d th e failure .  When a  secon d 
simila r  situatio n i s encountered ,  th e marke r  serve s a s a n inde x t o a  faile d 
episode .  I f  a  solutio n wa s foun d t o th e firs t  failur e situation ,  i t  ca n b e 
applie d t o th e secon d s o tha t  th e failur e won' t  happe n again .  When blam e ha s 
not  bee n assigned ,  a  marke r  denotin g th e differenc e betwee n th e faile d episod e 
and other s i s left ,  agai n servin g a s a n inde x whe n a  simila r  situatio n i s 
encountered .  I n thi s case ,  a  procedur e t o b e avoide d wil l  b e found . 
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I n th e psychiatri c domain ,  fo r  example ,  diagnosti c categorie s (e.g. ,  Majo r 
Depression )  ac t  a s generalize d episodes .  Th e medica l  exampl e abov e i s 
differentiate d fro m othe r  case s o f  Majo r  Depressio n b y (amon g othe r  things )  (1 ) 
th e fac t  tha t  ther e wer e unexplaine d physica l  disorder s i n additio n t o thos e 
symptom s considere d i n th e origina l  diagnosi s an d (2 )  treatmen t  faile d i n tha t 
th e patien t  seeme d cure d o f  depressio n bu t  complaine d o f  additiona l  physica l 
disorders . 

5. WHERE DO VE 60 FROM HERE? 

In this paper, we have attempted to provide a framework for experience's 
rol e i n proble m solving .  We hav e name d processe s whic h us e experienc e an d sug -
geste d a  memor y organizatio n i n suppor t  o f  thos e processes .  We hav e not , 
however ,  state d exactl y ho w eac h o f  th e experientia l  processe s work .  We ar e 
currentl y investigatin g thes e processe s i n th e tw o domain s cited .  Ou r  memor y 
structures ,  too ,  nee d considerabl y mor e work .  I n particular ,  w e mus t  specif y 
th e type s o f  feature s appropriat e fo r  indexin g an d th e allowabl e type s o f  clas -
sificatio n structures .  Finally ,  w e migh t  b e criticize d fo r  no t  takin g int o 
accoun t  ho w experientia l  reasonin g interact s wit h causa l  reasoning .  Eac h o f  th e 
problem s presente d represent s a n importan t  researc h area .  I t  i s  onl y throug h 
investigatio n o f  eac h tha t  w e ca n discove r  ho w experientia l  an d mor e 
traditionall y considere d form s o f  reasonin g combine . 
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