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Abstract space represents the static and dynamic aspects of a 

smal l  semi-independen t  fragmen t  o f  th e interna l  o r 
TUi s articl e provide s a  ver y brie f  overvie w o f  th e ^ ^ ^ ^ ^  ̂ ^ ,̂ ^  ̂ ^ ^ ^ ^  ̂ ^  ̂ ,  j^^j ^  S ^ ^  approximate s 

curren t  status ,  a s o f  Sprin g 1993 ,  o f  Soa r  a s a  unifie d ^  j ^ ^  knowledge-leve l  syste m t o th e exten t  tha t  it s 
theor y o f  cognition .  Moreover ,  i t  serve s t o se t  th e stag e ^ ^ ^ , ^ ^ g ^  _  ^ ^  ^  ^^^^^^ ^  ̂ ^ ^ ^  _  ^ ^  ^  ^^ ^ 

fo r  th e detaile d discussion s o f  individua l  Soa r  system s i n ^ ^ ^ ^ ^ ^ ^ y  ̂  ^^^^^ ^  ̂ ^ion s fo r  it s goals . 

th e thre e paper s tha t  follow .  W e begi n b y summarizin g ^ ^  ^j^ ^  architectur e (o r  symbol )  leve l  (Newell . 

th e structur e o f  Soa r  a s a  cogniUv e system ,  an d the n ^^^^^^^ ^  &  Laird ,  1989) .  Soa r  ca n b e describe d a s a 

ouUin e it s statu s a s a  unifie d theor y o f  cognition .  ^^^^^^^ ^  ̂ ^  ̂ ^ ^  ̂ ^̂ ^̂ ^̂ ^  ,^y^ ^  ̂ ^  behaviora l  contro l 

(Lair d &  Rosenbloom .  1990a) .  whic h jointi y implemen t 

S o a r  th e problem-spac e level .  Behaviora l  functionalit y an d 

,  ^  .  .  ,  „  flexibilit y  increas e wit h th e heigh t  o f  th e layer ,  bu t  th e 
A ny numbe r  o f  description s o f  Soar ,  a t  vanou s .  .  ,  ^  ,  . ,  . . .  ,  . 

•'  * ^  nun imu m cycl e tmi e o f  th e contro l  loo p als o increase s 
level s o f  detai l  an d fro m differen t  perspecuves ,  hav e . . .  „ .  _ .  ,  . u v  » .  . u j  ; 

* ^  /  '  correspondingly .  Startin g fro m th e bottom ,  Ui e modul e 
alread y appeare d m publishe d work .  M a n y o f  thes e ,  . ,  . r - j  j .  ^ , 

.  .  r  ^  X  .  «  ioŷ f '  provide s a  se t  o f  independen t  perceptual ,  motor , 
descnpuon s ca n b e foun d i n (Rosenbloom ,  Lau-d ,  &  .  .  ,  .  - .  -r u . •  ; 

11 ifv\ i  r > T O T inn \  ^ ^  pcrceptual-moto r  units .  Th e associatio n laye r 

Newell ,  1993a ;  Rosenbloom ,  Laird ,  &  NeweU ,  1993b) . 

The mos t  detaile d o f  tiie  recen t  description s ca n b e foun d 

i n (Newell ,  1990 )  an d i n th e combinatio n o f  (Lair d e t  al , 

1990 )  an d (Doorenbos ,  1992) .  Here ,  w e briefl y 

provide s a  paralle l  laye r  o f  association s -  structure d a s 

production s -  whic h mediat e th e interaction s amon g th e 

module s b y providin g som e amoun t  o f  coordinatio n an d 

„  ,  .  ,  .  .  ,  communication .  Th e decisio n laye r  provide s Ui e abilit y 
summanze Soa r  base d o n a  recen t  descnpuo n fo r  a  .  .  .„ i  j  •  •  Z  t 

.  .  .  ^  „  o  r .  v i  ^  ''̂ s e contro l  deasion s o n multi-cycl e assoaativ e cognitive/neura l  scienc e audienc e (Pol k &  Rosenbloom , 

1993) . 

Soar  ca n b e characterize d vi a a  hierarch y o f  fou r 

level s o f  description .  A t  th e top .  Soa r  ca n b e describe d 

at  Ui e knowledg e leve l  (Newell ,  1982 )  a s possessin g 

goal s an d knowledge ,  havin g a  bod y tha t  provide s 

perceptio n an d actio n c^abilities ,  an d choosin g action s 

whic h it s knowledg e say s wil l  achiev e it s goals .  Thi s 

leve l  o f  descriptio n abstract s awa y fro m al l  issue s o f 

interna l  structur e an d process .  Th e abstractio n aid s i n 

stabilization .  Behavio r  a t  thi s leve l  proceed s throug h 

repetitio n o f  a  two-phas e cycle :  first  al l  matche d 

association s ar e fired  unti l  n o mor e ar e eligible ,  an d tiien 

choice s ar e mad e base d o n preference s retrieved  b y th e 

associations .  Th e reflectiv e laye r  provide s th e abilit y t o 

ste p bac k an d reflect  o n impasse s i n decisio n making , 

and t o lear n fro m thes e reflective  steps . 

At  th e technolog y level .  Soa r  ca n b e describe d a s a  C 

progra m o n particula r  hardware ,  tiiough  tiiere  ar e als o 

,_ ^  .  ^  ̂  ̂  .  r  ^  ^  .  attempt s t o mov e Soa r  ove r  t o a n alternativ e technolog y 
speafym g th e desuie d behavio r  o f  tiie  syste m an d m .  .  i  »  ,  /v i  , .  ,nn n r .  u i 
*^-' .  ,  , ,  . .  \  , .  .  base d o n neura l  network s (Newell ,  1990 ;  Rosenbloom , 

generatm g som e classe s o f  descnpuon s an d prediction s ,no n /- u n  u i  o  t ^  i  n̂r,t ^ 
^ .  ^  ̂  .  ^  .  .  .  .  ,  , _ ^  1989;Cho ,  Rosenbloom ,  &Do lan ,  1991) . 
of  It s behavior ,  bu t  i t  i s  als o clearl y to o abstrac t  fo r  man y 
othe r  purposes . 

At  tiie  problem-spac e level .  Soa r  ca n b e describe d a s S o a r  a s a  Unif ie d T h e o r y o f  Cogn i t i o n 
a se t  o f  interactin g proble m spaces ,  wher e eac h proble m ^ ^  ^^ ^  ^ ^  ^ ^ ^ ^  ^  f̂ „  ^ ^ j - , ^  ^ ^ ^  ^ ^ 
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cognitio n i s bot h worthwliil e an d difficul t  t o achieve .  A s 

wit h an y endeavo r  o f  suc h broa d scope ,  i t  require s a 

long-ter m commitmen t  t o inaementa l  theoretica l 

developmen t  A t  an y poin t  i n time ,  ther e wil l  b e 

capabilitie s tha t  th e theor y support s strongly ,  thos e tha t 

constitut e th e leadin g edge ,  an d thos e tha t  remai n 

unexplored .  Th e mos t  detaile d extan t  overvie w o f  Soa r 

as a  unifie d theor y o f  cognition ,  capture d a t  on e poin t  i n 

time ,  ca n b e foun d i n G^ewell ,  1990) .  Th e cognitiv e 

scienc e community' s respons e t o Soar' s statu s a t  tha t 

time ,  a s capture d i n th e commentarie s i n (Newel l  e t  al , 

1992) ,  provide s a  lis t  o f  perceive d weaknesse s tha t  w e 

hav e take n a s challenge s t o b e met. '  Thoug h th e 

publishe d respons e t o thes e commentarie s doe s counte r 

some o f  th e challenges ,  i t  i s  stil l  usefu l  t o reproduc e th e 

ful l  lis t  her e a s a  wa y t o organiz e recen t  advance s an d 

indicat e n e w frontiers .  Eac h o f  th e subitem s i n th e lis t 

belo w represent s wor k don e subsequen t  t o (Newell , 

1990 )  tha t  is ,  a t  leas t  i n part ,  attemptin g t o respon d t o th e 

challenges .  Thes e subitem s ar e derive d primaril y fro m 

th e presentation s a t  th e Elevent h Soa r  Worksho p (hel d a t 

Carnegi e Mello n University ,  Pittsburgh ,  PA ,  Octobe r 

23-25 ,  1992) .  Mor e exhaustiv e overview s o f  recen t 

advance s ca n b e foun d i n (Lewi s e t  al ,  1990 ;  Micho n & 

Akyurek ,  1992 ;  Rosenbloom ,  Laird ,  &  NeweU ,  1993a ; 

Rosenbloom ,  Laird ,  &  NeweU ,  1993b) . 

•  Th e perceptual-moto r  syste m 

•  Cover t  Visua l  Attentio n (Wiesmeyer ,  1992 ) 

*  Intelligen t  tutorin g i n interactiv e 

environment s (Ward ,  1991 ;  Hil l  &  Johnson , 

1993 ) 

•  Modelin g studen t  educatio n i n a n interactiv e 

microworl d (Conat i  &  Lehman ,  1993 ) 

•  Th e treatmen t  o f  psychologica l  dat a an d 
experiment s 

•  Verba l  reasonin g (Polk ,  1992 ) 

•  Psycholinguisti c phenomen a (Lewis ,  1992 ) 

•  Languag e 

•  Natura l  languag e comprehensio n (Lehman , 

Lewis ,  &  NeweU ,  1991 ;  Lewis ,  1992 ; 
Lehman,  NeweU ,  PoUc ,  &  Lewis ,  1993 ) 

•  Learnin g fro m natura l  languag e instruction s 
(Huffma n &  Laird ,  1993 ) 

•  Th e undetermine d characte r  o f  psychologica l 
theor y i n Soa r 

•Derivin g a  UTC' s constraint s o n tas k 
model s (Huffman ,  1993 ) 

' a secon d lis t  o f  challenges ,  stemmin g mor e from  th e artificia l 
intelligenc e community ,  ca n b e foun d i n (Stefi k 8 l  Smoliar ,  1993) . 

•  Th e A l  bia s o f  Soa r 

•  Consciousnes s 

•  Short-ter m m e m o r y 

•Workin g m e m o r y an d short-ter m m e m o r y 

(John ,  1991 ) 

•  Emotio n an d noncognitiv e asiiect s 

•  M o d e U n g agent s i n organization s (Carle y e t 

al ,  1992 ) 

•  Uncertaint y 

•  Integratio n 

•  Planning ,  execution ,  an d learnin g (Lair d & 

Rosenbloom ,  1990b ) 

*Tas k executio n an d natura l  languag e 
instructio n (Huffma n &  Laird ,  1993 ) 

•  Natura l  languag e dialo g i n th e N A S A Tes t 

Directo r  Mode l 

•  Inductio n 

•  Concep t  acquisitio n (MUle r  &  Laird ,  1991 ; 

Rosenbloo m &  Aasman ,  1990 ) 

•  Interruptio n an d dua l  task s 

•  Robo t  contro l  (Lair d e t  al ,  1991 ) 

•  Individua l  difference s 

•  Verba l  reasonin g (PoUc ,  1992 ) 

•  Ski U 

•  Ski U acquisitio n i n schedulin g 

•ModeUn g th e N A S A Tes t  Directo r  (John , 

Remingto n an d Steier ,  1991 ) 

•ModeUn g pUo t  behavio r  (an d flying 

simulate d planes )  (Jone s e t  al ,  1993 ;  Pearso n 

era/ ,  1993 ) 

•SkiUe d rapi d interactio n (John ,  Ver a & 

Newell ,  1990 ) 

•  Developmen t 

•Numbe r  conservatio n .(Simon ,  Newel l  & 

Klahr ,  1991 ) 

•  Recal l  withou t  recognitio n 

•  Ite m recognitio n 

Thoug h thi s lis t  o f  chaUenge s an d researc h topic s 

canno t  substitut e fo r  a  systemati c analysi s o f  Soar' s 

abiUt y t o matc h th e fu U rang e o f  huma n cognition ,  i t 

does provid e a  goo d snapsho t  o f  th e curren t  frontier s i n 

Soar' s developmen t  Additiona l  topic s presente d a t  th e 

Elevent h Soa r  Worksho p tha t  d o no t  respon d 

straightforwardl y t o th e challenges ,  nonetheles s 

dranonstrat e furthe r  th e diversit y an d vitaUt y o f  researc h 

i n Soa r  a s a  unifie d theor y o f  cognition ,  an d provid e 

additiona l  insigh t  int o th e curren t  frontier s o f 

developmen t 

•  Acquisitio n o f  abductiv e expertis e (Johnso n & 
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Smith .  1991 ) 

•  Acquisitio n o f  causa l  knowledg e 

•  Einstellun g (Tamb e &  Rosenbloom .  1993 ) 

•  Medica l  proble m solvin g (Bayazitoglu ,  Smith ,  & 

Johnson .  1992 ) 

•  Musi c cognitio n (Scarborough .  Manolios ,  &  Jones , 

1992 ) 

•  Interactio n wit h externa l  device s 

•  Huma n usabilit y  o f  Soa r 

•  Studie s o f  knowledg e acquisitio n 

•  Environment s fo r  protoco l  analysi s 

•  Flexibl e rout e plannin g (Stobie ,  Tambe ,  & 

Rosenbloom ,  1992 ) 

•  Scale-up ,  efficiency ,  an d computationa l  bound s o n 

Soar  system s (Achary a &  Tambe ,  1992 ; 

Doorenbos ,  Tambe ,  &  Newell ,  1992 ;  Doorenbos , 

1993 ;  Ki m &  Rosenbloom ,  1993 ) 
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