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Abstrac t 

Analogy, conceptual change and problem reformulation have 
been centra l  component s i n th e exploratio n o f  huma n proble m 
solving .  A  Situatio n Theoreti c approac h i s develope d t o mode l 
analog y an d conceptua l  change .  Thi s mode l  i s the n use d t o 
relat e a  problem' s representatio n t o th e associate d cognitiv e 
difficulty .  I n thi s Unifie d framewor k th e cognitiv e difficult y o f 
isomorphi c proble m situation s i s define d i n term s o f  th e task , 
object s an d relation s o f  th e proble m situation .  Thes e compo -
nent s ar e the n decompose d base d o n a n Ecologica l  Informatio n 
Processin g use r  model .  Th e decompositio n turn s a  proble m sit -
uatio n th e structur e an d dynamic s o f  th e problem ;  th e rule s o r 
constraint s whic h ar e applicable ;  an d th e necessar y instruc -
tion s fo r  use r  interaction .  Fro m this ,  th e cognitiv e difficult y 
associate d wit h a  proble m representatio n i s show n t o b e largel y 
determine d b y th e "instructional "  component . 

Introduction 

The use of analogy as a central mechanism in problem solv-
in g ha s bee n explore d i n numerou s domains .  Computationa l 
model s o f  analog y common l y describ e analog y a s a  type -
preservin g mappin g betwee n relatio n o r  predicate s an d ob -
jects ,  o r  terms ,  i n dissimila r  domains .  However ,  i t  i s  th e 
dynami c similarit y betwee n domain s whic h i s centra l  t o wha t 
humans conside r  t o b e goo d analogie s [1] .  A  differin g per -
spectiv e o n analog y i s typifie d b y Lakof f  an d Johnso n [13 ] 
<'in d Hofstadte r  an d Frenc h [10 ]  i n whic h analog y i s see n a s 
a pervasiv e an d integrativ e componen t  o f  huma n though t  an d 
proble m solving . 

By thes e account s analog y i s no t  a  specia l  instance ,  bu t 
rathe r  a  genera l  form ,  o f  cognitio n whic h reveal s a n under -
lyin g associationis t  architecture .  Thi s perspectiv e consider s 
analog y t o reflec t  a n actua l  encodin g o f  informatio n rathe r 
tht'i n a  mappin g impose d betwee n separatel y encode d enti -
ties .  W e .issum e th e "common-plac e dynamics "  o f  specifi c 
type s o f  situatio n t o b e automaticall y processe d an d there -
for e imagine d withou t  effort .  Th e rol e o f  reformulatio n an d 
conceptua l  chang e tha t  result s fro m a n analogica l  encodin g i s 
bot h difficul t  t o desig n fo r  a n difficul t  t o predict . 

Despit e a  lon g histor y a s a n explanator y construc t  an d a 
centr;i l  rol e i n Gestal t  theorie s o f  proble m solvin g proble m 
reformulation ,  o r  insight ,  remain s explanator y rathe r  tha n pre -
dictiv e o f  performance .  Theorie s o f  huma n informatio n pro -
cessin g whic h focu s o n proble m structur e t o th e exclusio n o f 
proble m context ,  o r  situation-nes s ar e t o blame .  Th e defect s 
of  thi s approac h ar e mos t  eviden t  i n studie s o f  isomorphi c 
problem s ([9] ;  [12] ;  [21] )  i n whic h performanc e difference s 

of  u p t o a n orde r  o f  magnitud e hav e bee n foun d betwee n 
problem s havin g identica l  structure . 

To captur e th e effect s o f  representatio n o n proble m solvin g 
we hypothesiz e a  mode l  o f  cognitio n i n whic h menta l  mod -
el s simulatin g common-plac e physica l  event s ar e additionall y 
constraine d b y menta l  rule s simila r  t o productio n rule s foun d 
i n traditiona l  models .  W e assum e som e portion s o f  th e dy -
namic s o f  th e menta l  model s ca n b e automaticall y processed . 
Th e menta l  rules ,  b y contrast ,  ar e assume d t o b e situatio n 
independent ,  effortful ,  an d consciousl y use d t o guide ,  restric t 
and interpre t  th e behavio r  o f  th e model .  W e operationaliz e 
th e concep t  o f  a  menta l  model ,  withi n situatio n theor y ([2] ; 
[6] )  a s a  constraine d parameteri c situatio n type . 

Th e ecologica l  realis t  epistemolog y o f  Situatio n Theor y 
hold s tha t  throug h evolution ,  experienc e an d learnin g ou r 
menta l  state s c o m e t o reflec t  thos e o f  th e world .  T h e menu U re -
flection  o f  environmenta l  constraint s i s regarde d a s a s attune -
ment  o f  th e menta l  mode l  t o th e environmenta l  consistency . 
Becaus e nomi c (natura l  law )  constraint s exer t  suc h a  perva -
siv e influenc e ove r  ou r  experienc e an d development ,  the y ar e 
guarantee d t o mee t  th e condition s o f  extende d practic e an d th e 
consisten t  mappin g neede d t o develo p automaticit y i n cogni -
tiv e processing .  Thi s distinctio n i s psychologicall y significan t 
becaus e menta l  processe s characterize d a s automatic : 

•  ar e no t  subjec t  t o processin g limitatio n o r  introspectio n 

•  elici t  attentio n automaticall y 

•  an d ar e extremel y resistan t  t o extinction . 

Thi s mean s tha t  a  menta l  mode l  constraine d b y nomi c attune -
ment s should ,  withou t  menta l  effort ,  exclud e stJite s o r  event s 
whic h woul d violat e thos e constraints .  Thus ,  situate d cogni -
tion ,  occur s withi n th e contex t  o f  expectation s buil t  fro m a 
histor y o f  experienc e an d perceptio n o f  th e curren t  environ -
ment . 

Cognitio n usin g thi s mode l  involve s simulatin g event s 
whic h ar e jointl y constraine d b y menta l  constraint s JLssoci -
ate d wit h th e situation-type ,  referre d t o a s attunements ,  an d 
menta l  constraint s no t  integra l  t o th e situation-type ,  referre d 
t o a s instructions .  Th e interpla y betwee n th e expectation s (at -
tunements )  an d explici t  constraint s (instructions )  i s base d o n 
th e contex t  tha t  th e use r  i s interactin g with .  Thi s contex t  con -
tain s a  se t  o f  objects ,  relations ,  feature s an d behavior s whic h 
impac t  cognitio n vi a th e expectation s the y licens e an d th e 
constraint s bein g applied .  Definin g th e situatio n o f  a n inter -
actio n a s a  relationa l  compositio n o f  th e object s an d dyn.unic s 
provide s a n epistemolog y fo r  hierarchically ,  an d recursivel y 
typin g th e situation ,  objects ,  an d associate d constraints . 
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Th e assumption s o f  thi s cognitiv e modelin g resu U i n pre -
dictabl e difference s i n th e processin g o f  constrjiint s i n a  situ -
ation .  Constriiint s t o whic h th e use r  ha s develope d a n attune -
ment  wil l  b e processe d automatically .  Wherea s th e constraint s 
whic h requir e th e applicatio n o f  explici t  rule s ar e processe d 
by controlle d cognitiv e an d perceptuii l  operations .  Th e con -
strain t  t o whic h a n agen t  i s attune d ar e determine d b y th e 
typ e o f  situatio n whic h i n tur n i s detennine d b y th e type s o f 
object s ;ui d relation s involved .  S o fo r  example ,  an y menta l 
model  involvin g soli d physica l  object s woul d b e constraine d 
by nomi c attunement s t o exclud e event s i n whic h tw o object s 
came t o occup y th e sam e locatio n a t  th e sam e time .  Addi -
tiona l  consciou s constraint s ciu i  b e imposed ,  Ji s instructions , 
on th e nomicall y constraine d menta l  mode l  t o furthe r  restric t 
it s  behavior . 

I n th e g a m e o f  ches s fo r  example ,  a  naiv e player' s nomi c at -
tunement s woul d preclud e piece s changin g location s o r  shap e 
withou t  bein g moved .  However ,  th e constrain t  preventin g a 
Knigh t  fro m movin g thre e square s i n a  lin e woul d requir e 
applicatio n o f  a  rul e no t  availabl e throug h nomi c attunement , 
i.e .  explici t  instructions . 

Th e powe r  o f  thi s hybri d ̂ p roac h i s i n it s abilit y  t o char -
acteriz e th e compositio n o f  imagine d processes ,  visua l  infer -
ence ,  intuition ,  an d controlle d informatio n processin g withi n 
a singl e model .  Fo r  example ,  a n aeronautica l  engineer' s men -
ta l  mode l  o f  win g behavio r  migh t  compos e a  commonsens e 
understandin g o f  fluids  an d fluid flows  wit h specialize d engi -
neerin g knowledg e o f  airfoi l  design. .  Th e commonsens e un -
derstandin g whic h i s unlikel y t o b e verbalized ,  i s  describe d b y 
attunement s (constraints )  associate d wit h situation s involvin g 
fluids.  Th e other ,  mor e specialized ,  engineerin g knowledge , 
expresse d a s learne d heuristic s an d equations ,  ar e th e instruc -
tio n whic h furthe r  constrai n th e commonsens e model . 

Wit h thi s epistemology ,  i t  the n become s possibl e t o mode l 
differin g situatio n types ,  an d thei r  associate d constraints .  Th e 
model  i s  grounde d i n th e perceptua l  an d cognitiv e experienc e 
of  th e use r  an d th e tas k whic h the y ar e attemptin g t o perfor m 
withi n a  context .  Situationa l  context s whic h ar e consisten t 
wit h th e user' s experienc e an d whic h closel y mode l  th e prob -
le m tas k wil l  b e les s comple x tha t  thos e ar e no t  s o consistent . 
Determinatio n o f  thi s "closeness" ,  o r  "intuitiveness" ,  i s  ac -
complishe d throug h th e unificatio n o f  proble m task ,  contex t 
and use r  model .  Th e compariso n o f  alternativ e proble m con -
texts ,  fo r  th e sam e abstrac t  proble m task ,  become s realisabl e 
du e t o th e normalizatio n o f  representation .  Th e attunement s 
an d constraint s license d b y eac h contex t  determin e th e amoun t 
of  cognitiv e an d perceptua l  effor t  necessar y fo r  a  use r  t o in -
teract .  Maintainin g constraint s fro m th e abstrac t  proble m a s 
constraint s i n th e alternativ e contex t  result s i n greate r  dif -
ficulty  tha n fo r  context s i n whic h attunement s ar e abl e t o 
represen t  som e o f  th e sam e relations .  Th e presenc e o f  thi s 
dichotomy ,  provide s th e framewor k t o establis h a  mechanis m 
fo r  determinin g an d evaluatin g th e inheren t  complexit y o f  a 
situatio n wit h respec t  t o th e interaction s o f  a  use r  an d thei r 
particula r  problem-solvin g task . 

Difficulty in Situated Cognition 

Accepting the conventional characterization of cognitive tasks 
as search ,  th e difficult y tha t  a  particula r  situatio n present s i s 
determine d b y th e degre e t o whic h conti-olle d processin g i s 

neede d t o consU-Jii n search ,  an d b y th e siz e iin d complexit y o f 
th e proble m space .  Base d o n th e Situatio n Theoreti c approac h 
outlin e above ,  i t  i s  convenien t  t o thin k t o th e user' s tas k ;l s 
involvin g tw o proble m spaces : 

1. A cognitive space which may be traversed with minimal 
effor t  bu t  m a y als o b e ver y large .  Thi s i s define d a s a 
proble m context ,  5 ,  whic h i s consu^ain d b y attunements , 
A,  iin d writte n si s A  •  5 . 

2.  A  non-cognitive ,  o r  formal ,  proble m spac e whic h ma y re -
quir e substJintia l  effor t  t o travers e bu t  contain s onl y feasibl e 
U"Jinsitions .  Thi s i s define d a s a  proble m situation ,  5 ,  con -
sti-Jiine d b y th e tas k constraints ,  C ,  an d writte n a s C  •  S . 

The relation between the problem situation, U'lsk con-
straints ,  an d attune d constraint s ca n b e expresse d as : 

C.S = /.vl.5 

where / is the extrinsic consu-aints necessary to provide a 
matc h betwee n th e tw o spaces .  Th e complexit y an d char -
acte r  o f  thes e explici t  constraint s depen d o n th e degre e o f 
correspondenc e betwee n th e proble m situation ,  C  •  5 ,  an d 
th e user' s cognitiv e situation ,  A *  S .  Thu s th e difficult y o f 
a tas k ca n b e though t  o f  a s reducibl e base d o n th e differ -
enc e betwee n th e tw o proble m spaces .  W h e n presente d wit h 
th e circumstanc e tha t  severa l  different ,  isomorphic ,  cognitiv e 
situation s (S' ,  S" ,  S'",.. .  )  m a y b e use d t o instantiat e th e 
same absti-ac t  proble m space ,  thi s decompositio n allow s eac h 
one ,  an d it s associate d attunement s (A' ,  A" ,  A'",... )  t o b e 
contraste d t o determin e whic h i s minimall y complex ,  i.e . 

C.  S = / . A . S =  /'  .  ^'  .  5'  =  /"  .  A"  .  5" 

It may be useful to approach this model, and its implications 
fo r  th e evaluatio n o f  alternativ e representation s ( f  •  A *  S) , 
fro m a  slightl y differen t  angle .  W e ca n defin e th e extrinsi c 
difficult y o f  a  task ,  i n a  representation ,  a s bein g detennine d b y 
th e constraints ,  / ,  whic h mus t  b e supplie d b y usin g conu^oUe d 
processing .  Th e consti-aint s neede d i n /  i n tur n depen d o n 
th e tas k constraints ,  fro m C ,  whic h ar e no t  supplie d t o th e 
analo g representatio n throug h automati c processin g b y th e 
attunements ,  A .  Th e availabilit y  o f  automaticall y processe d 
attunement s ar e themselve s determine d b y th e typ e o f  th e 
situation ,  S .  Fro m thi s chai n o f  dependencies ,  th e onl y wa y 
t o reduc e th e difficulty ,  o f  th e C  •  S  proble m i s t o introduc e 
a new ,  bu t  equivalent ,  situatio n S '  whos e attunements .  A , 
correspon d mor e closel y t o th e proble m constraint s C .  A s a 
result ,  controlle d processin g consti-aint s ar e shifte d t o A  iin d 
thu s processe d automatically .  A n y consti-aint s whic h d o no t 
m ap t o attunement s ar e maintaine d a s instructions ,  / ,  an d thu s 
als o maintai n thei r  statu s a s requirin g controlle d processing . 

Thi s mode l  predict s tha t  analog y wil l  b e th e onl y rout e t o 
reducin g proble m difficulty ,  an d eve n the n onl y b y shiftin g 
th e conti-olle d processin g consti-aint s o f  th e proble m situatio n 
ont o th e automaticall y processe d attunement s o f  th e analogou s 
situation .  Introducin g th e analogou s situatio n S \  however , 
require s definin g a n analog y a s a  ti-anslation  M betwee n S 
and S '  writte n as : 

M:/.A.S — /'.A'.S' 
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Proble m F S A 

Figur e 1 :  Necessar y Instruction s 

As wit h th e traditiona l  proble m reformulatio n system s [20] , 
th e complexit y o f  M m a y als o nee d t o b e considered .  I f  th e 
tas k i s incompletel y characterize d (ther e m a y b e additiona l 
goal s o r  constraint s associate d wit h th e objec t  o r  relation s o f 
S)  the n resourc e consumptio n associate d wit h M wil l  increas e 
th e complexit y o f  th e representation .  Assumin g M t o requir e 
controlle d processing ,  a  measur e o f  cognitiv e difficulty ,  D , 
fo r  a  tas k ca n b e define d as : 

D{f mA' • S') + D{M) 

If we presume constraint through attunement to be only 
nominall y difficult ,  an d certainl y les s difficul t  tha n enforcin g 
constraint s throug h instructions ,  w e ca n ran k representation s 
fo r  tas k difficult y b y orderin g the m accordin g t o difficult y o f 
thei r  instructions ,  i.e . 

D{f»A»S) > D{f' • A' • S') 

if D{f) > D{f') and generally that D{A) > D{f). 

Thi s translate s th e measur e o f  difficult y betwee n isomor -
phi c proble m space s int o th e determinatio n o f  complexit y o f 
th e necessar y instructiona l  component .  Figur e 1  show s th e 
Necessar y Instruction s a s th e are a o f  mis-matc h betwee n th e 
spac e o f  th e analogica l  situatio n an d th e spac e o f  th e proble m 
situation .  I f  w e wer e t o trea t  thes e space s a s Finit e Stat e Au -
tomata ,  th e Necessar y Instruction s ar e simpl y a  prescriptiv e 
lis t  o f  stiite s an d state-transition s whic h ar e illega l  i n th e ana -
logicji l  context .  Thi s lis t  i s  adde d t o th e analogica l  situatio n 
;i s  explici t  constraint s (instructions )  an d become s par t  o f  th e 
specificatio n o f  th e mapping ,  M .  Thu s th e difficult y o f  a n 
;in;dogic; d situatio n i s increase d b y a  mis-matche d mappin g 
fro m th e proble m situation .  Th e large r  th e mis-match ,  th e 
more instruction s <ir e necessar y an d th e greate r  th e complex -
it y whic h i s a s on e woul d expect . 

It  i s  convenien t  t o thin k o f  nomi c attunement s a s bein g 
thos e proble m constraint s whic h g o withou t  mentioning ,  suc h 
;i s  objec t  const;uicy .  Al l  othe r  constraint s ar e the n thos e whic h 
requir e explici t  instruction s i n orde r  t o b e conveyed .  Th e abil -
it y  o f  a  representatio n t o conve y constraint s throug h instruc -
tion s m;ike s th e automati c identificatio n o f  communicativ e 
iuiiilogie s practica l  b y providin g wha t  i s essentiall y  a n "er -
ro r  term. "  Thi s allow s a  relativel y njuro w rang e o f  nominall y 
constniine d situation s t o fit  a  muc h broade r  rang e o f  situations . 

1 S ^ g P ^ 

Figur e 2 :  Towe r  o f  Hano i  Isomorph s 

An operationa l  approac h i s take n fo r  establishin g th e dif -
ficulty  associate d wit h a  se t  o f  instructions .  Adoptin g th e 
assumption s o f  Larki n an d Simo n [14] ,  an d Casnc r  [4| ,  tha t 
th e difficult y o f  usin g a  rul e i s proportiona l  t o th e perceptuid / 
memoria l  operation s neede d t o determin e it s applicabilit y  w e 
ar e provide d wit h a  relativel y simpl e measur e o f  cognitiv e 
difficulty .  Thi s measur e i s experimentall y verifie d i n Cleve -
lan d an d McGil l  [5] ,  an d operationalize d i n Mackinla y [17] , 
fo r  th e automate d desig n o f  graph s an d b y Casne r  [4 ]  fo r  th e 
automate d desig n o f  task-oriente d graphics . 

Th e cognitive /  perceptua l  simplicit y o f  instructionj d condi -
tion s i s evaluate d base d o n th e result s o f  task-lik e decompo -
sition .  Th e actua l  reductio n o f  instruction s usuall y involve s 
th e presentatio n o f  conjunctiv e informatio n a t  a  singl e spatia l 
location ,  thi s i s th e primar y mechanis m Larki n Jin d S imo n 
[14] ,  us e t o explai n cognitiv e efficiencie s resultin g for m th e 
use o f  diagram s an d i s centra l  t o m a n y o f  th e advantage s 
demonstrate d b y Casne r  [4] ,  i n presentin g airlin e reservatio n 
information .  I n othe r  context s i t  appear s a s a  primju- y sourc e 
of  th e effectivenes s o f  tas k analyti c approache s t o displa y for -
mattin g suc h a s Mitchel l  an d Sas i  [18] ,  an d a  ke y mech^tnis m 
involve d i n th e presentatio n o f  spatiall y  correlate d diiU i  i n 
scientifi c  visualization . 

Experimental Support 

For  proble m task s i n differin g analog s o f  a n isomorphi c do -
main ,  marke d difference s i n huma n performanc e hav e bee n 
see n fo r  th e situational-analogue s whic h posses s ecologica l 
advantage s ([12] ;  [16] ;  [3] ;  [21]) .  A  larg e bod y o f  researc h 
int o displa y desig n ha s als o show n a  simila r  trend ,  fo r  exam -
ple ,  Edlun d an d Lewi s [7 ]  showe d tha t  display s whic h presen t 
informatio n an d dynamic s i n a  situational-analogu e tha t  uti -
lize s th e attunement s whic h th e user s posses s towar d physicji l 
object s an d interactions ,  gai n a  performanc e advantJig e ove r 
display s whic h rel y mor e o n instruction s an d controlle d pro -
cessing .  Thi s performanc e advantag e existe d bot h fo r  contro l 
task s iui d fo r  erro r  detectio n an d diagnosti c tasks .  Mora y 
[19] ,  showe d tha t  a  graphi c renderin g o f  th e Rjuiki n cycle , 
whic h make s physica l  constraint s visible ,  allow s stea m pUui t 
operator s t o mor e accuratel y contro l  an d monito r  fo r  fmlure s 
tha n di d th e mor e traditiona l  collectio n o f  Pipin g iin d Instru -
mentatio n displays . 

Lewi s [16 ]  showe d tha t  a  simpl e attunemen t  involvin g ob -
jec t  constanc y an d extensio n sdlow s a  bloc k stackin g versio n 
of  th e Tower s o f  Hano i  proble m t o b e identifie d a s simple r  ;ui d 
involvin g fewe r  necessar y instruction s thii n .dternative s wit h 
isomorphi c proble m spaces .  Th e block-stackin g representa -
tio n wa s show n t o provid e mor e efficien t  stat e discriminatio n 
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;in d actio n identificalio n thji n th e isomorphs .  Fo r  exampl e 
see Figur e 2  fo r  tw o isomorphi c proble m context s fo r  th e 
s;un e abstrac t  proble m situation .  Th e stitcke d blocks ,  ;m d th e 
Globe-holdin g Monster s presen t  logicall y identica l  infonna -
tion .  However ,  th e problem-solvingabilit y  o f  user s i s greatl y 
improve d b y usin g th e stacke d block s context . 

Thes e siun e attunement s o f  objec t  constsinc y iin d extensio n 
allo w th e derivatio n o f  th e Gant t  char t  fro m th e jo b sho p 
schedulin g proble m ([15] ;  [8]) ,  an d th e derivatio n o f  stackin g 
keye d block s (Se e Figur e 3)a s a  displa y fo r  th e mor e con -
straine d flo w sho p problem .  H u m e [11 ]  agai n experimentall y 
show ,  tha t  display s relyin g o n attunemen t  t o reduc e difficult y 
substantiall y  improve s performance .  Th e abilit y  o f  thi s mode l 
t o orde r  th e difticult y o f  th e proble m isomorph s i n agreemen t 
wit h experimenta l  results ;  t o deriv e prove n displa y format s 
fro m thei r  proble m representation ;  an d t o generat e nove l  for -
mat s i n accordanc e wit h th e sam e principles ,  len d empirica l 
suppor t  t o thi s approach . 

I n a n exampl e fro m th e airlin e reservatio n domain ,  th e 
choic e o f  a  nonsto p flight  t o a  particula r  destination ,  wit h a n 
interes t  i n cos t  an d departur e tim e i s show n b y Casne r  [4] , 
t o b e efficientl y presente d o n a  grap h wit h tim e o n th e hor -
izonta l  axi s an d cos t  o n th e vertical .  A  custome r  wit h th e 
goa l  o f  choosin g a  flight  fo r  a n approximat e tim e an d cos t 
nee d onl y examin e a  singl e spatia l  regio n t o identif y flights 
matchin g he r  requirements .  Experimenta l  result s sho w tha t 
th e presentation s whic h tak e advantag e o f  spatia l  conjunctio n 
of  informatio n an d whic h i n tur n reduc e th e complexit y o f 
th e cognitive/perceptua l  operation s necessar y t o administe r 
an instruction ,  resul t  i n faste r  an d mor e accurat e tas k perfor -
mance.  Wher e a  user' s goa l  involve s extractin g conjunctiv e 
informatio n fro m stati c dat a thi s for m o f  conjunctiv e displa y 
i s almos t  alway s superio r  t o tabula r  presentations . 

Conclusion 

The determination of instructional complexity in isomorphic 
representatio n o f  a  problem ,  i s centra l  t o establishin g a n over -
al l  difficult y measur e fo r  th e representation .  Th e us e o f  Situ -
atio n Theor y an d a n Ecologica l  use r  mode l  allo w u s t o repre -
sen t  a  person' s proble m solvin g goals ,  tas k environmen t  an d 
expectation s i n a  unifie d framework .  Withi n thi s framework , 
difficult y  i s modele d a s a  measur e o f  resourc e allocation .  Cog -
nitiv e an d perceptua l  task s divid e th e proble m constraint s be -
twee n th e effortless ,  automati c operation s (attunements )  an d 
th e controlle d operation s (instructiona l  constraints) . 

Th e content s an d th e functiona l  rol e o f  th e proble m instruc -
tion s ca n n o w b e determine d fo r  th e variou s alternativ e repre -
sentation s fo r  a  proble m situation .  Compariso n o f  th e relativ e 
perceptual/cognitiv e difficultie s o f  th e instructio n set s i s use d 
t o ran k th e difficult y associate d wit h eac h representation .  Re -
searc h int o th e methodolog y an d accurac y o f  instructiona l  tas k 
decompositio n i s currentl y bein g pursueid . 

Th e ecologica l  cognitiv e mode l  w e hav e presented ,  supple -
ment s informatio n processin g model s o f  cognitio n b y propos -
in g a  framewor k i n whic h intuition ,  imagine d events ,  men -
ta l  model s an d productio n rule-lik e constraint s interac t  an d 
;ir e describe d withi n a  unifie d model .  Classi c computationa l 
problems ,  a s solve d b y human ,  suc h a s th e frame/ramificatio n 
problem s ar e explaine d b y th e propose d distinction s betwee n 
attune d an d instructe d constraints .  Wher e ou r  expectation s 

Block s shoul d b e suclu d i n th < lo w an d oiienutio n i n whic h 
thr y li e foun d 
Blocks foi th< sinru job should not be sucked out of oidci. 

Opeiition O 
(mjchmf.m ,  job.j ) 

singl e 
mjchin e 
assumptio n 

singl e 
jo b 

issucnptio n 

tim e i n 
pioces i 

\ 
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ar e governe d b y attunement ,  w e trac k event s i n ou r  environ -
ment  withou t  effor t  o r  error .  Thi s h^pens ,  no t  b y performin g 
comple x sententia l  update s bu t  b y ou r  unconsciou s adaptatio n 
t o th e regularitie s o f  ou r  environment . 

Thi s developmen t  suggest s tha t  analogy ,  a s ;u i  insiiuic c 
of  conceptua l  change ,  play s a  centra l  rol e i n humii n cogni -
tio n an d proble m solving .  Analog y i s modele d her e no t  a s a 
mechanis m o f  vali d inferenc e o r  a s a  heuristi c guid e t o induc -
tiv e hypotheses ,  bu t  a s a  mechanis m fo r  reducin g cognitiv e 
difficulty .  Thi s i s accomplishe d b y shiftin g th e allocatio n o f 
processin g fro m controlle d t o automati c processe s ove r  th e 
cours e o f  designin g th e representatio n fo r  th e cognitiv e spac e 
equivalen t  o f  th e proble m situation .  I n thi s manne r  w e ca n 
evaluate d th e implication s o f  representational ,  an d thu s con -
ceptual ,  chang e o n th e cognitiv e complexit y fo r  a  proble m 
solvin g task . 
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