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Abstrac t 
Can observer s recogniz e nove l  view s o f 

three-dimensiona l  (3-D )  objects ,  create d b y rotation s 
i n dept h fro m a  singl e familia r  view ? Thre e 
experiment s usin g 3- D mode l  object s ar e reporte d 
demonstratin g that :  (a )  subject s ca n indee d recogniz e 
nove l  view s unde r  thes e circumstances ,  an d (b ) 
recognitio n accurac y depend s o n th e type s o f  object s 
employed .  Mor e precisely ,  subject s successfull y 
recognize d geometricall y regular  an d irregula r  object s 
rotate d b y 18 0 degree s abou t  th e vertica l  ̂ )  axis . 
However ,  onl y geometricall y regular  object s w o e 
recognize d whe n rotate d similarl y b y 9 0 degrees . 

Thes e findings  canno t  b e easil y 
accommodate d b y contemporar y object-centere d o r 
viewer-centere d theorie s o f  shape-base d objec t 
recognition ,  whic h m a k e n o provision s fo r 
rqnesentin g differen t  type s o f  object s uniquely . 
Alternatively ,  thes e findings  suppor t  a  theor y i n 
whic h inference s abou t  objects '  3- D shape s ar e 
generate d from  informatio n implici t  i n thei r  two -
dimensiona l  (2-D )  boundin g contours ,  o r  silhouette s 
(Johnson ,  1993) .  Suc h inference s m a y b e premise d 
on rule s tha t  C2q)tur e importan t  regularities  betwee n 2 -
D boundin g contour s an d 3- D surfac e geometr y (e.g. , 
Beusmans ,  Hofiman ,  &  Bennett ,  1987 ;  Richards , 
Koenderink ,  &  Hoffinan .  1987) . 

Introduction 

The ability to recognize visual objects based on their 
shape s present s a  paradox .  A n y 3- D objec t  ca n b e 
viewe d from  a n infinit y  o f  differen t  viewpoints ,  eac h 
of  whic h receive s a  uniqu e imag e o f  tha t  objec t  i n 
accodanc e wit h th e law s o f  projectiv e geometry . 
Consequently ,  recognitio n ofte n demand s identifyin g 
object s base d o n nove l  projections ,  o r  views . 
Virtuall y withou t  exception ,  however ,  object s ca n b e 
recognize d immediatel y an d effortlessl y o n th e basi s 
of  thei r  projecte d sh^)es .  Th e questio n o f  b o w th e 
visua l  syste m recognize s nove l  view s o f  object s i s o f 
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centra l  impotanc e t o theorie s o f  objec t 
representation . 

Cur ren t  Theorie s o f  S h a p e Representatio n 

Of particular importance to recognizing novel 
view s i s th e reference  frame  relative  t o whic h a n 
object '  size ,  location ,  an d orientatio n ar e defined . 
Contemporar y theorie s o f  shape-base d recognitio n 
ca n b e groiq>e d int o tw o familie s dependin g o n 
whethe r  th e objec t  representations  the y posi t  ar e 
specifie d relative  t o a  frame  o f  reference  tha t  i s 
object -  o r  viewer-centered . 
Object-Centere d Representations .  Object-centere d 
represent^on s mak e explici t  informado n abou t  a n 
object' s entu e 3- D structure ,  tha t  i s i n n o w a y 
dependen t  c m a  particula r  viewpoin t  (Mar t  & 
Nishihara ,  1978) .  Object-centere d representation s ar e 
difficul t  t o comput e from  a n image ,  bu t  onc e the y ar e 
successfull y recovere d die y ca n b e matche d agains t 
subsequentl y encountere d view s o f  th e object , 
regardless  o f  th e observer' s poin t  o f  vie w (e.g. , 
Huttenlocher ,  1988 ;  Lowe ,  1987) . 

O ne o f  th e greates t  difficultie s encountere d 
by thes e theorie s concern s assignin g a n object -
centere d coordinat e syste m t o a  projecte d imag e tha t 
i s inherentl y viewpoint-dependen t  W h a t  make s thi s 
tas k especiall y difficul t  i s tha t  eac h individua l  objec t 
must  b e consistend y assigne d it s o w n frame  o f 
reference  base d o n informatio n availabl e i n th e 
image ,  despit e th e fac t  tha t  image s projecte d b y an y 
on e objec t  ca n var y dramaticall y a s a  result  o f 
change s i n viewpoin t  Despit e th e existenc e o f 
severa l  differen t  heuristic s (e.g. ,  Biederman ,  1987 ; 
Mar r  &  Nishihara ,  1978) .  computin g object-centere d 
represmtation s from  viewpoint-depend»i t  image s 
remain s a  difficul t  task . 
Viewer-Centere d Representations .  I t  ha s 
traditionall y bee n assume d tha t  th e abilit y  t o 
recogniz e nove l  view s i s enable d b y th e existenc e o f 
object-centere d representations.  Recendy .  however , 
thi s assumptio n ha s bee n questione d b y theorie s 
employin g multipl e viewer-centere d rq;)resentation s 
t o dq>i a a n object' s 3- D structur e (e.g. ,  Edelma n & 
Weinshall ,  1991 ;  Perret t  &  Harries .  1988 ;  Tarr .  1989 ; 
Seiber t  &  W a x m a n .  Foitbcoming) . 
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Model s employin g viewer-centere d 
representations  t o depic t  3- D shap e hav e th e 
advantag e o f  eliminatin g wha t  i s pertiap s th e greates t 
difficult y wit h object-centere d proposals :  derivin g 
viewpoint-independen t  description s fro m inherend y 
viewpoint-dependen t  visua l  images .  However . 
matchin g a  viewer-centere d representation  wit h a 
descriptio n o f  a  projecte d imag e ofte n requires 
additiona l  preprocessin g t o compensat e fo r 
difference s i n viewpoints ,  an d thes e processe s mus t 
be implemente d prio r  t o determinin g th e identit y o f 
th e objec t  Furthermore ,  regardless  o f  th e 
compensator y strateg y employed ,  recognitio n wil l  b e 
difficul t  whenever ,  resultin g from  effect s o f  self -
occlusion ,  th e to-be-recognize d imag e doe s no t  depic t 
th e sam e surface s m a d e explici t  i n a t  leas t  on e 
viewer-centere d representation.  Consequently ,  a  ver y 
larg e numbe r  o f  viewer-centere d representations 
migh t  b e require d t o represen t  al l  view s o f  eve n a 
modestl y comple x objec t  (Koenderin k &  va n D o o m , 
1976.1979) . 

R e c o g n i z i n g N o v e l  V i e w s 

The following experiments were undertaken 
t o determin e th e coordinat e syste m employe d i n 
representation s o f  3- D objects '  shapes .  I n particular , 
tw o straightforwar d prediction s arisin g fro m object -
an d viewer-centere d theorie s wer e evaluated .  I f 
shap e representations  ar e object-centered ,  the n 
subject s shoul d b e abl e t o recogniz e nove l  view s o f 
an objec t  base d o n knowledg e o f  a  singl e familia r 
view .  However ,  i f  shap e representation s ar e viewer -
centered ,  the n subject s shoul d hav e difficult y 
recognizin g nove l  view s base d o n familiarit y wit h a 
singl e view ;  especiall y becaus e th e nove l  an d familia r 
view s teste d depicte d differen t  surfaces . 

Genera l  M e t h o d 

Apparatus. A three-channel tachistoscope was 
modifie d t o iKcsen t  3- D mode l  objects .  Abase , 
consistin g o f  1/ 2 inc h diamete r  plasd c pipe ,  wa s fitted 
insid e th e cente r  o f  on e chamber .  Stimulu s object s fit 
snugl y ove r  thi s bas e an d coul d b e manuall y 
interchange d throug h a  doo r  i n th e rea r  o f  th e 
chamber ,  a s wel l  a s rotate d abou t  th e vertical ,  o r  y -
axis .  T h e heigh t  o f  th e bas e prevente d i t  from  bein g 
see n throug h th e subjects '  window .  A  secon d 
chamber  containe d a  whit e tachistoscop e car d wit h a 
centra l  fixadon  "x "  draw n i n th e center . 

Th e tachistoscop e wa s interface d wit h a n 
I B M P C mode l  x L Th e compute r  displaye d th e tria l 
list s t o th e experimenter ,  an d recorde d subjects * 
response s fro m th e keyboard . 

Stimuli .  Thre e differen t  type s o f  unfamilia r  object s 
wer e used :  (a )  1 6 object s constructe d from  plumbin g 
fittings;  (b )  1 6 close d wirefram e objects ,  an d (c )  1 6 
object s modele d from  clay .  Al l  o f  th e object s use d 
wer e asynunetrica l  abou t  th e axi s o f  rotatio n (i.e. ,  y 
or  vertica l  axis) .  Constructio n o f  th e differen t 
stimulu s set s i s detaile d separatel y fo r  eac h 
experimen t  below . 
Procedure .  Th e desig n wa s suc h tha t  subject s onl y 
experience d eac h tes t  ite m onc e from a  singl e 
orientatio n an d the n wer e aske d t o recogniz e tha t  ite m 
fro m eithe r  th e sam e orientadon .  o r  a  nove l 
orientatio n create d b y rotatin g th e objec t  clockwis e 
aroun d di e y-axis .  Positio n o n boU i  th e z -  an d x-axe s 
was hel d constan t  throughou t  al l  experiments . 

I n eac h experiment ,  subject s wer e aske d t o 
stud y fou r  object s from  th e tota l  se t  o f  1 6 items ,  i n 
preparatio n fo r  a  memor y tes t  tha t  woul d involv e 
recognizin g die m from  bot h nove l  an d familia r  views . 
Subject s wer e tol d tha t  "object s i n th e subsequen t 
recognitio n tes t  wil l  appea r  a t  bot h th e orientatio n 
studie d an d a t  odie r  orientation s create d b y rotatin g 
the m aroun d th e vertica l  axis. "  A  mode l  object , 
simila r  t o thos e i n di e experiment ,  wa s use d b y di e 
experimente r  t o demonstrat e suc h rotations .  A t  di e 
beginnin g o f  eac h trial ,  subject s fixated  a  centrall y 
presente d "x. "  A n objec t  wa s die n displaye d fo r  fou r 
seconds .  Th e objec t  wa s subsequend y replace d b y 
di e fixation  poin t  an d di e objec t  fo r  di e nex t  tria l  wa s 
positione d b y th e experimenter .  Thi s sequenc e wa s 
repeate d fou r  times  unti l  di e subjec t  ha d studie d eac h 
of  th e fou r  targe t  stimul i  once . 

Next ,  subject s performe d a  two-choic e 
recognitio n tas k consistin g o f  eigh t  objects .  Fou r 
wer e th e previousl y studie d targe t  items ,  eac h 
appearin g i n on e o f  fou r  differen t  orientations :  th e 
studie d orientation ,  o r  rotate d b y 90,180 ,  o r  27 0 
degree s aroun d di e y-axis .  Th e remainin g fou r  object s 
wer e previousl y unsee n distracte r  items .  Subject s 
wer e instructe d t o pres s a  ke y labele d "yes "  i f  the y 
recognize d th e objec t  a s bein g on e o f  dios e studied . 
regardless  o f  whedie r  o r  no t  i t  appeare d i n th e 
previousl y traine d orientation ,  o r  "no "  i f  th e ite m 
seemed unfamiliar .  I f  subject s wer e uncertai n a s t o 
whethe r  th e ite m wa s familiar ,  the y wer e instructe d 
not  t o deliberate ,  bu t  t o execut e thei r  first  guess . 

Orde r  o f  presentatio n i n di e stud y sessio n 
was counterbalance d acros s eac h grou p o f  eigh t 
subjects ,  an d orderin g o f  di e tes t  trial s i n di e 
recognitio n phas e wa s rando m fO T eac h subjec t  Afte r 
a shor t  brea k c ^  approximatel y tw o minutes ,  th e entir e 
procedur e wa s repeate d fo r  a  secon d b k x k wit h eigh t 
previousl y unsee n objects :  fou r  ne w targe t  object s 
an d fou r  n e w distracte r  objects . 

For  a n individua l  subject ,  eac h o f  th e 1 6 
stimulu s object s appeare d onl y onc e i n di e 
recognition  task ,  eithe r  a s a  targe t  cm-  a s a  distracts* . 
Eac h o f  di e fou r  targe t  orientation s was ,  however , 
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teste d twice :  onc e i n eac h o f  th e tw o blocks .  Acros s 
ever y grou p o f  eigh t  subjects ,  eac h o f  th e 1 6 stimulu s 
object s appeare d onc e a s a  targe t  i n eac h o f  fou r  tes t 
orientations . 

E x p e r i m e n t  O n e 

The first experiment sought to determine 
whethe r  subject s coul d recogniz e nove l  view s o f 
opaqu e object s create d fro m geometricall y regula r 
parts ,  base d o n knowledg e o f  a  singl e familia r  view . 
I t  wa s reasone d tha t  i f  thes e object s wer e represente d 
relativ e t o a n object-centere d fram e o f  reference ,  the n 
al l  view s shoul d b e recognize d equall y wel l 
regardles s o f  whethe r  the y ar e familia r  o r  not ;  Tha t  is , 
rotatin g object s b y 9 0 o r  18 0 degree s aroun d th e y -
aju s shoul d hav e n o effec t  o n recognitio n accuracy . 
If ,  however ,  thes e object s wer e represente d i n a 
viewer-centere d format ,  the n recognitio n o f  nove l 
view s shoul d b e considerabl y les s accurat e tha n 
recognitio n o f  th e familia r  view . 

M e t h o d 

Subjects. Thirty-two undergraduate volunteers 
participate d i n a  singl e testin g sessio n lastin g 
approximatel y 1 5 minutes .  Subject s receive d $2.0 0 
fo r  thei r  participatio a 
Stimuli .  Stimul i  fo r  experiment s on e throug h fou r 
wer e create d b y joinin g fiv e 1/2 "  whit e plasti c 
plumbin g fitting s togethe r  a  t-joint ,  tw o 9 0 degre e 
joints ,  an d tw o 4 5 degre e joints .  Us e o f  identica l  part s 
insure d tha t  th e object s coul d onl y b e distinguishe d 
on th e basi s o f  thei r  overal l  shap e configuration ,  an d 
not  o n th e presenc e and/o r  absenc e o f  a  distinctiv e 
part ,  overal l  difference s i n siufac e area ,  o r  volume . 
Part s wer e joine d arbitraril y  excep t  tha t  eac h objec t 
was asymmetrica l  an d ha d a  centra l  t-join t  oriente d 
vertically .  Thi s mad e certai n tha t  th e objects * 
principa l  axe s wer e equall y visibl e firom  eac h view , 
and provide d a  "trunk "  ont o whic h th e remainin g fou r 
part s wer e fixed.  Increment s o f  9 0 degree s wer e 
marke d aroun d th e bas e o f  th e t-join t  s o tha t  object s 
coul d b e rotated  t o th e desire d tes t  orientation s whe n 
seate d o n th e moun t  insid e th e tachistoscop e 
chamber .  Th e firame  o f  th e tachistoscope' s chambe r 
was adjuste d s o tha t  th e incrementa l  maridng s wer e 
not  visibl e t o di e subjec t 
Procedure .  Th e procedur e wa s a s describe d i n th e 
Genera l  Method s sectio n above . 

Result s an d Discussio n 

Results from Experiment One indicate that 
subject s ar e indee d capabl e o f  recognizin g nove l 

view s o f  3- D object s base d o n knowledg e o f  a  singl e 
familia r  view ,  a s predicte d b y theorie s positin g 
object-centere d representations .  Ther e wa s n o 
differenc e i n hi t  rates  betwee n th e 9 0 an d 27 0 degre e 
condition s [r(31 )  =  .97 ,  p  =  .338)] .  an d thes e score s 

wer e combine d t o yiel d a  singl e variabl e fo r  9 0 ^ 
rotations  independen t  o f  thei r  direction .  A  one-wa y 
A N O VA performe d acros s th e 0,90 .  an d 18 0 degre e 
condition s reveale d n o effec t  o f  orientatio n chang e o n 
recognitio n accurac y (F(2,125 )  =  2.53 ,  p  =  .08) . 
Mor e importantly ,  planne d comparison s reveale d n o 
difference s i n accurac y o f  recognitio n betwee n th e 
familia r  vie w an d view s rotated  b y eidie r  9 0 ( r  (31 )  = 
1.03 .  p  =  .31 )  o r  18 0 degree s (K31 )  =  1.23 ,  p  =  .23 ) 
(Figur e la) . 

Experimen t  T w o 

Results of Experiment One support the 
hypothesi s tha t  shap e i s represente d i n a n object -
centere d format .  Subject s wer e abl e t o accuratel y 
recogniz e nove l  view s o f  plumbin g par t  object s base d 
on knowledg e o f  a  singl e view .  I n contrast ,  a  simila r 
stud y b y Roc k e t  al .  (1981 )  foun d a  larg e dro p i n 
recognitio n accurac y whe n wirefram e object s wer e 
rotate d b y 9 0 degree s aroun d th e y-axis ,  bu t  detecte d 
no effec t  whe n th e sam e object s wer e rotated 
similarl y b y 18 0 degrees .  W h y d o observer' s hav e 
troubl e recognizin g nove l  view s o f  wirefram e object s 
create d b y 9 0 degre e rotations  i n depth ,  bu t  n o 
difficult y recognizin g unfamilia r  view s o f  plumbin g 
par t  objects ? Ther e ar e tw o possibl e explanation s fo r 
thes e differences .  First ,  th e procedur e use d i n th e 
presen t  experiment s differ s from  tha t  employe d b y 
Rock e t  al .  (1981) .  Subject s i n th e presen t 
experiment s wer e explicid y instructe d t o encod e 
object s i n a  manne r  tha t  woul d facilitat e lata -
recognitio n o f  nove l  views .  I n contrast .  Roc k e t  al . 
(1981 )  mad e n o mentio n o f  th e subsequen t 
recognitio n tas k unti l  afte r  th e encodin g phas e o f  th e 
experimen t  wa s completed .  Second ,  th e stimulu s 
object s use d i n th e presen t  experiment s wer e quit e 
differen t  fixxn  th e irregularl y shape d wirefram e 
object s use d b y Roc k e t  al .  (1981) .  Object s i n 
Experimen t  O n e wer e opaqu e an d constructe d frxxn 
s e v o ^  geometricall y regula r  parts .  Perhap s dies e 
structura l  difference s affecte d th e forma t  i n whic h 
shiq) e wa s represented .  Experimen t  T w o sough t  t o 
distinguis h betwee n thes e possibilitie s b y testin g 
subject' s recognitio n o f  nove l  view s o f  wirefram e 
object s wit h th e jxocedur e use d i n Experimen t  One . 
I f  di e difference s betwee n th e presen t  result s an d 
tiiose  o f  Roc k e t  al .  (1981 )  ar e attributabl e t o 
procedure ,  the n wirefram e objects ,  lik e thos e 
constructe d o f  {dumbin g parts ,  shoul d b e recognize d 
i n a  viewpoint-independen t  manner .  However ,  i f  di e 
inconsistenc y betwee n result s ar e attributabl e t o 
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structura l  difference s i n th e tw o objec t  set s then ,  lik e 
Rock e t  al .  (1981 )  reported,  wirefram e object s shoul d 
be dî icul t  t o recognize  whe n rotate d b y 9 0 degrees . 

M e t h o d 

Subjects. Twenty-four undergraduate volunteers 
participate d i n th e I S minut e experimen t  fo r  $2.00 . 
Subject s wer e naiv e regarding  th e hypothese s unde r 
investigation ,  an d ha d no t  participate d i n an y related 
experiments . 
Stimuli .  Sixtee n close d wir e fram e object s wer e 
create d usin g 1 6 inc h length s o f  2 m m (damete r  stee l 
wire .  Length s o f  wir e wer e ben t  int o close d arbitrar y 
shapes ,  wit h bot h end s o f  th e wir e inserte d int o a 
plasti c bas e tha t  fit  ont o th e moun t  insid e th e 
tachistoscope .  Thi s allowe d eac h objec t  t o b e 
precisel y rotate d t o th e desire d orientation . 
Procedure .  Wit h th e exceptio n o f  differen t  stimuli , 
th e procedur e wa s identica l  t o tha t  employe d i n 
Experimen t  One . 

Result s a n d Discussio n 

Accuracy did not differ between 90^ and 

2 7 0 ^  rotations ,  r(23 )  =  .87 ,  p  =  J96 .  Dat a firom  thes e 
orientation s wer e therefor e combine d t o yiel d a  singl e 

valu e fo '  9 0 ^  rotation s independen t  o f  thei r  direction . 
I n contras t  t o dat a showin g viewpoint-indq)enden t 
recognitio n o f  plumbin g par t  objects ,  a  one-wa y 
A N O VA reveded a  sign^can t  effec t  o f  orientatio n 
chang e o n recogiutic m accuracy ,  f(2,93 )  =  3.54 ,  p  = 
.033 .  Planne d comparison s evidence d a  dro p i n 
recognitio n fo r  view s rotate d b y 9 0 degree s whe n 
compare d wit h unrotate d views ,  r(23 )  =  2.23 ,  p  = 
.036 .  I n contrast ,  view s rotate d b y 18 0 degree s wer e 
recognize d a s accuratel y a s unrotate d views ,  t(23 )  = 
.7 .  p  =  .4 9 (Figur e lb) . 

Result s fro m Experimen t  T w o wer e 

consisten t  wit h thos e o f  Roc k e t  al .  (1981) ,  ye t 

equivoca l  wit h regard  t o di e fram e o f  reference  use d 

i n shap e represoitations .  A s predicte d b y object -

centere d theories ,  nove l  view s create d b y rotaticHi s o f 

18 0 degree s aroun d th e y-axi s wer e accuratel y 

recognized .  However ,  nove l  view s rotate d b y 9 0 

degree s wer e difficul t  t o identify ,  a s expecte d i f 

representation s o f  shap e ar e viewer-centered . 

Successfu l  replication  o f  Roc k e t  al's .  (1981 ) 

result s suggest s dia t  difference s i n di e abilit y  t o 

recogniz e nove l  view s o f  wirefram e objects ,  versu s 

thos e constructe d fro m plumbin g parts ,  ar e 

attributabl e th e w a y i n whic h variou s type s o f  shap e 

informatio n ar e represented  i n th e visua l  system . 

rathe r  tha n t o procedura l  differences .  Thi s findin g i s 

of  particula r  interes t  becaus e curren t  model s o f  shap e 

representatio n mak e n o provision s fo r  differen t  type s 

of  objects ;  Al l  object s ar e represente d similarly . 

E x p e r i m e n t  T h r e e 

Ostensibly, plumbing part objects used in 
Experimen t  O n e diffe r  firom  wirefram e object s i n a t 
leas t  tw o respects :  (a )  Wireframe s hav e virtuall y n o 
opaqu e surfaces ,  makin g i t  mor e difficul t  t o perceiv e 
thei r  3- D structure .  Thi s ma y simpl y mak e i t  difficul t 
t o comput e object-centere d representations ,  (b ) 
Wirefiram e object s als o lac k th e geometricall y regular 
structur e foun d i n plumbin g par t  objects .  Perhap s thi s 
particula r  differenc e affect s th e forma t  i n whic h 
shap e i s represented.  Eithe r  o f  thes e difference s 
migh t  explai n w h y subject s hav e difficult y 
recognizin g wirefram e object s rotate d b y 9 0 degree s 
i n depth ,  bu t  n o troubl e wit h similarl y transforme d 
plumbin g par t  objects .  A  se t  o f  irregula r  cla y f(xm s 
was create d t o disambiguat e thes e possibilities .  O n 
on e hand ,  thes e cla y object s ar e lik e plumbin g part s 
i n tha t  the y are :  opaque ,  hav e goo d depti i  cues ,  an d 
underg o substantia l  effect s self-occlusio n durin g 
change s i n viewpoin t  O n th e otiie r  hand ,  lik e 
wireframes ,  cla y blob s lac k regular  geometri c 
structure .  I f  th e presenc e o f  salien t  dq>t h cue s i s 
critica l  fo r  establishin g object-centere d 
representations ,  the n recognitio n o f  cla y blob s shoul d 
be simila r  t o tha t  o f  plumbin g par t  objects :  Ther e 
shoul d b e n o effec t  o f  orientatio n chang e o n 
recognitio n accuracy .  Alternatively ,  i f  regular 
geometri c structur e i s critica l  fo r  establishin g object -
centere d representations,  the n recognitio n o f  cla y 
blob s shoul d b e simila r  t o recognitio n o f  wirefram e 
objects :  Ther e shoul d b e a  dro p i n recognitio n 
accurac y fo r  view s rotate d b y 9 0 degrees . 

M e t h o d 

Subjects. Sixteen undergraduate students received 
$2.0 0 fo r  thei r  voluntaril y  participatio n i n a  I S minut e 
experimen t  N o n e o f  th e subject s wer e familia r  wit h 
th e hypodiese s bein g tested ,  o r  ha d take n par t  i n othe r 
experiment s reported . 
Stiinuli .  Sixteen ,  asymmetrica l  object s wer e 
constructe d fro m 2'' x  2 "  x  4 "  block s o f  gra y modelin g 
clay .  Th e object s wer e forme d int o arbitrar y 3- D 
duqpe s an d fired  i n a n oven .  Plasti c  fittings  wer e 
fixe d t o th e botto m o f  th e object s s o the y coul d b e 
mounte d t o th e bas e insid e di e tachistoscop e an d 
rotate d t o di e desire d orientation . 
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Procedure .  Th e procedur e wa s identica l  t o tha t  use d 
i n Experiment s On e an d T w o ,  excep t  tha t  1 6 cla y 
object s wer e substitute d 

Result s a n d Discussio n 

Unexpectedly, accuracy data firom 90^ and 

270 0 rotation s differe d significantl y [r(15 )  =  2.52 .  p  = 
.023] ,  an d thu s wer e kep t  separat e fo r  subsequen t 
analyses .  A  singl e facto r  A N O V A reveale d a  highl y 
significan t  effec t  o f  orientatio n chang e o n recognitio n 
accuracy ,  F(3,60 )  =  7.143 ,  p  <  .001 .  Interestingly , 
thi s effec t  appeare d attributabl e t o a  dro p i n 

recognitio n accurac y fe w object s rotate d b y 270^ , 

K15)  =  3.87 ,  p  =  .002 .  Neithe r  90 0 W 1 5 )  =  1.0 ,  p  = 

.333 ]  no r  ISO ^  [r(15 )  =  .324 ,  p  =  .751 ]  rotation s ha d a 

significan t  effec t  o n recognitio n accuracy . 
Ther e wa s n o a  prior i  reaso n t o expec t  tha t 

90 degre e rotations  i n on e directio n shoul d b e an y 
mor e difficul t  t o recogniz e tha n equidistan t  rotations 
i n th e othe r  direction .  Nevmheless .  subject s di d fin d 
view s rotated  b y 27 0 degree s mor e difficul t  t o 
identif y tha n view s rotated  b y 9 0 degrees . 
Presumabl y thi s effec t  wa s attributabl e t o unintende d 
difference s i n th e arbitraril y  create d cla y shapes ,  tha t 
made view s rotated  9 0 degree s i n on e directio n mor e 
difficul t  t o recogniz e tha n view s rotated  9 0 degree s i n 
th e othe r  direction .  Thi s fact ,  howevCT ,  doe s no t  bea r 
on th e presen t  issu e o f  whethe r  9 0 degre e rotations  o n 
th e whol e ar e mor e difficul t  t o recogniz e dia n 
unrotate d views .  Therefore ,  performance s o n view s 
rotate d b y eithe r  9 0 o r  27 0 degree s wer e average d an d 
submitted ,  alon g wit h dat a from  view s rotated  b y 18 0 
degrees ,  t o a  onewa y A N O V A.  Consisten t  wit h th e 
origina l  analysis ,  ther e wa s a  highl y significan t  effec t 
of  orientatio n chang e o n recognitio n accuracy , 
F(2,61 )  =  5.88 ,  p  =  .005 .  A  planne d compariso n 
reveale d tha t  view s rotated  b y 9 0 degree s wer e les s 
accuratel y recognize d tha n unrotate d views ,  <(15 )  = 
3.033 ,  p  =  .00 8 (Figur e Ic) . 

Result s firom  Experimen t  Thre e sugges t  tha t 
difference s i n th e abilit y  t o recogniz e nove l  view s o f 
wirefram e versu s plumbin g par t  object s wer e 
attributabl e t o variation s i n objec t  structure ,  rather 
tha n problem s recoverin g dept h information .  Simila r 
t o result s obtaine d wit h wirefram e objects ,  subject s 
had considerabl e difficult y recognizin g geometricall y 
in-egula r  cla y object s rotated  b y 9 0 degrees ,  eve n 
thoug h the y hav e unambiguou s dept h cues .  Likewise , 
rotations  o f  18 0 degree s di d no t  affec t  recognitio n 
accuracy . 

S u m m a r y a n d Conc lus ion s 

In short, the present experiments provide 
evidenc e tha t  subject s ca n indee d recogniz e nove l 
view s o f  3- D object s rotated  i n depth ,  base d o n 
knowledg e o f  a  singl e view .  Th e exten t  o f  viewpoi r 
independen t  recognitio n was ,  however ,  show n t o va i 
dependin g o n th e typ e o f  objec t  tested .  Mor e 
precisely ,  subject s successfull y recognize d 
geometricall y regula r  an d irregula r  object s rotated  b ; 
180 degree s abou t  th e y-axis .  However ,  onl y 
geometricall y regula r  object s wer e recognize d whe n 
rotated  si-nilarl y b y 9 0 degrees .  Thes e finding s ar e 
difficul t  t o accoun t  fo r  i n term s o f  contemporar y 
theorie s tha t  propos e eithe r  object -  o r  viewer-cente n 
representation s t o represen t  al l  type s o f  objects . 

One-hundre d eight y degre e rotations  i n 
depth ,  tha t  completel y intax:hang e visibl e an d 
occlude d surfaces ,  hav e n o affec t  o n th e object' s 
silhouette ,  othe r  tha n reflectin g i t  abou t  th e axi s o f 
rotation.  I n contrast ,  9 0 degre e rotation s i n dept h 
onl y partl y interchang e visibl e an d occlude d surface ; 
but  drasticall y affec t  th e object' s project d silhouette . 
Interestngly ,  th e forme r  d o no t  affec t  th e accurac y o f 
recognizin g nove l  views ,  whil e th e late r  may . 
dq)endin g o n object' s structura l  properties .  Base d o 
thes e an d relate d observations ,  Johnso n (1993 ) 
suggest s a n alternativ e theor y o f  shape-base d 
recognitio n wherei n inference s abou t  objects '  3- D 
shape s ar e genoate d base d o n infcmnatio n containe d 
i n thei r  2- D boundin g contours ,  o r  silhouettes .  I t  i s 
claime d tha t  thes e inference s ar e premise d o n rule s 
tha t  captur e importan t  regularitie s betwee n projecte d 
2- D boundin g contour s an d 3- D surfac e geometr y 
(e.g. ,  Beusmans ,  Hoffman ,  &  Bennett ,  1987 ; 
Richards ,  Koenderink ,  &  Hoffman ,  1987) .  W h e n 
informatio n i n th e projecte d 2- D silhouett e i s 
sufficien t  t o enabl e accurat e inference s abou t  th e 
shap e o f  occlude d surface s (e.g. ,  th e geometricall y 
regula r  objects) ,  al l  view s o f  a n objec t  wil l  yiel d th e 
same 3- D representation ,  an d recognitio n wil l  b e 
viewpoint-independen t  However ,  whe n informatio i 
i n th e silhouett e i s insufficien t  t o unambiguousl y 
specif y th e shap e o f  occlude d surface s (e.g. ,  th e 
geometricall y irregula r  objects) ,  3- D interpretation s 
preferre d fo r  view s m a y differ ,  resultin g i n 
viewpoint-dependen t  recognition .  Furthe r  wor k i s 
currentl y underwa y t o evaluat e dies e hypotheses . 
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