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T o w a r d a  U n i f i e d T h e o r y o f 

I m m e d i a t e R e a s o n i n g i n S o a r 

Thad A. Polk, Allen Newell, and Richard L. Lewis 

Schoo l  o f  Compu te r  Scienc e 

Carnegi e Mello n Universit y 

Abstract 

Soar  i s a n architectur e fo r  genera l  intelligenc e tha t  ha s bee n propose d a s a  unifie d theor y o f  huma n cognitio n (UTC )  (Newell , 

1989 )  an d ha s bee n show n t o b e capabl e o f  supportin g a  wid e rang e o f  intelligen t  behavio r  (Laird ,  Newel l  &  Rosenbloom , 

1987 ;  Steie r  e t  al ,  1987) .  Pol k &  Newel l  (1988 )  showe d tha t  a  Soa r  theor y coul d accoun t  fo r  huma n dat a i n syllogisti c 

reasoning .  I n thi s paper ,  w e begi n t o generaliz e thi s theor y int o a  unifie d theor y o f  immediat e reasonin g base d o n Soa r  an d 

some assumption s abou t  subjects '  representatio n an d knowledge .  Th e theory ,  embodie d i n a  Soa r  syste m (IR-Soar) ,  posit s 

thre e basi c proble m space s (comprehend ,  test-proposition ,  an d build-proposition )  tha t  construc t  annotate d model s an d 

extrac t  knowledg e from  them ,  lear n (vi a chunking )  from  experienc e an d us e a n attentio n mechanis m t o guid e search . 

Acquirin g tas k specifi c  knowledg e i s modele d wit h th e comprehen d space ,  thu s reducin g th e degree s o f  freedo m availabl e t o 

fit  data .  Th e theor y explain s th e qualitativ e phenomen a i n fou r  immediat e reasonin g task s an d account s fo r  a n individual' s 

response s i n syllogisti c reasoning .  I t  represent s a  firs t  ste p towar d a  unifie d theor y o f  immediat e reasonin g an d move s Soa r 

anothe r  ste p close r  t o bein g a  unifie d theor y o f  al l  o f  cognition . 

IIVIMEDIATE REASONING TASKS 

A n immedia t e reasonin g tas k involve s extractin g implici t  informatio n f ro m a  give n situatio n withi n a 

f e w ten s o f  seconds .  T h e examp le s addresse d her e ar c relationa l  reasoning ,  categorica l  syllogisms ,  th e 

W a s on selectio n task ,  an d conditiona l  reasoning .  Typically ,  the y involv e testin g th e validit y o f  a 

statemen t  abou t  th e situatio n o r  generatin g a  n e w statemen t  abou t  it .  T h e situation ,  an d ofte n th e tas k 

instructions ,  ar e nove l  an d requir e comprehension .  Usually ,  bu t  no t  invariably ,  the y ar e presente d 

verbally .  Al l  th e specifi c  k n o w l e d g e require d t o perfor m th e tas k i s  availabl e i n th e situatio n an d th e 

instruction s an d nee d no t  b e consisten t  wit h othe r  know ledg e abou t  th e worl d (henc e th e tas k ca n b e 

abou t  unlikel y o r  imaginar y state s o f  affairs) . 

THE SOAR THEORY OF IMMEDIATE REASONING 

The Soa r  theor y o f  immediat e reasonin g make s th e followin g assumption s (elaborate d below) : 

1. Problem spaces. All tasks, routine or difficult, are formulated as search in problem spaces. 

Behavio r  i s alway s occurrin g i n som e proble m space . 

2.  Recognitio n memory .  Al l  long-ter m knowledg e i s hel d i n a n associativ e recognitio n memor y 

(realize d a s a  productio n system) . 

3.  Decisio n cycle .  Al l  availabl e knowledg e abou t  th e acceptabilit y  an d desirabilit y  o f  proble m 

spaces ,  states ,  o r  operator s fo r  an y rol e i n th e curren t  tota l  contex t  i s  accumulated ,  an d th e bes t 

choic e mad e withi n th e acceptabl e alternatives . 

4.  Impass e drive n subgoals .  Incomplet e o r  conflictin g knowledg e a t  a  decisio n cycl e produce s a n 
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impasse. The architecture creates a subgoal to resolve the impasse. Cascaded impasses create a 

subgoa l  hierarchy . 

5.  Chunking .  Th e experienc e i n resolvin g impasse s continuall y become s ne w knowledg e i n 

recognitio n memory ,  i n th e for m o f  chunk s (constructe d productions) . 

6.  Annotate d models .  Proble m spac e state s ar e annotate d model s whos e structur e correspond s t o 

tha t  o f  th e situatio n the y represent . 

7.  Focu s o f  attention .  Attentio n ca n b e focuse d o n a  smal l  numbe r  o f  mode l  objects .  Operator s ar e 

triggere d b y object s i n th e focus .  W h e n n o operator s ar e triggered ,  a n impass e occur s an d 

attentio n operator s ad d othe r  object s t o th e focus .  Matchin g an d relate d object s ar e adde d first. 

8.  Mode l  manipulatio n spaces .  Immediat e reasonin g occur s b y heuristi c searc h i n mode l 

manipulatio n space s tha t  suppor t  comprehension ,  propositio n construction ,  an d propositio n testing . 

9.  Distributio n o f  errors .  Th e mai n source s o f  error s ar e interpretation ,  carefulnes s an d independen t 

knowledge . 

The first five assumptions are part of the Soar architecture. Annotated models and attention embody a 

disciplin e tha t  i s  use d fo r  modelin g cognitio n (an d ma y becom e par t  o f  th e architecture) .  Th e las t  tw o 

assumption s ar e specifi c  t o immediat e reasoning . 

A Soar system consists of a collection of problem spaces with states and operators. At each step during 

proble m solving ,  th e recognitio n memor y bring s al l  relevan t  knowledg e t o bea r  an d th e decisio n cycl e 

determine s ho w t o proceed .  A n impass e arise s i f  th e decisio n cycl e i s unabl e t o mak e a  uniqu e choice . 

Thi s lead s t o th e creatio n o f  a  subgoa l  t o resolv e th e impasse .  Upo n resolvin g th e impasse ,  a  chun k tha t 

summarize s th e relevan t  proble m solvin g i s adde d t o recognitio n memory ,  obviatin g th e nee d fo r  simila r 

proble m solvin g i n th e future . 

The states in problem spaces are represented as annotated models. A model is a representation that 

satisfie s th e structur e correspondenc e condition :  parts ,  properties ,  an d relation s i n th e mode l  (mode l 

elements )  correspon d t o parts ,  properties ,  an d relation s i n th e represente d situaUon ,  withou t 

completenes s (Johnson-Laird ,  1983) .  B y exploitin g th e correspondenc e condition ,  processin g o f  model s 

can b e match-lik e an d efficient .  Th e pric e pai d i s limite d expressibilit y  (e.g. ,  model s canno t  directl y 

represen t  disjunctio n o r  universa l  quantification) .  Arbitrar y proposition s ca n b e represented ,  bu t  onl y 

indirectly ,  b y buildin g a  mode l  o f  a  propositio n — a  mode l  interpretabl e a s a n abstrac t  proposiuon , 

rathe r  tha n a  concret e object .  Som e expressibilit y  ca n b e regaine d withou t  losin g efficienc y b y attachin g 

annotation s t o mode l  elements .  A n annotafio n assert s a  varian t  interpretatio n fo r  th e elemen t  t o whic h i t 

i s  attached ,  bu t  i s loca l  t o tha t  elemen t  an d doc s no t  admi t  unbounde d processin g (e.g. ,  optiona l  mean s 

tha t  th e mode l  elemen t  ma y correspon d t o a n elemen t  i n th e situation ,  bu t  no t  necessarily) . 

Problem space states maintain a focus of attention that points to a small set of model objects. An 

operato r  i s  propose d whe n attentio n i s focuse d o n mode l  object s tha t  matc h it s proposa l  conditions . 

When n o operator s ar e proposed ,  a n impass e occur s an d th e syste m searche s fo r  a  focu s o f  attentio n tha t 

trigger s one .  Object s tha t  shar e propertie s wit h a  curren t  focu s o f  attentio n o r  ar e linke d b y a  relatio n t o 

one ar e trie d first  (other s ar e implicitl y  assume d t o b e les s relevant) .  W h e n attentio n focuse s o n a n 

objec t  tha t  trigger s a n operator ,  th e impass e i s resolve d an d proble m solvin g continues . 
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Immediate reasoning occurs by heuristic search in model manipulation spaces (comprcliend, 

build-proposition ,  an d test-proposition) .  Thes e space s provid e th e basi c capabilitie s necessar y fo r 

immediat e reasonin g tasks ,  namely ,  constructin g representation s an d generatin g an d testin g conclusion s 

(Johnson-Laird ,  1988) .  W e assum e tha i  norma l  adult s posses s thes e space s befor e the y ar e confronte d 

wit h thes e tasks .  Al l  o f  thes e proble m space s us e th e attentio n mechanis m describe d above . 

Comprehen d read s languag e an d generate s model s tha t  correspon d t o situations .  I t  produce s a  mode l 

bot h o f  wha t  i s describe d ( a situatio n model )  an d o f  th e linguisti c structur e o f  th e utteranc e itsel f  (a n 

utteranc e model) .  Build-propositio n searche s th e spac e o f  possibl e proposition s unti l  i t  finds  a 

propositio n tha t  i s  consisten t  wit h th e situatio n mode l  an d tha t  satisfie s an y adde d constraint s i n th e goa l 

tes t  (e.g. ,  it s  subjec t  i s  "fork") .  I t  work s b y combinin g propertie s an d relation s o f  mode l  object s int o 

constructe d propositions .  I f  attentio n i s focuse d o n a n existin g proposition ,  th e attentio n mechanis m 

biase s th e proble m solvin g towar d usin g part s o f  it .  A s a  result ,  constructe d proposition s ten d t o b e 

simila r  t o existin g proposition s o n whic h attentio n i s focused .  Test-propositio n test s model s o f 

proposition s agains t  model s o f  situation s t o se e i f  the y ar e valid .  I t  doe s s o b y searchin g fo r  object s i n 

th e situatio n mode l  tha t  correspon d t o thos e describe d i n th e proposition ,  an d checkin g i f  th e propositio n 

i s tru e o f  them .  A  propositio n i s considere d tru e o r  fals e onl y i f  th e situatio n mode l  explicitl y  confirm s 

or  denie s th e propositio n i n questio n (i.e. ,  ther e ar e object s i n th e situatio n mode l  tha t  correspon d t o th e 

subjec t  an d objec t  o f  th e propositio n tha t  ar e (not )  relate d i n th e wa y specifie d b y th e proposition) .  I f  a 

propositio n i s abou t  a n object(s )  tha t  doe s no t  matc h anythin g i n th e situatio n model ,  th e propositio n i s 

considere d irrelevant .  I f  a  propositio n i s abou t  a n object(s )  tha t  doe s appea r  i n th e situatio n model ,  bu t 

i s  neithe r  explicitl y  confirme d no r  denied ,  th e propositio n i s considere d relevan t  bu t  unknown . 

Individual subjects respond quite differently from each other in many immediate reasoning tasks. The 

theor y predict s tha t  thes e difference s aris e mainl y fro m fou r  sources :  (1 )  th e interpretatio n o f  certai n 

word s an d phrase s (e.g. ,  quantifiers ,  connectives) ,  (2 )  th e car e take n durin g reasonin g (e.g. , 

completenes s o f  search ,  testin g candidat e solutions) ,  (3 )  knowledg e fro m source s outsid e th e tas k (suc h 

as familiarit y wit h th e subjec t  matter) ,  an d (4 )  th e orde r  i n whic h attentio n i s focuse d o n mode l  objects . 

We propos e tha t  mos t  error s aris e fro m interpretatio n mistake s (failin g t o conside r  al l  o f  th e implici t 

ramification s o f  th e premise s o r  makin g unwarrante d assumptions) ,  incomplet e searc h fo r  conclusion s 

(includin g th e generatio n o f  othe r  model s i f  necessary) ,  an d les s frequentl y fro m th e inappropriat e us e 

of  independen t  knowledge .  Thi s predict s tha t  bette r  subject s wil l  interpre t  premise s mor e completel y 

and correctl y o r  wil l  searc h mor e exhaustivel y fo r  a  conclusion .  Immediat e reasonin g task s ar e difficul t 

t o th e exten t  tha t  the y presen t  opportunitie s fo r  thes e errors . 

ACQUIRING TASKS FROM INSTRUCTIONS 

Immediat e reasonin g i s s o intimatel y involve d i n acquirin g knowledge ,  bot h o f  th e situatio n t o b e 

reasone d abou t  an d th e tas k t o b e performed ,  tha t  a  theor y o f  immediat e reasonin g need s t o includ e a 

theor y o f  acquisition .  A  companio n pape r  (Lewis ,  Newel l  &  Polk ,  1989 )  describe s NL-BI-Soar ,  a  Soa r 

syste m tha t  acquire s task s fro m simpl e natura l  languag e utterances .  NL-BI-Soa r  provide s th e 

comprehen d proble m spac e fo r  LR-Soar ,  producin g bot h th e situatio n mode l  an d th e utteranc e model .  I t 

als o comprehend s th e instruction s fo r  thes e tasks .  Thi s lead s t o th e creatio n o f  a  proble m spac e tha t  i s 

uniqu e t o th e task ,  whos e operator s mak e us e o f  th e pre-existin g spaces ,  comprehend ,  test-propositio n 

and build-proposition .  I t  i s  usua l  i n cognitiv e theorie s fo r  thi s structurin g o f  th e tas k t o b e posite d b y 

th e theor y — t o be ,  i n effect ,  adde d degree s o f  freedo m i n fitting  th e theor y t o th e data .  I n th e Soa r 
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Instruction s 

Relationa l  Reasonin g 

Relation Problem Space 

1.  Rea d fou r  premises . 
2.  The n rea d a  stalement . 
3.  I f  th e statemen t  i s  "true" , 

say "tnie" . 
4.  The n produc e a  statement . 

5.  ...that relates the fork to 
theknjf e 

1.  Read-inpu t  [comprehend ] 
2.  Read-inpu t  [comprehend ] 
3.  Test-pro p [test-proposition ] 

4. Make-conclusion 
[build-proposition ] 

5.  [goal-test ] 

Instruction s 

Categorica l  Syllogism s 

Syllogism Problem Space 

1.  Rea d tw o premise s tha t  shar e 
atenn . 

2.  The n produc e a  statemen t  tha t 
follow s fro m th e premises . 

3.  Th e suteme m relate s th e 
uniqu e term s o f  th e premises . 

1.  Rea d inpu t  [comprehend ] 

2. Make-conclusion 
[build-proposition ] 

3.  [goal-lest | 

Instruction s 

W a s on Selectio n Tas k 

Wason Problem Space Instruction s 

Conditiona l  Reasonin g 

Conditional Problem Space 

1.  Examin e fou r  card s tha t 
hav e a  numbe r  o n on e sid e 
and a  lette r  o n th e othe r  side . 

2.  The n rea d a  statement . 
3.  Fo r  eac h card ,  doe s decidin g 

i f  th e stalemen t  i s tru e requir e 
turnin g ove r  th e card ? 

1.  Read-inpu t  [comprehend ] 

2.  Read-inpu t  [comprehend ] 
3.  Test-pro p [test-proposition ] 

1,  Rea d tw o premises . 
2.  The n rea d a  statement . 
3.The n decid e i f  th e statemen t 

i s  true . 

1.  Read-inpu t  [comprehend ] 
2.  Read-inpu t  [comprehend ] 
3.  Test-pro p [test-proposition ] 

OR 
1.  Rea d tw o premises . 
2.  The n produc e a  statemen t  tha t 

follow s fro m th e premises . 

1.  Read-inpu t  [comprehend ] 
2.  Make-conclusio n 

[build-proposition ] 

Figur e 1 :  Tas k instruction s an d th e correspondin g proble m spaces . 

theoty, comprising NL-BI-Soar and IR-Soar jointly, these degrees of freedom no longer exist. The 

instruction s d o no t  specif y al l  detail s o f  IR-Soa r  version s (ther e ar e stil l  substantia l  individua l 

difference s amon g subjects) ,  bu t  d o ad d a  majo r  constraint . 

Figure 1 lists the English instructions and the corresponding operators for each task. The subspace used 

t o implemen t  eac h operato r  i s give n i n bracket s nex t  t o th e operato r  name .  A s NL-BI-Soa r  read s th e 

instruction s i t  build s a  mode l  o f  wha t  the y describ e (i.e. ,  th e require d behavior) .  W h e n th e describe d tas k 

i s attempted ,  impasse s aris e an d NL-BI-Soa r  consult s th e behavio r  mode l  t o determin e ho w t o proceed , 

leadin g t o th e constructio n o f  th e proble m spac e (se e Lewis .  Newell ,  an d Fol k (1989 )  fo r  details) . 

RELATIONAL REASONING 

Relationa l  reasonin g involve s deducin g implici t  relationship s betwee n object s give n explici t 

relationship s (e.g. .  3-ter m serie s problems) .  Figur e 2  illustrate s a  versio n simila r  t o tha t  i n Johnson-Lair d 

(1988) .  Give n a  se t  o f  premise s (Figur e 2 ,  left )  tha t  describ e a  spatia l  configuratio n o f  objects ,  th e tas k 

i s t o answe r  question s o r  mak e conclusion s abou t  th e describe d situatio n (Figur e 2 ,  right). 

Premise s 

1.  A  plat e i s lef t  o f  a  knife . 
2.  A  for k i s lef t  o f  th e plate . 
3.  A  ju g i s abov e th e knife . 
4.  Th e for k i s belo w a  cup . 

Read thi s statemen t  an d sa y i f  i t  i s  true : 
"Th e cu p i s lef t  o f  th e jug " 

the n 
Produc e a  statemen t  tha t  relate s th e for k t o th e knif e 

Figur e 2 :  Relat iona l  reason in g tas k (afte r  J o h n s o n - L a i r d ,  1 9 8 8 ) . 
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Relatio n 
Spac e 

read-input 
read-input 

impass e plai t  Uf l  oflMi/ t 
for k Uf t  afpta u 
ju g abov t  knif t 
for k btlo w CIM ) 

impass e 

xrr v test-pro p 
\dJ(.ypl./lof,ut ) ® 

make-conc lus io n 
(abou t  for k an d knifr j 

impass e impass e 

C o m p r e h e n d 
Spac e 

Tes t  Propositio n 
Spac e 

model  confirm s 
propositio n 

Buil d Propositio n 
Spac e 

[>c> . . . ^= o 

Comprehen d 
Space 

Figur e 3 :  Behavio r  o f  IR-Soa r  o n th e relationa l  reasonin g task . 

Reading the instructions for this task (Figure 1, top left) leads to a model of the required behavior. The 

object s i n thi s behavio r  mode l  ar e action s tha t  nee d t o b e performe d fo r  thi s task .  W h e n th e tas k i s 

attempted ,  NL-BI-Soa r  consult s thi s behavio r  mode l  an d evoke s th e operator s liste d i n th e figure. 

instantiatin g the m wit h th e appropriat e argument s an d goa l  tests . 

Figure 3 illustrates the system's behavior on this task. (1) After acquiring the task from the instructions, 

th e syste m start s i n relatio n an d applie s read-input,  implemente d i n comprehend ,  t o eac h o f  th e 

premise s describin g th e situation .  (2 )  Thi s results  i n a n initia l  mode l  o f  th e situatio n a s wel l  a s a  mode l 

of  th e premise s (th e utteranc e model) .  (3 )  Th e thir d instructio n trigger s th e test-pro p operato r  fo r  th e 

propositio n "Th e cu p i s lef t  o f  th e jug" .  Thi s operato r  i s implemente d i n test-proposition .  Sinc e th e 

situatio n mode l  contain s a n objec t  wit h propert y cu p tha t  i s related  vi a a  left-o f  relation  t o a n objec t 

wit h propert y jug ,  th e propositio n i s considere d true .  (4 )  Instruction s fou r  an d five  cal l  fo r  generatin g a 

propositio n abou t  th e for k an d knif e s o make-conclusio n i s chosen ,  implemente d i n build-proposition . 

Build-proposition' s initia l  stat e i s focuse d o n a  propositio n wit h subjec t  for k an d objec t  knif e bu t  n o 

relation.  Attendin g t o th e proposition' s for k lead s t o focusin g o n th e for k i n th e situatio n mode l  (whic h 

i s lef t  o f  th e situation' s knife) .  Thi s lead s t o constructin g th e propositio n " A for k i s lef t  o f  a  knife" . 

The theory predicts the same relative difficulty of problems of this type as Johnson-Laird (1988). It 

predict s tha t  problem s tha t  hav e a n unambiguou s interpretatio n (i.e. ,  admi t  onl y a  singl e model )  wil l  b e 

th e easies t  sinc e the y d o no t  presen t  opportunitie s fo r  interpretationa l  error s (assumptio n nine) .  Further , 

sinc e a  singl e mode l  caimo t  represent  disjunctio n (assumptio n six) ,  realizing  tha t  a  relation  hold s i n 

some situation s whil e no t  i n other s requires  usin g multipl e model s i n searchin g fo r  a  conclusion .  Hence , 

problem s withou t  vali d conclusion s wil l  b e th e hardes t  sinc e the y invit e incomplet e searc h (assumptio n 

nine) .  Ambiguou s problem s tha t  suppor t  a  vali d conclusio n wil l  b e o f  intermediat e difficult y sinc e 

conclusion s base d o n considerin g onl y a  singl e mode l  ma y b e correct .  Th e percentag e o f  correc t 

responses  fo r  eac h o f  thes e proble m type s confirm s thes e prediction s (70% ,  8% ,  an d 4 6 % correct , 

respectively).  Man y relational  reasoning  studie s hav e focuse d o n respons e latencie s (Huttenlocher , 

1968 )  an d w e hav e no t  ye t  addresse d thi s data .  Th e emphasi s her e i s o n accountin g fo r  majo r 

phenomen a fro m man y differen t  task s rathe r  tha n explainin g a  singl e tas k i n it s entirety .  Eventuall y w e 
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Premis e 1  :  N o archer s ar e bowler s 

Premis e 2  :  Some bowler s ar e clown s 

Conclusion :  Some clown s ar e no t  archer s 

(classifie d a s Eablb c Oca ) 

A :  Al l  a  ar c b 
I  :  Some a  ar e b 
E :  N o a  ar e b 
O :  Some a  ar e no t  b 

#la b 
#2 b e 

(Eablbc ) 

#la b 
#2c b 

(OabAcb ) 

#lb a 
#2 b e 

(AbaObc ) 

#lb a 
#2c b 

(IbaEcb ) 

Figiir e 4 :  Syllogis m task . 

expec t  dee p coverag e i n al l  o f  them . 

CATEGORICAL SYLLOGISMS 

Syllogism s ar e reasoning  task s consistin g o f  tw o premise s an d a  conclusio n (Figur e 4 ,  left) .  Eac h 

premis e relates  tw o set s o f  object s ( a an d b )  i n on e o f  fou r  way s (Figur e 4 ,  middle) ,  an d the y shar e a 

common se t  (bowlers) .  A  conclusio n state s a  relation  betwee n th e tw o set s o f  object s tha t  ar e no t 

common (th e end-terms ,  archer s an d clowns )  o r  tha t  n o vali d conclusio n exists .  Th e thre e term s a,b, c 

can occu r  i n fou r  differen t  orders ,  calle d figures  (Figur e 4 ,  right ,  example s i n parentheses) ,  producin g 6 4 

distinc t  premis e pairs . 

In addition to the basic model manipulation spaces, the task-specific syllogism space is used in 

syllogisti c reasoning.  Figur e 1  show s th e correspondenc e betwee n thi s proble m spac e an d th e 

instructions .  Thi s proble m spac e arise s directl y fro m th e Englis h instruction s vi a NL-BI-Soar .  Afte r 

acquirin g th e tas k fro m th e instructions ,  th e syste m reads  bot h premise s an d build s a  situatio n mode l 

and a  mode l  o f  eac h o f  th e premise s (th e utteranc e model )  vi a comprehend .  I t  the n attempt s t o mak e a 

conclusio n i n th e build-propositio n proble m space .  Th e attentio n mechanis m biase s th e for m o f  th e 

constructe d conclusio n t o b e simila r  t o tha t  o f  existin g proposition s (th e premises )  (assumption s seve n 

and eight) ,  leadin g t o bot h th e atmospher e an d figural  effects .  Th e syste m ma y the n tes t  th e propositio n 

i n test-propositio n an d construc t  additiona l  models ,  thoug h w e hav e no t  foun d thi s necessar y i n 

modelin g subject s i n th e Johnson-Lair d &  Bar a (1984 )  data . 

Polk & Newell (1988) showed how an earlier version of this theory could account for the main trends in 

grou p data .  Ou r  coverag e wit h th e mor e genera l  theor y i s almos t  identical .  W e hav e als o modele d th e 

individua l  response s o f  a  randoml y chose n subjec t  (subjec t  1 6 fro m Johnson-Lair d &  Bar a (1984)) .  Thi s 

subjec t  wa s modele d b y assumin g th e followin g processin g error s (assumptio n nine) :  (1 )  al l  x  ar e y 

implie s al l  y  ar e x  (interpretation) ,  (2 )  n o xare y doe s no t  impl y n o y  ar e x  (interpretation) ,  an d (3 )  i f 

neithe r  premis e ha s a n end-ter m a s subject ,  th e searc h i s abandone d (carefuhiess) .  Th e focu s o f  attentio n 

was treate d a s a  degre e o f  freedo m i n fitting  th e subject .  Fo r  thi s subject ,  w e wer e abl e t o predic t  55/6 4 

response s (86%) . 

THE WASON SELECTION TASK 

The Waso n selectio n tas k involve s decidin g whic h o f  fou r  card s (Figur e 5 ,  left )  mus t  b e turne d ove r  t o 

decid e whethe r  o r  no t  a  particula r  rul e (Figur e 5 ,  right )  i s  tru e (Wason ,  1966) .  Thi s tas k ha s bee n muc h 

studie d mainl y becaus e ver y fe w subject s solv e i t  correctly . 

Figure 1 shows the top-level wason problem space and its correspondence with the instructions. For 
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E K 4 7 

Given :  Ever y car d ha s a  numbe r  o n on e sid e an d 

a lette r  o n th e othe r  side . 

Rule :  Ever y car d wit h a n 'E '  o n on e sid e ha s 

a '4 '  o n th e othe r  side . 

Figur e 5 :  W a s o n selectio n task . 

each of the four cards, this problem space uses the test-proposition problem space to try to decide 

whethe r  i t  mus t  b e turne d over .  Sinc e th e mode l  wil l  no t  directl y answe r  thi s question ,  th e syste m 

impasse s an d trie s t o augmen t  th e model .  I t  doc s s o b y watchin g itsel f  decid e whethe r  th e rul e i s  tru e 

whil e onl y turnin g ove r  relevan t  card s (agai n usin g th e test-propositio n proble m space) .  Th e syste m 

wil l  ofte n mistakenl y conside r  card s tha t  d o no t  matc h th e rul e t o b e irrelevan t  (assumption s seve n an d 

eight )  an d wil l  no t  selec t  them .  Th e mode l  o f  decidin g whethe r  th e rul e i s  tru e i s  the n inspecte d t o se e 

i f  th e car d wa s i n fac t  turne d over ,  thu s resolvin g th e initia l  impass e o f  decidin g i f  i t  mus t  be . 

In this task, the cards can be classified into four cases: (1) those that satisfy the antecendcnt of the rule 

(th e 'E') ,  (2 )  thos e tha t  den y th e anteceden t  o f  th e rul e (th e 'K ' ) ,  (3 )  thos e tha t  affir m th e consequen t  o f 

th e rul e (th e '4*) ,  an d (4 )  thos e tha t  den y th e consequen t  o f  th e rul e (th e '7') .  Card s i n case s (1 )  an d (4 ) 

ar e th e onl y one s tha t  mus t  b e turne d over .  Th e theor y predict s that ,  ceteri s paribus ,  card s tha t  d o no t 

matc h th e rul e wil l  b e selecte d les s frequentl y tha n thos e tha t  d o (assumption s seve n an d eight) .  Evan s 

& Lync h (1973 )  demonstrate d thi s matchin g bia s i n a n experimen t  i n whic h the y varie d th e presenc e o f 

negative s whil e holdin g th e logica l  cas e constan t  (e.g. ,  the y use d rule s lik e "Ever y car d wit h a n E  o n 

on e sid e doe s no t  hav e a  '4 '  o n th e othe r  side") .  I n al l  fou r  logica l  cases ,  card s tha t  di d no t  matc h th e 

rul e wer e selecte d les s frequentl y tha n thos e tha t  di d ( 5 6 % vs .  9 0 % ,  6 % v s 3 8 % ,  1 9 % vs .  5A''/c ,  an d 

3 8 % vs .  6 7 % ) .  T h e standar d tas k i s difficul t  becaus e th e correc t  solutio n require s overcomin g thi s 

matchin g bia s t o selec t  th e '7 '  (whic h doe s no t  matc h an d henc e seem s irrelevant )  an d t o rejec t  th e '4 ' 

(whic h doe s matc h an d henc e doe s see m relevant) .  Thes e mistake s ar e indee d th e tw o mos t  c o m m o n 

m a de b y subjects .  A  numbe r  o f  othe r  phenomen a (e.g. ,  facilitation )  aris e i n variant s o f  thi s tas k an d th e 

theor y ha s no t  ye t  bee n applie d t o these . 

CONDITIONAL REASONING 

Conditiona l  reasonin g task s involv e derivin g o r  testin g th e validit y o f  a  conclusion ,  give n a  conditiona l 

rul e an d a  propositio n affirmin g o r  denyin g eithe r  tli e rule' s anteceden t  o r  consequen t  (Figur e 6) . 

Figure 1 shows the correspondence between the top-level problem space and the instructions. For this 

task ,  th e syste m comprehend s th e conditiona l  rul e an d th e proposition .  I t  the n eithe r  construct s a 

conclusio n o r  test s on e tha t  i s  given ,  dependin g o n th e instruction s (usin g build-propositio n o r 

test-proposition ,  respectively) .  I n th e absenc e o f  othe r  knowledge ,  th e syste m wil l  conside r  give n 

Conditiona l  Rule : 

Assumed Proposition : 

I f  th e lette r  i s  'A '  the n th e numbe r  i s  '4' , 

The numbe r  i s no t  '4' . 

Deriv e o r  Test :  Th e lette r  i s  no t  'A' . 

Figure 6: Conditional reasoning task. 
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conclusions that do not match the conditional to be less relevant (assumptions seven and eight). When 

constaiclin g conclusions ,  th e syste m i s similarl y biase d towar d conclusion s tha t  matc h (shar e on e o r 

more term s with )  th e rul e (assumption s seve n an d eight) . 

Thus, as in the selection task, the theory predicts a matching bias. For conditional reasoning, this 

implie s tha t  conclusion s tha t  d o no t  matc h th e conditiona l  wil l  b e les s frequentl y constructe d an d 

considere d relevan t  tha n thos e tha t  do .  Evan s (1972 )  showe d tha t  whe n th e logica l  cas e wa s factore d 

out ,  conclusion s whos e term s di d no t  matc h th e rul e wer e indee d les s likel y t o b e constructe d tha n thos e 

tha t  shar e on e o r  bot h term s (th e percentag e o f  subject s constructin g conclusion s wit h zero ,  one ,  an d 

tw o share d term s wer e 3 9 % ,  7 0 % ,  an d 8 6 % respectively) .  Further ,  whe n Evan s &  Newstea d (1977 ) 

aske d subject s t o classif y conclusion s a s 'true' ,  'false' ,  o r  'irrelevant' ,  mismatchin g conclusion s wer e 

indee d ofte n considere d irrelevant . 

CONCLUSION 

We hav e presente d a  theor y o f  huma n behavio r  i n immediat e reasonin g task s base d o n Soar .  Th e theor y 

uses mode l  manipulatio n space s (comprehend ,  test-proposition ,  an d build-proposition )  t o construc t 

and extrac t  knowledg e fro m annotate d model s an d i s guide d b y a n attentio n mechanism .  Thoug h no t 

reporte d o n here ,  i t  include s a  theor y o f  learnin g (chunking) .  Th e theor y account s fo r  qualitativ e 

phenomena i n multipl e immediat e reasonin g task s an d fo r  detaile d individua l  behavio r  i n syllogisti c 

reasoning .  Thi s theor y i s joine d b y th e Soa r  subtheor y fo r  takin g instruction s i n movin g Soa r  t o b e a 

unifie d theor y o f  cognitio n tha t  deal s i n dept h wit h a  wid e rang e o f  psychologica l  phenomena . 
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