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A b s t r a c t 

An ecological model of human information pro-

cessin g i s  introduce d whic h characterize s intui -

tio n a s a  stat e oracl e providin g informatio n fo r 

particula r  type s o f  situation s fo r  whic h attune -

ment s t o constraint s hav e bee n developed .  Th e 

consequence s o f  thi s mode l  ar e examine d show -

in g a m o n g othe r  thing s that :  fo r  a  cognitiv e tas k 

wit h a  fixed  proble m spac e difficult y ca n onl y b e 

reduce d b y introducin g metaphor ,  difficult y o f 

translatio n i s  m i n i m u m fo r  a  situationall y 

equivalen t  metaphor ,  a  situationall y equivalen t 

me t^ho r  preserve s an d reflect s extrinsi c informa -

tio n abou t  th e situation ,  an y situatio n containin g 

a subcategor y isomorphi c t o a  proble m situatio n 

ca n b e m a d e int o a  met^qiho r  b y supplyin g 

instructions ,  thes e characteristic s ca n b e exploite d 

by a n algorith m whic h choose s a  metapho r  i n 

suc h a  wa y tha t  attunement s ar e substitute d fo r 

proble m constraint s an d instruction s ar e use d a s 

an "erro r  term" . 

I n t r oduc t i o n 

Despite twenty years of experience and 

widesprea d commercia l  succes s cognitiv e fffinci -

ple s underlyin g th e effectivenes s o f  direc t  mani -

pulatio n an d visualizatio n interface s remai n a 

mystery .  Advertisin g brochure s an d user s glibl y 

describ e the m a s intuitive ,  direct ,  o r  user-friendl y 
but  neithe r  psychologist s no r  compute r  scientist s 

ca n agre e o n exactl y wha t  thes e term s mean . 

Lewi s (1991,1992 )  ha s propose d a n ecologica l 

model  base d o n interactiv e situation s whic h 

operationalize s "directness "  an d "intuition" .  Cog -

nitio n i s  presume d t o operat e o n situation s 
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involvin g object s i n relation s rathe r  tha n proposi -

tion s abou t  them .  T h e dynamic s o f  thes e menta l 

situation s ar e governe d b y attunement s t o per -

vasiv e regularitie s i n ou r  environmen t  suc h a s 

objec t  constancy .  Thes e attunement s ar e 

presume d t o b e automati c processes .  Thi s "men -

ta l  model "  i s  animate d b y initiatin g action s whic h 

ar e eithe r  imagine d o r  perceived .  T h e menta l 

event s whic h follow ,  unfol d i n accwdanc e wit h 

our  attunement s t o th e constraint s affectin g th e 

situation .  B y modelin g course s o f  event s th e 

menta l  mode l  make s th e resultan t  state s availabl e 

t o cognition .  Th e novelt y o f  thi s approac h t o 

menta l  model s lie s i n incorporatin g di e decompo -

sitio n o f  situation s int o state s o f  affair s an d con -

straint s borrowe d fro m situatio n theor y (Barwis e 

& Perry ,  1983 )  an d th e characterizatio n o f  cogni -

tiv e task s a s searc h o f  a  proble m spac e (Newel l 

& S imo n 1972) .  Thi s synthesi s allow s a  unifie d 

treatmen t  o f  tas k difficult y an d metapho r  a s allo -

catio n o f  processin g problems .  T h e mode l  an d 

it s consequence s provid e a  framewor k fo r 

automatin g th e desig n o f  cognitivel y efficien t 

scientifi c an d proble m visualization s an d th e 

desig n an d evaluatio n o f  graphica l  use r  inter -

faces . 

Intuitio n i s presume d t o describ e th e effect s o f 

attunement s (menta l  constraints )  develope d i n 

respons e t o th e regularit y o f  certai n event s i n ou r 

environment .  Attunement s ar e associate d wit h 

particula r  type s o f  situation s an d t o allo w u s t o 

imagine/updat e state s o f  thes e situation s automat -

ically .  Thi s proces s o f  automaticall y updatin g 

state s i s  referre d t o a s envisioning .  A  relate d 

proces s o f  inspection ,  make s thi s stat e informa -

tio n availabl e fo r  consciou s processing . 

Together ,  envisionin g an d inspectio n for m a 

cycl e whic h act s a s a  "stat e oracle "  b y supplyin g 

informatio n abou t  change s i n stat e a t  essentiall y 

n o cost . 

T h e mode l  attribute s th e difficult y o f  cognitiv e 
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For m 

anchore d 

(ordinal ) 

unanchore d 

(nominal ) 

Rul e 1 

Rul e 2 

Oi 
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a,  >a j  ̂  u ^  .a ;  ̂  u ^  .o y 
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Tabl e 1 :  Proble m 1 

Tower  o f  Hano i 

dis k siz e 

dis k locatio n 

By Attunemen t 

A large r  dis k 

m ay no t  b e 

moved onio p o f 

a smalle r  dis k 

somorph s 

Monste r  Glob e M o v e 

glob e siz e 

glob e locatio n 

A monste r  m a y onl y 

pas s it s larges t  glob e 

A monste r  ma y no t 

pas s it s glob e t o a 

monste r  holdin g a 

large r  glob e 

Monste r  Glob e Chang e 

monste r  siz e 

glob e siz e 

I f  monster s hol d 

globe s o f  th e sam e 

size ,  onl y th e larges t 

ca n chang e 

A monste r  ma y no t 

chang e it s glob e t o a 

siz e hel d b y a  large r 

monste r 

task s t o tw o factors :  1 )  th e intrinsi c difficult y 

associate d wit h th e siz e an d complexit y o f  th e 

proble m spac e an d 2 )  th e extrinsi c difficult y asso -

ciate d wit h th e controlle d processin g neede d t o 

updat e state s an d suppl y constraint s i n searchin g 

tha t  space .  Attunemen t  t o ccmstraint s make s cog -

nitiv e task s easie r  b y eliminatin g som e "illegal " 

event s from  th e prc4}le m space .  Wher e proble m 

constraint s an d attunement s perfecd y coincid e th e 

fram e proble m i s resolve d an d difficult y i s lim -

ite d t o tha t  o f  searchin g lega l  states .  Thi s mode l 

of  cognitiv e difficult y ca n b e illustrate d usin g th e 

Tower  o f  Hano i  an d tw o o f  it s  isomoiphs .  Sub -

ject s find  th e Monster-Glob e problem s muc h 

mor e difficult .  (Haye s &  Simon ,  1977) ,  fo r 

example ,  report s difference s i n averag e solutio n 

time s o f  les s tha n tw o minute s fo r  th e thre e dis k 

Tower  o f  Hano i  problem ,  an d hal f  a n hou r  fo r 

th e correspondin g Monster-Glob e (change )  prob -

lem .  Th e Monster-Glob e (move )  proble m i s o f 

intermediat e (1 4 min) .  (Kotovsky ,  Hayes ,  & 

Simon ,  1985 )  difficulty .  Th e Monster-Glob e 

chang e proble m i s th e mos t  difficul t  becaus e i t 

violate s objec t  constancy ,  a  basi c atmnemen t 

whic h play s a  primar y rol e i n theorie s o f 

psycholog y rangin g from  cognitiv e developmen t 

t o perception .  Searchin g it s proble m spac e 

require s th e us e o f  limite d workin g memor y 

resource s t o determin e th e change s i n stat e result -

in g from  action s becaus e event s d o no t  follo w 

environmenta l  constraint s t o whic h w e ar e 

attuned .  Th e Monster-Glob e m o v e proble m 

relate s state s throug h th e movemen t  o f  objects ,  t o 

whic h w e ar e attune d an d therefor e eliminate s 

th e nee d t o us e contt-olle d processin g an d inter -

mediat e storag e t o updat e states .  Th e proble m 

spac e m a d e availabl e throug h thes e attunements . 

however ,  i s  substantiall y  large r  tha n th e officia l 

one becaus e w e ca n envisio n globe s bein g move d 

among an y o f  th e monsters ,  whil e th e proble m 

rule s constrai n thes e movements .  Becaus e rul e 1 

require s informatio n abou t  th e initia l  stat e o f  a 

move an d rul e 2  require s informatio n abou t  it s 

terminatin g stale ,  bot h state s an d th e linkin g 

actio n mus t  b e reference d t o appl y th e proble m 

rules .  I n th e Towe r  o f  Hano i  rul e 1  i s subsume d 

by attunement s an d violatio n o f  rul e 2  i s deter -

minabl e b y inspectio n alone ,  becaus e o f  th e ille -

gal  stat e whic h results .  A s a  consequenc e w e ar e 

mentall y constraine d t o ignor e movement s o f 

disk s from  th e botto m o f  stack s (rul e 1 )  an d ca n 

judg e legalit y b y inspectin g th e terminatin g stat e 

(rul e 2 )  withou t  additiona l  relianc e o n workin g 

memory.  Thi s reduce s th e proble m t o a  con -

ttolled  searc h o f  a  spac e o f  5 0 state s an d 7 5 tran -

sition s i n whic h eac h o f  th e 3 6 prohibite d move s 

ar e rule d ou t  b y inspectio n fo r  th e illega l  "large r 

on to p o f  smaller "  stat e a t  a  pat h o f  lengt h o f  1 . 

As thes e example s illustrate ,  cognitio n i s con -

ceive d t o b e a  heterogeneou s mixtur e o f  automat -

icall y updatin g model s an d resourc e consumin g 

rules .  A  commonsens e interpretatio n o f  thi s 

dichotom y i s tha t  cognitiv e task s ar e direct ,  intui -

tive ,  an d eas y t o th e exten t  tha t  the y d o no t 

requir e instructions .  Th e mode l  i s analogou s t o a 

compute r  wit h a  limite d capacit y genera l  purpos e 

processo r  an d a  hig h capacit y specialize d one . 

Th e mos t  efficien t  progra m fo r  suc h a  machin e 

wil l  b e on e whic h balance s th e cost s o f  o-anslat -

in g dat a fo r  specialize d processin g wit h th e sav -

ing s i t  offers .  Thi s pape r  examine s th e conse -

quence s o f  tteating  huma n informatio n processin g 

i n th e sam e way . 
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Consequence s D ( r )  <  D ( 0 i f  cranslatio n i s no t  require d 

Th e difficult y o f  interactin g wit h a  proble m situa -

tio n i s dominate d b y th e rules ,  f ,  a  use r  mus t 

activel y supply .  Th e relation  betwee n a n interac -

tiv e situation ,  S ,  proble m consu^ints ,  C ,  attune d 

constraints ,  A ,  instructe d constraints ,  f ,  an d th e 

proble m situation ,  CoS .  th e basi s situation ,  AoS , 

and user' s situation ,  foAoS ,  the y defin e ca n b e 

expresse d as : 

C oS =  foAo S 

"Th e officia l  proble m spac e appear s t o th e use r 

as a  situatio n i n whic h som e disallowe d event s 

ar e no t  imagine d (AoS )  bu t  other s ca n onl y b e 

eliminate d b y consciousl y applyin g rule s 

(foAoS)" .  T h e extrinsi c difficult y o f  th e proble m 

wil l  depen d o n th e complexit y o f  th e rules ,  f , 

whic h mus t  b e compose d wit h th e attune d con -

straints ,  A ,  t o brin g th e user' s constraine d situa -

tion ,  foAoS ,  int o agreemen t  wit h th e constraine d 

situation ,  CoS ,  whic h define s th e proble m space . 

Assumin g tha t  difficult y measure s exis t  fo r  con -

trolle d processin g an d tha t  attunement s ar e 

specifiabl e an d indexabl e b y situation-types : 

(1 )  Th e difficult y o f  a  cognitiv e tas k involvin g a n 

interactiv e situatio n ca n onl y b e reduce d b y 

introducin g metaphor . 

Thi s follow s fro m th e definitions .  Th e intrin -

si c difficult y o f  a  tas k canno t  b e reduce d withou t 

alterin g th e task .  Th e onl y avenu e t o reducin g 

difficult y i s therefor e t o reduc e extrinsi c 

difficulty .  T h e extrinsi c difficult y o f  a  tas k i s 

determine d b y th e constraint s i n f  whic h mus t  b e 

supplie d usin g controlle d processing .  T h e con -

straint s i n f  ar e thos e neede d fo r  compositio n 

wit h attunements .  A ,  i n orde r  t o matc h C .  T h e 

auunements .  A ,  ar e i n tur n determine d b y S .  Th e 

onl y wa y t o reduc e extrinsi c difficult y i s there -

for e t o introduc e a  n e w bu t  equivalen t  situatio n 

S' .  Introducin g S' ,  however ,  require s definin g a 

translation ,  M betwee n S  an d S' .  I f  th e tas k i s 

incompletel y characterize d (ther e m a y b e addi -

tiona l  goal s o r  constraint s associate d wit h th e 

object s o r  relation s o f  S )  the n resourc e consump -

tio n associate d wit h M mus t  b e considere d a s 

well .  Assumin g M t o requir e controlle d process -

ing ,  ther e exist s a  measur e o f  it s  difficulty ,  D ( M ) . 

The difficult y o f  a  tas k ca n therefor e b e reduce d 

if f  ther e exist s a n interactiv e metaphor ,  M . 

M: foAoS -^ f oA'oS' such that 

D(M) + THV) < D(0 if translation is required 

Th e thre e possibilitie s fo r  th e translatio n betwee n 

a proble m situatio n an d a  possibl e interactiv e 

metapho r  ar e show n i n th e commutativ e diagram s 

below : 

Sute i  o f  Affai n 

r. 8 

8 

CXi 

GXi 

Probla n Space s 

S ''. HS 

s 

Xi 

ifoA Cor i 

HS Xi 

Intenctiv e Situation s 

8 

8 

GXi 

ifoAor' 

GXi 

Her e x ,  ar e object s i n th e interactiv e situation ,  r 
and r '  ar e th e relation s withi n th e tw o situations , 
C i s th e proble m constraint s i n th e first  situation , 
A i s th e attunement s t o th e interactiv e metaphor , 
f  i s  th e instructe d constraint s fo r  th e interactiv e 
metaphor ,  an d G  an d H  ar e th e mapping s 
betwee n th e state s an d th e proble m space s 

respectivel y o f  th e tw o situations . 

We wil l  sho w tha t  isomorphis m betwee n state s 

of  affair s (diagram s 1  an d 3 )  i s neede d t o minim -

iz e D ( M )  th e difficult y o f  translatin g betwee n 

situation s whil e isomorphis m betwee n proble m 

space s (diagram s 2  an d 3 )  i s neede d t o satisf y th e 

definitio n o f  interactiv e metaphor .  Th e usefu l 

resul t  i s  tha t  a  les s constraine d stat e equivalen t 

situatio n ca n generall y b e transforme d int o a 
situationa l  l y  equivalen t  metapho r  b y suRjlyin g 

instructi(Mi s whil e a  proble m spac e equivalen t 
situatio n canno t 

Thes e distinction s an d th e rol e o f  instruction s 

i n creatin g metaphor s ca n b e illustrate d i n a  sim -

pl e exampl e usin g th e 2-blocks ,  mous e i n th e 

maze,  an d 2-light s situation s show n o n th e nex t 

page .  Allowe d stat e transition s ar e indicate d b y 

arrows .  Th e basi s situatio n fo r  th e mous e i n th e 

maze i s a n interactiv e metapho r  fo r  th e 2  block s 

situatio n becaus e the y hav e isomorphi c proble m 

spaces .  O n e mappin g is : 

F = {  mouse-in-left-chambe r  - > white-block-onio p 

A - ,  black-block-ontop , 

mouse-in-middle-chambe r  —> - .  white -

block-onto p A  - •  black-block-onto p 
mouse-in-right-chambe r  - » black-block -

onto p ̂  - 1 white-block-onto p ) 

Th e mous e i n th e maz e situatio n i s no t  iso -

morphi c t o th e tw o block s proble m situation , 

however ,  becaus e the y ar e no t  isomorphi c i n 

thei r  constituent s « r i ,  black-block.white -

b l o c k » vs .  « r 2 ,  mouse ,  m a z e » o r  «r-i , 
mouse,  chamber-left ,  chamber-middle ,  chamber -

right» . 
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Two Block s 

B c ,  I 

M o u se i n th e M a z e 

r 
l^ r 

^- , A'-S ' 

' ^ 

j—L ^ 

o G G  o 

G r 9 

o o 

G 

o 
^  ^ o 

^ ^  G •  <»<? • 
r 9 ^ 

r ^  G 
V ^ 

f  »  A  _ 

O Q J 
(  ] (  ]  f :  Onl y on e ligh i 
^  ^  ca n b e turne d o n a t  a  tim e 

T wo Light s T wo Light s +  instruction s 

F i g u r e 1 :  2-blocks ,  m o u s e i n th e m a z e ,  a n d 2-light s situation s 

T o verif y thi s clai m not e tha t  ther e i s n o map -

pin g o f  constituent s whic h preserve s th e 

equivalenc e o f  constraint s (e.g. ,  H  i s no t  decom -

posabl e int o constituen t  mappings) . 

I n it s basi s situation ,  state s o f  th e 2  light s ar e 

isomorphi c t o thos e o f  th e 2  block s bu t  i l  i s  no t 

an intoactiv e metapho r  fo r  th e tw o block s situa -

tio n becaus e th e 2-light s proble m spac e include s 

a stat e i n whic h bot h light s ar e o n (o r  alternatel y 

bot h ar e of O whil e th e constraint s governin g th e 

2-block s situatio n prohibi t  bot h th e black-bloc k 

an d th e whit e bloc k bein g on-to p (o f  eac h other ) 

at  th e sam e time .  Althoug h th e representations 
appea r  dissimilar ,  b y choosin g a n appropriat e f 

(bot h light s canno t  b e turne d o n becaus e th e cir -

cui t  ha s a  limite d capacity )  w e produce : 

G:  Ĉ foef a 2-block s  ̂  f  o  Ct,/u ,  2-light s 

whic h i s n o w a n isomorphi c situation .  T o verif y 

thi s claim ,  not e tha t  i f  w e assig n a s constituen t 

mappings : 

b:  black-bloc k - ^  left-light , 
w:  white-bloc k - » right-light 

n stac k - ^  tum-o n 

the n 

G= bowo r 

As a n exampl e o f  a n additiona l  propert y o f 

equivalen t  situation s conside r  a  ne w goa l  i n th e 

2-block s situation ,  "mov e th e blac k block" .  I n 

th e 2-ligh t  situatio n thi s i s translate d b y G  a s tur n 

on/of f  th e right-light.  I n th e mous e i n th e maz e 

situatio n ther e i s n o uniqu e translatio n unde r  H . 

Thi s exampl e highlight s propertie s o f  th e thre e 

form s o f  equivalenc e whic h ar e importan t  fo r 

exploitin g interactiv e metaphor . 

(2 )  Th e difficulty .  D ( M )  o f  translatin g betwee n a n 

interactiv e situation ,  S ,  an d it s interactiv e 

metaphor .  S '  i s  min imu m i f  the y ar e iso -

morphi c i n state s o f  affairs . 

Assumin g situationa l  menta l  representation ,  M 

must  translat e th e object s an d relation s o f  S  t o 

object s an d relation s o f  S '  an d vic e versa .  Th e 

number  o f  mappin g rule s i n M mus t  therefor e b e 

at  leas t  a s grea t  a s Ix l  th e cardinalit y o f  object s 

plu s Ir l  th e cardinalit y o f  relations  i n th e state s o f 

affair s o f  S .  I f  S  an d S '  ar e isomorphi c i n state s 

of  affair s the n ther e i s a  one-to-on e correspon -

denc e betwee n object s an d relation s i n th e tw o 

situation s an d onl y Ix l  +  Ir l  rule s ar e required.  I f 

S an d S '  ar e onl y proble m spac e isomorphi c the n 

M m a y requir e u p t o IS !  x  (Ix l  -i -  Irl )  translation s 

(on e fo r  eac h objec t  an d relation  i n eac h stat e o f 

affairs) .  T o construc t  suc h a n isomorphis m le t  S ' 

be a  situatio n havin g on e o f  th e numeral s 1..IS I  a s 

th e objec t  i n eac h o f  it s  state s an d identit y a s it s 

relation .  Randoml y assig n a  stat e o f  affair s i n S 

t o eac h stat e o f  S '  an d consuiic t  a  se t  o f  con -

straints ,  C ,  t o matc h C .  S '  i s  n o w proble m 

spac e equivalen t  bu t  wil l  requir e a  separat e se t  o f 

translation s fo r  object s an d relation s fo r  ever y 

state .  Thi s i s tru e fo r  th e mous e i n th e maz e an d 

th e tw o block s situation ,  a s well ,  althoug h onl y 

thre e state s wer e involved .  W e ar e presentl y 

942 



investigatin g a  les s extrem e instanc e o f  th e disr -

uptio n o f  translatio n b y stat e inequivalence .  Sub -

ject s require d t o translat e betwee n th e slat e 

equivalen t  Tic-Tac-TO H an d Monste r  Glob e 

(change )  probleno s hav e average d 2S. 4 transla -

tion s i n a  fifteen  minut e sessio n whil e onl y 1 0 

translation s ar e achieve d betwee n th e slat e ine -

quivalen t  Towe r  o f  Hano i  an d Monste r  Glob e 

(change )  problems . 

(3) // an interactive situation, S, and its meta-

phor ,  S' ,  ar e stat e equivalent ,  th e metapho r 

wil l  reflec t  an d preserv e extrinsi c informa -

tio n abou t  th e situation . 

I f  S  an d S '  ar e equivalen t  situation s the n M i s a 

full ,  faithful ,  an d representativ e functo r  an d mus t 

reflec t  an d preserv e goal s o r  constraint s define d 

ove r  considere d relation s i n S .  Th e translatio n o f 

th e adde d goa l  betwee n th e 2-block s an d 2-light s 

proble m i s a n exampl e o f  thi s property .  Fo r  con -

structin g interactiv e metaphor s thi s mean s tha t  a s 

lon g a s the y remai n stat e equivalen t  the y d o no t 

need t o b e complete . 

(4 )  An y Situatio n S '  wit h 15' I  >  151 ,  an d contain -

in g Co S a s a  proble m spac e isomorphi c 

subcategor y o f  A'oS '  ca n b e m a d e a n 

interactiv e metapho r  fo r  S  simpl y b y supply -

in g instruction s f . 

Thi s i s triviall y  true .  I n th e wors t  cas e th e con -

straint s i n C  ca n simpl y b e transferre d t o f .  It s 

specializatio n i s mor e useful . 

(a )  An y Situatio n S '  wit h 15' I  >  151 ,  an d contain -

in g Co S a s a  situatio n isomorphi c sub -

categor y o f  A'oS '  ca n b e mad e a  stat e 

equivalen t  metapho r  fo r  5  simpl y b y supply -

in g instruction s f 

Thi s specializatio n show s tha t  i f  w e revers e th e 

norma l  proces s o f  seekin g metaphor s i n exac t 
grap h matche s an d instea d simpl y loo k fo r  situa -

tion s wit h equivalen t  state s w e ca n generall y 

brin g the m int o agreemen t  an d enjo y th e ful l 

advantage s o f  situationa l  equivalenc e simpl y b y 
generatin g instructions . 

(5 )  A n interactiv e metapho r  foAoS '  whic h minim -

ize s th e difficult y o f  a n interactiv e situation , 

S,  ca n b e foun d b y a n algorith m A . 

Thi s follow s fro m th e existenc e o f  a  measur e D 

of  th e difficult y o f  controlle d processin g an d th e 

indexin g o f  aUune d constraint s b y situation-types . 

I f  a  metapho r  preservin g extrinsi c constraint s i s 

desired ,  th e criterio n t o b e minimize d i s c=D(r ) 

+ D ( M ) ,  otherwis e i t  i s  c=D( r )  (consequenc e 1) . 

The algorith m perform s a n exhaustiv e searc h o f 

th e taxonom y o f  situation-type s examinin g ever y 

combinatio n o f  situation-typ e an d eac h replica -

tio n o f  relation-typ e an d objec t  rol e withi n com -

bination s o f  situation-type s fo r  eac h proble m 

spac e isomorphi c subcategor y o f  AoS' .  f ,  M ,  an d 

c ar e determine d an d th e metapho r  (f,S' )  wit h 

min imu m c  i s retained .  A t  conclusion ,  i f  c '  < 

D ( 0 th e algorith m return s C'oS' ,  a  descriptio n o f 

an interactiv e graphi c an d f ,  th e constraint s 

definin g a  se t  o f  instruction s t o b e supplie d t o a 

user .  Th e description ,  C'oS' ,  i s  a  partiall y  deter -

mine d interactiv e situatio n resemblin g th e 

abstrac t  visua l  object s use d i n scientifi c  visualiza -

tion .  Conceptuall y th e algorith m choose s S '  s o 

as t o shif t  constraint s fro m f  wher e the y requir e 

controlle d processin g t o A '  wher e the y d o no t 

(6 )  A n incrementa l  algorithm ,  A „  approximate s 

th e result s o f  A  b y re-writin g relation-types . 

A mor e tractabl e algorith m consider s onl y thos e 

situations ,  S' ,  havin g relation s isomorphi c t o S  a s 

candidat e metaphors .  I f  c = D ( r )  +  D ( M )  onl y 

stat e equivalen t  situation s ar e considere d minim -

izin g D ( M )  b y consequenc e (4) .  Th e rewrit e 

metho d conducts  a n incrementa l  searc h fo r  rela -

tion s whic h whe n substitute d int o S  wil l  caus e 

some constrain t  expressio n i n th e ne w versio n o f 

C t o matc h a  constrain t  expressio n i n th e taxon -

o my o f  attunements .  W h e n a  matc h i s found ,  th e 

relatio n i s rewritte n S  - *  S' ,  C->C' ,  th e con -

strain t  i s  marke d i n C ,  an d f  i s  updated .  W h e n 

no furthe r  matche s ca n b e foun d th e metho d ter -

minate s returnin g C'S '  a  descriptio n o f  th e meta -

pho r  an d it s behavior ,  f ,  a  lis t  o f  instruction s gen -

erate d fro m th e unmarke d constraints ,  an d M th e 

map,  S-*S' . 

Concludin g R e m a r k s 

In this paper we have examined some conse-
quence s o f  adoptin g a n ecologica l  mode l  huma n 

cognition .  Althoug h ecologica l  model s ar e com -
monl y believe d t o b e les s precis e an d tractabl e 

tha n thei r  conventiona l  counterpart s w e hav e 

show n tha t  som e aspect s o f  cognition ,  suc h a s 

intuition ,  whic h ar e difficul t  t o quantif y i n con -

ventiona l  model s ca n b e handle d unde r  ecologi -

cal  assumptions .  Th e proble m spac e principl e 

(tha t  difficult y o f  cognitiv e task s i s fixed)  i s habi -

tuall y mad e i n cognitiv e science . 
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Withou t  abandonin g thi s partia l  trut h (conserva -

tio n o f  difficulty) ,  w e hav e show n tha t  th e extrin -

si c difficult y o f  task s i s no t  fixe d an d ca n b e sys -

tematicall y manipulate d throug h representation . 
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