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Abstrac t 
Symmetr y perceptio n i s a n importan t  cognitiv e proces s acros s 
many area s o f  cognition .  Thi s researc h explore s symmetr y a s 
a specia l  cas e o f  similarity—self-similarity—an d propose s 
tha t  qualitativ e relationship s pla y a  rol e i n th e earl y 
perceptio n o f  symmetry .  T o suppor t  thi s claim ,  w e presen t 
evidenc e fro m tw o psychologica l  studie s wher e subject s 
performe d synmietr y judgment s fo r  randoml y constructe d 
polygons .  Subject s wer e faste r  and/o r  mor e accurat e a t 
detectin g asymmetr y fo r  stimul i  wit h qualitativ e asymmetrie s 
tha n fo r  stimul i  wit h equivalen t  quantitativ e asymmetries . 
Aspect s o f  thi s effec t  ar e replicate d usin g th e M A GI 
computationa l  model ,  whic h detect s symmetr y usin g a  metho d 
of  structura l  alignment .  Th e result s o f  thi s stud y sugges t  tha t 
qualitativ e informatio n influence s earl y perceptio n o f 
symmetry ,  an d provide s furthe r  suppor t  fo r  th e M A GI  model . 

I n t r o d u c t i o n 

Synunetry serves as an organizing principle in several 
differen t  area s o f  perceptio n an d cognition ,  includin g th e 
Gestal t  notio n o f  figura l  goodnes s (Gamer ,  1974 ;  Palmer , 
1991) ,  th e visua l  reconstructio n o f  3 D shap e (McBeath , 
Schiano ,  &  Tversky ,  1994) ,  an d th e computatio n o f  object -
centere d referenc e frames  (Palmer ,  1989) .  Th e breadt h o f 
thes e phenomen a suggest s tha t  symmetr y perceptio n i s a n 
importan t  an d fundamenta l  cognitiv e process . 

Our  researc h make s tw o distinctiv e claim s abou t  th e 
perceptio n o f  symmetry .  First ,  w e propos e tha t  earl y 
symmetr y detectio n i s a  proces s o f  self-compariso n tha t  ca n 
be modele d a s a n alignmen t  o f  maximall y simila r  subset s o f 
perceive d structura l  relation s i n a  figure .  Thi s assertio n i s 
supporte d b y recen t  evidenc e suggestin g tha t  perceptua l 
similarit y ca n b e modele d usin g th e sam e kind s o f  structure -
mappin g processe s tha t  ar e use d t o mode l  analog y 
(Falkenhainer ,  Forbu s &  Gentner ,  1989 ;  Goldstone ,  Medi n 
& Gentner ,  1991 ;  M a r k m a n &  Gentner ,  1993 ;  Medin , 
Goldston e &  Gentner ,  1993) .  Wit h thi s i n mind ,  w e hav e 
implemente d a  computationa l  mode l  o f  symmetr y detectio n 
calle d M A G I  (Ferguson ,  1994) ,  whic h use s structure -
mappin g t o detec t  symmetr y i n a  wa y tha t  ha s man y o f  th e 
characteristic s o f  analogy ,  includin g robustnes s ove r 
incomplet e o r  inexac t  descriptions .  M A G I  als o ha s th e 
abilit y  t o detec t  multipl e axe s o f  symmetr y an d repetition , 
and t o spontaneousl y mak e inference s from  on e hal f  o f  a 
figur e t o another . 

Th e secon d clai m o f  thi s researc h i s tha t  earl y symmetr y 
processe s ac t  ove r  representation s tha t  includ e qualitativ e 
relations .  Qualitativ e relation s hav e bee n theorize d t o 
provid e a  foundatio n fo r  ou r  initia l  partitionin g o f  th e 
physica l  worl d (Forbus ,  1984) .  Qualitativ e spatia l  relation s 
hav e bee n show n t o b e importan t  i n huma n processin g o f 
spatia l  scene s (Glenber g &  McDaniel ,  1992 ;  Palmer ,  1989 , 
1991) .  Qualitativ e difference s ar e importan t  i n visua l 
similarit y comparison s (Goldmeier ,  1936/1972) . 

I n thi s paper ,  w e summariz e recen t  wor k (Aminoff , 
Ferguso n &  Gentner ,  i n preparation )  indicatin g tha t  human s 
utiliz e qualitativ e relationship s i n symmetr y judgments .  W e 
the n describ e a  replicatio n o f  thes e psychologica l  result s 
usin g th e M A G I  compute r  model .  Finally ,  th e implication s 
of  thi s proposa l  ar e discussed . 

Detecting the Effect of Qualitative Differences 

i n Symmetr y Judgment s 

If we assume that symmetry involves a structural alignment 
of  perceive d qualitativ e relations ,  w e ca n tes t  thi s hypothesi s 
by observin g h o w th e misalignmen t  o f  qualitativ e relation s 
affect s symmetr y judgment .  Qualitativ e differences — 
mismatche d o r  misaligne d relationship s betwee n side s o f  a 

symmetri c 

(1) 

qualitativel y symmetri c 

(2) 

qualitativel y asymmetri c 

(4) i'"""^ \ (5) 

ncav c ncav e 

concavit y numbe r  o f  vertice s orientatio n 
differenc e differenc e differenc e 

Figur e 1 :  Symmetric ,  quantitativel y asymmetric ,  an d 
qualitativel y asymmetri c polygon s 
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figure—shoul d therefor e affec t  synunetr y judgmen t  mor e 
tha n woul d b e predicte d b y o f  th e degre e o f  quantitativ e 
differenc e betwee n th e side s o f  a  figure. 

Previou s researc h gaine d insigh t  int o h o w human s 
proces s symmetr y b y examinin g th e condition s unde r  whic h 
symmetr y i s mor e easil y perceived .  Fo r  example ,  a  larg e 
bod y o f  researc h show s tha t  human s detec t  vertica l 
symmetr y mor e easil y  (i.e. ,  mor e quickl y o r  mor e 
accurately )  tha n eithe r  horizonta l  o r  obliqu e symmetr y 
(Corballi s  &  Roldan .  1975 ;  Palme r  &  Hemenway ,  1978 ; 
Rock ,  1983) .  Thu s symmetr y detectio n i s no t  orientation -
invariant ,  bu t  depend s o n a  fram e o f  reference . 

We ar e approachin g thi s issu e b y askin g whe n 
asymmetr y i s eas y t o perceive .  Specifically ,  w e hypothesiz e 
tha t  figures  containin g qualitativ e difference s shoul d b e 
easie r  t o judg e a s asymmetri c tha n figure s withou t  suc h 
differences ,  independen t  o f  an y quantitativ e metri c tha t  w e 
migh t  us e t o measur e asymmetr y i n a  figure. 

Althoug h i t  i s  difficul t  t o enumerat e th e fiil l  se t  o f 
perceive d qualitativ e differences ,  i t  i s  straightforwar d t o 
choos e viabl e candidates ,  a s demonstrate d b y th e polygon s 
i n Figur e 1 .  Thi s figure  als o illustrate s a  terminologica l 
distinctio n betwee n qualitativ e an d quantitativ e symmetry . 
The first  polygo n i s exactl y symmetric ,  wit h th e lef t  an d 
right  side s sharin g equa l  dimensions .  Thu s i t  i s 
quantitativel y symmetric .  I n th e secon d polygon ,  th e lef t 
sid e i s structurall y simila r  t o th e right,  bu t  th e length s o f 
correspondin g line s differ .  Becaus e th e side s diffe r 
quantitativel y bu t  no t  qualitatively ,  w e cal l  suc h object s bot h 
quantitativel y asymmetri c an d qualitativel y symmetric . 

Finally ,  th e botto m thre e polygon s i n Figur e 1  ar e 
qualitativel y asymmetric ,  containin g thre e differen t  type s o f 
qualitativ e difference .  Th e first  o f  thes e polygon s contain s a 
concavit y difference .  Th e polygon' s lef t  an d righ t  side s 
alig n somewhat ,  bu t  ther e i s a  clea r  differenc e betwee n th e 
circle d vertices—on e i s concav e whil e th e othe r  i s convex . 
The nex t  polygo n ha s a  number-of-vertice s difference , 
wher e a  concavit y o n on e sid e i s missin g o n th e other .  Th e 
las t  o f  th e thre e polygon s ha s a n orientatio n difference , 
wher e on e lin e segmen t  lean s int o th e polygo n an d th e othe r 
lean s away .  (Not e tha t  whil e orientatio n difference s ofte n 
co-occu r  wit h concavit y differences ,  the y ar e no t 
equivalent. ) 

Al l  o f  thes e qualitativ e difference s coul d caus e a 
misalignmen t  o r  mismatc h betwee n opposin g side s o f  th e 
shapes .  Jus t  a s vertica l  symmetr y i s easie r  t o detec t  tha n 
horizonta l  symmetry ,  figures  containin g an y o f  thes e 
qualitativ e difference s shoul d b e easie r  t o judg e asymmetri c 
tha n figures  withou t  them .  W e n o w summariz e recen t 
experiment s tha t  tes t  thi s assumption . 

Psychological Evidence 

We tested these predictions in two experiments (Aminoff, 
Ferguson ,  &  Gentner ,  i n preparation) .  W e presente d 
polygona l  stimul i  t o huma n subjects ,  an d aske d the m t o 

quickl y judg e whethe r  eac h figure  wa s symmetric .  Th e 
crucia l  independen t  variabl e wa s th e typ e o f  a s y m m e t r y — 
bot h quantitativel y an d qualitativel y asynmietri c object s 
wer e include d i n th e stimulu s set . 

Of  course ,  car e mus t  b e take n t o ensur e tha t  i f  th e greate r 
perceive d asynmietr y i s foun d fo r  qualitativ e difference s tha t 
i t  i s  no t  th e resul t  o f  a  correlate d increas e i n quantitativ e 
difference .  I n orde r  t o contro l  fo r  quantitativ e differences , 
th e stimul i  wer e selecte d s o tha t  th e mos t  importan t 
quantitativ e metric ,  th e su m o f  square d difference s o f  radii , 
was equa l  acros s conditions .  Becaus e som e variation s i n 
quantitativ e parameter s wa s unavoidable ,  w e als o compute d 
th e correlatio n o f  ou r  result s wit h 2 6 othe r  quantitativ e (an d 
qualitative )  measure s o f  asymmetry .  Ove r  th e tw o 
experiments ,  thre e type s o f  qualitativ e differenc e wer e used : 
concavit y differences ,  orientatio n differences ,  an d number -
of-vertice s differences .  Th e ke y measur e i s subjects '  spee d 
and accurac y a t  detectin g asymmetry .  (Se e Aminof f 
Ferguson ,  &  Gentne r  (i n preparation )  fo r  mor e detail s o n 
thes e experiments. ) 

Experiment 1 

I n experimen t  1 ,  sixtee n subject s wer e sequentiall y  show n 
fort y 16-side d polygon s fro m a  stimulu s se t  o f  eighty .  Afte r 
a ver y brie f  maske d presentatio n (5 0 ms. )  subject s indicate d 
i f  th e polygo n wa s symmetri c b y pressin g on e o f  tw o 
compute r  keys .  Th e stimulu s se t  wa s evenl y divide d betwee n 
symmetri c an d asymmetri c stimuli ,  wit h th e latte r  evenl y 
divide d betwee n qualitativel y an d quantitativel y asymmetri c 
polygons .  Qualitativel y asymmetri c polygon s wer e furthe r 
subdivide d b y qualitativ e differenc e type .  Th e form s o f 
qualitativ e differenc e use d wer e concavit y difference s an d 
number-of-vertice s differences . 

Althoug h experimen t  1  showe d n o significan t  effec t  o f 
qualitativ e differenc e o n reactio n time ,  i t  di d sho w a 
significan t  effec t  fo r  accurac y (Figur e 2) .  Subject s wer e 
much mor e accurat e fo r  polygon s tha t  containe d eithe r 
concavit y o r  number-of-vertice s differences .  Thi s effec t  wa s 
roughl y additive :  subject s wer e mos t  accurat e a t  stimul i  tha t 
had bot h concavit y an d number-of-vertice s differences . 
Subject s wer e als o mor e accurat e a t  correctl y classifyin g 

0. 9 
o 
£ 0. 8 
o 
o 
I  0. 7 
a 0.6 
o 
a. 

0. 5 

•  NoNVDJf f 

DNVDif f 

noCDif f CDif f 

Figur e 2 :  H u m a n accurac y result s fro m experimen t 
(asymmetri c figure s only) . 
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polygon s wit h number-of-vertice s difference s tha n thos e 

wit h concavit y differences ,  an d a t  accuratel y classifyin g 
symmetri c polygon s tha n asynmietri c polygons . 

Experiment 2 

Experiment 2 used the same method as Experiment 1 with a 
slightl y easie r  perceptua l  task .  Simple r  12-side d polygon s 
wer e displaye d a t  brighte r  contras t  level s i n on e o f  tw o 
conditions— a fas t  conditio n i n whic h th e polygo n wa s 
displaye d fo r  5 0 ms ,  an d a  slo w conditio n i n whic h th e 
stimulu s remaine d o n th e scree n unti l  th e subjec t  presse d a 
key .  Th e numbe r  o f  stimul i  wa s double d t o 160 .  O f  8 9 
subject s i n thi s study ,  5 4 wer e assigne d t o th e fas t  conditio n 
and 3 5 t o th e slo w condition .  Th e qualitativ e difference s 
use d wer e concavit y difference s an d orientatio n differences . 

Again ,  subject s wer e significantl y bette r  a t  stimul i 
containin g qualitativ e differences .  Subjects '  accurac y fo r 
asymmetri c stimul i  wa s unifomil y hig h i n th e slo w 
condition ,  bu t  i n th e fas t  conditio n showe d a  significan t 
effec t  fo r  th e presenc e o f  eithe r  concavit y o r  orientatio n 
difference s (Figur e 3) .  Subject s wer e no t  significantl y mor e 
accurat e fo r  figure s wit h concavit y difference s ove r  thos e 
wit h orientatio n differences ,  o r  fo r  symmetri c ove r 
asymmetri c figures. 

Th e reactio n tim e dat a fro m experimen t  2  showe d a n 
effec t  fo r  figures  wit h concavit y differences ,  bu t  n o 
significan t  effec t  fo r  figure s wit h orientation s differences . 
The effec t  wa s mos t  significan t  i n th e slo w conditio n (Figur e 
4) ,  bu t  wa s als o marginall y significan t  i n th e fas t  condition . 

Results 

Across two experiments, as predicted by the MAGI model, 
significan t  effect s wer e foun d fo r  qualitativ e difference s i n 
symmetr y judgment .  Fo r  asymmetri c objects ,  subject s wer e 
faste r  and/o r  mor e accurat e whe n th e asymmetr y wa s 
manifeste d i n a  qualitativ e differenc e betwee n th e halve s o f 
th e figure.  Subject s responde d slowe r  and/o r  les s accuratel y 
fo r  asymmetri c object s withou t  suc h qualitativ e differences . 
( We hav e n o principle d reaso n t o predic t  whethe r  th e earl y 
advantag e o f  qualitativ e asymmetr y ove r  quantitativ e 
asymmetr y shoul d sho w u p i n greate r  accurac y o r  i n faste r 
processing. )  Alon g wit h supportin g th e effec t  o f  qualitativ e 
difference s i n symmetr y detection ,  thes e experiment s als o 
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sugges t  tha t  s o m e kind s o f  difference s ar e m o r e importan t  t o 
s y m m e t r y detectio n tha n others . 

I n experimen t  1 ,  number-of-vertice s difference s ha d a 
greate r  effec t  o n accurac y tha n concavit y differences ,  whil e 
experimen t  2  i n tur n s h o w e d a  greate r  o r  equa l  effec t  fo r 

concavit y difference s ove r  orientatio n difference s i n reactio n 
tim e measurements .  Symmet r i c figures  wer e classifie d mor e 
accuratel y and/o r  m o r e quickl y tha n asymmetr i c figures  i n 
bot h experiments . 

Testing the Results Using the MAGI Model 

If MAGI is an accurate model of symmetry detection, it 
shoul d b e abl e t o replicat e th e result s o f  thes e experiments , 
not  onl y i n term s o f  highe r  accurac y fo r  asymmetrica l 
figures  wit h qualitativ e differences ,  bu t  als o i n term s o f 
whic h qualitativ e difference s ar e mos t  important . 

The MAGI Model of Symmetry Detection 

MAGI (Ferguson, 1994) models symmetry detection as a 
relationa l  self-similarit y mappin g tha t  align s a  qualitativ e 
representatio n o f  a  figure  wit h itself .  M A GI  ha s bee n 
implemente d a s a  computationa l  mode l  usin g a n extensio n 
of  th e Incrementa l  Structur e Mappin g Engin e (I-SME ; 
Falkenhainer ,  Forbu s &  Gentner ,  1989 ;  Forbus ,  Ferguso n & 
Gentner ,  1994) .  I n essence ,  M A GI  compute s a  structura l 
alignmen t  betwee n tw o side s o f  a  figure. 

I n constructin g a  mapping ,  M A GI  follow s th e constraint s 
of  I-SME' s analogica l  mapping .  Matche s mus t  b e one-to -
one ,  an d argument s o f  matche d expression s mus t  matc h a s 
well .  Onl y expression s wit h identica l  predicate s (o r  non -
identica l  function s tha t  ar e argument s o f  othe r  matche d 
expressions )  ca n match .  A  scorin g mechanis m encourage s 
relationall y dee p interconnecte d system s o f  matche d 
expressions .  I n addition ,  becaus e M A GI  map s a  descriptio n 
t o itself ,  i t  block s expression s fro m matchin g t o themselves , 
allowin g i t  onl y whe n th e self-matc h i s a n argumen t  o f  tw o 
differen t  matchin g parents .  M A GI  the n analyze s th e 
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Figur e 3 :  Exper imen t  2 ,  fas t  condition .  H u m a n accurac y 
fo r  asymmetr i c figure s 

Figur e 4 :  Exper imen t  2 ,  s lo w condition .  H u m a n reactio n tim e 
fo r  symmetr i c an d asymmetr i c stimuli . 
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a)  symmetri c figur e wit h axi s b)  symmetri c figur e withou t  axi s c)  figur e labelle d asymmetri c 

Figur e 5 :  Representativ e outpu t  M A G I  fo r  experimen t  2 .  Mappe d part s o f  figure s ar e indicate d b y a n 
equa l  numbe r  o f  has h marks .  Gra y line s indicat e th e axi s an d referenc e fram e suggeste d b y M A G I . 

mappin g t o detemiin e i f  th e mappin g merel y foun d a 
repeate d pattern ,  o r  foun d a  cor e o f  symmetrica l  matche s 
tha t  make s th e whol e mappin g symmetric . 

By mappin g qualitativ e relationships ,  M A G I  ca n greatl y 
constrai n th e quantitativ e calculation s an d comparison s tha t 
i t  performs .  I f  th e mappin g i s symmetrical ,  M A G I  ca n 
comput e a n axi s b y usin g a  Houg h transfor m ove r  al l  th e 
bisectin g line s betwee n mappe d line s i n th e figure .  Sinc e 
MAGI' s axis-detectio n onl y consider s a  potentia l  axi s 
betwee n symmetricall y mappe d lines ,  i t  i s  bot h extremel y 
efficien t  an d robus t  i n th e presenc e o f  distracters . 

To tes t  whethe r  M A G I  fits  th e huma n results ,  w e ra n 
M A GI  o n th e sam e stimulu s set s use d i n experiment s 1  an d 
2.  Th e versio n o f  M A G I  use d th e sam e constraint s describe d 
i n Ferguso n (1994) ,  bu t  als o containe d a n extensio n 
allowin g mappin g o f  commutativ e relationship s (suc h a s 
corne r  relation s an d lin e groups) . 

Representations Used 

Any relational model of perception must make assumptions 
about  type s o f  visua l  relation s tha t  ar e perceive d (Pinker , 
1984) .  Th e representation s give n t o M A G I  ar e generate d 

usin g a  geometri c representatio n syste m calle d GeoRep . 
GeoRep i s no t  strictl y a  mode l  o f  th e perceptio n process ,  bu t 
i s  designe d t o produc e plausibl e visua l  representation s give n 
simpl e vecto r  drawings .  F ro m th e origina l  stimulu s dat a 
files  use d i n th e tw o experiments ,  whic h giv e eac h polygo n 
as a  se t  o f  lin e segments ,  G e o R e p generate s th e followin g 
polygona l  relations :  comers ,  come r  concavit y o r  convexity , 
th e presenc e o f  perpendicular ,  obtuse ,  o r  acut e corners ,  th e 
presenc e o f  protrusion s o r  indentation s i n th e figure 
(defined ,  respectively ,  a s adjacen t  set s o f  conve x o r  concav e 
corners) ,  an d th e relativ e positio n o f  protmsion s relativ e t o 
th e gravitationa l  referenc e firame.  Relationship s ar e 
compute d onl y betwee n proximat e objects ,  usin g a  simpl e 
proximit y metri c base d o n objec t  siz e an d distance .  Sinc e 
some relationship s (suc h a s comer s o r  protrusions )  ca n als o 
be th e argument s o f  othe r  geometri c relations ,  th e 
representation s ten d t o b e hierarchic . 

Figur e 6  contain s a  prototypica l  subse t  o f  a n actua l 
representation .  Not e tha t  althoug h th e A B O V E relationship s 
fo r  protmsion s i n th e figure  impl y a  gravitationa l  fi-ame  o f 
reference ,  M A G I  doe s no t  assum e a  vertica l  axi s i n th e 
figure,  althoug h i t  doe s encourag e vertica l  ove r  horizonta l 

(CORNER (L8 )  [L9] ) 

(CONCAVE (CORNER [L8 
(OBTUSE (CORNER [L8 ] 
(CONVEX (CORNER [LI ] 
(ACUTE (CORNER [LI ] 

]  [L9])[POLYGON:1) ) 
[L9] )  [POLYGON:1) ) 
[L12])[POLYGON:1) ) 

[L12] )  [POLYGON:!] ) 
(INDENTATIO N [POLYGON:! ] 

(SET (CORNER [L4 ]  [L5] ) 
(CORNER [L5 ]  [L6))) ) 

(PROT-ABOVE 
(PROTRUSION [POLYGON:! ] 

(SET (CORNER [L2 ]  [L3] ) 
(CORNER [L3 ]  [L4))) ) 

(PROTRUSION [POLYGON:! ] 
(SET (CORNER [L! ]  [L!2]))) ) 

Figur e 6 :  Representativ e relationship s fro m descriptio n o f  experimen t  2  stimulu s 
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'igur e 7 :  Accurac y rate s o f  M A G I  o n experimen t  1  stimuli ,  b y qualitativ e differenc e an d criterio n type .  Th e numbe r  o f 
stimul i  i n eac h conditio n i s give n i n parentheses . 

symmetry .  However ,  thi s i s a  preferenc e i t  share s wit h 
humans ,  an d s o i t  carrie s som e cognitiv e validity .  However , 
M A GI  ca n stil l  find  horizonta l  symmetr y whe n a  figure  ha s a 
goo d intrinsi c horizonta l  axis . 

Qualitativ e difference s clearl y hav e a n effec t  upo n 
mappin g i n representatio n produce d b y GeoRep ,  an d s o 
affec t  th e mappin g don e b y M A G I .  Number-of-vertice s an d 
orientatio n difference s ca n caus e change s i n th e alignmen t  o f 
th e tw o sides ,  an d affec t  th e perceive d protrusion s i n th e 
figure.  Sinc e th e representatio n directl y represent s 
concavity ,  a  concavit y differenc e remove s a n incentiv e t o 
matc h correspondin g comer s fro m th e tw o sides . 

Becaus e M A G I  use s a  Houg h transfor m t o comput e a n 
axis ,  i t  ha s a  possibl y uniqu e characteristi c amon g 
symmetry-detectio n algorithms ,  whic h i s tha t  i t  ca n find  a n 
objec t  qualitativel y symmetric ,  bu t  the n fai l  t o find  a  straigh t 
axis .  Fo r  thi s reason ,  M A G I  i s equippe d wit h tw o criteri a 
fo r  judgin g i f  a  figure  i s symmetric .  A  presente d stimulu s 
passe s th e mappin g criterio n fo r  symmetr y i f  mor e tha n hal f 
th e line s i n th e figure  ca n b e mappe d symmetricall y an d i f 
onl y a  smal l  subse t  o f  th e mappin g (les s tha n 2 0 % ,  i n term s 
of  it s  structura l  score )  i s mappe d non-symmetrically .  A 
figure  ca n pas s th e axis-detectio n criterio n fo r  symmetr y i f 
th e correspondin g line s actuall y produc e a  vertica l  axi s 
compute d usin g a  Houg h transform . 

Figur e 5  show s th e outpu t  b y M A GI  fo r  thre e o f  th e 
figures  fi-om  th e study .  Figur e 5(a )  map s symmetricall y an d 
produce s a n axis ,  thu s passin g bot h th e mappin g an d axis -
detectio n criteria .  I n contrast .  Figur e 5(b )  passe s onl y th e 
mappin g criteria ,  becaus e M A G I  finds a  synrunetri c 
alignmen t  o f  th e part s o f  th e figure  (a s indicate d b y th e has h 
marks) ,  bu t  canno t  find a  straigh t  axi s base d o n tha t 

alignmen t  (althoug h i t  doe s find a  referenc e orientation ,  a s 
indicate d b y th e gra y line s t o th e botto m an d lef t  i n th e 
figure).  Figur e 5(c )  passe s neithe r  criterion ,  an d i s judge d 
asymmetri c b y M A G I . 

Results 

The results for running MAGI on the stimuli sets from 
experiment s 1  an d 2  ar e show n i n Figur e 7  an d Figur e 8 . 
For  th e 8 0 figures  use d i n experimen t  1 ,  th e result s wer e 
suggestive ,  bu t  no t  conclusive .  M A GI  performed  extremel y 
wel l  o n th e symmetri c stimuli ,  classifyin g ove r  9 0 % o f  the m 
correctly .  Also ,  a s expected ,  i t  performe d significantl y 
bette r  o n asymmetri c figures  wit h qualitativ e difference s 
(judgin g the m asymmetri c i n 5 6 % o f  al l  instance s base d o n 
th e mappin g criterion ,  an d 9 2 % o f  al l  instance s base d o n th e 
axi s criterion )  tha n o n asymmetri c figures  wit h onl y 
quantitativ e difference s (judgin g the m asymmetri c vi a 
mappin g 1 3 % o f  th e time ,  an d asymmetri c vi a th e axi s 
criterio n 6 0 % o f  th e time) .  However ,  whil e huma n subject s 
clearl y wer e abl e t o us e som e combination s o f  qualitativ e 
difference s bette r  tha n others ,  M A GI  wa s unabl e t o replicat e 
tha t  resul t  fro m experimen t  1 .  W e suspec t  tha t  th e lac k o f 
stron g congruenc e wit h th e huma n result s migh t  b e du e t o 
th e varianc e resultin g fro m havin g a  ver y smal l  numbe r  o f 
stimuli .  Experimen t  2 ,  wit h a  large r  numbe r  o f  stimuli , 
remedie s thi s problem . 

On experimen t  2' s stimul i  (Figur e 8) ,  M A GI  performe d 
i n a  wa y tha t  wa s mor e congruen t  wit h th e huma n data , 
producin g th e sam e orderin g amon g figures'  concavit y 
difference s an d orientatio n difference s tha t  wa s foun d i n th e 
tw o psychologica l  experiments .  Symmetri c figures  wer e 
classifie d mor e accuratel y tha n asymmetri c figures,  an d 

^  0. 2 
^ a ^ * * * 

•  Mappin g 
I  Axi s 

noCDiff , 
noODif f 

(20 ) 

ODiff , 
noCDif f 

(20 ) 

CDiff , 
noODif f 

(20 ) 

CDiff , 
ODif f 
(20 ) 

NVDif f 
(11 ) 

Figur e 8 :  M A G I ' s accurac y o n stimul i  set s fro m experimen t  2  fo r  symmetrica l  figures,  an d figures  wit h concavity ,  orientation , 
and number-of-vertice s differences .  Numbe r  o f  stimul i  i n eac h se t  i s give n i n parentheses . 
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concavit y difference s affecte d accurac y mor e tha n 
orientatio n difference s did .  M A GI  wa s als o teste d o n a 
subse t  o f  experimen t  2' s stimul i  tha t  ha d margina l  number -
of-vertice s differences ,  showin g tha t  suc h difference s ha d a 
more significan t  effec t  tha n eithe r  concavit y difference s o r 
orientatio n differences ,  whic h matche s th e result s from 
experimen t  1 . 

Thes e result s sugges t  tha t  th e huma n dat a ca n b e 
accounte d fo r  withi n th e M A GI  model .  W e se e thes e result s 
as a  promisin g lea d fo r  futur e research .  Fo r  example ,  th e 
relativel y larg e effec t  fo r  number-of-vertice s difference s i n 
MAGI' s replicatio n o f  experimen t  2  (Figur e 8) ,  lead s u s t o 
conjectur e tha t  figures  wit h number-of-vertice s difference s 
may b e easie r  t o detec t  a s asymmetri c tha n figures  wit h 
eithe r  concavit y o r  orientatio n differences . 

Conclusion 

Qualitative relations are central to human symmetry 
perception .  Jus t  a s vertica l  synunetr y i s easie r  t o detect , 
asymmetri c figures  wit h qualitativ e difference s ar e mor e 
easil y judge d asymmetri c tha n figures  wit h quantitativ e 
differences .  Further ,  som e type s o f  qualitativ e difference s 
ar e easie r  t o detec t  tha n others . 

Thi s preferenc e fo r  qualitativ e difference s i n symmetr y 
judgment s implie s a  mode l  tha t  utilize s qualitativ e 
perceptua l  relationships .  M A GI  currentl y ca n mode l  man y 
aspect s o f  thi s preference ,  includin g th e distinction s betwee n 
differen t  kind s o f  qualitativ e relations .  Mor e researc h i s 
neede d t o understan d th e limitation s o f  th e mode l  (whic h 
does no t  ye t  includ e perceptua l  grouping) ,  an d t o validat e 
GeoRep' s assumption s abou t  perceptua l  representation . 
MAGI' s abilit y  t o ru n o n moderatel y comple x lin e drawing s 
identica l  t o thos e give n huma n subject s sugges t  tha t  i t  i s  no t 
onl y a  viabl e psychologica l  model ,  bu t  als o a  usefu l  too l  fo r 
conductin g furthe r  researc h int o symmetry' s fundamenta l 
rol e i n cognition . 
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