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A b s t r a c t 

The questio n o f  re-interpretin g images  ca n b e see n 
as a  ne w focu s fo r  th e imager y debat e sinc e th e 
possibilit y  woul d appea r  t o b e a  direc t  predictio n 
of  th e pictoria l  accoun t  Finke ,  Pinke r  an d Fara h 
(1989 )  hav e claime d tha t  thei r  result s "refute "  th e 
earlie r  negativ e evidenc e o f  Chamber s an d 
Reisber g (1985) ,  whil e Peterson ,  Kihlstrom , 
Rose &  Glisk y (1992 )  hav e use d th e ambiguou s 
stimul i  o f  Chamber s an d Reisber g t o sho w tha t 
unde r  certai n conditions ,  thes e image s ma y b e re -
interprete d afte r  all .  B y employin g newl y devise d 
tasks ,  ou r  o w n experiment s hav e provide d furthe r 
conflictin g evidenc e concernin g th e condition s 
unde r  whic h image s ca n an d canno t  b e 
remterpreted .  W e conside r  thei r  bearin g o n th e 
fundamenta l  'format *  issu e whic h neithe r  Fink e e t 
al  (1989 )  no r  Peterso n e t  al .  (1992 )  addres s 
direcdy . 

New Focus for Imagery Debate 

Kosslyn ,  Fink e an d othe r  'pictorialists '  tak e interna l 
representation s t o b e importand y lik e externa l  one s 
regardin g thei r  "privileged '  spatia l  propertie s o f 
depictin g an d resemblin g thei r  referents .  Thus ,  Fink e 
(1990 )  suggest s tha t  "perceptua l  interpretiv e 
processe s ar e applie d t o menta l  image s i n muc h th e 
same wa y tha t  the y ar e applie d t o actua l  physica l 
objects .  I n thi s sense ,  imagine d object s ca n b e 
"interpreted "  muc h lik e physica l  objects "  (1990 ,  p . 
18) .  Elsewher e h e suggest s tha t  "Th e imag e 
discoverie s whic h the n 'emerge '  resembl e th e wa y 
perceptua l  discoverie s ca n follo w th e activ e 
exploratio n an d manipulatio n o f  physica l  objects " 
(1990 ,  p .  171) . 

The impass e i n th e imager y debat e ha s le d som e 
(Anderso n 1978 )  t o conclud e tha t  th e issu e betwee n 
pictorialis m an d th e 'taci t  knowledge '  alternativ e i s 
undecidabl e i n principl e o n th e basi s o f  behaviora l 
evidence .  O n th e contrary ,  however ,  th e experiment s 
reporte d her e sho w tha t  divergen t  prediction s fro m th e 
contendin g theorie s ma y b e readil y formulate d an d 
teste d wit h a n appropriat e experimenta l  paradigm . 

At  leas t  par t  o f  th e reaso n fo r  th e persistenc e o f 
th e imager y debat e ha s been  th e fac t  tha t  th e disput e 
has centere d upo n alternativ e explanation s o f  th e 
same bod y o f  reaction-tim e dat a concernin g task s 
suc h a s menta l  rotatio n an d scanning .  Sinc e th e rival 
theorie s mak e identica l  prediction s fo r  chronomeun c 
evidence ,  adducin g ne w evidenc e o f  time-dependen t 

measures ,  a s ha s repeatedl y bee n done ,  canno t 
strengthe n th e cas e fo r  a  pictorial ,  spatia l  mediu m 
agains t  th e taci t  knowledg e theory .  Thus , 
experiment s ar e neede d o n whic h th e contendin g 
account s delive r  d^eren t  predictions . 

The issu e o f  reinterpretin g visua l  pattern s i n 
menta l  imager y ha s recentl y emerge d i n thi s wa y a s a 
ne w focu s fo r  th e controvers y sinc e th e questio n o f 
whether ,  an d unde r  wha t  conditions ,  nove l 
informatio n ma y b e discovere d fro m image s provide s 
a ne w mean s fo r  testin g th e propertie s o f  th e 
conjecture d pictoria l  mediu m an d th e claime d paralle l 
betwee n imager y an d perception. . 

O ur  o w n evidenc e concern s perceptua l 
organizatio n task s whic h provid e unequivoca l  criteri a 
of  th e successfu l  rotation ,  inspectio n an d re -
interpretatio n o f  image s usin g "recognitio n 
processes "  an d "shap e classification "  procedures . 
However ,  despit e th e demonstrate d eas e o f  ou r  task s 
unde r  perceptua l  conditions ,  naiv e subject s hav e 
generall y been  unabl e t o succee d i n som e o f  th e task s 
unde r  imager y condition s a s woul d b e predicte d o n th e 
pictoria l  theory .  Jus t  a s i n th e classica l  "crucia l 
experiment "  o f  Michelso n an d Morle y concernin g th e 
spee d o f  light ,  on e migh t  conclud e fro m ou r  nul l 
result s tha t  th e pictoria l  med ium ,  lik e th e 
luminiferou s ether ,  doe s no t  exist .  However ,  a s i s 
familia r  fro m th e histor y o f  science ,  th e situatio n i s 
somewhat  mor e complicated ,  a s ou r  o w n furthe r 
experiment s an d thos e o f  other s hav e shown . 

Ther e ca n b e strictl y n o suc h thin g a s a  "crucia l 
experiment" ,  sinc e a  falsifie d predictio n ca n alway s b e 
blame d o n th e auxiliar y hypodiese s o n whic h an y 
theor y mus t  depend .  Thus ,  wit h th e shif t  t o non -
chronometri c investigation s o f  imag e reinterpretation , 
th e situatio n i n th e "imager y debate "  ha s becom e les s 
a matte r  o f  decidin g betwee n predictivel y equivalen t 
theorie s tha n a  matte r  o f  comparin g thei r  respectiv e 
virtue s accordin g t o th e usua l  criteri a o f  explanator y 
comprehensiveness ,  simplicit y etc .  i n relatio n t o th e 
ful l  se t  o f  availabl e evidence .  Abov e all .  rathe r  tha n 
bein g pose d o n eithe r  sid e o f  th e debat e i n a  partisa n 
manner  a s "refuting "  th e competin g theory ,  th e 
inconsisten t  dat a o n imag e reconstrua l  provid e a n 
opportunit y fo r  considerin g th e significanc e o f 
experimenta l  conditions .  A  ste p i n thi s directio n ha s 
been take n b y Peterson ,  Kihlstrom ,  Ros e an d Glisk y 
(1992) ,  w h o hav e use d th e ambiguou s duck/rabbi t 
figur e t o sho w that ,  unde r  certai n conditions ,  images 
may b e reinterprete d afte r  all ,  despit e th e nul l  result s 
of  Chamber s an d Reisber g (1985) . 
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" E q u i v a l e n c e " 

Althoug h th e recen t  investigation s o f  imag e 
reconstrua l  hav e a  direc t  beann g o n th e deadlocke d 
issu e betwee n pictoria l  an d 'taci t  knowledge ' 
theories ,  i t  i s  noteworth y tha t  th e questio n i s no t 
addresse d directl y i n thes e studie s whic h focu s mor e 
narrowl y o n th e issu e o f  reinterprciatio n itself . 
However ,  th e possibilit y  o f  reinterpretin g a n imag e 
follow s a s a  direc t  implicatio n o f  th e pictoria l  theor y 
whic h posit s a n "equivalence "  betwee n imager y an d 
perception ,  an d s o th e dat a o n imag e reconstrua l  ha s 
deepe r  theoretica l  significanc e fo r  th e vexe d questio n 
of  th e natur e o f  menta l  representations .  O n th e 
pictoria l  view ,  a  menta l  imag e i s conceive d t o b e a 
"surrogat e percept ,  allowin g peopl e t o detec t  som e 
patter n o r  propert y i n a  remembere d scen e tha t  the y 
di d no t  encod e explicitl y  whe n the y sa w th e scen e 
initially "  (Pinke r  an d Fink e 1980 ,  p .  246) .  Kossly n 
(1987 ,  p .  149 )  explain s tha t  on e purpos e o f  imager y 
involve s "recognitio n processes "  t o discove r 
informatio n whic h i s no t  store d explicitl y  i n memor y 
and a n imag e "ca n the n b e reprocesse d a s i f  i t  wer e 
perceptua l  inpu t  (e.g. ,  th e shap e coul d b e 
recategorized)"(1987,p.l55) . 

By conu-ast ,  th e 'taci t  knowledge '  accoun t  woul d 
predic t  tha t  th e re-interpretatio n o f  image s i s difficul t 
becaus e i t  assume s tha t  th e menta l  representation s ar e 
ver y abstrac t  outpu t  o f  'higher '  cognitiv e processe s 
and th e encoding s o f  conceptualization s o r  belief s 
and ,  i n thi s sense ,  alread y intrinsicall y meaningfu l 
and no t  requirin g interpretation ,  -  no r  susceptibl e o f 
eas y rg-interpretatio n (Pylyshy n 1978) . 

Conflicting Evidence 

Consisten t  wit h Pylyshyn' s explici t  predictions , 
Chamber s an d Reisber g (1985 )  foun d tha t  subject s 
wer e uniforml y unabl e t o revers e thei r  menta l  image s 
of  th e familia r  ambiguou s figures  suc h a s th e 
duck/rabbi t  an d Necke r  cube .  Chamber s an d Reisber g 
see thei r  result s a s supportin g th e "philosophical " 
argument s fo r  takin g imager y t o b e conceptual , 
symboli c representations .  However ,  despit e thes e 
negativ e result s an d earlie r  skeptica l  claims .  Pinke r 
and Fink e (1980 )  repor t  subjects '  abilit y  t o "see " 
nove l  propertie s whic h "ca n b e "rea d of f  th e display " 
and whic h shoul d emerg e fro m image s afte r  menta l 
rotation .  Fink e an d Sla y to n (1988 )  hav e extende d thi s 
work ,  providin g furthe r  evidenc e "tha t  peopl e ar e 
capabl e o f  makin g unexpecte d discoverie s i n imagery " 
and tha t  nove l  pattern s ca n "emerge "  fro m withi n 
image d patterns .  I n th e sam e vein ,  Finke ,  Pinke r  an d 
Fara h (1989 )  hav e show n tha t  subject s ca n inspec t 
and reinterpre t  thei r  image s b y "applyin g shap e 
classificatio n procedure s t o th e informatio n i n 
imagery "  (1989 ,  p .  51) .  Mos t  recently ,  Peterson , 
Kihlstrom ,  Ros e &  Glisk y (1992 )  hav e show n that , 
notwithstandin g th e negativ e result s o f  Chamber s an d 
Reisber g (1985 )  wit h ambiguou s figures ,  unde r 

suitabl e condition s subject s ca n reconstru e thes e ver y 
shape s i n imagery . 

I t  i s  i n th e ligh t  o f  thi s clas h o f  experimenta l 
result s an d theoretica l  claim s tha t  ou r  o w n 
expenment s ar e t o b e understood .  Th e findings  o f 
Peterso n e i  al .  (1992 )  ar e restricte d t o th e cas e o f 
ambiguou s shapes ,  wherea s ou r  stud y seek s t o 
investigat e imag e reconstrual s o f  entirel y differen t 
kind s -  notably ,  'menta l  rotations '  a m o n g others . 
Furthermore ,  ou r  experiment s avoi d th e specifi c 
objection s b y Fink e e t  al .  t o Chamber s an d Reisberg . 

Peterso n e t  al .  (1992 )  cit e certai n difference s 
betwee n th e experiment s o f  Chamber s an d Reisber g 
(1985 )  an d Fink e e t  al .  (1989 )  a s relevan t  t o thei r 
discrepan t  outcomes .  Fo r  example ,  th e rol e o f 
demonstratio n figures  an d hint s t o subject s migh t 
affec t  th e strategie s employe d an d thereb y th e relativ e 
eas e o f  reconstruals .  Als o cite d b y Peterso n e t  al .  ar e 
th e differentia l  effect s o f  th e fidelity  demande d i n 
retentio n instruction s t o subjects .  Ye t  anothe r 
differenc e i s th e qualit y o f  th e stimulu s figures 
regardin g thei r  familiarity .  However ,  Peterso n e t  al . 
d o no t  mentio n certai n crucia l  methodologica l 
difference s betwee n th e tw o studie s whic h ar e likel y 
t o b e eve n mor e importan t  i n accountin g fo r  th e 
discrepan t  outcomes .  O f  particula r  interes t  i s  th e fac t 
tha t  i n ou r  o w n experiment s w e hav e eliminate d th e 
uncertaintie s whic h ha d bee n introduce d a s a  resul t  o f 
thes e difference s betwee n th e basi c experimenta l 
paradigm s o f  Fink e e t  al .  an d Chamber s an d 
Reisberg .  Peterso n e t  al .  evidentl y overloo k a  crucia l 
differenc e whe n the y observ e that ,  unlik e Chamber s 
& Reisberg ,  Fink e e t  al .  gav e thei r  subject s n o 
instruction s t o remembe r  th e pictur e exactl y a s i t  wa s 
presented .  Bu t  thi s i s because ,  i n a  significan t 
departur e fro m earlie r  procedures ,  Fink e e t  al .  di d no t 
presen t  subject s wit h visua l  stimul i  a t  all .  I n orde r  t o 
avoi d perceptua l  confounding ,  Fink e e t  al .  resorte d t o 
generatin g image s b y mean s o f  verba l  description s o f 
certai n patterns .  However ,  thi s serve s t o obscur e th e 
precis e relevanc e o f  thei r  result s t o th e questio n i n 
dispute .  I n ou r  o w n study ,  b y revertin g uniforml y t o 
visua l  stimul i  an d avoidin g perceptua l  confoundin g i n 
othe r  ways ,  w e ar e abl e t o m a k e inference s 
concernin g th e likel y cause s o f  th e discrepan t  results . 
That  is ,  b y keepin g experimenta l  paradig m constant , 
we ca n reasonabl y infe r  tha t  th e variabilit y  i n imag e 
reconstrua l  ca n b e attribute d t o particula r  feature s o f 
th e stimul i  i n question .  O f  considerabl e significanc e 
i s th e fac t  that ,  amon g ou r  o w n stimuli ,  thos e whic h 
subject s wer e mor e readil y abl e t o re-interpre t  hav e a 
clos e resemblanc e t o thos e o f  Fink e e t  al .  (1989) . 

Althoug h Peterso n e t  al .  (1992 )  s h o w tha t 
reinterpretatio n o f  imagine d figures  i s possible ,  thes e 
successfu l  reconstrual s d o no t  necessaril y  coun t 
agains t  a  'taci t  knowledge '  account ,  sinc e ther e i s n o 
reaso n t o believ e tha t  th e "reversa l  strategies " 
encourage d b y th e demonstratio n figures  an d othe r 
experimenta l  condition s ar e th e sam e a s thos e 
employe d i n perceptio n itself .  O n th e contrary ,  th e 
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ver y nee d fo r  specia l  condition s whic h encourag e 
successfu l  strategie s suggest s precisel y th e differenc e 
betwee n imager y an d th e spontaneou s reversal s i n 
perception .  Th e issu e turn s o n th e precis e characte r  o f 

th e "reversa l  strategies "  abou t  whic h presumabl y 
nothin g i s known ,  thoug h the y see m mor e aki n t o 
proble m solvin g heuristic s an d inference s tha n 
percepuon .  I n particular ,  "referenc e frame "  orientatio n 
I S mor e likel y t o b e par t  o f  th e abstract ,  highe r 
cognitiv e representation s o r  taci t  knowledg e o f 
object s an d thei r  propertie s (se e Bryan t  &  Tvcrsky , 
199 2 an d Hinto n &  Parsons ,  1981) . 

Experiment la: Mental Rotation. 

As reporte d i n detai l  (Slezak ,  1991) ,  whe n teste d o n a 
non-chronometric ,  perceptua l  organizatio n tas k 
providin g unequivoca l  criteri a o f  successfu l  rotatio n 
and recategorization ,  subject s hav e bee n generall y 
unabl e t o perfor m imager y task s whic h hav e bee n 
take n a s wel l  established . 

Figur e 1 . 

The stimulu s material s hav e bee n designe d t o hav e 
tw o distinc t  interpretation s whic h ar e highl y 
orientatio n specific .  Thus ,  th e figure s ar e 
recognizabl e a s a  certai n objec t  i n on e orientation , 
but  ar e interpretabl e a s a n entirel y differen t  objec t 
w h en rotate d b y 9 0 degrees .  Thes e stimul i  ar e 
variant s o f  th e stimul i  use d b y Roc k (1973) ,  an d ar e 
considerabl y improve d i n thei r  recognizability .  I n thi s 
respect ,  th e shape s hav e th e importan t  featur e tha t  th e 
alternativ e interpretation s ar e readil y obtaine d b y 
rotatio n unde r  perceptua l  conditions . 

Figur e 2 

I t  i s importan t  tha t  th e tas k o f  reinterpretatio n ca n 
be readil y accomplishe d i n thi s wa y durin g perceptio n 
becaus e thi s make s th e condition s fo r  reconstrua l 
unde r  imager y condition s a s favorabl e a s possible . 
Thus ,  fo r  example ,  whe n subject s ar e show n figur e 2 
i n on e orientation ,  i t  i s immediatel y recognize d a s th e 
duckling ;  the n upo n rotatin g th e figur e b y 9 0 degrees , 
subject s immediatel y notic e (wit h frequen t 

expression s o f  surpris e an d delight )  th e alternativ e 
interpretation ,  th e rabbit . 

Th e direc t  expectatio n o f  th e pictoria l  med iu m 
theor y i s tha t  th e sam e effec t  shoul d b e obtainabl e 
unde r  imager y conditions .  Tha t  is ,  i f  subject s ar e 
show n th e figure s i n onl y on e orientation ,  i t  woul d 
be expecte d tha t  the y coul d rotat e thei r  imag e an d 
discove r  th e alternativ e consuua l  b y inspection/ro m 
thei r  rotate d image .  O f  course ,  th e taci t  knowledg e 
alternativ e accoun t  take s image s t o b e abstract , 
inu-insicall y interprete d conceptualization s an d woul d 
predic t  tha t  suc h reinterpretatio n woul d b e difficul t  o r 
impossibl e fo r  subject s t o perfor m i n thi s wa y o n 
thei r  rotate d images . 

At  firs t  glance ,  th e experimenta l  result s appea r 
s o m e w h at  equivoca l  o n th e questio n o f 
reinterpretatio n sinc e subject s wer e generall y abl e t o 
reconstru e i n imaginatio n abou t  on e thir d (35% )  o f 
th e figure s the y wer e presented .  Eve n o n thes e dat a i t 
i s clea r  tha t  reinterpretatio n o f  th e rotate d imag e wa s 
difficul t  t o perform ,  eve n i f  no t  alway s impossible . 
However ,  thes e result s acros s multipl e presentation s 
tak e o n a  greate r  significanc e w h e n th e orde r  o f 
presentatio n i s take n int o account :  I t  i s  mos t 
significan t  tha t  n o subjec t  wa s abl e l o reconstru e th e 
first  stimulu s presented ,  whic h is .  o f  course ,  th e onl y 
one fo r  whic h the y di d no t  kno w i n advanc e tha t  ther e 
migh t  b e a n alternativ e interpretation .  Thi s strikin g 
relevanc e o f  stimulu s orde r  support s ou r  conjectur e 
concernin g th e effec t  o f  los s o f  naivet e regardin g th e 
task .  Moreover ,  stimul i  wer e presente d i n orde r  o f 
decreasin g suitabilit y  a s confirme d b y late r 
experiments ,  an d thi s support s ou r  explanatio n fo r 
th e sligh t  improvemen t  i n subjects '  succes s rate .  I n 
orde r  t o clarif y thi s issue ,  w e contro l  fo r  thes e 
confoundin g factor s i n th e follo w u p experiment s 
reporte d here ,  bu t  eve n withou t  makin g suc h 
allowance s th e mea n succes s rat e overal l  wa s stil l 
onl y 3 5 pe r  cen t  an d surprisingl y lo w give n th e 
expectation s o f  th e pictoria l  theory .  Typica l  o f  th e 
predicte d difficult y wa s th e reactio n o f  subject s whe n 
presse d t o interpre t  thei r  rotate d imag e o f  th e 
duckling :  jus t  a s on e woul d expec t  o n a  taci t 
knowledg e accoun t  accordin g t o whic h th e imag e i s 
intrinsicall y boun d t o it s interpretation ,  m a n y 
subject s woul d voluntee r  tha t  i t  i s a  "ducklin g o n it s 
back" ! 

Expt. lb. Practice & Perception 

The ordering effect in the foregoing data in which 
subject s showe d a  sligh t  improvemen t  fro m thei r 
initia l  failur e ccvl d b e du e t o practic e i n th e tas k 
rathe r  tha n t o perceptua l  confoundin g a s w e ha d 
suggested .  W e controlle d fo r  thi s possibilit y  b y 
givin g eac h subjec t  prio r  practic e wit h imag e rotatio n 
usin g Cooper' s (1975 )  rando m polygo n experiment . 

At  th e sam e time ,  i n orde r  t o preserv e subjects ' 
naivet e o n al l  th e stimulu s figures,  w e altere d th e 
previou s instruction s s o tha t  th e imager y tas k woul d 
not  b e know n unti l  al l  th e figure s ha d bee n viewe d 
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and meiTKMize d i n thei r  initia l  oneniaiion .  Onc e al l 
stimul i  ha d bee n memorize d i n thi s wa y subject s 
wer e prompte d b y th e brie f  flas h o f  a  figure  o n th e 
screen ,  an d aske d i f  the y wer e abl e t o recal l  th e shap e 
clearly .  Onl y the n wer e subject s aske d t o rotat e th e 
shap e 9 0 degree s clockwis e an d aske d whethe r  the y 
wer e abl e t o find  a n alternativ e interpretauon . 

Results: Significantly, prior practice with rotation 
of  image s o n th e Coope r  (1975 )  rando m polygon s 
had n o effec t  o n subjects '  performanc e an d thi s 
possibilit y  could ,  therefore ,  b e eliminate d a s a 
possibl e explanatio n fo r  th e orderin g effec t  i n th e 
precedin g data .  Indeed ,  despit e practic e i n rotatin g 
images ,  ther e wa s a  dramati c dro p i n th e succes s rat e 
as a  consequenc e o f  th e ne w strateg y t o avoi d 
perceptua l  confounding .  Ou r  dat a sho w onl y 8 
successfu l  reconstrual s i n 10 0 trials ,  an d thes e wer e 
almos t  entirel y confine d t o tw o o f  th e figures  whos e 
shape s wer e sai d b y subject s i n debriefin g t o b e a 
"give-away "  du e t o certai n tellin g clue s whic h le d 
the m t o speculat e abou t  possibl e alternative s i n a 
way whic h w a s clearl y no t  a  "perceptual " 
apprehension ,  bu t  rathe r  a  kin d o f  inferential , 
searchin g process . 

Experiment Ic. Image quality. 

I t  coul d b e argue d tha t  unde r  th e ne w condition s fo r 
avoidin g perceptua l  reconstrual ,  th e hig h failur e rat e 
was no w du e t o poor ,  inaccurat e o r  otherwis e degrade d 
images .  I n orde r  t o clarif y th e possibl e rol e o f  thi s 
factor ,  w e altere d th e condition s i n suc h a  wa y a s t o 
maximiz e th e accurac y o f  encode d shape s i n memory . 

Subject s wer e teste d o n th e imager y rotatio n tas k 
n o w onl y afte r  bein g permitte d a  ver y lon g ( 3 
minute )  visua l  presentatio n o f  on e o f  th e stimul i 
(followin g th e usua l  distiactors) .  Durin g thi s extende d 
viewin g time ,  subject s wer e encourage d t o remembe r 
detail s o f  th e singl e figure  a s accuratel y a s possible . 
W h en th e stimulu s wa s removed ,  subject s wer e aske d 
t o dra w i t  fro m m e m o r y i n orde r  t o hav e som e 
evidenc e o f  th e accurac y o f  th e image .  Subject s wer e 
the n aske d t o rotat e an d reinterpre t  i t  i n imagination . 
I n addition ,  D.F .  Mark s (1973 )  V V I Q (Vividnes s o f 
Visua l  Imager y Questionnaire )  wa s administere d fo r 
furthe r  evidenc e o f  imag e accuracy . 

Results and Conclusion.: Despite high scores 
on th e V V I Q averagin g 2.5 ,  ther e wer e stil l  onl y 2 
successfu l  reconstrual s i n 2 3 uials .  Abov e ail ,  th e 
accurac y o f  th e drawing s no w provide d firm  ground s 
fo r  supposin g tha t  degrade d imag e qualit y i s no t  a 
likel y reaso n fo r  th e failur e o f  imag e reconstrual . 

The significanc e o f  ou r  negativ e result s derive s 
fro m th e fac t  tha t  th e menta l  rotatio n an d 
reinterpretatio n ar e no t  onl y explicitl y  predicte d b y 
pictoria l  theorists ,  bu t  involv e precisel y th e menta l 
transformation s whic h hav e bee n classicall y take n a s 
wel l  established .  O f  additiona l  importanc e i s th e fac t 
tha t  ou r  tas k i s readil y performe d unde r  perceptua l 
conditions ,  thereb y entitlin g u s t o expec t  i t  i n 

imager y a s wel l  accordin g t o th e pictoria l  account . 
Furthe r  favourin g reconstrua l  i s  th e fac t  tha t  ou r 
figure s are  considerabl y simple r  tha n th e 
representation s o f  block s stacke d i n thre e dimension s 
employe d b y Shepar d an d Mctzle r  (1971 )  fo r  whic h 
th e menta l  rotatio n ha s bee n claimed ,  an d ou r  o w n 
shape s ar e geometricall y n o mor e comple x tha n thos e 
of  Coope r  (1975 )  fo r  whic h complexit y wa s 
specificall y foun d no /  t o b e a  facto r  i n th e claime d 
eas e o f  rotation . 

Eve n i f  th e Fink e e t  al .  (1989 )  stud y i s no t 
problemati c i n th e way s I  hav e suggeste d (Sleza k 
1991) ,  thei r  "refutation "  i s specifi c  t o th e ambiguou s 
stimul i  and ,  therefore ,  irrelevan t  t o ou r  entirel y 
differen t  imager y tasks .  A  paoe m o f  suc h failure s o n 
divers e perceptua l  phenomen a woul d leav e onl y a d 
ho c way s o f  avoidin g thei r  significanc e fo r  th e 
pictoria l  Uieor y o f  imagery .  Therefore ,  a s a  follow -
up.  w e hav e devise d additiona l  experiment s whic h 
attemp t  t o reconstruc t  ye t  othe r  perceptua l 
phenomen a i n imagery . 

Expt 2. Figure-Ground Reversal 

The shape s illustrate d i n th e lef t  hal f  o f  figures  3  ar e 
suc h a s t o encourag e perceptua l  organizatio n int o 
severa l  blac k object s whic h m a y .  however ,  b e 
reverse d t o becom e di e groun d an d thereb y revea l  th e 
letter s "EI" .  Sinc e th e reversa l  i n thi s for m i s 
somewhat  difficul t  t o achiev e i n perceptio n itself ,  th e 
effec t  ca n b e readil y elicite d b y askin g subject s t o 
brin g th e horizonta l  line s togethe r  t o touc h th e 
shape s a s i n th e right  han d figures,  clearl y revealin g 
th e letters . 

M l  I M 

Figur e 3 
Despit e th e eas e o f  th e imager y task ,  no t  a  singl e 

subjec t  i n twent y trial s wa s abl e t o reconstru e thei r 
imag e t o revea l  th e alternativ e construa l  a s letters . 
Thi s wa s despit e th e fac t  tha t  subjects '  subsequen t 
drawing s o f  thei r  memorize d imag e wer e highl y 
accurate . 

Expt. 3. Kanizsa Illusory Contours 

Stimul i  o f  th e sor t  illustrate d i n figure s 4  wer e 
designe d t o produc e th e familia r  illusor y contours , 
but  were ,  o f  course ,  no t  presente d t o subject s i n thi s 
form ,  sinc e Ui e effec t  woul d the n b e create d i n 
perception .  I n orde r  t o tes t  th e paralle l  wit h imagery , 
circumstance s mus t  b e contrive d whic h generat e th e 
figure  onl y i n imagination  and ,  accordingly ,  di e 
entir e figure  wa s no t  presente d a t  once . 
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Figur e 4 

Instead ,  th e blac k shape s wer e designe d t o hav e goo d 
gestal t  propertie s an d ar e suc h a s t o discourag e an y 
inference s abou t  othe r  shape s o f  whic h the y migh t  b e 
a par t  Thes e shape s wer e presente d on e a t  a  tim e fo r 
3 0 second s a t  thei r  respectiv e position s an d the n 
remove d fro m view .  Havin g see n the m onl y on e a t  a 
time ,  subject s wer e instructe d t o imagin e the m al l 
togethe r  an d wer e the n aske d whethe r  the y wer e abl e 
t o detec t  an y othe r  emergen t  shape ,  figure  o r  objec t  i n 
thei r  reconstructe d image . 

Despit e researc h o n "creativ e menta l  synthesis " 
whic h suggest s tha t  peopl e ca n us e imager y t o 
mentall y assembl e th e separatel y presente d part s o f  a 
patter n (Fink e 1990 ,  p.21) ,  onl y on e subjec t  ou t  o f 
thirt y trial s reporte d seein g a  geometrica l  shape . 
correctl y identifyin g th e emergen t  whit e figure . 
Again ,  thi s overwhelmin g difficult y wit h th e tas k 
was despit e th e fac t  tha t  subjects '  drawing s wer e 
highl y accurat e an d the y wer e generall y abl e t o notic e 
th e emergen t  shap e fro m thei r  o w n drawin g wit h 
frequen t  exf̂ ession s o f  surprise . 

Expt. 4. Creative Mental Synthesis 

M e t h o d :  I n thi s experimen t  again ,  subject s wer e 
teste d fo r  thei r  abilit y  t o discove r  somethin g fro m 
thei r  image s whic h the y ha d no t  notice d durin g 
perceptua l  exposure .  Th e shape s illustrate d o n th e to p 
ro w i n figur e 5  ("M" ,  "heart "  an d "pot" )  ar e suc h a s 
t o b e generall y unfamilia r  i n th e sens e tha t  subject s 
see the m a s a  whol e withou t  noticin g tha t  the y ar e 
compose d o f  a  familia r  numera l  o n th e righ t  joine d t o 
it s mirro r  imag e o n th e left .  A s i n eac h o f  th e 
foregoin g experiments ,  a n essentia l  featur e o f  thes e 
stimul i  i s  th e fac t  tha t  th e imager y tas k i s on e whic h 
ca n b e readil y accomplishe d i n perception .  I n thi s 
case ,  althoug h peopl e invariabl y fai l  t o recogniz e th e 
symmetrical  shapes ,  whe n partiall y  covere d t o revea l 
onl y th e right-hand  half ,  a s i n th e botto m row ,  thi s 
remainde r  i s instantl y recognize d a s th e familia r 
numeral . 

ns2o 

1 2 3 

The symmetrica l  shape s wer e show n t o subject s wit h 
th e instructio n t o memoriz e the m a s accuratel y a s 
possibl e i n orde r  t o answe r  certai n question s 
afterwards .  T o avoi d th e possibilit y  o f  perceptua l 
confounding ,  th e tas k wa s explaine d t o subject s onl y 
afte r  al l  thre e shape s ha d bee n memorized .  Thi s 
explanatio n wa s b y mean s o f  a  demonstratio n 
showin g a  differen t  shap e ( a square )  togethe r  wit h it s 
right  hal f  alone .  Subject s wer e the n aske d t o recal l 
eac h o f  th e stimul i  and ,  i n th e fashio n o f  th e 
demonstration ,  t o imagin e thei r  right  halve s standin g 
alone .  W h e n subject s confirme d tha t  the y wer e 
visualizin g th e righ t  hal f  o f  th e figur e b y itself ,  the y 
wer e aske d whethe r  i t  looke d lik e an y familia r  shap e 
or  object . 

Results: With these stimuli, the results were 
strikingl y differen t  fro m thos e o f  th e previou s 
experiments .  I n 5 4 oials ,  a  significan t  proportio n (6 5 
per  cent )  o f  subject s wer e easil y abl e t o repor t  th e 
numeral s  "1" ,  " 2 "  an d " 3 "  a s a  discover y mad e from 
thei r  image .  I n eac h cas e the y confirme d tha t  the y ha d 
not  notice d th e familia r  shap e whe n show n th e 
figure s an d ha d onl y realize d it s meanin g fro m 
"inspecting "  thei r  image . 

The eas e o f  reconstrua l  i n thes e case s i s i n marke d 
contras t  wit h th e earlie r  experiments ,  despit e th e 
essentiall y  simila r  logi c o f  th e imagina l  task .  Th e 
overal l  succes s rat e o f  6 5 percen t  shoul d b e qualifie d 
by notin g a n orde r  effec t  i n whic h ther e wa s a 
consisten t  improvemen t  from  onl y 5 0 percen t  succes s 
rat e o n th e fu's t  stimulu s t o 6 6 percen t  o n th e secon d 
and 7 7 percen t  o n th e third .  Fro m subjects *  repoi s i t 
appeare d tha t  i f  the y onc e discovere d a  numera l  from 
thei r  image ,  thi s provide d a  strateg y whic h helpe d t o 
make th e subsequen t  discover y b y directin g thei r 
searc h i n a  specifi c  way .  Thoug h n o les s genuin e 
discoverie s fro m imagery ,  thi s improvemen t  give s 
furthe r  insigh t  int o th e scop e an d limitation s o f 
operation s wit h image s an d support s th e insigh t  o f 
Peterso n e t  a l  (1992 )  regardin g th e valu e o f 
appropriat e strategies .  Th e facilitatio n effec t  eviden t 
her e i s no t  a  matte r  o f  perceptua l  confounding ,  bu t 
nonetheles s suggest s tha t  late r  test s shoul d 
nevertheles s b e considere d separatel y fro m th e fu-s t 
naiv e attemp t  a t  discover y i n imagery .  I n th e cas e o f 
thi s first ,  naiv e test ,  th e 5 0 percen t  succes s rat e i n 
imager y i s stil l  evidenc e o f  som e significan t 
difficult y o f  re-interpretation ,  despit e th e 
instantaneou s result  i n perception . 

Thoug h qualifie d i n th e way s jus t  noted ,  i t  remain s 
tha t  ou r  result s i n thi s experimen t  broadl y suppor t 
thos e reporte d b y Fink e e t  al .  (1989) .  Th e significan t 
leve l  o f  imag e reconstrua l  need s t o b e accounte d fo r 
by th e taci t  knowledg e theor y whic h woul d predic t 
difficult y i n th e task .  Symmetrically ,  however ,  th e 
roughl y equa l  failur e rat e need s t o b e explaine d b y th e 
pictoria l  theor y whic h woul d predic t  les s difficult y i n 
th e imager y tas k i f  performe d "perceptually" . 

Figure s 
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Thi s situatio n reinforce s th e poin t  tha t  ther e i s a n 
acut e nee d fo r  bot h account s t o develo p theoreticall y 
motivate d explanation s fo r  thei r  respectiv e anomalie s 
rathe r  tha n merel y adducin g supportin g evidence .  Thi s 
requiremen t  ha s evidentl y no t  bee n acknowledge d o n 
eithe r  sid e o f  th e controvers y betwee n laci t 
knowledge '  an d pictoria l  account s eve n though ,  a s 
ofte n i n science ,  th e mar k o f  a  successfu l  explanator y 
theor y i s ho w wel l  i t  ca n accommodat e th e ful l  rang e 
of  availabl e empirica l  evidence . 

Our  result s ca n b e see n a s castin g furthe r  ligh t  o n 
th e precis e condition s unde r  whic h visua l  imager y 
transformation s ar e possibl e an d i t  i s  perhap s 
significan t  tha t  th e stimulu s figure s i n thi s fourt h 
experimen t  bea r  a  similarit y t o thos e o f  Fink e e t  al . 
(1989 )  -  namely ,  lin e drawing s o f  geometrica l  shape s 
whic h ar e someho w relevan t  t o thei r  easie r 
reconstrual .  O n th e othe r  hand ,  ou r  ow n figure s hav e 
a mor e obviou s interpretatio n tha n thos e o f  Fink e e t 
al. .  eve n i f  the y ar e highl y stylized ,  an d thi s i s no t 
full y  consisten t  wit h ou r  ow n suppositio n tha t  i t  i s 
th e intrinsi c meaningfulnes s o f  image s whic h make s 
reconstrua l  difficul t  o r  impossible . 

Conclusion. 

Notwithstandin g th e clai m b y Fink e e t  al .  (1989 )  t o 
have "refuted "  Chamber s an d Reisber g (1985) ,  w e 
have show n tha t  imag e reconstrua l  i s  generall y 
difficul t  o r  impossibl e t o perfor m unde r  certai n 
condition s i n whic h on e woul d hav e expecte d i t 
accordin g t o th e pictoria l  theory .  Thes e negativ e 
results ,  ar e precisel y a s on e woul d expec t  o n th e taci t 
knowledg e accoun t  accordin g t o whic h imager y i s 
highl y abstrac t  an d cognitive ,  an d doe s no t  involv e 
any internal ,  surrogate ,  'objects '  t o b e apprehende d b y 
th e visua l  system . 

On th e othe r  hand ,  ou r  ow n positiv e evidenc e o f 
imag e reconstrual ,  lik e tha t  o f  Fink e e t  al .  (1989 )  an d 
Peterso n e t  al .  (1992 )  mus t  b e accommodate d int o 
our  preferre d theory ,  a s prim a faci e counter-examples . 
Peterso n e t  al .  showe d th e importanc e o f  appropriat e 
strategie s fo r  enhancin g th e likelihoo d o f  imag e 
reconstrua l  an d th e improve d positiv e result s wit h ou r 
own las t  experimen t  ca n b e plausibl y explaine d i n th e 
same way ,  a s noted . 

Finally ,  i t  mus t  b e acknowledge d that ,  althoug h 
we hav e place d emphasi s o n th e semanti c 
interprt,Labilit y  o f  shape s a s a  facto r  i n explainin g 
thei r  memor y encodin g an d subsequen t  difficult y o f 
reconstrual ,  thi s kin d o f  facto r  i s no t  invoke d wit h 
equal  plausibilit y  i n th e cas e o f  al l  ou r  ow n results . 
Thi s facto r  suggest s itsel f  mos t  obviousl y i n th e cas e 
of  ou r  orientation-dependen t  shape s an d eve n th e 
figure-ground  reversal s o f  Experimen t  2  ca n b e see n 
as involvin g th e interpretatio n o f  objects .  Th e 
subjectiv e contour s ar e les s obviousl y case s o f  thi s 
sort ,  bu t  eve n her e on e migh t  sugges t  tha t  th e blac k 
sĥ )e s presente d singl y coher e a s goo d gestal t  object s 
whic h the n resis t  th e reinterpretatio n i n imager y t o 
bein g see n a s partiall y  occlude d background . 

Recent  investigation s hav e neglecte d th e th e 
fundamenta l  questio n o f  th e 'format '  o f  menta l 
representations .  Sinc e imag e reconstrua l  i s  clearl y no t 
an all-or-non e phenomenon ,  thes e studie s ca n 
illuminat e thi s issu e b y revealin g constraint s o n 
imager y processe s whic h th e contendin g theorie s 
must  explain . 
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