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Todd R .  Johnson' ,  Jî i e Zhang '  an d Hongbi n Wang ' 
Divisio n o f  Medica l  Informatics ,  Departmen t  o f  Pathology ' 

Departmen t  o f  Psychology^ ' 
Cente r  fo r  Cognitiv e Science'' ^ 

The Ohi o Stat e Universit y 
Columbus ,  Ohi o 4321 0 

{ J o h n s o n . 2 5 ,  z h a n g . 5 2 ,  w a n g . 1 9 0 } @ o s u .  e d u 

In t roduc t io n 

Abductio n i s th e proces s o f  generatin g a  bes t  explanatio n 
fo r  a  se t  o f  observations .  Symboli c model s o f  abductiv e 
reasonin g ten d t o b e fa r  to o search-intensive ,  wherea s 
connectionis t  model s hav e difficult y explainin g highe r  leve l 
abductiv e reasoning ,  suc h a s th e generatio n an d revisio n o f 
explanator y hypotheses .  I n addition ,  abductiv e task s appea r 
t o hav e deliberat e an d implici t  components :  peopl e generat e 
and modif y explanation s usin g a  serie s o f  recognizabl e 
steps ,  bu t  thes e step s appea r  t o b e guide d b y a n implici t 
hypothesi s evaluatio n process . 

We propos e a  hybri d learnin g mode l  fo r  abductio n tha t 
tightl y integrate s a  symboli c Soa r  mode l  fo r  deliberatel y 
formin g an d revisin g hypothese s wit h Echo ,  a  connectionis t 
model  fo r  implicitl y  evaluatin g explanation s (Thagard , 
1989) .  I n thi s model .  Soar' s symboli c knowledg e 
compilatio n mechanism ,  chunking ,  acquire s rule s fo r 
formin g an d revisin g hypothese s an d fo r  takin g action s 
base d o n th e evaluation s o f  thes e hypotheses .  Thus , 
chunkin g model s th e proble m solver' s shif t  fro m deliberat e 
t o automati c reasoning .  T o complemen t  this ,  Ech o learn s t o 
provid e bette r  hypothesi s evaluation s b y acquirin g 
explanator y strength s base d o n th e frequencie s o f  event s 
fro m pas t  experience .  Sinc e Ech o doe s no t  hav e a  learnin g 
mechanism ,  w e hav e extende d i t  b y addin g th e Rescorla -
Wagner  (1972 )  learnin g rule . 

Motivation for a Hybrid Model 

The hybri d mode l  i s motivate d b y severa l  observation s 
and empirica l  result s concernin g th e relationshi p betwee n 
symboli c an d connectionis t  processe s an d huma n abductiv e 
reasoning . 

To successfull y solv e abductiv e problem s peopl e mus t 
lear n t o quickl y generat e possibl e hypothese s fo r  on e o r 
more observations ,  an d the n integrat e thes e hypothese s int o 
a coheren t  explanatio n fo r  th e entir e se t  o f  observations . 
Symboli c searc h base d approache s hav e traditionall y 
performe d wel l  a t  modelin g hypothesi s generatio n an d 
modification .  Likewise ,  symboli c knowledg e compilatio n 
can lear n explici t  rule s base d o n a  singl e proble m solvin g 
episode ,  bu t  i t  canno t  easil y lear n explanator y strength s 
fro m previou s experience .  I n contrast ,  connectionis t 

learnin g technique s ca n easil y acquir e explanator y 
strengths ,  bu t  canno t  quickl y acquir e explici t  rules . 

Researc h o n implici t  acquisitio n an d us e o f  even t 
frequencie s support s th e hybri d Soar/Ech o architecture . 
W h en conditiona l  probabilitie s an d bas e rate s o f  occurrenc e 
ar e presente d explicid y i n term s o f  numeri c values ,  the y ar e 
ver y difficul t  t o lear n an d utiliz e (se e Kahneman ,  Slovi c & 
Tversky ,  1982) .  However ,  whe n the y ar e presente d i n terms 
of  rea l  event s an d occurrences ,  the y ca n ofte n b e learne d 
implicitl y  an d use d correctl y (e.g. ,  Christensen-Szalanski ,  & 
Bushyhead ,  1981) .  A  numbe r  o f  studie s indicat e tha t  th e 
learnin g o f  frequenc y o f  occurrenc e i s  usuall y implici t 
(unconscious )  an d automatic .  Th e Soar/Ech o hybri d 
architectur e i s consisten t  wit h thes e results ,  becaus e Ech o 
appear s t o Soa r  a s a n opaqu e mechanis m tha t  automaticall y 
and constantl y provide s confidenc e value s fo r  hypotheses . 
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