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Abstrac t 

A knowledge representation scheme for computa-
tione d imager y ha s previousl y bee n proposed .  Thi s 

scheme incorporate s thre e interrelate d representa -

tions :  a  long-ter m m e m o r y descriptiv e representa -

tio n an d tw o workin g m e m o r y representations ,  cor -

respondin g t o th e distinc t  visua l  an d spatia l  com -

ponent s o f  menta l  imagery .  I t  als o include s a  se t  o f 

primitiv e function s fo r  reconstructin g an d reasonin g 

wit h imag e representations .  I n thi s pape r  w e sug -

ges t  tha t  th e representatio n schem e addresse s th e 

controvers y involve d i n th e imager y debat e b y pro -

vidin g th e computationa l  tool s fo r  specifying ,  imple -

mentin g eui d testin g edternativ e theorie s o f  menta l 

imagery .  Thi s capabilit y i s  illustrate d b y consid -

erin g th e representatio n an d processin g issue s in -

volve d i n th e menta l  rotatio n task . 

I n t r o d u c t i o n 

A concept of computational imagery has previ-

ousl y bee n propose d a s a  reasonin g paradig m i n 

artificia l  intelligenc e (Papadia s k  Glasgow ,  1991) . 

Th e knowledg e representatio n schem e develope d fo r 

computationa l  imager y ca n als o serv e a s a  too l  fo r 

specifying ,  implementin g an d testin g cognitiv e the -

orie s o f  imagery .  Unlik e Kosslyn' s (1980 )  computa -

tiona l  model ,  whic h wa s designe d t o suppor t  a  par -

ticula r  theory ,  th e representation s an d function s o f 

computationa l  imager y ca n b e use d t o simulat e an d 

analyz e alternative ,  an d possibl y conflicting ,  theo -

rie s o f  menta l  imagery . 

Computationa l  imager y involve s technique s fo r 

visua J an d spatia l  reasoning ,  wher e image s ar e gen -

erate d o r  recalle d fro m long-ter m m e m o r y an d the n 

manipulated ,  transformed ,  scanned ,  associate d wit h 

simila r  forms ,  increase d o r  reduce d i n size ,  dis -

torted ,  etc .  I n particular ,  i t  i s  concerne d wit h th e 

reconstructio n o f  imag e representation s t o faicilitat e 

th e retrieva l  o f  informatio n tha t  wa s no t  explicitl y 

store d i n long-ter m memory .  Th e imag e represen -

tation s generate d t o retriev e thi s informatio n m a y 

correspon d t o rea l  physica l  scene s o r  t o abstrac t 

concept s tha t  ar e manipulate d i n way s simila r  t o 

visua l  forms . 

Th e knowledg e representatio n schem e fo r  com -

putationa l  imager y separate s visua l  fro m spatia l 

reasonin g an d define s independen t  representation s 

fo r  th e tw o mode s (Glasgo w I c Papadias ,  1992) . 

Wherea s visua l  thinkin g i s concerne d wit h wha t  a n 

imag e look s like ,  spatia l  reasonin g depend s mor e o n 

wher e a n objec t  i s  locate d relativ e t o othe r  object s 

i n a n image .  Eac h o f  thes e representation s i s con -

structed ,  a s needed ,  fro m a  descriptiv e representa -

tio n store d i n long-ter m memory .  Thus ,  th e schem e 

include s thre e representations ,  eeic h appropriat e fo r 

a differen t  kin d o f  processing .  A n imag e i s store d 

i n long-ter m m e m o r y a s a  hierairchicall y organized , 

descriptive ,  dee p representatio n tha t  contain s al l  th e 

relevan t  informatio n abou t  th e image .  Th e spatia l 

representatio n o f  a n imag e denote s th e imag e com -

ponent s usin g a  symboli c arra y tha t  preserve s rele -

van t  spatia l  an d topologica l  properties .  Thi s arra y 

dat a structur e als o preserve s th e hierarchica l  struc -

tur e o f  a n imag e throug h neste d symboli c arrays , 

whic h ca n b e use d t o specif y an d reaso n abou t  im -

ages a t  varyin g level s o f  th e decompositio n hierar -

chy .  Th e visua l  representatio n depict s th e spac e oc -

cupie d b y a n imag e a s a n occupanc y array .  I t  ca n b e 

use d t o retriev e informatio n suc h a s shape ,  relativ e 

distanc e an d relativ e size .  Whil e th e dee p represen -

tatio n i s use d a s a  permanen t  stor e fo r  information , 

th e spatia l  an d visuci l  representation s ac t  a s workin g 

(short-term )  m e m o r y store s fo r  images . 

Component s o f  a n imag e m a y b e groupe d int o 

feature s an d store d base d o n thei r  topologica l  re -

lations ,  suc h a s adjacenc y o r  containment ,  o r  thei r 

spatia l  relations ,  suc h a s above ,  beside ,  north-of , 

etc .  Becaus e o f  th e relevanc e o f  storin g an d rea -

sonin g abou t  suc h propertie s o f  images ,  th e knowl -

edg e representatio n schem e fo r  computationa l  im -
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ager y i s base d o n a  forma l  theor y o f  arrays .  Simi -

la r  t o se t  theory ,  arra y theor y (More ,  1979 )  i s con -

cerne d wit h th e concept s o f  nestin g an d aggrega -

tion .  I t  i s  als o concerne d wit h th e notio n tha t  ob -

ject s hav e a  locatio n relativ e t o othe r  object s i n 

an array .  Severa l  primitiv e functions ,  whic h ar e 

use d t o retrieve ,  construc t  an d trzuisfor m represen -

tation s o f  images ,  hav e bee n specifie d i n th e theor y 

and mappe d int o th e functiona l  programmin g lan -

guag e Nia l  (Jenkins ,  Glasgo w &  McCrosky ,  1986) . 

Thes e functions ,  alon g wit h th e primitiv e function s 

fo r  computationa l  imagery ,  provid e a  genera l  frame -

wor k fo r  specifyin g theorie s o f  menta l  imagery . 

C o m p u t a t i o n a l  I m a g e r y 

Although no one seems to deny the existence of 

th e phenomeno n calle d imagery ,  ther e ha s bee n a n 

ongoin g debat e abou t  th e structur e an d th e functio n 

of  imager y i n h u m a n cognition .  Th e imager y debat e 

i s concerne d wit h whethe r  image s ar e represente d 

as description s o r  depictions .  I t  ha s bee n suggeste d 
tha t  descriptiv e representation s contai n symbolic , 

interprete d information ,  wherea s depictiv e repre -

sentation s contai n geometric ,  uninterprete d infor -

matio n (Finke ,  Pinke r  k  Farah ,  1989) .  Other s de -

bat e whethe r  o r  not  image s pla y an y causa l  rol e i n 
th e brain' s informatio n processin g (Block ,  1981) . 

Pylyshy n (1981) ,  a  forcefu l  proponen t  o f  th e de -

scriptiv e view ,  argue s tha t  menta l  imager y simpl y 

consist s o f  th e us e o f  genera l  though t  processe s t o 

simulat e perceptua l  events ,  base d o n taci t  knowl -

edge o f  ho w thes e event s happened .  H e dispute s 

th e ide a tha t  menta l  image s ar e store d i n a  ra w 

uninterprete d for m resemblin g menta l  photograph s 

an d Mgue s fo r  a n abstrac t  forma t  o f  representa -

tio n calle d propositiona l  code .  Kosslyn' s (1980 ) 

model  o f  menta l  imager y i s  base d o n a  depictiv e 

theor y whic h claim s tha t  image s ar e quasi-pictorial ; 

tha t  is ,  the y resembl e picture s i n severa l  way s bu t 
lac k som e o f  thei r  properties .  Hinto n dispute s th e 

pictur e metapho r  fo r  imager y an d claim s tha t  im -

ages ar e mor e lik e generate d construction s (Hinton , 

1979) .  I n thi s approach ,  a s i n Marr' s (1982 )  S D 

model ,  comple x image s ca n b e represente d a s a  hi -

erarch y o f  parts . 

A primar y objectiv e o f  researc h i n cognitiv e sci -

enc e i s t o stud y an d explai n ho w th e min d functions . 

One aspec t  o f  wor k i n thi s are a i s th e theor y o f 

computability .  I f  a  mode l  i s computable ,  the n i t  i s 

usuall y comprehensible ,  complet e an d availabl e fo r 

analysis ;  implementation s o f  theorie s ca n b e checke d 

fo r  sufficienc y an d use d t o simulat e ne w predictiv e 

results .  I n a  discussio n o f  th e issue s o f  computabil -

it y o f  cognitiv e theorie s fo r  imagery ,  Kossly n (1980 ) 

expresse s frustratio n wit h existin g implementatio n 

tool s an d goe s o n t o stat e tha t  '^h e idea l  woul d b e 

a precise ,  explici t  languag e i n whic h t o specif y th e 

theor y an d ho w i t  m a p s int o th e program. "  Arra y 

theory ,  combine d wit h th e primitiv e function s an d 

representation s fo r  computationa l  imagery ,  provide s 

suc h a  meta-language .  Moreover ,  i t  allow s u s t o 

represen t  a n imag e eithe r  visuall y o r  spatially ,  an d 

provide s fo r  th e implementatio n an d testin g o f  cog -

nitiv e theories . 

I n Kosslyn' s computationa l  theor y fo r  imagery , 

image s hav e tw o components :  a  surfac e representa -

tio n ( a quasi-pictoria l  representatio n tha t  occur s i n 
a visua l  buffer) ,  an d a  dee p representatio n fo r  in -

formatio n store d i n long-ter m memory .  Simila r  t o 

Kosslyn ,  w e conside r  a  separat e long-ter m m e m o r y 

model  fo r  imagery ,  whic h encode s visua l  informa -

tio n descriptively .  Unlik e Kosslyn ,  w e conside r  th e 

long-ter m m e m o r y t o b e structure d accordin g t o 

th e decompositio n an d conceptua l  hierarchie s o f  a n 

imag e domain .  Thu s w e us e a  semanti c networ k 

model ,  implemente d usin g frames ,  t o describ e th e 

propertie s o f  images .  Th e long-ter m m e m o r y mode l 

i n Kosslyn' s theor y i s structure d a s set s o f  list s o f 

propositions ,  store d i n files. 

Th e surfac e representatio n i n Kosslyn' s theor y 

has bee n likene d t o spatia l  display s o n a  cathod e 

ra y tub e screen ;  a n imag e i s  displaye d b y selec -

tivel y filling  i n cell s o f  a  two-dimensiona l  array .  Ou r 

scheme fo r  representin g image s i n workin g m e m o r y 

i s riche r  i n thre e fundamenta l  ways .  First ,  w e trea t 

image s a s inherentl y three-dimensional ,  althoug h 

two-dimensiona l  image s ca n b e handle d a s specia l 

cases .  A s pointe d out  b y Pinke r  (1988) ,  image s 

must  b e represente d an d manipulate d a s pattern s 
i n three-dimensions ,  whic h ca n b e accesse d usin g 

eithe r  a n object-centere d o r  a  world-centere d co -

ordinat e system .  Second ,  w e conside r  tw o work -

in g memor y representations ,  correspondin g t o th e 

visua l  an d spatia l  component s o f  menta l  imagery . 

Finally ,  jus t  a s th e long-ter m m e m o r y store s im -

ages hierarchically ,  th e visua l  an d spatia l  represen -

tation s us e neste d array s t o depic t  varyin g level s 

of  resolutio n o r  abstractio n o f  a n image .  Whil e th e 

functionalit y o f  m a n y o f  th e primitiv e operation s fo r 

computationa l  imager y wer e initiall y  influence d b y 

th e processe s define d fo r  Kosslyn' s theory ,  thei r  im -

plementatio n varie s greatl y becaus e o f  th e natur e o f 

th e imag e representations . 

An importan t  distinctio n betwee n ou r  approac h 

t o computationa l  imager y an d Kosslyn' s computa -

tiona l  theor y i s th e underlyin g motivatio n behin d 
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a)  Visua l  representatio n 
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b)  Spatia l  representatio n 

Figure 1: Representations for computational im-

ager y 

th e tw o piece s o f  work .  Kosslyn' s mode l  wa s ini -

tiall y  develope d t o simulat e an d tes t  a  particula r 

theor y fo r  menta l  imagery .  Althoug h i n it s initia l 

developmen t  th e representation s an d processe s o f 

computationa l  imager y wer e motivate d b y efficienc y 

an d expressivenes s concerns ,  i t  wa s als o designe d t o 

provid e th e predictiv e an d explanator y powe r  nec -

essar y t o mode l  alternativ e theorie s of  cognition . 

As a n illustratio n o f  th e visua l  an d spatia l  repre -

sentation s fo r  computationa l  imagery ,  conside r  th e 

islan d m a p use d b y Kossly n t o investigat e th e pro -

cesse s involve d i n menta l  imag e scanning .  Figur e 1 

present s a n occupeinc y arra y visua l  depictio n o f  suc h 

a m a p ,  a s wel l  a s a  symboli c arra y spatia l  repre -

sentatio n tha t  preserve s th e propertie s o f  closenes s 

(expresse d a s adjacency )  an d relativ e locatio n o f  th e 

importan t  feature s of  th e island .  I t  ca n als o b e use d 

t o depic t  an d reaso n abou t  th e hierarchica l  struc -

tur e o f  image s (se e subimag e fo r  hut )  usin g neste d 

dat a structures .  Conside r  addressin g suc h question s 

as thos e involve d i n menta l  imag e scannin g an d fo -

cusin g o f  attention .  Althoug h bot h representation s 

provid e ficces s t o informatio n abou t  relativ e loca -

tio n an d coul d b e use d t o simulat e scannin g pro -

cesses ,  the y woul d predic t  differen t  result s i n term s 

of  tim e complexity . 

Th e hypothesi s o f  distinc t  visua l  an d spatia l  im -

age component s o f  menta l  imager y i s suggeste d b y 

result s o f  studie s o f  visuall y impaire d patient s (e.g . 

Kossly n 1987) .  I t  i s  furthe r  supporte d b y th e con -

flictin g result s o f  studie s dealin g wit h whethe r  siz e 

or  relativ e distanc e i s  preserve d i n th e represen -

tatio n o f  a  menta l  image .  Thi s controvers y coul d 

be attribute d t o th e hypothesi s o f  multipl e imag e 

representations .  Thus ,  a s wel l  a s testin g theorie s 

involvin g individua l  representations ,  computationa l 

imager y ca n b e use d t o analyz e theorie s tha t  involv e 

multipl e representations . 

I t  i s  wort h notin g her e tha t  th e spatia l  represen -

tatio n fo r  computationa l  imager y i s no t  jus t  a n in -

terprete d lo w resolutio n version ,  o r  approximation , 

of  th e visua l  representatio n o f  a n image .  Th e sym -

boli c arra y m a y discard ,  no t  jus t  approximate ,  ir -

relevan t  visu£i l  information .  I t  m a y als o abstrac t 

away detail s b y usin g neste d array s t o depic t  im -

age component s a t  varyin g level s of  th e structura l 

hierarchy . 

Anothe r  approac h t o visua l  reasonin g wa s pre -

sente d b y Fun t  (1980) ,  w h o represente d th e stat e o f 

th e worl d a s a  diagram ,  an d action s i n th e worl d 

as correspondin g action s i n th e diagram .  Simila r  t o 

Kosslyn ,  Fun t  use s two-dimensiona l  array s t o de -

not e hi s visua l  images .  A  mor e recen t  mode l  de -

scribe s ho w visua l  informatio n ca n b e represente d 

withi n th e computationa l  framewor k o f  discret e 

symboli c representation s i n suc h a  wa y tha t  bot h 

menta l  image s an d symboli c though t  processe s czi n 

be explaine d (Chandrasekara n &  Narayanan ,  1990) . 

Whil e thi s mode l  allow s a  hierarch y o f  descriptions , 

i t  i s no t  spatiall y  organized . 

Th e subjectiv e natur e o f  menta l  imager y ha s 

m a de i t  a  difficul t  topi c t o stud y experimentally ; 

m a ny qualitie s o f  a n imag e ar e no t  directl y observ -

abl e an d m a y diffe r  fro m on e perso n t o another .  I n 

fact ,  i t  ha s bee n argue d b y som e researcher s tha t 

i t  i s  impossibl e t o resolv e th e imager y debat e ex -

perimentall y (Anderson ,  1978) .  Th e difficultie s in -

volve d i n psychologica l  studie s emphasiz e th e im -

portanc e o f  compute r  model s fo r  menta l  imagery . 

Whil e computationa l  imager y doe s no t  impl y a  par -

ticula r  model ,  i t  doe s provid e th e tool s fo r  formall y 

analyzin g a  variet y o f  theories ,  an d thu s m a y con -
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tribut e t o resolvin g th e imager y debate . 

T h e o r i e s o f  R o t a t i o n 

To illustrate the use of computational iumgrry for 

studyin g cognitiv e theorie s o f  imagery ,  w e conside r 

th e proble m o f  menta l  rotation .  Althoug h empir -

ica l  observation s sugges t  tha t  rotatio n involve s a n 

objec t  representatio n bein g move d throug h inter -

mediat e orientation s (Shepar d &  Cooper ,  1982) ,  a n 

as ye t  unresolve d issu e i s th e actua l  natur e o f  th e 

representatio n used .  O n e possibilit y  i s  a  visua l  de -

pictio n o f  th e objec t  whic h preserve s detaile d three -

dimensiona l  shap e information .  A n alternativ e ap -

proeur h i s on e i n whic h th e objec t  i s  represente d a s 

vector s correspondin g t o th e majo r  skeleta l  eixe s o f 

th e objec t  (Jus t  k  Carpenter ,  1985) .  Thi s typ e o f 

representatio n ca n b e considere d a s spatia l  i n na -

ture ;  i t  preserve s connectivit y o f  part s bu t  discard s 

detaile d surfac e informatio n abou t  th e image . 

A visual representation of an object can be used 
t o tes t  theorie s o f  menta l  rotatio n wher e a n objec t 

i s incrementall y shifte d throug h som e medium .  Th e 

medium ,  suc h a s occupanc y array s (Kosslyn ,  1980 ) 

or  concentri c ring s i n a  simulate d retin a structur e 

(Funt ,  1983) ,  support s visua l  inference s an d trans -

formations .  A n object ,  o r  a  portio n o f  a n object ,  i s 

rotate d b y shiftin g it s positio n i n th e medium .  A s 

Funt  illustrates ,  thi s ca n b e don e i n paralle l  usin g 

message passin g betwee n cidjacen t  cell s i n a  reti -

nal  diagram .  I n Kosslyn' s rectangula r  model ,  ob -

ject s wil l  b e deforme d a s the y ar e incrementall y ro -

tated ,  an d th e granularit y o f  th e med iu m i s on e o f 

th e determinin g factor s o f  rotatio n time .  Thi s ap -

proac h ca n similarl y b e implemente d usin g a  three -

dimensiona l  occupanc y arra y i n ou r  representatio n 

scheme. 

The spatia l  representatio n o f  a n objec t  preserve s 

importan t  relation s a m o n g parts ,  an d i s pseudo -

visua l  i n tha t  i t  doe s no t  necessaril y  preserv e rel -

ativ e distanc e o r  metri c information .  A  theor y o f 

rotatio n usin g symboli c array s woul d hav e a n en -

codin g followe d b y a  compariso n process .  First ,  a n 

objec t  i s  rotate d int o a  Cartesia n cixis-aligne d ori -

entation .  I t  i s  the n scanne d t o extrac t  th e skeleta l 

axes ,  whic h ar e labele d an d encode d int o a  symboli c 

array .  Figur e 2  show s th e partia l  encodin g gramma r 

fo r  simpl e two-dimensiona l  orthogona l  figures.  O n 

th e lef t  i s  a  visua l  depictio n o f  suc h a  figure,  i n th e 

middl e it s labele d skeleta l  axes ,  an d o n th e righ t  th e 

symboli c spatia l  array .  Fo r  brevit y w e d o no t  sho w 

th e encodin g fo r  aJ l  fou r  orientation s o f  eac h stic k 
figure.  Encodin g visua l  object s usin g thi s g ramma r 

Asyinni«lr y I P2 
pl 

pi pi 
pi 

Asymmetr y I I P2 
pl 

P2 P2 
pi 

Symmetr y 

pl 
P2 

pi 

Visua l 

P2 

Skeleta l Spatia l 

Figur e 2 :  Encodin g connecte d region s o f  a  visua l 

objec t  i n a  symboli c array . 

preserve s suc h importan t  relation s a s connectivit y 

an d ternar y symmetry .  Figur e 3  show s th e encod -

ing s fo r  mor e comple x visua l  objects .  I n thi s figure, 

(A )  an d (B )  denot e th e sam e imag e a t  varyin g ori -

entations ,  whil e (C )  i s a  mirro r  imag e o f  th e first 

tw o figures. 

T wo symboli c array s ar e considere d equivalen t 

unde r  a  particula r  relatio n i f  ther e i s a  relatio n 
homomorphis m betwee n them .  Informally ,  thi s i s 

a function ,  / ,  whic h m a p s th e part s o f  on e sym -

boli c arra y t o th e part s o f  anothe r  suc h tha t  i f 
part s ar e relate d i n on e array ,  th e functio n m a p s 

the m t o part s whic h ar e similarl y related .  Fo r  ex -
ample ,  tw o symboli c array s A l  an d A 2 ar e equiv -

alen t  unde r  th e relatio n o f  connectivit y  i f  an d onl y 

i f  ther e exist s a  one-to-on e mappin g /  betwee n 

th e component s o f  .4 1 an d A 2 suc h tha t  fo r  al l 

a,  b  i n ̂ 41 ,  connected{a ,  b )  *- ^  connected{f{a) ,  f{b)) . 

Spatia l  relation s ar e determine d simpl y b y com -

putationall y inspectin g th e symboli c arra y repre -

sentation .  Conside r  th e tw o symboli c array s i n 

(A )  an d (B )  o f  Figur e 3 .  Ther e exist s a  mappin g 

/  =  {ipl,q5),ip2,q4),{pZ,qZ),ip4,q2),ip5,ql) } 

whic h preserve s th e relatio n o f  connectivity .  Thi s 

mappin g als o preserve s th e ternar y symmetr y rela -

tion s specifie d i n Figur e 2 .  Althoug h th e arra y i n 

(C )  i s equivalen t  unde r  th e connectivit y relatio n t o 

th e othe r  two ,  ther e doe s no t  exis t  a  mappin g i n 

whic h th e symmetr y relation s ar e preserved . 
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Figur e 3 :  Spatia l  encoding s fo r  visua l  object s 

For  thi s simpl e clas s o f  orthogona l  figures,  w e 

rephras e th e proble m o f  rotatio n a s on e o f  deter -

minin g whethe r  tw o image s ar e equivalen t  unde r  th e 

relation s o f  symmetr y an d connectivity .  Th e inter -

estin g poin t  i s  tha t  testin g tw o spatia l  representa -

tion s fo r  equivalenc e unde r  thes e relation s involve s 

onl y identifyin g a  termine d segmen t  fo r  eac h object , 

tracin g th e connectivit y o f  th e objec t  i n th e sym -

boli c array ,  whil e checkin g tha t  symmetr y i s main -

tained .  I t  involve s n o explici t  rotatio n o r  transfor -

matio n o f  th e arrays .  Not e tha t  th e symboli c array s 

fo r  (A )  an d (B )  i n Figur e 3  satisf y th e condition s fo r 

rotation ,  wherea s th e aira y i n (C )  i s no t  spatiall y 

equivaJen t  t o th e othe r  tw o arrays . 

Thi s spatia l  rotatio n metho d migh t  explai n 

th e compariso n o f  orientation-fre e description s re -

porte d b y Jus t  an d Carpente r  (1985) ,  w h o hypoth -

esized ,  base d o n experimente d results ,  tha t  rotatio n 

ca n sometime s b e performe d withou t  explici t  objec t 

manipulation .  I n thei r  experiment s o n th e compar -

iso n o f  cubes ,  a  subjec t  usin g a n orientatio n fre e 

descriptio n strateg y exhibite d rotatio n time s mor e 

or  les s constan t  an d independen t  o f  th e amoun t  o f 

rotatio n involved . 

I n thi s sectio n w e hav e presente d on e exampl e il -

lustratin g th e us e o f  th e spatia l  representatio n fo r 

computationa l  imager y t o explcii n a  menta l  rotatio n 

result .  Othe r  issue s w e coul d us e ou r  knowledg e rep -

resentatio n schem e t o addres s includ e whethe r  ob -

ject s ar e rotate d i n whol e o r  i n parts ,  paralle l  versu s 

sequentia l  proces s models ,  axi s o r  task-define d axe s 

fo r  visua l  object s (Jus t  an d Carpenter ,  1985) ,  an d 

th e us e o f  hierarchica l  encodin g scheme s (Anderson , 

1983) .  Similarly ,  w e coul d examin e alternativ e the -

orie s fo r  task s involvin g menta l  scanning ,  creativ e 

imager y an d th e relationshi p betwee n imager y an d 

vision . 

D i s c u s s i o n 

Previous research in imagery has focussed on two 

issues :  th e natur e o f  th e imag e representatio n an d 

th e functio n o f  imager y i n task s suc h a s rotation , 

scannin g an d languag e processing .  Th e propose d 

knowledg e representatio n schem e fo r  computationa l 

imager y allow s u s t o addres s bot h o f  thes e interre -

late d issues ;  imag e representation s ar e dat a struc -

ture s whic h ca n b e considere d i n conjunctio n with , 

or  distinctl y from ,  th e function s tha t  operat e o n 

them .  Th e multipl e representation s o f  th e schem e 

provide s a  computationa l  framewor k fo r  considerin g 

image s a s proposition s store d i n long-ter m memory , 

or  a s workin g m e m o r y visua l  o r  spatia l  depictions . 

Usin g th e primitiv e function s fo r  computationa l  im -

agery ,  w e ca n stud y th e relationshi p betwee n min d 

and compute r  b y implementin g an d testin g algo -

rithm s tha t  simulat e theorie s o f  menta l  imagery . 

Th e knowledg e representatio n schem e fo r  com -

putationa l  imager y als o provide s a  basi s fo r  im -

plementin g program s tha t  involv e reconstructin g 

an d reasonin g wit h imag e representation s (Glas -

gow,  1990) .  I n particular ,  i t  cau i  b e use d t o de -

velo p knowledge-base d system s fo r  problem s tha t 

involv e menta l  imager y whe n solve d b y humans . 

One suc h system ,  whic h i s currentl y unde r  develop -

ment ,  i s  a n applicatio n t o th e proble m o f  molecu -

la r  scen e analysi s (Glasgow ,  Fortie r  k  Allen ,  1991) . 

Thi s knowledge-base d syste m combine s tool s for m 

th e area s o f  protei n crystallograph y an d molecular -

databas e analysis ,  throug h a  computationa l  im -

ager y framework .  Th e spatia l  representatio n fo r 

computationa l  imager y ha s als o bee n applie d t o 

th e proble m o f  understandin g th e us e o f  diagram s 

an d visua l  analogie s i n th e developmen t  o f  Dalton' s 

atomi c theor y (Thagar d &  Hardy ,  1992) . 

Computatione d imager y i s currentl y bein g consid -

ere d i n th e domai n o f  machin e learnin g (Conkli n i c 

Glasgow ,  1992) .  I n thi s research ,  th e spatia l  repre -

sentatio n fo r  imager y i s use d t o develo p a  theor y o f 

subsumptio n an d similarity ,  whic h provide s a  for -

mal  mode l  fo r  structure-base d classificatio n i n th e 

long-ter m m e m o r y mode l  o f  images . 

I n conclusion ,  th e underlyin g mathematic s fo r 

computationa l  imager y satisfie s Kosslyn' s (1980 ) 
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idea l  b y providin g a  precis e an d explici t  languag e 

fo r  specifyin g theorie s o f  menta l  imagery .  Visua l 

and spatia l  representation s ar e implemente d a s ar -

ray s an d manipulate d usin g th e primitiv e function s 

of  computationa l  imagery ,  whic h themselve s ar c ex -

presse d a s arra y theor y operations .  Fintdly ,  th e 

primitive s o f  arra y theory ,  computationa l  imager y 

and particula r  theorie s o f  menta l  imager y ca n al l 

be directl y mappe d int o program s whic h ru n with -

out  th e "kluges "  an d "ci d ho c manipulations "  face d 

by Kossly n i n th e developmen t  o f  hi s computationa l 

theory . 
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