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The Rol e o f  [ntrinsl c Axe s I n Shap e Recognitio n 

Mariann p Wise r 
Massachusett s Institut p o f  Technolog y 

This paper presents a model for the mental 
representatio n o f  visua l  shape s whic h account s 
fo r  thei r  recognitio n i n differen t  orientations , 
includin g nove l  ones .  I t  i s  motivate d b y th e 
followin g considerations . 

Some shape s ar e easie r  tha n other s t o rec -
ogniz e afte r  rotatio n i n space .  Fo r  example ,  i t 
i s  eas v t o se e tha t  Fig .  l a an d Fig .  l b represen t 
th e sam e shap e i n tw o differen t  position s wherea s 
Fig .  2 a an d Fig .  2 b see m t o represen t  tw o differen t 
shapes .  Thi s suggest s tha t  a  rotation-invarian t 
representatio n i s mor e readil y availabl e fo r  shap e 
1 tha n fo r  shap e 2 .  Shape s tha t  ar e easil y recog -
nize d i n differen t  position s ar e als o perceive d a s 
i n a  specifi c  orientatio n wit h respec t  t o a n exter -
nal  fram e o f  referenc e (here ,  th e page) ;  fo r  exam -
ple ,  shap e 1  look s vertica l  i n Fig .  l a an d obliqu e 
i n Fig .  lb .  Shap e 2 ,  o n th e othe r  hand ,  i s no t  pe r 
ceive d a s i n an y specifi c  orientation . 
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Fig .  1 

Fiq .  2 

Shapes like shape 1 are perceived as oriented 
becaus e the y hav e a n axi s o f  thei r  own ,  determine d 
by thei r  aeometrica l  propertie s (symmetry ,  elonga -
tion ,  paralle l  sides) .  Th e positio n o f  thei r  axi s 
relativ e t o th e sid e o f  th e pag e determine s thei r 
perceive d orientation .  1  wil l  cal l  thi s axi s "in -
trinsic "  becaus e i t  i s  fixe d withi n th e shap e an d 
exist s independentl y o f  an y othe r  directio n i n 
space .  I n contrast ,  axe s lik e th e retina l  o r  grav -
itationa l  vertical ,  o r  th e sid e o f  th e pag e ar e 
"external "  becaus e thei r  directio n i s independen t 
of  th e shap e bein g perceived .  Shap e 2  i s no t 
perceive d a s oriente d becaus e i t  lack s axis -
determinin g properties . 

Rock (1973 )  propose s a  theor y tha t  explain s 
why shape s lik e shap e 2  ar e difficul t  t o recogniz e 
afte r  rotation .  VJhe n a  shap e i s perceived ,  i t  i s 
describe d i n a  specifi c  spatia l  fram e o f  referenc e 
(e.g .  th e page) ;  shape s ar e compare d an d recognize d 
on th e basi s o f  thi s description .  I f  th e shap e i s 
rotate d wit h respec t  t o th e fram e o f  referenc e be -
in g used ,  it s descriptio n change s an d consequently , 
i t  i s  har d t o recognize .  Roc k use s th e notio n o f 
descriptio n withi n a  fram e o f  referenc e t o explai n 
why th e chang e i n retina l  orientatio n tha t  occur s 
when a n observe r  tilt s  hi s hea d doe s no t  affec t 
th e percep t  o f  th e shape ,  wherea s th e sam e change , 
when i t  result s fro m tiltin g th e shap e itsel f 
(wit h th e observer' s hea d upright) ,  generall y 
makes th e shap e loo k differen t  (a s i n Fig .  2 ) . 
He suggest s tha t  th e descriptio n tend s t o b e oer -
forme d i n a  gravitational ,  rathe r  tha n retinal . 

fram e o f  reference .  A s lon g a s th e shap e ha s a 
fixe d positio n i n space ,  it s gravitationa l  descrip -
tio n doe s no t  chang e an d i t  will ,  therefore ,  loo k 
th e sam e althoug h it s positio n o n th e observer' s 
retin a changes . 

Thi s theor y explain s wh y th e worl d doe s no t 
til t  whe n w e til t  ou r  heads ,  bu t  i t  als o predict s 
tha t  w e shoul d no t  b e abl e t o recogniz e a  shap e ro -
tate d i n spac e since ,  i n tha t  case ,  th e descriptio n 
withi n bot h th e gravitationa l  an d th e retina l 
frame s o f  referenc e change ,  A  fortiori ,  i t  canno t 
explai n th e difference s betwee n shap e 1  an d shap e 2 . 
I  propos e that ,  whe n a  shap e ha s a n intrinsi c axis , 
i t  i s  use d a s a  fram e o f  referenc e t o comput e a 
descriptio n o f  th e shape ,  th e intrinsi c description , 
whic h i s indeoenden t  o f  it s  positio n i n th e externa l 
fram e o f  reference . 

More precisely ,  th e intrinsi c axi s an d a  per -
pendicula r  t o i t  for m a  syste m o f  coordinate s o r 
fram e o f  reference :  th e intrinsi c fram e o f  refer -
enc e (Fig .  3 ) .  Durin g th e encodin g o f  th e shaoe . 4Yn 
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(a) Description in teniis of external 
coordinate s (X^ ,  Yg ) 

(b )  Positio n o f  th e intrinsi c axi s Y j  i n th e 
externa l  fram e 

(c )  Descriptio n i n term s o f  intrinsi c 
coordinate s (Xj ,  Yj ) 

Fig. 3 

the shape is described in terms of intrinsic co-
ordinates ,  i.e. ,  it s  element s ar e localize d withi n 
th e intrinsi c fram e o f  reference .  Suc h a  descrip -
tio n i s rotation-invarian t  becaus e th e intrinsi c 
fram e o f  referenc e i s fixe d withi n th e shape . 

The intrinsi c axi s therefor e play s a  dua l  rol e 
i n th e perceptio n o f  th e shape .  On th e on e hand ,  i t 
indicate s th e positio n o f  th e shap e i n th e externa l 
fram e o f  reference ;  o n th e other ,  i t  i s  th e fram e o f 
referenc e i n whic h a n invarian t  descriptio n o f  th e 
shap e ca n b e built .  Th e intrinsi c axi s make s i t  pos -
sibl e t o kee p separat e th e invarian t  par t  o f  th e in -
formatio n containe d i n a n externa l  descriptio n (th e 
identit y o f  th e shape )  fro m th e sourc e o f  variatio n 
i n th e externa l  descriptio n (th e orientatio n o f  th e 
shap e i n th e externa l  frame) . 

The experimen t  reporte d her e provide s evidenc e 
tha t  th e intrinsi c axi s an d th e intrinsi c descrip -
tio n ar e par t  o f  th e menta l  representatio n o f  shapes . 
I n thi s experiment ,  I  wil l  no t  attemp t  t o distin -
guis h betwee n retina l  an d gravitationa l  frames .  Bot h 
ar e external ,  a s oppose d t o th e intrinsi c frame . 
The subject s i n th e experimen t  wer e teste d wit h hea d 
uprigh t  s o tha t  th e retina l  an d gravitationa l  frame s 
coincided .  I  wil l  refe r  t o thi s fram e a s retinal , 
t o simplify . 
Experiment 
A learning and recognition paradigm was used 
t o tes t  th e hypothesi s tha t  th e recognitio n o f 
shape s wit h intrinsi c axe s i s base d o n thei r  intrin -
si c descriptions .  Tw o model s fo r  th e memor y reore -
sentatio n o f  shape s ar e contrasted :  th e retina l  en -
codin g mode l  an d th e intrinsi c encodin g model .  I n 
th e retina l  encodin g model ,  th e intrinsi c axi s play s 
no rol e i n th e processin g o f  th e shapes ,  whic h ar e 
treate d lik e shape s withou t  intrinsi c axes .  The y 
ar e store d i n memor y a s retina l  description s (i.e . 
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spatia l  description s i n term s o f  retina l  coordinates) . 
I n th e intrinsi c encodin g model ,  i t  i s  th e intrinsi c 
descriptio n whic h i s store d i n memory .  Shape s wit h 
intrinsi c axe s wer e presente d fo r  learnin g i n eithe r 
a vertical ,  oblique ,  o r  horizonta l  position .  The y 
wer e simpl e tw o dimensiona l  non-sens e shape s (Fig . 
4) . 

Q 

Fig .  4 

'^ilf The task was to recognize them among distrac-
tor s whe n the y wer e presente d agai n i n eithe r  th e 
same o r  on e o f  th e othe r  tw o positions .  Th e sub -
ject s ha d t o sa y "yes "  a s fas t  a s possibl e i f  the y 
recognize d a  shap e the y ha d learne d an d "no "  i f  the ' 
di d not .  The y wer e warne d befor e th e recognitio n 
sessio n (bu t  no t  befor e th e learnin g session )  tha t 
some shape s woul d b e rotated .  A  "yes "  shap e wa s 
seen i n on e o f  9  combination s o f  orientations :  V V 
(vertica l  durin g learning/vertica l  durin g testing) , 
VO (vertica l  durin g learning/obliqu e durin g test -
ing) ,  V H (vertica l  durin g learning/horizonta l 
durin g testing) ,  OV (obliqu e durin g learning / 
vertica l  durin g testing) ,  etc . 

For  shape s see n i n a n obliqu e o r  horizonta l 
position ,  th e intrinsi c fram e o f  referenc e doe s no t 
coincid e wit h th e retina l  frame ,  and ,  thus ,  th e in -
trinsi c descriotio n differ s fro m th e retina l  one . 
Dependin g o n whethe r  th e retina l  o r  th e intrinsi c 
descriptio n I s use d t o represen t  th e shap e i n mem-
ory ,  a  differen t  patter n o f  reactio n time s wa s pre -
dicte d i n eac h o f  th e 9  conditions . 

The retina l  encodin g mode l  predict s tha t  RT' s 
shoul d b e faste r  whe n th e learnin g an d testin g ori -
entation s ar e th e sam e (i.e .  whe n th e retina l  des -
criptio n o f  th e targe t  matche s th e descriptio n i n 
memory)  tha n whe n the y differ .  Thi s i s justifie d 
by numerou s experiment s i n whic h shape s withou t  in -
trinsi c axe s wer e use d (Dearborn ,  1899- ,  Shina r  an d 
Owen,  1973 ;  Rock ,  1973) .  Therefor e condition s VV , 
00 an d H H shoul d b e equall y fas t  an d faste r  tha n 
condition s VO,  VH ,  OV,  OH,  HV ,  an d HO. 

The intrinsi c mode l  o n th e othe r  han d predic t 
tha t  shape s teste d verticall y shoul d b e faste r  t o 
recogniz e tha n shape s teste d i n a n obliqu e o r  hori -
zonta l  position ,  irrespectiv e o f  th e orientatio n 
i n whic h the y wer e learned .  Thi s predictio n i s 
base d o n th e assumptio n tha t  th e encodin g o f  th e 
intrinsi c descriptio n require s mor e processin g whe n 
th e shap e i s obliqu e o r  horizonta l  tha n whe n i t  i s 
vertical .  Th e geometrica l  propertie s tha t  determi n 
th e intrinsi c axis ,  suc h a s symmetry ,  ar e detecte d 
faste r  abou t  a  vertica l  tha n a n obliqu e axi s (Jule z 
1971 )  an d th e buildin g o f  th e intrinsi c descriptio n 
itsel f  involve s a  shif t  i n perceptua l  fram e o f  ref e 
ence whe n th e shap e i s no t  vertical .  Therefor e co n 
dition s VV ,  OV an d H V shoul d b e equall y fas t  an d 
faste r  tha n condition s VO,  VH ,  00 ,  OH an d HH. 

Sinc e th e model s teste d i n thi s experimen t  c o 
cer n th e memor y representatio n o f  th e shapes ,  th e 
analysi s o f  th e "yes "  response s onl y wil l  b e con -
sidered ,  I t  wa s ru n o n RT' s i n msec ,  fo r  correc t 
responses .  Fi g 5  show s tha t  th e patter n o f  RT' s 
support s th e intrinsi c encodin g mode l  fo r  horizon -
ta l  a s wel l  a s obliqu e shapes . 
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An ANOVA show s tha t  recognitio n tim e depend s 
upon testin g orientatio n only :  vertica l  shape s ar e 
faste r  tha n obliqu e shape s an d obliqu e shape s fast -
er  tha n horizonta l  shape s ( F 21 ,  P  10-° ,  d f 
140) .  Th e effec t  o f  learnin g orientatio n an d th e 
interactio n betwee n learnin g an d testin g orienta -
tion s ar e non-significant .  A s predicte d b y th e in -
trinsi c encodin g model ,  vertica l  shape s ar e eas y 
t o recognize ,  irrespectiv e o f  th e orientatio n i n 
whic h the y wer e learne d wherea s obliqu e an d hori -
zonta l  shape s tak e longer . 

The paire d compariso n o f  al l  combination s o f 
learnin g an d testin g orientation s (Student' s T -
correlate d score s test )  furthe r  support s th e in -
trinsi c mode l  an d infirm s th e retina l  model .  Th e 
crucia l  comparison s ar e betwee n V O an d OV an d be -
twee n V H an d HV.  Th e retina l  encodin g mode l  pre -
dicte d tha t  the y shoul d b e equall y slo w becaus e the y 
involv e th e sam e angula r  shif t  betwee n learnin g an d 
testin g orientations .  Thi s i s obviousl y no t  th e 
case .  OV an d H V ar e a s fas t  a s V V an d significantl y 
faste r  tha n V O (t=2.7,df=lll,P=.01 )  an d V H (t=3.6 , 
df=lll,P<.01 )  respectively .  Thes e result s suppor t 
th e hypothesi s tha t  th e intrinsi c descriptio n i s 
store d i n memory ,  irrespectiv e o f  th e learnin g or -
ientation ,  an d i s retreive d faste r  whe n th e shap e 
t o b e recognize d i s vertica l  tha n whe n i t  i s  obli -
que o r  horizontal . 

Non-vertica l  shape s g o throug h th e sam e extra -
processin g whethe r  th e tes t  orientatio n i s th e sam e 
as th e learnin g orientatio n o r  not ;  0 0 an d H H ar e 
slowe r  tha n OV an d H V respectively ,  th e latte r  sig -
nificantl y s o (t=2.04,df=lll,P=.04) .  Thus ,  eve n 
when retina l  description s match ,  a  shap e i s recog -
nize d o n th e basi s o f  it s  intrinsi c description . 
There is a strong linear dependence of RT's 
upon th e angl e betwee n th e intrinsi c axi s o f  th e 
targe t  an d th e vertical ,  fo r  shape s learne d verti -
call y an d obliquely .  (Th e reaso n wh y i t  doe s no t 
hol d fo r  shape s learne d horizontall y wil l  no t  b e 
discusse d here. )  Thi s suggest s tha t  menta l  rota -
tio n migh t  b e involve d i n th e encodin g o f  th e in -
trinsi c description :  th e intrinsi c descriptio n o f 
a non-vertica l  shap e migh t  b e obtaine d b y mentall y 
rotatin g th e shap e unti l  it s  intrinsi c axi s i s  ver -
tica l  i n th e perceptua l  fram e o f  reference .  Th e 
averag e linea r  slop e (1.5°/msec. )  i s  consisten t  wit h 
th e rate s o f  menta l  rotatio n foun d i n othe r  exper -
iment s (Coope r  an d Shepard ,  1973 ;  Shina r  an d Owen , 
1973) . 
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Conclusion s 

The experiment above shows that the intrinsic 
axe s o f  shape s pla y a n importan t  rol e i n thei r 
menta l  representation .  Th e intrinsi c descriptio n i s 
store d i n memor y an d retrieve d durin g recognitio n 
irrespectiv e o f  th e orientatio n i n whic h a  shap e 
i s seen . 

To stor e th e intrinsi c descriptio n i n memor y 
i s bot h economica l  an d effective .  Th e memor y repre -
sentatio n i s uniqu e an d allow s th e shape s t o b e 
recognize d i n nove l  orientations .  I  hav e foun d i n 
othe r  experiment s tha t  th e intrinsi c descriptio n i s 
als o use d t o compar e shape s presente d simultaneousl y 
i n differen t  orientations .  Thes e experiment s als o 
suppor t  th e hypothesi s tha t  menta l  rotatio n i s in -
volve d i n th e encodin g o f  th e intrinsi c description : 
i n lateralizatio n studies ,  th e perceptio n o f  non -
vertica l  shape s show s a  right-hemispher e effect . 

The intrinsi c descriptio n appear s t o b e in -
heren t  t o th e menta l  representatio n o f  shape s wit h 
intrinsi c axes .  Experiment s i n whic h shape s ar e 
presente d ver y briefl y an d hav e t o b e identifie d 
among simila r  shape s i n th e sam e orientatio n pre -
sente d immediatel y afterwards ,  sho w tha t  obliqu e 
and horizonta l  shape s requir e longe r  exposur e time s 
t o b e identifie d correctly .  Thi s orientatio n ef -
fec t  ca n b e attribute d t o th e extra-processin g in -
volve d i n th e computatio n o f  th e intrinsi c axe s 
and/o r  th e intrinsi c descriptio n o f  non-vertica l 
shapes .  I f  shape s coul d b e identifie d o n th e 
basi s o f  a  retina l  description ,  indentificatio n 
shoul d b e independen t  o f  orientation .  Palme r 
(1978 )  ha s show n tha t  th e description s o n whic h 
recognitio n i s base d ar e high-level ,  articulate d 
descriptions .  The  experiment s jus t  describe d 
sugges t  tha t  th e intrinsi c descriptio n mus t  b e 
encode d befor e recognitio n occurs .  Thi s i n tur n 
suggest s tha t  th e onl y articulate d description s 
ar e relativ e t o th e intrinsi c fram e o f  reference . 

The following model can now be outlined for 
th e processin g o f  two-dimensiona l  shape s wit h in -
trinsi c axes .  I  wil l  assum e tha t  th e menta l  repre -
sentatio n o f  shape s consist s o f  a  serie s o f  descrip -
tion s i n spatia l  frame s o f  reference ,  fro m low -
leve l  an d loca l  t o high-leve l  an d articulated .  Low -
leve l  description s ar e encode d i n th e retina l  fram e 
of  referenc e (th e earlies t  on e bein g th e distribu -
tio n o f  ligh t  o n th e retina) .  Intrinsi c axe s ar e 
compute d a t  a n earl y stag e o f  th e processing .  I t 
has bee n show n tha t  symmetr y ca n b e compute d fro m 
loca l  description s (Julez ,  1971 )  an d I  hav e foun d 
tha t  perceive d elongatio n i s base d o n principa l 
axe s o f  inerti a whic h ca n als o b e compute d fro m 
low-leve l  descriptions .  The  positio n o f  th e in -
trinsi c axi s relativ e t o th e retina l  vertica l  de -
termine s th e perceive d orientatio n o f  th e shape . 
The perceptua l  fram e o f  referenc e i s the n shifte d 
t o th e intrinsi c fram e an d higher-leve l  descrip -
tion s are  elaborate d withi n the  intrinsi c frame . 
The intrinsi c descriptio n i s store d i n memory .  I t 
i s  th e descriptio n o n whic h recognitio n i s based . 
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