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T o w a r d a  S o a r  T h e o r y o f  T a k i n g I n s t r u c t i o n s 

for Immediate Reasoning Tasks 

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

Schoo l  o f  Compute r  Scienc e 

Carnegi e Mello n Universit y 

Abstract 
Soar  i s a  theor y o f  th e huma n cognitiv e architecture .  W e presen t  her e th e Soa r  theor y o f  takin g instruction s fo r  immediat e 
reasonin g tasks ,  whic h involv e extractin g implici t  informatio n from  simpl e situation s i n a  fe w ten s o f  seconds .  Thi s theor y i s 
realize d i n a  compute r  syste m tha t  comprehend s simpl e Englis h instruction s an d organize s itsel f  t o perfor m a  require d task . 
Comprehendin g instruction s produce s a  mode l  o f  futur e behavio r  tha t  i s interprctivel y execute d t o yiel d tas k behavior .  Soa r 
thereb y acquire s task-specifi c  proble m space s that ,  togethe r  wit h basi c reasonin g capabilities ,  mode l  huma n performanc e i n 
multipl e immediat e reasonin g tasks .  B y providin g a n accoun t  o f  takin g instructions ,  w e reduc e th e degree s o f  freedo m 
availabl e t o ou r  theor y o f  immediat e reasoning ,  an d als o giv e mor e suppor t  fo r  Soa r  a s a  unifie d theor y o f  cognition . 

Soar is a theory of human cognition (Newell, 1989), embodied in a computer system. Soar specifies the 

cognitiv e architecture ,  whic h i s th e relativel y fixed  se t  o f  mechanism s tha t  permi t  goal s an d knowledg e 

o f  th e tas k environmen t  t o b e encode d i n m e m o r y an d brough t  t o bea r  t o produc e behavior .  Soa r  i s 

propose d a s a  unifie d theor y o f  cognition ,  an d i t  ha s bee n applie d t o h u m a n behavio r  i n a  broa d 

spectru m o f  domains .  Thi s pape r  report s progres s i n gettin g Soa r  t o tak e instruction s an d organiz e itsel f 

t o perfor m a  require d task . 

There are three important reasons for wanting a theory of instructions. First, taking instructions is a 

domai n o f  cognitiv e activity ,  wit h interestin g phenomen a an d practica l  importance .  A n y unifie d theor y 

o f  cognitio n mus t  ultimatel y provid e suc h a  theory .  Second ,  a  majo r  issu e fo r  psycholog y ha s alway s 

bee n th e radica l  underdeterminatio n o f  theor y b y data .  T h o u g h a n issu e fo r  al l  sciences ,  i t  i s  particularl y 

irksom e fo r  psycholog y (an d th e socia l  sciences )  becaus e h u m a n s brin g massiv e knowledg e t o a  tas k 

an d dynamicall y organiz e themselve s accordingly .  Takin g instruction s t o perfor m task s i s a n importan t 

instanc e o f  suc h self-organizatio n (e.g. ,  a s i t  take s plac e i n psychologica l  experiments) .  B y specifyin g 

h o w tas k specifi c  organizatio n arise s fro m instructions ,  a  theor y o f  instructio n comprehensio n woul d g o 

s o me w a y towar d removin g wha t  ca n b e calle d theor y degree s o f  freedom .  Instruction s ar e onl y on e 

sourc e o f  knowledg e determinin g behavior ,  bu t  understandin g the m coul d pav e th e w a y fo r  dealin g wit h 

othe r  sources .  Third ,  includin g bot h instructio n takin g an d tas k performanc e i n th e sam e theoretica l 

accoun t  provide s mutua l  constraint .  Thi s constrain t  i s a n instanc e o f  th e gain s t o b e m a d e fro m a  unifie d 

theor y o f  cognition . 

In this paper we take some steps toward a theory of instruction taking.' The system we present here, 

NL-Soar ,  comprehend s instruction s give n i n elementar y Englis h fo r  immediat e reasonin g tasks ,  suc h a s 

th e relationa l  reasonin g tas k (Johnson-Laird ,  1988 )  show n i n Figur e 1 .  Thi s comprehensio n i s par t  o f  a 

system ,  IR-Soar ,  tha t  model s th e w a y h u m a n s perfor m immediat e reasonin g (reporte d i n a  companio n 

pape r  (Polk ,  Newel l  &  Lewis ,  1989)) .  Her e w e focu s o n th e interna l  representatio n o f  instructions ,  h o w 

'Buildin g o n earlie r  wor k i n (Newell ,  1989 ,  Chap .  7 ;  Yos t  &  Newell ,  1988) . 
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Instruction s 

Read fou r  premises . 
Then rea d a  statement . 
I f  th e statemen t  i s tru e sa y "true " 
Then stop . 

T a s k inpu t 

Premise s 

Statemen t 

A plat e i s lef t  o f  a  knife . 
A for k i s lef t  o f  th e plate . 
A ju g i s abov e th e knife . 
The for k i s belo w a  cup . 

The cu p i s lef t  o f  th e jug . 

Figur e 1 :  Relationa l  reasonin g task . 

Soar organizes itself to do the task, and the associated psychological claims. The process of 

comprehendin g th e languag e o f  instruction s t o creat e thes e representation s i s  als o par t  o f  th e tota l 

theory ,  an d involve s bot h linguisti c an d psycholinguisti c issues .  Althoug h w e d o no t  dea l  wit h thes e 

issue s here ,  N L - S o a r  doe s e m b o d y a  theor y o f  languag e comprehensio n (Newell ,  1989 ,  Chap .  8 ) .  W e 

als o d o no t  presen t  direc t  behaviora l  evidenc e fo r  instructio n taking .  Fo r  th e m o m e n t ,  th e psychologica l 

relevanc e o f  th e instructio n takin g i s tha t  i t  lead s t o a n organizatio n o f  IR-Soa r  tha t  explain s h o w peopl e 

d o immediat e reasonin g tasks . 

There has been relatively little work on the psychology of instruction taking. The most notable was the 

U N D E R S T A ND progra m (Simo n &  Hayes ,  1979) ,  whic h too k instruction s fo r  th e T o w e r  o f  Hano i  an d 

constructe d a  proble m spac e i n whic h t o d o th e task .  O u r  accoun t  i s consonan t  wit h th e broa d thrus t  o f 

tha t  work ,  th e ma i n advance s bein g i n th e plausibilit y o f  th e processe s an d representation s used ,  an d i n 

th e embedd in g o f  thi s i n a  unifie d theory .  O u r  accoun t  i s  als o consonan t  wit h th e implication s fro m 

A C T*  (Anderson ,  1983) :  tha t  conversio n fro m declarativ e t o procedura l  for m occur s b y a n interpretiv e 

proces s tha t  lead s t o creatin g chunk s o f  conditiona l  behavio r  (productions) . 

We first present the psychological claims of the Soar theory of taking instructions, and in passing review 

th e basi c assumption s o f  th e Soa r  architecture .  W e the n illustrat e th e theor y b y tracin g th e behavio r  o f 

th e syste m i n detai l  o n th e relationa l  reasonin g tas k i n Figur e 1 .  Finally ,  w e btiefi y describ e h o w th e 

theor y ha s bee n applie d t o tw o othe r  immediat e reasonin g tasks . 

THE SOAR THEORY O F TAKIN G INSTRUCTIONS 

Soar  a s a  cognitiv e architectur e ha s bee n describe d i n severa l  place s (Laird ,  Newel l  &  Rosenbloom , 

1987 )  an d w e wil l  tak e it s majo r  outline s t o b e familiar .  Al l  task s ar c formulate d i n proble m spaces ;  al l 

lon g ter m knowledg e i s hel d i n a  recognitio n memor y (realize d a s productions) ;  processin g proceed s b y 

a sequenc e o f  decisio n cycle s tha t  accumulat e knowledg e abou t  wha t  spaces ,  state s an d operator s t o 

select ;  subgoal s ar e generate d i n a n attemp t  t o resolv e impasse s tha t  occu r  whe n th e decision-makin g 

knowledg e i s insufficien t  o r  confiicting ;  an d th e experienc e gaine d i n resolvin g impasse s i s learne d i n 

th e for m o f  chunk s (ne w production s i n recognitio n memory) . 

One additional assumption is that states in problem spaces are annotated models? Models consist of 

^Thi s i s no t  ye t  a n architectura l  assumptio n fo r  Soar ,  whic h onl y assume s a  representatio n consistin g o f  attribute s an d values . 
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ProportiB s 

word :  abov e 
isa :  predicat e 
predicate-name :  abov e 

subjec t 

^ 

objec t 

Propertie s 

word: jug 

Propertie s 

word :  knif e 

refers-t o refers-t o 

Propertie s 

isa :  ju g 

abov e Propertie s 

isa :  knit e 

I  I  utteranc e objec t  I  I  situatio n objec t 

Figur e 2 :  Utteranc e an d situatio n model s fo r  " A ju g i s abov e th e knife. " 

objects, properties, and relations (model elements) and satisfy the semantic assumption that each element 

i n th e representatio n correspond s t o a n elemen t  i n th e referent .  Thi s assumptio n ma y b e violate d i n 

principle d way s b y attachin g annotation s t o mode l  elements .  A n armotatio n specifie s a  non-standar d 

interpretatio n fo r  th e singl e elemen t  t o whic h i t  i s  attache d (e.g. ,  a n elemen t  annotate d man y 

correspond s t o multipl e element s i n th e referent) .  Ther e ar e computationa l  advantage s t o processin g 

annotate d model s an d ther e i s als o evidenc e tha t  human s us e the m (Johnson-Laird ,  1983 ;  Pol k & 

Newell ,  1988) .  W e d o no t  review  thes e considerations ,  bu t  simpl y assum e annotate d models .  Beyon d 

thes e assumptions ,  th e Soa r  theor y o f  takin g instruction s embodie s th e followin g psychologica l  claims : 

1. Situation model. The objective of comprehending an utterance is to represent the situation that 

th e utteranc e i s about .  T o d o so ,  comprehensio n build s a  mode l  o f  th e situation . 

2.  Utteranc e model .  A s a  processin g sid e effect ,  comprehensio n produce s a  mode l  o f  th e 

utterance— a mode l  tha t  reflect s th e logica l  fon m o f  th e utterance ,  an d tha t  ca n b e interprete d a s 

th e abstrac t  propositio n o r  descriptio n asserte d b y th e utterance . 

3.  Behavio r  model .  I f  instruction s ar e comprehended ,  th e situatio n mode l  tha t  comprehensio n 

produce s i s a  mode l  o f  th e subject' s futur e behavio r 

4.  Performanc e b y interpretation .  Tas k performanc e proceed s initiall y  b y interpretivel y executin g 

th e behavio r  model .  Durin g thi s interpretatio n process ,  chunk s ar e leamc d tha t  directl y perfon m 

th e task . 

The theor y o f  comprehensio n 

Comprehensio n (constructio n o f  th e situatio n model )  occur s i n th e comprehen d proble m spac e b y 

applyin g a  comprehensio n operato r  t o eac h incomin g wor d (Newell ,  1989) .  Thes e operator s iterativel y 

Nevertheless ,  th e curren t  wor k i n Soa r  o n huma n cognitio n assume s model s (Newell ,  1989 ,  Chap .  7 ;  Pol k &  Newell ,  1988) . 
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next-actio n next-actio n next-ac t  Io n 

is m actio n 
name- .  :.•:• ,  rauKt-

•••' •  Inpu t 

Prap^rtm ^ 
Ian : cSan 
rWuYXi :  read -

cu e actio n 
ttame;  fead -

Inpu t 

Prapffpa ^ 
Imc ;| |  •ctio n 

:. (nput 

nextaclio n 

resulls-l n results-l n results-l n results-l n 

PfOp&ni M 

Pipfrer))0 ^ .:.:::;•¥ }  jSĵ if A 

nflffi* '  read-Inpu t 
V 

' 
results-l n 

{so :  statemen t 

^  refers-l o 

Propertie s 
word :  atatemen t 

next-actio n 

subjec t 

i« K action : 
n«me:  utio r 

next-actio n 
> 

lo-utle r 

preconditio n 

Fre>pant« $ 
i«a t  actio n 
nam* :  ato p 

Propertie s 
word :  tru a 

Propertie s 
iaa :  predicat e 
name:  is-tru a 

I  I  utteranc e objec t  l J  situatio n objec t 

Figure 3: Behavior model for the relational reasoning task of Figure L 

augment  an d refin e th e situatio n mode l  a s th e utteranc e i s comprehended .  Figur e 2 ,  bottom ,  show s a 

simpl e situatio n mode l  produce d b y comprehen d fo r  th e thir d premis e o f  Figur e 1 . 

Since all the knowledge that a word contributes to an utterance may not be available at the moment the 

wor d i s read ,  th e comprehensio n proces s mus t  hav e som e mean s o f  holdin g partia l  comprehensio n 

knowledge .  I n th e comprehen d space ,  thi s knowledg e i s hel d b y expectatio n dat a structures . 

Expectation s ca n b e syntactic ,  semantic ,  o r  pragmatic .  I n particular ,  par t  o f  wha t  i s delivere d b y a 

comprehensio n operato r  fo r  a  wor d i s knowledg e abou t  wha t  i s expecte d t o com e i n th e res t  o f  th e 

utterance .  Thus ,  ther e mus t  b e som e wa y o f  modelin g th e utteranc e itself .  Th e utteranc e mode l  tha t 

serve s thi s processin g requiremen t  i s a  structure d linguisti c form .  A s comprehensio n proceeds ,  i t 

evolve s int o a  mode l  tha t  reflect s th e underlyin g logica l  for m o f  th e utterance .  I n contras t  t o th e 

situatio n model ,  th e utteranc e mode l  i s close r  t o a  predicat e calculus-lik e language . 

As an example. Figure 2, top, gives the final utterance model for "A jug is above the knife." ^ It is 

usefu l  t o compar e th e tw o model s i n thi s figure.  Th e object s i n th e situatio n mode l  correspon d t o th e 

ju g an d knif e i n th e situation ,  an d th e relatio n "above "  correspond s t o th e spatia l  relatio n i n th e 

situation .  I n contrast ,  th e object s i n th e utteranc e mode l  correspon d t o linguisti c object s tha t  ca n b e 

interprete d a s predicate s an d arguments .  Thus ,  "above "  i n th e utteranc e mode l  correspond s t o th e 

predicat e "above" ,  an d th e relation s correspon d t o relation s betwee n th e predicat e an d it s arguments . 

Sinc e object s i n th e utteranc e mode l  originat e a s words ,  th e languag e o f  predicate s i s a s rich  a s th e 

•'Th e utteranc e mode l  i n thi s  figure  i s actuall y somewha t  simpUfic d fo r  expositor y purposes , 
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natural language expressing the utterance. 

The utterance model is not a deliberate product of comprehension; it is the means by which 

comprehen d deal s wit h language .  However ,  sinc e som e knowledg e canno t  b e encode d i n th e situatio n 

model  (e.g. ,  universa l  quantification) ,  th e tota l  knowledg e provide d b y a n utteranc e ma y resid e jointl y i n 

bot h models . 

The theory of task performance 

Comprehendin g instruction s produce s a  mode l  tha t  represent s futur e action s t o b e taken .  A n elemen t  i n 

a behavio r  mode l  correspond s t o a n actio n o r  a n objec t  relate d t o a n actio n (suc h a s th e expecte d inpu t 

or  output) .  Fo r  example ,  th e mode l  i n Figur e 3 ,  produce d b y NL-Soa r  fo r  th e tas k o f  Figur e 1 ,  specifie s 

tha t  th e tas k begin s wit h fou r  act s o f  readin g input ,  an d tha t  eac h ac t  shoul d yiel d a  premise . 

After reading the instructions, the system attempts to perform the task. It is initially unable to proceed, 

becaus e i t  lack s operationa l  knowledg e o f  th e tas k i n recognitio n memor y (th e knowledg e i s i n th e stati c 

dat a structure s o f  th e behavio r  model) .  Thi s lead s t o interpretin g th e behavio r  model .  Earlie r  wor k wit h 

Soar  ha s show n ho w suc h processe s ca n yiel d chunk s tha t  directl y implemen t  th e tas k an d bypas s 

interpretatio n (Yos t  &  Newell ,  1988 ;  Newell ,  1989) .  Currently ,  thi s capabilit y  i s  embodie d i n Bl-Soa r 

(behavior-mode l  interpretation) ,  a  se t  o f  proble m space s tha t  ar e independen t  o f  NL-Soa r  an d IR-Soar . 

For  immediat e reasonin g tasks ,  th e interpretatio n o f  th e behavio r  mode l  give s ris e t o proble m space s 

whose operator s ar e implemente d i n th e thre e basi c IR-Soa r  space s (comprehend ,  test-proposition ,  an d 

build-proposition) .  Polk ,  Newel l  &  Lewi s (1989 )  sho w tha t  th e tas k space s s o acquire d ca n indee d b e 

use d t o mode l  huma n performance . 

AN EXAMPLE: RELATIONAL REASONING 

We illustrat e th e theor y b y tracin g throug h th e tas k o f  Figur e 1 .  Figur e 4  show s th e behavio r  o f  th e 

syste m a s i t  comprehend s th e instruction s an d attempt s t o perfor m th e task .  Th e syste m begin s i n th e 

rea d proble m spac e (se e (1 )  i n Figur e 4) ,  an d applie s a  serie s o f  comprchcnd-inpu t  operator s t o rea d th e 

instructions .  Eac h operato r  applicatio n comprehend s on e statement ,  an d build s u p th e behavio r  mode l 

accordingly .  (2 )  Th e comprehend-inpu t  operato r  i s implemente d i n th e comprehen d space ,  wher e a 

serie s o f  comprehensio n operator s fire  fo r  eac h incomin g word .  Thes e operator s actuall y fire  multipl e 

time s a s expectation s buil d u p an d ar e saUsfied . 

(3) Processing continues until comprehension of the word "begin," which the system takes to mean it 

shoul d star t  th e task .  (4 )  I t  deliberatel y set s th e goa l  o f  doin g th e tas k b y selectin g th e do-new-tas k 

operator .  (5 )  Sinc e th e knowledg e require d t o perfor m th e tas k i s no t  directl y availabl e i n recognitio n 

memory.  Soa r  impasse s an d create s a  ne w proble m spac e (relation )  t o implemen t  th e operator . 

(6) Once in the relation space. Soar impasses again because it has no operators to propose for this new 

space .  Resolvin g th e impass e require s consultin g th e behavio r  mode l  fo r  wha t  t o d o next .  (7 )  Thi s i s 

th e functio n o f  th e fetch-operato r  proble m spac e ( a spac e o f  Bl-Soar) ,  whic h contain s th e knowledg e 

require d t o locat e th e nex t  acUo n i n th e behavio r  mode l  an d interpre t  i t  a s a n operato r  i n th e tas k space . 

(8 )  I n thi s case ,  th e impass e i s resolve d b y selectin g read-input ,  a n instanuatio n o f  th e comprehend-inpu t 

operato r  tha t  wil l  yiel d a  premis e (Figur e 3) .  (9 )  Th e premis e objec t  fro m th e behavio r  mode l  i s se t  u p 
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rea d spac e 
"Rea d fou r 
premises "  „ ^  do-new-tas k 

The n r y ^  H J - . .  stop " 
y ^  >  comprehend -  ""^kpy^-' ^ 

inpu t  W-Ronin " Begin. "  , 

comprehen d 
space / 

omprehen d 
fetch-operat o 
spac e 

1 

behavio r  mode l 

relatio n 
spac e 11(5 )  \ u t t e r ^ ^ / 

test-pro p \  "'"' ^  " ^ 

O - K D 
stop-tas k 

comprehen d 
spac e 

connprehen d 
test-|)ropositio n 
spac e , 

tas k situatio n 
model 

Figur e 4 :  Acquirin g an d performin g th e relationa l  reasonin g task . 
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1 

2 

3 

4, 

Categorica l  Syllogism s 

Instruction s Syllogis m spac e operator s 

Read tw o premise s tha t  shar e 
a ter m 

The n produc e a  statemen t 
tha t  follow s fro m th e premise s 

The statemen t  relate s th e 
uniqu e term s o l  th e premise s 

The n stop . 

1 Read-inpu t 
[comprehend ] 

2 Make-conclusio n 
[build-proposition ] 

3 Make-conclusio n 
(goal-test ) 

4 Stop-tas k 

1 

2 

3 

4 

5 

K i e m c n t a r y Sen tenc e Veriricatio n 

Instruction s 

Examin e th e pictur e 

The n rea d a  statemen t 

It  th e statemen t  i s tru e 
pres s th e l-butto n 

II  th e statemen t  i s fals e 
pres s th e l-butto n 

The n sto p 

K SV spac e operator s 

1 Rea d inpu t 
(comprehend ] 

2 Rea d inpu t 
[comprehend ] 

3 Tes t  pro p 
(les t  proposition ] 

4 Tes t  pro p 
[test-proposition ] 

5 Slo p tas k 

Figur e 5 :  Othe r  immediat e reasonin g tasks . 

as an expectation in the comprehend space, and thus provides the goal test for read-input. 

This impasse-fetch-apply cycle continues until Soar arrives at the utter action in the behavior model. 

Thi s actio n ha s a  preconditio n (namely ,  tha t  th e statemen t  jus t  rea d i s  true) ,  interprete d a s a  propositio n 

(Figur e 3) .  Thi s propositio n originate d a s par t  o f  th e utteranc e mode l  fo r  on e o f  th e comprehende d 

instructions .  (10 )  Determinin g i f  thi s actio n shoul d b e take n require s verifyin g th e proposition ,  s o th e 

impass e i n th e relatio n spac e i s resolve d b y selectin g th e test-pro p operator .  (11 )  Thi s operato r  i s 

implemente d i n th e test-propositio n space ,  on e o f  th e thre e basi c IR-Soa r  proble m space s (Polk ,  Newel l 

& Lewis ,  1989) .  (12 )  Onc e th e propositio n ha s bee n verifie d b y consultin g th e situatio n model ,  th e 

fetch-operato r  spac e select s an d instantiate s th e utte r  operato r  i n th e nex t  fetc h cycle .  (13 )  Finally ,  th e 

stop-tas k operato r  i s selecte d an d terminate s th e task . 

OTHER TASKS 

NL-BI-Soa r  ha s acquire d tw o othe r  immediat e reasonin g tasks .  Figur e 5  show s th e instruction s an d 

problem-space s fo r  th e elementar y sentenc e verificatio n tas k (Clar k &  Chase ,  1972) ,  an d th e categorica l 

syllogism s task .  A s i n th e relationa l  reasonin g task ,  task-specifi c behavio r  arise s b y interpretin g th e 

behavio r  model ,  an d applyin g operator s i n th e ne w tas k spac e tha t  ar e implemente d i n IR-Soar' s 

comprehend ,  test-proposition ,  o r  build-propositio n proble m spaces'* . 

The elementary sentence verification task differs from relational reasoning in the simplicity of the initial 

situation ,  an d th e for m use d t o presen t  th e situatio n ( a picture) .  Th e latte r  differenc e show s u p i n th e 

behavio r  mode l  a s a  comprehend-inpu t  actio n tha t  expect s a  pictur e rathe r  tha n a  linguisti c utterance . 

The differenc e i n simplicit y i s a  functio n o f  th e tas k input ,  no t  th e tas k instructions . 

The syllogisms task (Polk, Newell & Lewis, 1989) is interesting because the subject must utter a 

conclusio n tha t  conform s t o a  particula r  specificatio n give n i n th e instructions — namely ,  tha t  th e 

conclusio n relat e th e uniqu e term s o f  th e premises .  Soa r  realize s thi s a s a n applicatio n o f  th e 

build-propositio n operato r  instantiate d t o relat e th e correc t  tenms .  Knowledg e i n th e comprehensio n 

operator s fo r  th e word s "unique "  an d "relate "  lead s t o constructio n o f  th e appropriat e behavio r  mode l 

*NL-Soa r  wil l  dea l  wit h th e conditiona l  reasonin g an d Wason tasks ,  whic h ar e th e additiona l  example s i n (Polk ,  Newel l  & 
L e w i s ,  1 9 8 9 ) ;  a s o f  submissio n o f  thi s paper ,  th e run s ar e no t  completed ,  bu t  n o difficultie s ar c expected . 
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ihat caplurcs this constraint. 

CONCLUSION 

We hav e presente d a  Soa r  theor y o f  takin g instruction s fo r  immediat e reasonin g tasks .  Thi s theor y i s 

implemente d i n tw o collection s o f  Soa r  proble m spaces ,  NL-Soa r  an d Bl-Soar .  NL-Soa r  use s th e 

comprehen d proble m spac e t o rea d simpl e Englis h statement s an d produc e a n annotate d mode l  o f  th e 

situatio n bein g described .  A s a  sid e effec t  o f  comprehendin g thes e statements ,  comprehen d produce s a 

model  tha t  reflect s th e logica l  for m o f  th e utterance .  Whe n readin g tas k instructions ,  comprehen d 

create s a  mode l  o f  th e behavio r  describe d b y th e instructions .  B y repeatedl y consultin g thi s behavio r 

model ,  Bl-Soa r  ca n acquir e th e proble m space s necessar y t o perfor m th e task . 

Besides being interesting in its own right, this theory opens up some interesting possibilities. For one, it 

begin s t o significantl y alleviat e th e proble m o f  th e undcrdcterminatio n o f  theorie s b y data .  I n a 

companio n pape r  (Polk ,  Newel l  &  Lewis ,  1989) ,  w e hav e presente d a  theor y o f  immediat e reasonin g 

tha t  depend s o n th e task-specifi c  proble m space s tha t  aris e fro m th e instruction s give n t o NL-Soar .  Th e 

degree s o f  freedo m availabl e t o tha t  theor y ar e significantl y reduce d a s a  result .  Further ,  th e tw o 

subthcorie s o f  takin g instruction s an d immediat e reasonin g mutuall y constrai n eac h other ,  makin g bot h 

significantl y stronger .  Fo r  instance ,  i t  i s  no t  a n independen t  assumptio n o f  th e immediat e reasonin g 

theor y tha t  bot h th e utteranc e mode l  an d th e situatio n mode l  ar e availabl e a s source s o f  knowledg e t o 

do th e task .  Similarly ,  th e proble m space s acquire d throug h tas k instruction s mus t  b e use d t o mode l 

behavio r  i n immediat e reasonin g tasks ,  significantl y constrainin g th e theor y presente d here .  Finally ,  thi s 

theor y represent s anothe r  ste p towar d makin g Soa r  a  unifie d theor y o f  cognition . 
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