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Our  colleague s tacitl y  agre e tha t  N-spac e model s ar e 
bette r  a t  explainin g th e dat a o n h u m a n proble m solvin g 
tha n singl e spac e models .  Th e primar y questio n o f  thi s 
symposiu m i s ho w m a n y space s ar e necessar y t o explai n 
th e data .  W e wil l  no t  b e addressin g thi s issue ,  excep t 
t o sugges t  tha t  mor e 'spaces '  ar e probabl y needed .  Thi s 
follow s fro m th e substantiv e empirica l  claim s o f  th e thre e 
theorie s presented .  Thes e claims ,  combine d wit h som e 
fact s abou t  th e computatio n powe r  o f  N-spaces ,  provid e 
stron g evidenc e tha t  th e searc h spac e paradig m i s no t 
neede d i n theorie s o f  proble m solving . 

Any N-spac e theor y i s computationall y equivalen t  t o a 
singl e searc h spac e theor y o f  proble m solving .  Thi s ca n 
be show n b y eithe r  creatin g a  spac e tha t  contain s th e 
othe r  space s a s branche s o r  b y overlappin g node s fro m 
differen t  spaces ,  suc h tha t  ever y nod e ha s path s leadin g 
t o node s i n othe r  'spaces' .  B y thi s method ,  th e proble m 
solve r  ca n switc h fro m an y 'space '  t o an y othe r  'space' , 
and i n fact ,  severa l  'spaces '  ca n b e traverse d i n parallel . 
Thus ,  a n N-spac e theor y i s onl y a s powerfu l  a s a  singl e 
spac e theory .  Ther e mus t  b e som e non-computationa l 
reaso n fo r  distinguishin g N-spac e theorie s fro m singl e 
spac e theories .  A n d b y extension ,  al l  N-spac e theorie s 
ar e computationall y equivalent . 

Even i f  on e accept s tha t  N-spac e theorie s ar e compu -
tationall y equivalent ,  on e nee d no t  accep t  tha t  the y ar e 
equivalen t  a t  providin g explanations .  A s pointe d ou t 
earlier ,  N-spac e theorie s argu e tha t  w e nee d multipl e 
space s t o bes t  understan d h u m a n proble m solving .  Th e 
evidenc e support s thi s claim .  N-spac e model s ar e bette r 
explanation s tha n singl e spac e model s becaus e th e bul k 
of  th e explanatio n i s i n th e divisio n o f  labo r  betwee n 
tas k domain s (spaces) ,  an d no t  withi n th e searc h spac e 
theor y itself . 

A distinctio n i s importan t  here .  Ther e i s a  differenc e 
betwee n th e mechanism s underlyin g proble m solving , 
and th e explanatio n o f  proble m solvin g itself .  C h o m -
sk y (1965 )  allude d t o thi s distinctio n whe n h e differen -
tiate d theorie s o f  competenc e fro m theorie s o f  perfor -
mance.  Simo n (1981 )  labele d thi s distinctio n a s on e 
betwee n substantiv e an d procedura l  rationality .  Sim -
ilarly ,  Mar r  (1982 )  identifie s th e leve l  distinctnes s be -
twee n computationa l  theorie s o f  a  devic e an d th e theor y 
of  it s  underlyin g process ,  i.e. ,  th e leve l  o f  representatio n 
and th e algorithm .  Al l  o f  thes e distinction s identif y bot h 
an abstrac t  specificatio n o f  behavio r  an d a  mechanis m 
fo r  implementin g tha t  behavior . 

I n eac h case ,  th e abstrac t  specificatio n o f  a  system' s 
behavior ,  perform s a n explanator y role .  I t  specifie s a 
metho d fo r  a  syste m t o accomplis h it s  goads ,  irrespectiv e 
of  ho w th e syste m wil l  accomplis h them .  T h e abstrac t 
specificatio n i s a n idealizatio n o f  wha t  th e system' s be -
havio r  doe s an d wh y i t  doe s it .  Thi s idealizatio n i s in -
dependen t  o f  it s underlyin g process .  Consequently ,  i t 
offer s a  genera l  descriptio n o f  a  broa d clas s o f  system s 
an d provide s informatio n relevan t  fo r  determinin g h o w 
th e syste m wil l  ac t  a s a  whole .  Thi s allow s u s t o identif y 
significan t  feature s o f  th e syste m fro m th e nois e o f  it s 
lowe r  leve l  implementation . 

N-space theorist presuppose that the only way to im-
plemen t  thei r  abstrac t  specification s ar e b y usin g th e 
lo w leve l  mechanis m o f  searc h space .  Thi s place s a n un -
dul y mechanisti c constrain t  o n h u m a n proble m solvin g 
research ,  whic h i s counterproductive .  I f  N-spac e theo -
rie s ar e bette r  theorie s tha n singl e spac e theory ,  the n 
th e tas k domain s (spaces )  th e N-spac e theorie s defin e 
ar e th e sourc e o f  explanation s abou t  proble m solving . 
Consequently ,  th e processe s underlyin g thes e tas k do -
mains ,  th e searc h spaces ,  becom e irrelevan t  nois e i n ligh t 
of  thei r  specification .  Th e tas k domai n m a y b e imple -
mente d i n O O S,  Prolog ,  C  o r  eve n b y a  Turin g machine . 
Nevertheless ,  th e tas k domain s ar e providin g al l  th e in -
terestin g informatio n abou t  th e subjec t  b y partitionin g 
th e proble m solvin g int o identifiabl e high-leve l  processes . 
Thus ,  th e N-spac e theorist s shoul d b e searchin g fo r  mor e 
'spaces' ,  a s ever y experimentall y confirme d tas k domai n 
contribute s t o ou r  understandin g o f  h u m a n proble m solv -
ing . 

If N-space theories are better than search space the-
ory ,  the n i t  i s  i n virtu e o f  thei r  tas k domains '  abilit y 
t o identif y significan t  aspect s o f  th e systemati c behav -
io r  o f  h u m a n proble m solving .  Searc h spac e theor y the n 
onl y specifie s on e implementatio n o f  thes e tas k domains . 
Recognizin g this ,  N-spac e theorie s shoul d n o longe r  em -
phasiz e th e us e o f  searc h space s an d concentrat e mor e 
on th e tas k domain s t o whic h thei r  'spaces '  refer .  Sinc e 
th e divisio n o f  labo r  betwee n tas k domain s account s fo r 
th e powe r  o f  th e N-spac e theories ,  researcher s shoul d 
not  restric t  themselve s t o som e arbitrar y N .  Instead ,  re -
searcher s shoul d b e ope n t o a s m a n y tas k domain s a s 
necessar y t o explai n th e significant ,  observabl e feature s 
of  h u m a n proble m solving . 
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