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Teachin g Classificatio n Proble m Solvin g 

William J. Clancey 
Heuristi c Programmin g Projec t 

Stanfor d Universit y 
Stanford ,  C A 9430 5 

A logic-base d analysi s o f  heuristi c program s suggest s a  proble m solvin g 
model  thi t  i s  strongl y supporte d b y cognitiv e scienc e studie s o f 
categorizatio n an d understanding .  Thi s extende d abstrac t  describe s th e 
model ,  the n outline s epistemologi c consideration s fo r  constructin g 
instructiona l  program s tha t  ca n bot h generat e an d recogniz e suc h proble m 
solvin g behavior . 

A b-oad range of familiar problems—embracing forms of diagnosis, 
catalo g 3election ,  an d skeleta l  planning—ca n b e characterize d i n term s o f 
classifi'-,atio n [3] .  Solution s t o thes e problem s hav e a  characteristi c 
inferenc e structure ,  involvin g systemati c relatio n o f  dat a t o a  previousl y 
known s e ;  o f  solution s b y processe s o f  dat a abstraction ,  heuristi c 
associatio n t o a  schem a network ,  an d refinement .  Previou s researc h ha s 
describe d classificatio n proble m solvin g almos t  exclusivel y i n term s o f 
identificatio n o f  a n unknow n objec t  o r  phenomenon ,  wha t  w e commonl y cal l 
"diagnosis. "  However ,  a  stud y o f  th e heuristi c program s calle d "exper t 
systems "  indicate s tha t  reasonin g involve d i n selectin g a  produc t  o r  servic e 
i s characterize d b y th e sam e inferenc e structure .  Moreover ,  a  common kin d 
of  proble m involve s sequentia l  classificatio n problems :  firs t 
stereotyoicall y characterizin g a  user' s need s o r  requirement s an d the n 
heuristioall y selectin g a  produc t  o r  servic e [11] .  Routin e softwar e 
configuritio n an d experimen t  plannin g problem s ar e similar :  a  templat e 
solutio n i s foun d an d the n refine d [6] .  Studie s o f  routin e physic s proble m 
solvin g 2 ]  sho w th e sam e proces s o f  proble m featur e abstraction ,  heuristi c 
association ,  an d refinement . 

A computer program called NEOMYCIN implements a form of classification 
proble m solvin g i n a  genera l  wa y [4] .  Th e epistemologi c distinction s mad e 
i n th e inplementatio n mak e i t  possibl e t o us e NEOMYCIN fo r  bot h generatin g 
and reco;;nizin g classificatio n proble m solvin g behavior .  Thes e distinction s 
wer e pre"iousl y pu t  fort h b y logi c theorist s [8 ,  9 ) .  I n ou r  vie w the y are : 

- The knowledge to solve a problem is distinct from its implementation 
i n .'om e informatio n processo r  [10] .  Specifically ,  i n A I  researc h 
repiesentation/interprete r  description s o f  computationa l  model s hav e 
bee n frequentl y confuse d wit h mor e abstrac t  description s o f  wha t  th e 
proble m solve r  i s doin g an d wha t  h e knows . 

- The;e abstract descriptions of reasoning should make a distinction 
betvee n inferenc e structur e (logi c term s an d relations )  an d proces s 
structur e (rule s o f  inferenc e an d strategi c operators) .  Rule-base d 
program s lik e MYCI N an d R l  combin e factua l  knowledg e wit h procedura l 
infcrmatio n abou t  ho w inference s ar e t o b e made . 

- The'e is a distinction between statement of a relation or procedure 
and it s justificatio n o r  basis .  Fo r  example ,  heuristic s ar e justifie a 



45 

by some ,  generall y unstated ,  mode l  o f  th e world .  Makin g explici t  th e 
proces s structur e require s no t  onl y statin g th e procedur e I n 
computationa l  term s (suc h a s input ,  sequence .  Iteration) ,  bu t  als o i n 
term s o f  underlyin g assumption s an d constraint s tha t  justif y th e 
procedure ,  fro m whic h i t  ca n b e derived . 

We briefly relate these considerations to NEOMYCIN. The classification 
proble m solvin g mode l  describe s wha t  NEOMYCIN does ,  independen t  o f  it s 
representationa l  schem e (rules ,  frames ,  e t c ) .  Th e program' s fact s an d 
heuristi c ar e state d separatel y fro m th e inferenc e procedure .  Th e 
inferenc e procedur e i s represente d i n a  specia l  languag e tha t  allow s u s t o 
"declaratively "  expres s computationa l  constructs ,  a s wel l  a s t o annotat e 
some o f  th e underlyin g constraint s tha t  ar e usefu l  fo r  studen t  modeling . 
Thi s combine d desig n enable s u s t o us e NEOMYCIN t o directl y solv e problem s 
independently ,  o r  t o "ru n th e progra m backwards "  t o predic t  an d recogniz e 
behavio r  tha t  fit s  it s  model .  Th e progra m ca n als o provid e a  trac e o f  it s 
reasoning ,  servin g a s a  crud e for m o f  explanatio n [7] . 

With a general model of problem solving implemented that uses a body of 
"expert "  knowledge ,  w e ar e no w investigatin g studen t  behavior .  Specifically , 
we ca n us e th e progra m t o provid e partia l  interpretation s o f  wha t  student s 
ar e doing ,  wit h difference s indicatin g wher e th e mode l  mus t  b e extende d (an d 
what  kind s o f  assistanc e student s require) .  Followin g fro m som e proposal s 
made b y J .  S .  Brow n [1] ,  w e ar e designin g a  sequenc e o f  instructiona l 
program s b y whic h w e ca n explor e students '  reasonin g a s the y explor e 
NEOMYCIN.  Th e firs t  o f  th e serie s include s GUIDON-WATCH (fo r  learnin g tha t 
classificatio n proble m solvin g ha s a  certai n structure) ,  GUIDON-MANAGE (fo r 
learnin g th e effect s o f  proble m solvin g operator s [5]) ,  an d GUIDON-ANNOTATE 
(fo r  integratin g operator s wit h domai n knowledg e an d recognizin g pattern s o f 
efficien t  proble m solving) . 

In conclusion, a synthesis of theories of logic, experience in writing 

exper t  syste m programs ,  an d cognitiv e scienc e studie s ha s enable d u s t o 
develo p a  computationa l  mode l  o f  proble m solvin g tha t  ca n b e usefu l  fo r 
teaching .  Th e k e ide a i s tha t  epistemologi c distinctions — 
knowledge/processor ,  inference/process ,  an d relation/justification—ar e a n 
intricat e par t  o f  th e computationa l  model ,  providin g th e basi s fo r  no t  onl y 
generatin g proble m solvin g behavior ,  bu t  als o explainin g an d recognizin g it . 
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