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Imagine d spatia l  transformation s i n th e visua l  discriminatio n 
of  lef t  an d righ t  part s o f  th e huma n body . 

Lawrence M. Parsons 

Institute for Cognitive Science 

Universit y o f  California ,  Sa n Dieg o 

Much research has demonstrated that to discriminate between pairs of differently oriented but very similar objects, 

on e ver y ofte n finds  i t  necessar y t o imagin e (o r  physicall y produce )  th e rotatio n o f  th e tw o object s int o a  simila r  align -

ment  t o compar e thei r  shape s (Coope r  an d Shepard ,  1982 ;  o n physica l  rotations ,  Parson s an d Hinton ,  Not e 1. )  A n impor -

tan t  propert y o f  th e abilit y t o imagin e th e rotatio n o f  a n objec t  i s  tha t  ofte n th e tim e require d fo r  suc h a  rotatio n i s a 
linearl y increasin g functio n o f  th e exten t  o f  rotation . 

Most of this research has been done cither with abstract shapes that are unfamiliar to subjects or with 
alphanumeri c characters .  Ther e ha s bee n littl e investigatio n o f  th e effec t  o f  orientatio n o n th e discriminatio n o f  mor e 
naturalisti c stimuli .  A  fe w (mostl y recent )  studie s o f  th e perceptio n o f  natura l  object s hav e examine d mirror-imag e 
discriminatio n task s i n whic h subject s apparentl y imagine d a  h u m a n bod y o r  body-par t  a t  th e orientatio n o f  a  stimulu s 

(Coope r  an d Shepard ,  1975 ;  Parsons ,  1983 ,  Note s 2-5 ,  an d 7) .  Thi s pape r  report s o n a  fe w result s o f  m y o w n investiga -

tion s i n thi s are a (Parsons ,  1983 ,  Note s 2-5 ,  an d 7) . 

Participants in my experiments made left-right judgments of variously oriented hands and feet, and of the raised 
ar m o f  a  huma n bod y depicte d fro m man y perspectives .  Figur e 1  show s example s o f  th e kin d o f  stimul i  use d i n thes e 
experiments . 

Figur e 1 . 

This task requires button press responses with the left hand for a stimulus portraying a part of the left half of the body 
and wit h th e righ t  han d fo r  a  stimulu s portrayin g a  par t  o f  th e right  hal f  o f  th e body .  Subject s i n variou s experiment s 
viewe d a  se t  o f  stimul i  whic h depicte d eithe r  a  h u m a n bod y (wit h a  raise d arm) ,  a  hand ,  o r  a  foo t  fro m man y differen t 
perspectives . 

A major feature of this research is the examination of subjects' abilities and preferences for selecting planes or axes 
fo r  imagine d rotation s o f  object s whe n th e numbe r  an d variet y o f  possibilitie s i s relativel y unconstraine d b y experimenta l 
design .  I n nearl y al l  previou s research ,  on e o r  th e othe r  o f  tw o plane s o r  fixed  axe s o f  rotatio n wa s mos t  efficien t  t o 

'correct '  fo r  th e differenc e i n orientatio n betwee n th e standar d an d compariso n objects .  Mos t  studie s hav e use d orienta -
tio n difference s (ODs )  i n on e o r  bot h o f  tw o plane s (th e 'picture '  and/o r  'depth '  planes) ;  an d trial s hav e frequentl y bee n 
blocke d b y th e plan e o f  th e O D .  B y contrast ,  o n an y tria l  i n th e experiment s reporte d here ,  an y on e o f  man y differen t 
plane s (o r  fixed  axes )  o f  rotatio n coul d b e uniquel y mos t  efficien t  t o brin g th e standar d an d compariso n objec t  int o 

Portions of this work were part of a doctoral dissertation submitted to the Department of Psychology, University of California, San 
Diego ,  t  woul d lik e t o expres s m y appreciatio n t o Geof f  llinton .  Ja y McClelland ,  Do n Norman ,  an d Dav e Rumclhar t  fo r  thei r  ver y gen -
erou s encourapement ,  support ,  an d discussion .  Thi s researc h wa s conducte d unde r  Nationa l  Scienc e Foundatio n Gran t  liN S 79-2406 2 t o 
Jarac s L .  McClelland . 

Send request s fo r  reprint s to :  Dr .  Larr y Parsons ;  Institut e fo r  Cognitiv e Science ,  C-015 ;  Universit y o f  California ,  Sa n Diego ;  L a Jol -
la,CA .  92093 . 
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congruence .  I n addition ,  th e orientatio n differenc e betwee n standar d an d compariso n object s i n thes e experiment s coul d 

be considerable .  Fo r  instance ,  the y coul d diffe r  simultaneousl y i n th e orientatio n o f  thei r  'front-back' ,  'top-bottom' ,  an d 

'left-right '  aspects .  Fo r  thes e kind s o f  O D ,  a n objec t  ca n b e brough t  int o congruen t  alignmen t  wit h anothe r  objec t  (i )  b y 
bein g sequentiall y  rotate d abou t  a  differen t  fixe d axi s fo r  eac h dimensio n b y whic h th e tw o object s diffe r  i n orientation ; 

or  (ii )  b y bein g 'simultaneously '  rotate d abou t  differen t  axes ,  producin g rotation s whic h ar c effectivel y abou t  unfixe d 

axe s (i.e. ,  abou t  a n instancousl y changin g axis) ;  o r  (iii )  b y bein g rotate d abou t  a  fixed  axi s whic h simultaneousl y correct s 

fo r  al l  difference s i n orientation . 

Thus, in this paradigm, to 'correct' for orientation differences, subjects must select planes (or axes) of rotation 

f ro m a m o n g a  relativel y larg e se t  o f  possibilities ,  accordin g t o thei r  o w n criteri a o f  efficiency .  Thei r  solution s t o thes e 
geometrica l  problem s provid e n e w informatio n abou t  basi c aspect s o f  th e imapnatio n an d spatia l  reasonin g ability . 

In addition to investigating spatial reasoning abilities in this context, I have been studying in detail how subjects 
m a ke thes e seemingl y simpl e an d m u n d a n e discriminations ;  further ,  becaus e subject s (a s i t  turn s out )  d o see m t o imagin e 
th e rotatio n o f  part s o r  al l  o f  thei r  o w n bod y i n thi s task ,  I  hav e bee n comparin g th e imagine d transformation s t o 
correspondin g physica l  action s (Parsons .  1983 ,  an d Note s 2-7) . 

Figure s 2- 4 sho w th e reactio n time-orientatio n differenc e ( R T - O D )  function s fo r  subjects '  judgment s o f  whethe r  a 
particula r  stimulu s bod y par t  ( a raise d a rm ,  a  han d o r  foot )  i s o f  th e lef t  o r  righ t  hal f  o f  th e body .  Eac h R T - O D func -

tio n i s  a n averag e o f  result s i n 2  t o 5  differen t  experiments ,  usin g differen t  subjects .  Eac h stimulu s i n Figur e 1  wa s 
presente d i n r a n d o m ordere d trial s a t  3 0 degre e interval s i n th e 'picture '  plane ,  beginnin g a t  th e positio n ( 0 degree s o f 
O D)  s h o w n i n Figur e 1 .  leo o 
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Figur e 2 .  R T - O D function s fo r  front s an d back s o f  bodies .  Base d o n 461 0 correc t  response s o f  3 1 subjects . 
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Ê  

<u 
E 
t -
c 
o 

-4^ 
u 
D 
QJ 

CH 

1800 

1700 
1600 

1500 

1400 

1300 

1200 

1100 

1000 

900 
BOO 
700 

: 

"" " 

— 

—,. 

— 

Media l  ODs 

LoterolODs,̂ . ^ 

1 1 

Lotero i  ODs 

...••• ' 

^ ^ , 

MCUIUI  U r 

•••••. .  ^ ^ Q c k s 

^ / ^ /  ;.-Polm s 

^ 

Porolle l  Plan e 

1 1 
120 150 180 30 6 0 9 0 

Picture Plane Orientation (degrees fronn upright) 

Figur e 3 .  R T - O D function s fo r  palm s an d back s o f  hands .  Base d o n 499 2 correc t  response s o f  1 9 subjects . 



Apri l  16 .  198 3 

c 
o 
u 
o 

a: 

— 

— " • 

— 

— 

— 

Medio !  ODs 

Lotero l  ODs •. . 

LoterQl_ODs _ '—\^^-'^ ^ 

1 1  1  1 

^ 

^ -

Feet 

1 

^ T o p s 

••••••Sole s 

1 

2200 
2100 
2000 
1800 
1800 
1700 
1600 
1500 
1400 
1J00 
1200 
1100 
1000 
800 
000 
700 

0 3 0 6 0 9 0 12 0 IS O 18 0 

Picture Plane Orientation (degrees from upright) 

Figure 4. RT-OD functions for soles and tops of feet. Based on 4416 correct responses of 16 subjects. 

To make these judgments, subjects reported imagining the rotation of their body, hand, or foot, into the orienta-

tio n o f  th e stimulu s t o compar e th e left-righ t  feature s o f  th e stimulu s bod y o r  bod y par t  wit h th e familia r  left-righ t 
feature s o f  thei r  ow n bod y o r  bod y part .  Onl y fo r  back s o f  bodies ,  back s o f  bands ,  an d top s o f  fee t  stimul i  a t  o r  nea r 
O Ds o f  0  degrees ,  di d subject s repor t  knowin g 'immediately '  (i.e. ,  withou t  'thinking *  abou t  th e orientatio n differenc e 
betwee n themselve s an d th e stimulus )  whethe r  th e stimulu s wa s o f  th e lef t  o r  righ t  o f  th e body .  Accordingly ,  the y pro -

duce d thei r  shortes t  R T s fo r  suc h trials .  Overall ,  R T depende d o n ho w th e orientatio n ̂\ .  whic h th e stimulu s bod y o r 
body-par t  wa s portraye d differe d fro m th e task-specifi c  (o r  perhap s 'canonical' )  orientatio n o f  th e subjects '  o w n bod y o r 
body-part .  Th e geometr y implici t  i n subjects *  strategie s ma y b e use d t o explai n th e differenc e observe d betwee n R T - O D 
function s fo r  th e view s i n Figur e 1  o f  (i )  back s an d fo r  front s o f  bodies ,  (ii )  back s an d palm s o f  hands ,  an d (iii )  top s an d 

sole s o f  feet . 

Th e function s fo r  back s o f  bodie s an d o f  hands ,  an d top s o f  feet ,  ar c somewha t  mor e extrem e form s o f  th e menta l 
rotatio n functio n typicall y observe d fo r  anothe r  se t  o f  familia r  object s (i.e. ,  set s o f  letter s o r  digits ;  Coope r  an d Shcpard , 
1973 ,  an d Hinto n an d Parsons ,  1981) .  Thi s kin d o f  functio n i s slightl y slope d nea r  a  standar d o r  mos t  familia r  orienlatio n 
(e.g. ,  upright )  an d i s increasingl y slope d a s th e remainin g orientation s increasingl y diffe r  fro m th e standard .  I h c R T - O D 
function s observe d her e ar c consisten t  wit h subjects '  introspection s abou t  thei r  performance .  Fo r  trial s wit h eac h o f 
thes e stimuli ,  subject s reporte d imaginin g themselve s o r  thei r  han d o r  foo t  rotatin g fro m it s presen t  (o r  mos t  familiar ) 
positio n int o th e orientatio n o f  th e stimulus .  Subjects '  introspection s indicate d that ,  fo r  back s o f  bodies ,  back s o f  hands . 
and top s o f  feet ,  the y imagine d rotation s abou t  th e sam e axi s fo r  th e presentatio n o f  tha t  stimulu s a t  ever y O D i n th e 
experiment .  Fo r  trial s wit h back s o f  bodies ,  subject s reporte d imaginin g themselve s rotatin g i n a  plan e paralle l  t o th e 
fronta l  surfac e o f  thei r  body ,  b y tiltin g laterall y abou t  a n axi s perpendicula r  t o th e fron t  o f  th e trun k o f  th e bod y an d 
passin g throug h th e cente r  o f  th e body .  Fo r  trial s wit h back s o f  hand s an d lop s o f  feet ,  the y reporte d imaginin g rota -
tion s abou t  lon g axi s o f  th e forear m an d o f  th e le g respectively . 

With respect to the body of the observer, left hand and foot stimuli at clockwise ODs and right hand and foot 
stimul i  a t  counterclockwis e O D s ar c i n media l  positions .  Similarly ,  lef t  an d righ t  foo t  stimul i  a t  oppositel y directe d O D s 

ar e see n b y th e observe r  a s bein g a t  latera l  positions .  Thi s aspec t  o f  spatia l  relationshi p betwee n th e observe r  an d th e 
portraye d positio n o f  th e stimulu s considerabl y affect s subjects '  performanc e i n thi s task .  R T - O D function s fo r  al l  fou r 
han d an d foo t  stimul i  discusse d her e ar e reliabl y differen t  fo r  stimul i  a t  latera l  an d media l  positions .  (Thes e effect s ar e 
discusse d furthe r  below. ) 

The difference between functions for stimuli portraying the back of the hand and top of the foot at lateral and 
media l  positions ,  appear s t o resul t  fro m difference s i n th e rang e o f  subjects '  familiarit y wit h appearanc e o f  thes e stimuli . 
Th e function s observe d fo r  back s o f  hand s an d top s o f  fee t  bot h hav e a  flat  o r  ver y sligh t  slop e (wit h subjects '  mos t  rapi d 
RTs)  fo r  media l  O D s nea r  0  degrees ,  whic h i s mor e extensiv e tha n th e rang e o f  rapi d R T s fo r  comparabl e latera l  O D s .  I n 
eac h o f  thes e cases ,  th e function s a t  latera l  an d media l  O D s (beyon d th e initia l  fla t  portio n o f  eac h function )  hav e com -
parabl e slopes ,  an d ther e i s n o indicatio n o f  th e us e o f  alternativ e path s o r  axe s o f  imagine d rotation .  Thu s th e longe r 

mean R T s fo r  latera l  O D s see m relate d t o th e differenc e i n th e exten t  o f  thi s initia l  fla t  o r  sligh t  slope .  Thi s differenc e 
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in familiarity is consistent with the differences in the range of normal motion of a hand or foot (Parsons, 1983, and 

Note s 3  an d 7) .  1  hi s suggest s tha t  th e norma l  rang e o f  physica l  motio n ca n affec t  th e imagine d rotatio n o f  bod y parts , 

becaus e th e orientation s o f  th e han d o r  foo t  whic h becom e extremel y familia r  t o th e subjec t  ar e withi n thi s range . 

Though the functions for backs of bodies and of hands, and for tops of feet are relatively similar, there are striking 

difference s betwee n th e R T - O D function s observe d fo r  front s o f  bodies ,  palm s o f  hands ,  an d sole s o f  feet .  Fo r  front s o f 

bodies ,  subjects '  introspection s an d R T - O D function s sugges t  tha t  the y imagine d rotation s abou t  a  singl e fixed,  'shortes t 

path '  axis .  Rotation s abou t  suc h a n axis ,  whic h i s uniqu e fo r  eac h O D ,  minimize s th e degree s necessar y t o mov e a n 

objec t  fro m on e orientatio n t o another .  Th e shortes t  pat h rotation s fo r  difference s i n orientatio n lik e thos e betwee n sub -
jects '  positio n an d tha t  portraye d b y th e front s o f  bod y stimulus ,  ar e alway s an d onl y 18 0 degrees—regardles s o f  th e pic -

tur e orientatio n o f  th e stimulu s (Parsons ,  1983 ,  an d Not e 4) . 

It is apparent from other results of Parsons (1983 and Note 4) that subjects' tendency to use shortest path rotations 

(a s oppose d t o les s efficien t  rotatio n paths )  fo r  imaginin g th e rotatio n o f  thei r  bod y i s influence d b y (i )  propertie s o f  th e 
differenc e betwee n subjects '  task-specifi c  (o r  canonical )  orientatio n an d tha t  a t  whic h th e stimulu s i s depicted ,  an d (ii ) 
th e familiarit y o f  th e perspectiv e fro m whic h th e stimulu s i s depicte d seeme d t o influenc e subjects '  tendenc y t o imagin e 

shortes t  pat h rotations . 

For trials with palm stimuli at ODs that portrayed the palm at medial positions, subjects apparently imagined 

approximatel y shortes t  pat h rotation s (lik e thos e use d fo r  front s o f  bodies) .  Thi s conclusio n i s supporte d bot h b y th e flat 
slop e o f  th e observe d R T - O D functio n an d b y subjects '  introspections .  However ,  wit h pal m stimul i  a t  O D s tha t  por -
traye d th e pal m a t  latera l  positions ,  subject s apparentl y imagine d rotation s abou t  tw o differen t  axes .  Thi s differenc e i n 

imagine d rotatio n path s int o th e pal m a t  latera l  an d media l  position s i s consisten t  wit h th e rang e o f  norma l  motio n o f 
th e hand .  A s reader s ca n probabl y verif y fo r  themselves ,  efficien t  (an d natural )  physica l  rotation s o f  th e han d int o th e 

media l  po.sition s portraye d b y pal m stimul i  follo w a  pat h differen t  fro m (and  shorte r  than )  tha t  fo r  rotatio n int o latera l 
positions .  Thes e difference s i n th e possibl e (o r  comfortable )  physica l  rotatio n path s ar e o f  cours e relate d t o th e mechani -
cal  propertie s o f  th e anatomica l  structure s underlyin g suc h motion s (cf .  Parsons ,  1983 ,  an d Not e 3) . 

For trials with the sole of the foot stimuli, subjects' RT-OD functions and introspections indicate that they did not 
imagin e shortes t  pat h rotations .  T h e imagine d rotatio n pat h o f  th e foo t  seem s t o chose n t o b e v/ithi n th e norma l  rang e 

of  motio n o f  th e foo t  (Parsons ,  198 3 an d Not e 5) . 

Overall, the following conclusions are suggested by my recent experimental results (some of which are presented 

above) .  T h e R T o f  thes e left-righ t  judgment s depende d o n ho w th e orientatio n portraye d b y th e stimulu s bod y o r  bod y 
par t  differe d fro m th e task-specifi c  (o r  canonical )  positio n o f  th e subjects '  bod y o r  bod y part .  T o mak e thes e judgments , 
subject s spontaneousl y imagine d a  par t  o r  al l  o f  thei r  bod y rotatin g int o th e orientatio n o f  th e stimulu s t o compar e th e 

left-righ t  feature s o f  th e stimulu s bod y o r  bod y par t  wit h th e familia r  left-righ t  feature s o f  thei r  o w n bod y o r  bod y part . 
I n som e cases ,  subject s imagine d rotation s abou t  a n axi s tha t  simultaneousl y correcte d fo r  al l  difference s betwee n th e 

orientatio n o f  thei r  bod y o r  bod y par t  an d tha t  o f  th e stimulu s body .  Us e o f  suc h a  "shortes t  path '  axi s minimize s th e 
degree s o f  rotatio n necessar y t o alig n tw o objects .  I n othe r  cases ,  subject s apparentl y imagine d rotation s abou t  tw o axes . 
The y ma y hav e use d thi s latte r  strateg y o n trial s wit h bodies ,  becaus e o f  difficult y findin g th e shortes t  pat h axis ,  whic h i s 
uniqu e fo r  eac h orientatio n differenc e ( O D ) .  Othe r  result s o f  Parson s (198 3 an d Not e 4 )  sugges t  tha t  th e tendenc y t o 
imagin e shortes t  pat h rotation s o f  one' s bod y i s influence d b y variou s propertie s o f  th e O D betwee n onesel f  an d a  goa l 

orientation ,  an d b y familiarit y wit h a n object' s appearanc e throughou t  th e rang e o f  it s  possibl e rotations . 

On trials with hand and foot stimuli, subjects apparently imagine very efficient~or approximately shortest path-
rotation s onl y whe n th e pat h fro m th e task-specifi c  (o r  canonical )  positio n o f  th e han d o r  foo t  int o th e positio n por -
traye d b y th e stimulu s i s withi n th e norma l  rang e o f  movemen t  o f  th e han d an d foo t  respectively . 

These conclusions seem to require a theoretical framework in which there are spatial transformational procedures 
or  schcma s specifi c  t o differen t  stimulu s domains ,  an d rathe r  differen t  fro m on e domai n t o another .  Further ,  i n som e 
domain s suc h procedure s see m closel y relate d to-indced ,  see m t o simulate-th e actua l  physica l  performanc e o f  a  spatia l 

transformation . 
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