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Abstrac t 

Subjects were presented 
real-worl d object s a t  varyin g 
quire d t o nam e then .  Namin g 
wit h th e angula r  departur e o 
fro m th e object' s canonica l  o r 
suit s sugges t  that ,  a t  leas t 
varian t  feature s tha t  uniquel y 
ar e no t  present ,  subject s 
interna l  representatio n o f  th e 
nonica l  orientatio n i n orde r 
ognitio n process . 

wit h picture s o f 
orientation s an d re -
latencie s increase d 

f  th e picture d objec t 
ientation .  Th e re -
when orientation-in -
identif y th e objec t 
mentall y rotat e a n 
objec t  int o it s ca -
t o complet e th e rec -

Introductio n 

Theories of visual perception are divided on 
th e issu e o f  ho w th e huma n visua l  syste m recognize s 
object s a t  non-standar d orientations .  Some theo -
rist s argu e tha t  th e visua l  syste m searche s fo r 
orientation-invarian t  feature s an d base s perceptua l 
recognitio n o n thes e feature s (e.g .  Milner ,  1974) . 
The fac t  tha t  certai n common object s see m t o b e 
immediatel y recognizabl e a t  non-standar d orienta -
tion s i s compatibl e wit h thi s view .  Othe r  theo -
rist s (e.g .  Rock ,  1973 )  argu e tha t  i n order  t o 
recogniz e a  disoriente d object ,  th e objec t  mus t  b e 
firs t  imagine d i n it s canonica l  orientation .  Th e 
fac t  tha t  som e comple x object s (e.g .  faces )  ar e 
difficul t  t o recogniz e whe n disoriente d support s 
thi s position . 
The classic experiments of Cooper and Shepard 
(1975 )  sugges t  tha t  i n orde r  t o imagin e disoriente d 
object s a t  thei r  standar d orientation s subject s 
perfor m a  menta l  rotatio n o f  a n interna l  repres -
entatio n o f  th e object .  Th e Coope r  an d Shepar d 
paradig m require d subject s t o judg e whethe r  o r  no t 
a presente d lette r  ha d a  norma l  o r  mirror-reverse d 
form .  The y foin d tha t  th e tim e t o mak e thi s de -
cisio n wa s a  monotoni c functio n o f  th e angula r 
distanc e o f  th e orientatio n o f  th e presente d lette r 
fro m th e canonica l  orientatio n o f  th e letter .  Thi s 
suggest s tha t  befor e i t  wa s possibl e t o mak e th e 
require d judgement ,  i t  wa s firs t  necessar y t o per -
for m a  menta l  rotatio n o f  a n interna l  represent -
atio n o f  th e presente d lette r  i n orde r  t o imagin e 
i t  i n it s canonica l  orientation . 

However ,  a s Coope r 
result s may hav e bee n 
develope d b y subject s f o 
th e norma l  vs .  mirr o 
norma l  an d mirror-imag e 
guishe d o n th e basi s o f 
thi s reason ,  th e Coope r 
not  stron g evidenc e t 
mall y use d i n th e recog n 
jects .  I n fact ,  Corba l 
Butle r  (1978 )  hav e show n 
cumstance s (i.e .  whe n 
determin e whethe r  a  pre s 
ifie d targe t  lette r  o 
ters) ,  th e tim e t o iden t 
of  th e orientatio n o f  t h 

and Shepar d noted ,  thes e 
due t o a  specia l  strateg y 

r  th e purpos e o f  performin g 
r-iroag e judgemen t  becaus e 
letter s ca n no t  b e distin -
distinctiv e features .  Fo r 

and Shepar d experiment s ar e 
hat  menta l  rotatio n i s nor -
itio n o f  disoriente d ob -
lis ,  Zbrodoff ,  Shetzer ,  an d 

tha t  unde r  certai n cir -
a subjec t  i s  require d t o 

ente d stimulu s wa s a  spec -
r  on e o f  5  distracto r  let -
if y  a  lette r  i s  independen t 
e presente d letter . 

Thus ,  i t  i s  clea r  tha t  peopl e ar e capabl e o f 
performin g menta l  rotation s o n interna l  represen -
tation s o f  perceptua l  stimul i  i n orde r  t o normaliz e 

th e orientatio n o f  th e perceptua l  stimulu s prio r  t o 
recognition .  However ,  i t  i s  equall y clea r  tha t 
menta l  rotatio n i s no t  alway s require d fo r  th e 
recognitio n o f  disoriente d forms .  Under  certai n 
conditions ,  peopl e ar e capabl e o f  utilizin g 
distinctiv e feature s o f  perceptua l  stimul i  i n orde r 
t o recogniz e disoriente d perceptua l  stimuli .  I n 
th e Coope r  an d Shepar d study ,  subject s wer e force d 
t o us e menta l  rotatio n becaus e o f  a  lac k o f  avail -
abl e distinctiv e features .  I n th e Corballi s 
et .  al .  study ,  i t  wa s possibl e tha t  subject s wer e 
abl e t o extrac t  a  smal l  se t  o f  feature s tha t  coul d 
be use d fo r  identificatio n o f  th e targe t  lette r  an d 
tha t  thes e feature s wer e recognizabl e a t  al l 
orientations . 
The purpose of the present study is to deter-
min e th e exten t  t o whic h menta l  rotatio n i s use d i n 
th e perceptua l  recognitio n o f  disoriente d object s 
tha t  a  perso n migh t  encounte r  i n th e physica l 
world .  I n th e presen t  study ,  subject s ar e presen -
te d wit h drawing s o f  physica l  worl d object s a t 
varyin g orientation s an d require d t o identif y the m 
by name .  I f  menta l  rotatio n i s use d t o identif y 
disoriente d stimuli ,  the n th e tim e require d t o 
identit y eac h stimulu s objec t  shoul d b e a  monotoni c 
functio n o f  th e angula r  distanc e o f  th e presente d 
stimulu s objec t  fro m th e canonica l  orientatio n o f 
th e object .  Subject s wer e teste d o n nove l  stimul i 

i.e .  subject s ha d n o foreknowledg e o f  th e 
indentitie s o f  th e object s the y woul d se e — i n 
orde r  t o ensur e tha t  the y coul d no t  us e a  strateg y 
of  searchin g onl y fo r  a  fe w particula r  features . 

Figur e 1 .  Example s o f  th e stimulu s object s use d i n 
th e experiment . 

Metho d 

Subjects . 

Twelv e subject s fro m Th e John s Hopkin s Univ -
ersit y serve d a s subject s i n th e experimen t  i n 
partia l  fulfillmen t  o f  a  cours e requirement . 

Materials and Apparatus. 

The stimuli used in the experiment consisted 
of  4 8 xeroxe d drawing s o f  real-worl d objects ,  ex -
ample s o f  whic h ar e show n i n Figur e 1 .  Th e stimu -
lu s se t  include d 1 5 animals ,  3 0 inanimat e objects , 
and 3  well-know n face s (Washington ,  Carter ,  an d 
Reagan) .  Si x version s o f  eac h o f  th e 4 8 drawing s 
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wer e constructed ,  on e a t  eac h o f  th e followin g 
angula r  departure s (i n degrees )  fro m th e object' s 
norma l  upright :  0 ,  60 ,  120 ,  180 ,  240 ,  an d 300 . 
The stimul i  wer e presente d t o subject s individuall y 
i n a  two-fiel d tachistoscope ,  subtendin g a n averag e 
horizonta l  an d vertica l  angl e o f  3. 2 degrees . 
Procedure . 

On each trial of the experiment, the experi-
mente r  simultaneousl y sai d th e wor d "READY "  an d 
presse d a  butto n initiatin g th e trial .  Afte r  a  . 5 
sec warnin g interval ,  th e stimulu s wa s presente d 
and remaine d visibl e unti l  th e subjec t  verball y 
named th e depicte d object .  Th e subject' s verba l 
respons e triggere d a  voic e activate d rela y tlia t 
stoppe d a  respons e time r  an d th e subject' s respons e 
latenc y wa s recorded .  Befor e th e star t  o f  th e ex-
periment ,  th e experimente r  explaine d th e operatio n 
of  th e voic e ke y an d gav e eac h subjec t  practic e a t 
triggerin g th e voic e ke y onl y a t  th e tim e o f  res -
ponse .  Eac h subjec t  wa s instructe d t o verball y 
name eac h stimulu s a s rapidl y a s possibl e withou t 
makin g errors .  I n orde r  t o reduc e th e ambiguit y o f 
possibl e stimulu s names ,  subject s wer e instructe d 
tha t  th e respons e give n shoul d b e th e nam e tha t  on e 
woul d normall y us e i n referrin g t o th e stimulu s 
objec t  and ,  a s a n exampl e wer e tol d tha t  th e cor -
rec t  respons e t o a  pictur e o f  a n anima l  i s th e nam e 
of  th e anima l  (an d no t  "animal") . 

Design. 
Each subject received 48 test trials, one for 
eac h o f  th e 4 8 objects .  Eac h subjec t  wa s teste d o n 
8 trial s a t  eac h o f  th e 6  orientations .  Thus ,  eac h 
subjec t  wa s teste d o n onl y on e o f  th e 6  orienta -
tion s fo r  eac h stimulu s i n orde r  t o ensur e tha t  a 
nove l  stimulu s wa s presente d o n eac h trial .  Fo r 
eac h se t  o f  6  subjects ,  eac h o f  th e 4 8 object s wer e 
teste d a t  eac h o f  th e 6  orientations .  Eac h subjec t 
receive d 1 2 practic e trial s wit h stimulu s object s 
tha t  wer e no t  include d i n th e se t  o f  tes t  stimulu s 
objects . 

Results . 

Responses were considered correct when the 
name give n wa s appropriat e an d wa s no t  th e nam e o f 
a superordinat e category .  Th e larges t  numbe r  o f 
error s mad e b y a  subjec t  wa s 4  an d erro r  trial s 
wer e no t  include d i n th e analyses . 

The latency data were analyzed separately with 
bot h subject s an d object s a s rando m variables .  Th e 
directio n o f  disorientatio n — clockwis e (5 0 an d 
120 degrees )  vs .  counter-clockwis e (30 0 an d 24 0 
degrees )  — ha d n o effec t  o n respons e latencie s \F _ 
< 1  fo r  bot h subject s an d objects] ,  no r  wa s ther e a 
significan t  directio n x  orientatio n (6 0 vs .  12 0 
degrees )  interactio n [ F <  1  fo r  bot h subject s an d 
objects) .  Fo r  thi s reason ,  th e dat a fo r  th e 6 0 an d 
300 degre e orientation s a s wel l  a s fo r  th e 12 0 an d 
240 degre e orientation s wer e no t  distinguishe d i n 
th e analyses . 

The primary results of the experiment are 
shown i n Figur e 2 .  A s ca n b e i n Figur e 2 ,  ther e i s 
a monotoni c effec t  o f  th e angula r  departur e fro m 
th e canonica l  orientatio n o f  th e objec t  o n respons e 
latencie s I  mil l  F '  =  3.519 ,  £  <  .05] .  Thi s analysi s 
was als o ru n withou t  inclusio n o f  th e 3  face s an d 
th e patter n o f  result s di d no t  chang e a s a  resul t 
of  thi s analysis .  Thi s resul t  i s  compatibl e wit h 
th e vie w tha t  normalizatio n o f  orientatio n occur s 
prio r  t o recognition . 
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Figure 2. Reaction time as a function of the angle 
of  departur e fro m th e canonica l  orien -
tatio n o f  th e object . 

For  eac h o f  th e 4 8 
best-fittin g straigh t  l i 
orientatio n o f  th e objec t 
compute d usin g linea r  re g 
coefficien t  o f  th e regres s 
how wel l  th e dat a ar e fi t 
The media n correlatio n co e 
35 positiv e correlatio n 
tiv e coefficients .  Thes e 
linea r  tren d i n eviden c 
evidenc e tha t  recognitio n 
th e degre e o f  angula r  d e 
canonica l  orientatio n inc r 
Discussion . 

stimulu s objects ,  th e 
ne relatin g th e angula r 
t o respons e latenc y wa s 
ression .  Th e correlatio n 
io n provide s a  measur e o f 
te d b y a  linea r  function . 
fficien t  wa s .602 ,  wit h 
coefficient s an d 1 2 nega -

data ,  alon g wit h th e 
e i n Figur e 2 ,  constitut e 
difficult y increase s a s 
partur e fro m th e object' s 
eases . 

Thes e result s ar e consisten t  wit h th e vie w 
tha t  peopl e us e menta l  rotatio n t o normaliz e thei r 
interna l  representation s o f  visua l  stimul i  i n orde r 
t o facilitat e recognition .  However ,  whil e a  mono -
toni c functio n o f  orientatio n wa s foun d fo r  mos t  o f 
th e stimul i  use d i n th e presen t  experiment ,  ther e 
wer e stimulu s object s fo r  whic h suc h a  tren d wa s 
not  found .  Sinc e orientatio n i s manipulate d bet -
ween-subject s — i.e .  n o subjec t  see s a  stimulu s 
at  mor e tha n a  singl e orientatio n — th e non-mono -
tonically-increasin g trend s coul d hav e bee n du e t o 
nois y data . 
However, it is equally likely that for some of 
thes e stimuli ,  ther e d o exis t  orientation-invarian t 
feature s tha t  ar e use d t o identif y th e object .  Fo r 
example ,  thre e object s fo r  whic h a  linea r  tren d wa s 
not  foun d wer e th e owl ,  th e alligator ,  an d th e gun . 
I t  i s  eas y t o imagin e ho w th e bi g eye s o f  th e owl , 
th e lon g teet h an d curv y tai l  o f  th e alligator ,  an d 
th e barre l  an d trigge r  o f  th e gu n ca n serv e t o 
uniquel y identif y eac h withou t  menta l  rotation . 
Thes e feature s ar e eas y t o spo t  a t  arbitrar y 
orientation s an d ar e uniqu e t o thes e objects . Corballi s  e t 
t o obtai n identi f 
wer e independen t 
positiv e an d n e 
restricte d (b y r e 
positiv e an d neg a 
tha t  i n th e C o 
restriction s ha d 
validit y o f  cert a 
coul d b e idcnt i 
th e poin t  wher e 
identif y th e 
et .  al .  wer e abl e 
availabl e orien t 
ficien t  t o uniqu e 

.  al .  (1978 )  wer e similarl y abl e 
icatio n function s fo r  letter s tha t 
of  orientatio n whe n th e set s o f 
gativ e feature s wer e sufficientl y 
strictin g th e size s o f  th e set s o f 
tiv e letters) .  I t  i s  hypothesize d 
rballi s  et .  al .  experimen t  thes e 

th e effec t  o f  increasin g th e cu e 
i n feature s o f  th e letter s tha t 
tie d a t  arbitrar y orientation s t o 

thes e feature s coul d uniquel y 
letter .  Tha t  is ,  Corballi s 
t o creat e a  contex t  i n whic h th e 

at  ion-invarian t  feature s wer e suf -
l y identif y th e letter . 
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The result s o f  th e presen t  experimen t  sugges t 
th e followin g algorith m fo r  th e identificatio n o f 
disoriente d perceptua l  stimuli :  When orienta -
tion-invarian t  feature s ar e availabl e an d ar e suf -
ficien t  t o uniquel y identif y a n object ,  the y ar e 
used .  However ,  whe n suc h feature s ar e no t  availa -
ble ,  o r  whe n thes e feature s d o no t  uniquel y iden -
tif y th e object ,  a  menta l  rotatio n o f  th e interna l 
representatio n o f  th e objec t  i s  performe d i n orde r 
t o extrac t  feature s tha t  ar e no t  orientation-in -
varian t  . 

The autho r  wishe s t o than k Pierr e Jolicoeu r  fo r  a 
helpfu l  discussio n o f  som e o f  th e issue s involve d 
i n thi s research ,  Nanc y Tan g fo r  collectin g th e 
data ,  an d Ra y Gibb s fo r  comment s o n th e manuscript . 
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