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Abstrac t 

Previous computational theories of problem solving have 
not  accounte d fo r  th e occasiona l  displa y o f  accelerate d 
proble m solvin g b y human s workin g o n conceptuall y har d 
problems .  Researcher s refer  t o thi s behavio r  a s insight . 
Kapla n an d Simo n describ e insigh t  a s th e selectio n o f  a 
good representatio n o f  th e proble m b y th e proble m solver . 
They propos e a  dual-stat e spac e theory ,  meta-spac e theory , 
t o explai n insigh t  (lO^la n an d Simon ,  1990) .  W e sho w tha t 
meta-spac e theor y i s unfalsifiable .  W e the n sho w tha t  th e 
natur e o f  meta-spac e theor y make s i t  superfluou s fo r  th e 
stud y o f  huma n proble m solving . 

Introduction 

Traditiona l  heuristi c searc h spac e theorie s canno t 
accoun t  fo r  insigh t  i n creativ e proble m solvin g (Boden , 
1988) .  'Insight' ,  i s  th e accelerate d rate  o f  proble m solvin g 
tha t  occur s onc e th e proble m soIvc t  select s a  goo d 
representatio n (Kapla n an d Simo n 1990) .  T o explai n b o w 
humans selec t  thes e representations .  Yiapla a an d Simo n 
emplo y a  dua l  searc h spac e schema .  Thei r  dual-spac e 
architectur e consist s o f  a  meta-leve l  spac e whos e node s ar e 
themselve s possibl e proble m spaces .  Th e meta-leve l  spac e 
i s als o a  typ e o f  proble m space,  s o w e begi n wit h a  brie f 
review  o f  heuristi c searc h spac e theory .  W e the n breifl y 
discus s th e importanc e o f  representation s i n creativ e 
proble m solving .  Finally ,  w e argu e tha t  searc h spac e theor y 
i s unfalsifiabl e an d henc e unnecessar y a s a  theor y o f  h u m a n 
proble m solving . 

Heuristic Search Space Theory 

Researcher s i n th e paradig m o f  heuristi c searc h spac e 
theor y thin k o f  problem s a s proble m spaces .  Th e 3-tupl e 
< 0 ,  G ,  I > describe s a  proble m spac e where : 

O = a set of operations. These specify the rules that 
enabl e a  stat e t o b e transforme d int o anothe r 
state . 

G =  a  se t  o f  goa l  states .  Thes e state s ar e acceptabl e 
as a  solutio n t o th e problem . 

I  =  a  se t  o f  initia l  states .  Thes e state s describ e al l 
th e possibl e startin g situation s fo r  th e proble m 
solvin g process . 

A proble m spac e consist s o f  al l  th e possibl e state s tha t 
th e operation s ca n generat e from  th e initia l  states .  A 
proble m spac e i s lik e a  mathematica l  tre e i n whic h th e roo t 
nod e i s th e initia l  state ,  th e node s ar e possibl e states ,  an d 
th e leave s ar e state s o n whic h n o furthe r  operatio n apply . 
Th e se t  o f  goa l  states ,  G ,  i s a  subse t  o f  thos e leaves . 

Heuristi c searc h spac e theory' s basi c assumptio n i s tha t 
proble m solver s searc h proble m spaces .  Startin g a t  a n 
initia l  state ,  proble m solver s searc h fo r  a  goa l  state .  T h e 3 -
tupl e < D ,  O ,  C > defme s a  proble m solve r  where : 

D = a knowledge base that consists of one or more 
dat a base s wit h informatio n £^propriat e t o a 
particula r  tas k an d abou t  th e desire d goa l  states . 
Th e primitive s t o creat e space s fo r  a  searc h ar e 
als o i n th e knowledg e base . 

O =  a  se t  o f  opo'ations .  Thes e rule s ar e th e option s 
th e proble m solve r  m a y p o f o r m o n an y give n 
state .  Thes e ar e th e sam e operation s a s i n th e 
definitio n o f  th e proble m space . 

C =  a  contro l  strategy .  Thi s select s wha t  operato r  t o 
appl y t o th e curren t  state .  I t  doe s thi s b y 
assignin g value s t o th e possibl e state s an d 
select s th e stat e tha t  ha s th e bes t  valu e assigne d 
t o i L Th e contro l  strateg y als o resolve s conflict s 
tha t  m a y occu r  from  th e selection . 

The problem solver creates a search tree to find a path 
from  th e initia l  state s t o on e o f  th e goa l  state s (se e Figur e 
1) .  I t  accomplishe s thi s b y applyin g operator s t o th e curren t 
states .  Thi s determine s al l  th e possibl e state s tha t  coul d 
resul t  from  th e curren t  one .  Th e contro l  strategy ,  C ,  rates 
th e desirabilit y o f  thes e possibilities .  Th e stat e wit h th e 
most  favorabl e rating  wil l  determin e whic h operator ,  an d 
thereb y whic h state ,  t o selec t  nex t 

A n importan t  aspec t  o f  heuristi c searc h spac e theor y i s 
th e notio n o f  heuristics .  Heuristic s ar e imperfec t  proble m 
solvin g processe s tha t  ofte n work .  Althoug h heuristic s d o 
not  guarente e a  solution ,  the y ca n solv e problem s tha t  ar e 
otherwis e intractable .  Fo r  example ,  th e averag e g a m e o f 
ches s consist s o f  approximatel y fort y move s b y eac h player . 
It s proble m spac e consist s o f  1 0 " '  states .  A  millio n 
computer s searchin g a  millio n node s a  secon d woul d stil l 
requir e 10'° °  year s t o searc h th e proble m spac e ches s 
creates .  Proble m space s lik e thes e mus t  b e prune d t o m a k e 
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initia l  sUl c 

goalsut e 

Figur e 1 :  Abov e i s a  smal l  proble m space .  Th e darkene d 
line s identif y th e searc h tree ,  whic h trace s a  portio n o f 
th e proble m solver' s path .  I n thi s figur e th e searc h tre e 
was create d b y a  depth-firs t  searc h procedure . 

' 
the m tractable .  Heuristic s exis t  i n tw o place s withi n th e 
proble m solver .  The y ar e explici t  withi n th e contro l 
strategy ,  C ,  an d ar e implici t  withi n th e se t  o f  operations ,  O . 
Thes e 'rule s o (  thumb '  hel p th e iMX)ble m solve r  streamlin e 
it s searc h b y eliminatin g undesirabl e option s fro m th e 
search . 

Traditionally ,  eac h proble m spac e designate d on e wa y 
tha t  a  proble m solve r  coul d characteriz e a  problem .  Rea l 
w(xl d proble m soIvct s ofte n us e multipl e representation s t o 
s(dv e problems .  Fo r  example ,  whe n face d wit h problem s 
tha t  woul d requir e a n unreasonabl e amoun t  o f  searc h time, 
peopl e firs t  attemp t  t o chang e th e problem' s representatio n 
(Sinnott ,  1989) .  Th e reaso n fo r  thi s i s tiiat  a n appropriat e 
representatio n emphasize s relevan t  feative s o f  th e problem , 
an d ca n drasticall y reduc e th e tim e t o solv e th e proble m 
(Kapla n an d Simon ,  1990) .  However ,  thi s i s a  secondar y 
featur e o f  representations .  Fo r  m a n y problems ,  onl y a  smal l 
number  o f  representation s provid e solutions .  Furthermore . 
some ver y har d problon s canno t  b e solve d withou t  th e us e 
of  severa l  representation s (Minsky ,  1991) .  A n y flexible 
proble m solvin g syste m mus t  b e capabl e o f  generatin g 
multipl e representations . 

Heuristi c searc h spac e theor y doe s no t  accoun t  fo r 
representation s i n proble m solving .  Instead ,  Newel l  an d 
Simo n stat e tha t  th e theor y explain s proble m solvin g afte r  a 
representatio n i s selecte d (1972) .  Late r  the y sugges t  tiiat 
proble m solvin g occur s i n on e larg e proble m spac e tha t 
incorporate s al l  th e representation s o f  th e proble m (Newel l 
an d Simon ,  1976) .  However ,  thi s explanatio n o f 
representation s canno t  accoun t  fo r  th e abilit y  t o r^idl y 
chang e representations .  Previou s researc h suggest s tha t 
comple x problon s requir e dua l  searc h space s (Simo n an d 
Lea ,  1974) .  I n dua l  spac e framewoilcs ,  on e spac e contain s 
possibl e hypoUieses ,  an d eac h hypothesi s i s itsel f  a  searc h 
^>ac e fo r  investigatin g th e hypothesis .  K^^la n an d Simo n 

(1990 )  rel y o n Uii s dual-spac e techniqu e t o accoun t  fo r  th e 
use o f  multipl e representation s i n huma n proble m solving . 

Meta-space Theory 

Kapla n an d Simon' s dual-spac e architectur e consist s o f  a 
meta-leve l  spac e an d a  se t  o f  representatio n proble m 
spaces .  The y argu e tha t  insigh t  occur s i n th e meta-space. ' 
Th e meta-spac e i s a  proble m spac e wher e eac h nod e i s a 
uniqu e representatio n o f  th e proble m i n th e for m o f  a 
proble m space .  Th e proble m solve r  i n meta-spac e theor y 
behave s similarl y t o it s counterpar t  i n heuristi c searc h 
spac e theory .  I t  traverse s tiie  meta-spac e searchin g fo r  a 
representatio n tha t  wil l  solv e th e problem .  Meta-heuristic s 
improv e searc h b y prunin g th e meta-space .  Th e fou r 
currenti y hypothesize d meta-heuristic s are :  Tr y a  Switch , 
Notic e Invariants ,  For m Hypothesis ,  an d Compar e 
Alternative s (Kapla n an d Simon ,  1990 ,  p .  381,402) . 

Once Ui e proble m solve r  select s a  nod e i n th e meta-spac e 
i t  enter s th e searc h spac e tha t  Uia t  representatio n creates . 
Th e proble m solve r  n o w searche s tiiis  problo n spac e fo r  a 
solutio n t o th e problem .  I f  n o operator s withi n th e proble m 
spac e see m t o lea d t o a  successfti l  solution ,  th e proble m 
solve r  abandon s th e representation. ^  I t  the n continue s it s 
searc h withi n th e meta-spac e (se e Figur e 2) . 

A meta-spac e tha t  coul d accoun t  fo r  an y possibl e 
representatio n woul d b e infmit e an d thereb y no t 
computabl e b y fmit e being s i n a  fmit e amoun t  o f  time . 
Accordin g t o Kapla n an d Simo n (1990) ,  human s "ar e no t 
equippe d wit h generator s fo r  searchin g th e spac e o f  'al l 
possibl e representations' "  (p .  403) .  Rather ,  human s hav e a 
subse t  o f  thes e generators .  Eve n so ,  thi s smalle r  se t  o f 
generator s mus t  stil l  b e vas t  t o accomodat e al l  th e 
representation s tha t  human s migh t  use .  A t  th e moment ,  th e 
boundarie s o f  thi s se t  ar e unknown ,  althoug h som e 
representation s an d meta-heuristic s ar e know n t o b e use d 
fo r  som e problem s (Kapla n an d Simon ,  1990) . 

Problems with Meta-space Theory 

We clai m tha t  meta-spac e theor y i s unfalisifiable .  Thi s 
means tha t  n o possiU e dat a abou t  b o w human s solv e 
problem s ca n falsif y i t  Give n tim e t o analyz e a  subject' s 
solutio n t o a  problem ,  meta-spac e theor y ca n alway s 
provid e a n explanatio n o f  tha t  solution .  Therefore ,  meta -
spac e theor y i s compatibl e wit h an y data ,  n o matte r  bo w 
surprizing ,  abou t  th e wa y human s solv e problems .  Hence , 
meta-spac e theor y make s n o predictions ,  an d rule s ou t  n o 
possibilities .  I t  i s  therefor e vacuous ;  i t  say s nothin g abou t 
h u m an proble m solving .  W e argu e tha t  t o mak e meta-spac e 
theor y usefu l  t o psychology ,  K ^ l a n an d Simo n requir e a 
theor y o f  proble m solvin g independen t  o f  th e meta-spac e 
framework . 

'  Kapla n an d Simo n refe r  t o th e secon d spac e a s th e meta-leve l 
space .  Fo r  brevity ,  w e refe r  t o i t  a s th e meta-space . 

'  Kapla n an d Simo n hav e no t  full y  define d thi s procedure . 
The y d o sugges t  tha t  th e amoun t  o f  tim e spen t  i n th e proble m 
spac e i s  ofte n a  relevan t  facto r  (Kapla n an d Simon ,  1990 :  p . 
377) . 
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Figur e 2 :  Th e meta-spac e i s a  proble m spac e tha t  contain s al l  possibl e representation s o f  a  give n problem .  I t  i s  a  searc h 
^ac e wit h eac h nod e containin g a  searc h spac e tha t  represent s th e proble m differently .  Th e proble m solve r  searche s th e 
meta-spac e fo r  a  representation .  W h e n i t  select s a  node ,  i t  enter s th e searc h spac e tha t  tha t  representaio n create s an d 
searche s fo r  a  solution .  I f  th e operator s o f  thi s searc h spac e d o no t  see m t o solv e th e problem ,  the n th e proble m solve r 
return s t o th e meta-spac e t o searc h fo r  anothe r  representation . 

A goo d theor y o f  proble m solvin g shoul d answe r  five 
questions : 

l)How do subjects think about problems, i.e., what 
menta l  representation s d o subject s use ? 

2 ) H o w d o subject s produc e an d selec t 
representations ? 

3)  H o w d o subject s us e selecte d representation s t o 
solv e problems ? 

4 ) H o w d o subject s decid e whe n a  representatio n i s 
not  working ,  an d wha t  d o the y the n do ? 

S)What  informatio n i s retaine d fro m representatio n t o 
representation ? 

Meta-space theory fails to answer any of these questions. 
At  best ,  meta-spac e theor y mus t  leav e thes e question s ope n 
fo r  futur e research .  I n short ,  meta-spac e theor y i s bes t 
describe d a s a .  framewor k fo r  studyin g proble m solving ,  no t 
a theor y o f  proble m solving .  Thi s framewor k i s reducibl e t o 
a singl e simpl e tenet ;  viz .  proble m solvin g i s th e proces s o f 
searchin g fo r  a  representatio n i n a  meta-space ,  an d the n 
searchin g selecte d representation s fo r  a  solution . 

Kapla n an d Simo n (1990 )  hnpUdtl y agre e tha t  meta -
sp^ x theor y i s a  framework  fo r  studyin g probl^ n solving . 
Rathe r  tha n claimin g tha t  meta-spac e theor y i s a  complete d 
theory ,  the y advocat e a  researc h progra m o f  explorin g th e 
representation s an d meta-heuristic s tha t  subject s us e t o 
solv e problems . 

"[Wc ]  mus t  discove r  ho w subject s constrai n thei r  searc h fo r 
a ne w representatioi i  whe n th e initia l  on e doe s no t  suffice , 
and ho w th e ne w representatio n constrain s thei r  searc h fo r 
th e solution .  W e mus t  als o discove r  wha t  trigger s subject s 
t o shif t  iro m searchin g fo r  a  proble m solutio n t o searchin g 
fo r  a  bette r  proble m spac e i n whic h t o conduc t  th e solutio n 
search. "  (Kapla n an d Simon ,  1990 :  p .  377 ) 

The information that Kaplan and Simon say researcbo^ 
stil l  nee d t o discovo -  i s th e sam e informatio n tha t 
constitute s a  theor y o f  proble m solving .  Thus ,  a  researche r 
ca n rewrit e an y theor y o f  proble m solvin g i n term s o f  meta -
spac e theory ,  includin g a  theor y tha t  doe s no t  allo w fo r 
representationa l  chang e a t  all .  T o se e this ,  not e tha t  on e 

coul d characteriz e suc h a  theor y a s a  meta-spac e wit h onl y 
on e node .  Thi s universa l  compatibilit y  make s meta-spac e 
theor y unfalsifiable ,  an d therefor e vacuous . 

S o me migh t  thin k meta-spac e theor y i s no t  unfalsifiable , 
but  merel y flexibl e an d tha t  thi s flexibilit y  i s  a  strength . 
O ne coul d argu e tha t  Kapla n an d Simo n lef t  th e ftamewoi k 
of  meta-spac e ope n t o accommodat e an y possibl e futur e 
research .  However ,  thi s i s  no t  a  strength ,  bu t  a  weakness .  I n 
an attemp t  t o mak e meta-q)ac e theor y genera l  enoug h t o 
explai n al l  protAe m solving ,  i t  fail s  t o explai n an y proble m 
solving .  A  researche r  ca n accoun t  fo r  an y experimenta l 
results ,  n o matte r  h o w surprising ,  withi n th e meta-spac e 
framework  b y insertin g th e ^i»x)priat e a d ho c 
representatio n o r  meta-heuristic .  Ther e i s nothin g i n th e 
theor y t o stq j  a  researche r  from  addin g a  ne w meta -
heuristi c fo r  eac h observe d anomal y i n th e dat a a s w e 
unrave l  h o w human s solv e problons . 

A theoi y tha t  doe s no t  constrai n researc h als o doe s no t 
provid e an y guideline s fo r  futur e exploration .  A  fecund , 
productive ,  theor y suggest s som e avenue s o f  research ,  an d 
denie s others .  A  theory' s succes s depend s o n h o w wel l 
thes e avenue s predic t  observabl e behavior ,  i n contras t  t o 
b o w wel l  othe r  avenue s predi a th e sam e behavior .  A s a n 
exampl e ( ^  a  productiv e theory ,  conside r  th e cas e o f 
Rutherfor d an d hi s "min i  sola r  system "  mode l  o f  th e atom . 
Rutherfor d wa s a  studen t  o (  J .  J .  Thomson .  A t  th e tur n o f 
th e century ,  Thomso n ha d th e bes t  mode l  o f  th e atom , 
calle d simpl y th e Thomso n model .  Thi s mode l  wa s als o 
referre d t o a s th e plum-puddin g model ,  sinc e i t  viewe d th e 
ato m a s a  larg e positivel y charge d bal l  wit h negativel y 
charge d electron s snic k i n it ,  lik e plum s i n a  pudding .  Th e 
Thomson mode l  predicte d tha t  alph a particle s sho t  a t  a n 
ato m woul d no t  b e scattere d o r  deflecte d from  thei r  origina l 
path ,  bu t  woul d instea d pas s righ t  through .  Ruthoford , 
Geiger ,  an d Marsde n performe d thi s experimen t  i n 190 9 
and discovered ,  t o thei r  amazement ,  tha t  th e alph a particle s 
wer e scattere d ever y whic h way .  Th e Thomso n mode l  ba d 
t o b e false ,  som e othe r  mode l  ha d t o b e correc t  Thi s wa s 
when Rutherfor d starte d developin g hi s sola r  syste m model , 
or  nuclea r  model ,  whic h concentrate d mos t  o f  th e mas s o f 
th e ato m i n th e nucleus .  Suc h a  mode l  explain s th e 
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scatterin g results .  Notic e th e differenc e wit h meta-spac e 
theory .  Meta-spac e theor y make s n o prediction s tha t  migh t 
be false .  T h e Thcnnso n mode l  o f  th e ato m wa s fecund ;  i t 
guide d Rutheifor d i n desigitin g a  tes t  o f  it s  veracity .  I n 
star k constrast ,  unfalsifiabl e theories ,  lik e meta-spac e 
theory ,  ar e no t  fecun d an d d o no t  guid e th e researcher  i n 
an y significan t  way. ' 

Becaus e th e framewor k offere d b y meta-spac e doe s no t 
guid e th e researcher,  i t  i s  useles s fo r  proble m solvin g 
research.  I f  a  researche r  answere d al l  five  question s 
presente d above ,  thos e answer s woul d alon e constitut e a 
theor y o f  proble m solving .  Thi s make s meta-spac e theor y a 
useles s shell ,  eve n a s a  framework .  Thi s i s furthe r  evidenc e 
tha t  meta-spac e theor y i s unfalsifiable .  Anythin g tha t  a 
researche r  migh t  sa y abou t  proble m solver s an d thei r 
strategie s ca n b e sai d irrespectiv e o f  whethe r  o r  no t  on e 
adopt s th e meta-spac e architecture .  Th e Notic e Invariant s 
heuristi c i s a n excellen t  example .  Thi s heuristi c inform s 
subject s t o pa y attentio n t o feature s o f  th e proble m tha t  d o 
not  chang e betwee n representations  (Kapla n an d Simon , 
1990 :  p .  404f0 .  Kapla n an d S imo n sho w tha t  th e subject s 
tha t  solve d th e mutilate d checkerboar d proble m quickl y 
wer e one s w h o notice d relevant  perceptua l  invariant s 
sooner .  Thes e subject s als o notice d a  wide r  rang e o f 
invariants .  M o r e specifically ,  th e dat a indicate s tha t  fas t 
subject s usuall y notice d tha t  a  domin o cover s square s o f 
differen t  type s (on e blac k an d on e white) ,  whil e th e tw o 
missin g square s ar e o f  th e sam e color .  Kapla n an d Simo n 
refer  t o thi s featur e o f  th e mutilate d checkerboar d problo n 
i & parity . 

T h e result s o f  th e Notic e Invariant s experiment s ar e 
importan t  t o th e understandin g o f  genera l  proble m solvin g 
regardless  o f  th e statu s o f  meta-spac e theory .  I n fact ,  th e 
Notic e Invariant s heuristic s coul d hav e bee n propose d b y 
psychologist s w h o neve r  though t  i n term s o f  searc h spaces , 
but  rathe r  onl y i n term s o f  constructe d representations  an d 
representational  change .  Thi s doe s no t  logicall y requir e an y 
versio n o f  searc h spac e theory. *  Th e hypothesi s tha t 
noticin g invariant s i s importan t  t o solvin g problem s 
suggest s futur e research.  O n e possibl e implicatio n o f  th e 
dat a i s tha t  i t  appeare d t o b e mor e importan t  fo r  subject s t o 
iH>tic e invariant s betwee n representations  tha n t o us e an y 
specifi c  representation.  Noticin g th e parit y featur e ahnos t 
invariabl y le d t o representations  tha t  use d thi s featur e t o 
iwov e th e proble m impossible .  O n e viabl e interpretatio n i s 
tha t  th e solutio n representation  wa s merel y a  vehicl e tha t 
th e subjec t  use d t o highligh t  th e parit y feature .  I f  thi s i s th e 
case ,  the n subject s tha t  hav e no t  notice d th e importanc e o f 
th e parit y featur e shoul d hav e a  har d tim e solvin g th e 
proble m eve n i f  the y ar e tol d whic h representatio n t o use . 
Notic e tha t  th e researc h o n th e Notic e Invariant s heuristi c 
immediatel y implie s additiona l  experiment s an d hypothese s 
t o tes t  Thi s lin e o f  research  constitute s a  potentia l  theor y o f 
proble m solvin g withou t  an y nee d fo r  meta-spac e theory . 

As limite d a s thi s 'Notic e Invariant s theoiy '  migh t  be ,  i t  i s 
m u ch mor e productiv e tha n meta-spac e theor y ca n eve r  be . 
I n contrast ,  meta-spac e theor y suggest s n o research , 
becaus e i t  i s  compatibl e wit h an y possibl e theory .  Al l  tha t 
meta-spac e theor y doe s i s provid e additiona l  wor k fo r  th e 
cognitiv e scientist ,  w h o mus t  restate  thei r  dat a i n term s o f 
searc h spaces .  Cognitiv e scientist s shoul d reject  meta-spac e 
theor y a s exces s baggage ,  whil e retainin g th e psychologica l 
researc h tha t  investigator s o f  proble m solving ,  suc h a s 
Kapla n an d Simon ,  hav e produced . 

At  thi s poin t  w e wis h t o bloc k th e possibl e objectio n tha t 
we hav e ignore d evidenc e i n suppor t  o f  meta-spac e theory . 
Kapla n an d Simo n (1990 :  p .  412 )  clai m tha t  searc h spac e 
theory ,  "i s supporte d b y a  substantia l  bod y o f  empirica l 
data" .  Thei r  evidenc e fo r  thi s claim s come s fro m 
interpretin g al l  occurrence s o f  changin g representation  a s 
searc h withi n a  meta-spac e (Kapla n an d Simon ,  p .  376-7) . 
If ,  a s w e argue d earlier ,  meta-spac e theor y i s unfalsifiable , 
the n n o evidenc e ca n confir m it .  N o amoun t  o f  positiv e 
evidenc e ca n eve r  absolutel y confir m an y theory .  Rather , 
on e confirm s a  theoi y b y testin g i t  agains t  rival  theorie s 
(Aronson ,  1984 :  p .  377fO .  Riva l  theorie s canno t  bot h b e 
tru e ove r  th e sam e bod y o f  data ,  s o a n experimen t  confirm s 
on e theor y i n par t  b y disconfinnin g a n alternat e theory. ^  T o 
m a ke thi s work ,  th e theorie s mus t  mak e opposit e 
prediction s wit h regard  t o th e experimen t  Dependin g o n 
th e outcom e o f  th e experiment ,  on e theoi y i s correc t  an d 
th e othe r  i s  wrong .  Thi s mean s tha t  a n experimen t  confirm s 
a theoi y onl y if ,  b y failing ,  i t  coul d potentiall y  disconfir m 
th e theory .  A  theoi y tha t  wa s compatibl e wit h bot h 
outcome s o f  a n experimen t  woul d no t  b e confirme d b y 
eithe r  outcome .  B y definition ,  a n unfalsifiabl e theoi y i s 
compatibl e wit h al l  potentia l  outcomes .  Therefore ,  n o 
amount  o f  evidenc e coul d ever  confir m a n unfalsifiabl e 
theory ,  suc h a s meta-spac e theory .  Kapla n an d Simo n 
presen t  dat a tha t  i s  compatibl e wit h meta-spac e theory ,  no t 
confirmatio n o f  th e theory .  ̂  

Conclusion 

We showe d tha t  th e meta-spac e framewor k i s 
unfalsifiable .  Fundamentally ,  meta-spac e theor y i s a  theor y 
of  selectin g representations,  w h e n wha t  w e nee d i s a  theor y 
of  b o w representations  ar e constructe d durin g proble m 
solving .  Cognitiv e scienc e shoul d therefor e jettiso n i t  fro m 
research  o n h u m a n proble m solving .  Suc h theorie s d o no t 
infor m psychologists ,  an d usuall y onl y serv e t o clou d th e 
issues .  Th e onl y wa y t o m a k e th e theor y usefu l  fo r 
psycholog y woul d b e t o develo p a  n e w theoi y o f  problo n 
solvin g independen t  o f  th e meta-spac e framewoik .  Th e 

'  Fo r  mor e o n th e importanc e o f  fecundity ,  se e Kitche r  (1992 : 
pp.  4 7 -  49) . 

*  A  deepe r  poin t  her e i s tha t  th e researche r  coul d als o hav e 
produce d th e Notic e Invariant s heuristi c b y analog y t o heuristi c 
searc h spac e theor y withou t  eve r  usin g meta-spac e theory . 

*  Alread y w e not e a  proble m a s meta-spac e theor y canno t  hav e 
any rival  theories .  I t  i s  compatibl e wit h al l  potentia l  theorie s o f 
proble m solving . 

*  Not e tha t  whil e ther e i s evidenc e i n suppor t  o f  th e variou s 
meta-heuristic s tha t  Kapla n an d Simo n (1990 )  investigate ,  thi s 
does no t  constitut e evidenc e i n favo r  o f  meta-spac e theory . 
Individua l  meta-heuristic s ar e falsifiable ,  an d therefor e ca n b e 
confirme d b y experimen t  Meta-spac e theor y i s no t  falsifiable , 
and canno t  b e confirmed . 
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informatio n meta-spac e thew y lack s i s itsel f  a  complet e 
theor y o f  huma n proble m solving .  Thus ,  meta-spac e theory , 
eve n a s a  framework ,  i s a  superfluou s shell . 

Thi s rejectio n o f  meta-spac e theor y doe s no t  entai l  a 
rejectio n o f  al l  computationa l  theorie s o f  psychology .  O n 
th e contrary ,  w e bol d tha t  computationa l  theorie s o f 
psycholog y ar e goo d methodologie s fo r  research .  Example s 
of  goo d computationa l  theorie s tha t  ar e highl y informativ e 
and subjec t  t o falsificatio n ar e Dedr e Gentner' s Structur e 
Mappin g Engin e progra m i n analog y (Centne r  1983 ; 
Falenhainer ,  Foibus ,  an d Centner ,  1986 ,  1989 )  an d 
Stephe n Kosslyn' s wor k o n menta l  imager y (Kosslyn , 
1994) .  Thes e ^proache s ar e falsiflable ,  informative ,  an d 
consequentl y importan t  t o th e fiel d o f  psychology .  W e 
rejec t  meta-spac e theory ,  no t  becaus e i t  i s  computational , 
but  becaus e i t  i s  useles s fo r  th e stud y o f  proble m solving . 
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