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THE STRUCTURE O F VISUA L CONCEPTS 

Josep h Psotk a 
Computer -Base d System s Deve lopmen t 

Army Researc h Inst i tu t e 
A lexandr ia ,  V i rg in ia . 

The researc h repor te d her e addresse s th e ques t ion :  Wha t  i s th e v isua l 
equ iva len t  o f  a  word ,  idea ,  o r  h igher -orde r  concep t ? Th i s researc h i s 
a beginn in g at temp t  t o anailys e visua l  concep t s i n way s tha t  ar e mos t 
appropr ia t e -fo r  -futur e r iche r  computat iona l  env i ronmen t s tha t  wil l  b e 
abl e t o p roces s image s quick l y an d i n grea t  numbers :  mass i  V£? l  y 
paral le l  mach ine s l ik e thos e envis ione d b y Feldma n an d Bal lar d (19E)2) , 

Knowledg e representa t io n i n ar t i f ic ia l  inte?l1igenc e app l i ca t i on s an d 
othe r  computer -base d sys tem s toda y use s man y s t ruc tur in g schemes : 
•f  eatur e 1  i  s t  s ,  ve c t  o rs ,  tr-ees ,  ne t  wo r  ks ,  an d produc t  i  o n sys tems .  I  n 
each ,  en t i t i e s o r  node s ar e f i l le d wit h concep t s rn^presentin g word s o r 
l is t s o f  words .  Mos t  o f  thes e sys tem s hav e deveelope d ou t  o f  a 
l inguist i c background ,  an d ref lec t  th e symbol i c process in g l im i ta t ion s 
of  pr€?sent-da y compute rs .  Th i s contex t  ha s mad e image s an d p i c tu re s 
d i f f icu l t  t o use ,  bu t  i t  i s  changing . 

The foundation for this rtesearch lies in the many ejxper i ments that 
demonst ra t e th e grea t  f ide l i t y o f  th e huma n pat ter n recogn i t i o n 
syste? m an d i t s enormou s capaci t y t o s tor e an d p roces s larg e number s o f 
visua l  rep resen ta t ion s i n ver y shor t  pe r iods .  Fo r  i ns tance , 
re?cogni2in g th e fac e o f  a n acqu^d.ntanc e on e ha s no t  see n fo r  man y 
year s impl ie s th e ex is tenc e o f  a n abi l i t y  t o selec t  on e a l t e rna t i v e 
fro m thousand s (peerhap s m i l l i ons ,  give n th e man y t rans fo rma t i on s a 
iac e ma y undergo )  wi th i n a  fe w moments ^  Computer -base d sys tem s canno t 
begi n t o riva l  th i s rea l - t im e f6?at ,  i n par t  pe rhap s becaus e n o 
knowledg e representa t io n schemer s appropjriat e t o spec i f i ca l l y v isua l 
concept s hav e ye t  bee n developed . 

Several experiments have bteen conducted ( and one will be demonstrated 
t o th e aud ience )  tha t  p rov id e som e suppor t  fo r  th e theoret ica l 
proposa l  tha t  Ga l  ton ' s syste m o f  compos i t e por t ra i tu r e p rov ide s on e 
model  fo r  the ? s t ruc tur e o f  visua l  concep ts .  Th i s proposa l  a ls o ha s 
pract ica l  imp l ica t ion s an d app l i ca t ion s t o comput ing .  Ga l  to n use d a 
photographi c proce?s s t o ad d severa l  pho tograph s o f  huma n face s on t o 
th e sam e p ic tu re ,  on e o n to p o f  th e o ther .  Th e resu l t in g s ing l e fac e 
may b e a  pro to typ e fo r  th i s par t icu la r  se t  o f  face s (  se e Osherso n an d 
Smith ,  198 1 fo r  a  d iscuss io n o f  p r o t o t y p e s ) .  H i s techn iqu e wa s use d 
i n thes e exper iment s an d ha s bee n extende d b y Wei l  (:l.982 )  t o a 
computer-cont ro l le d opt ica l  v ideodis c syste m funde d b y DARPA.  Larg e 
scal e paral le l  opt ica l  computer s of fe r  th e poss ib i l i t y  o f  dramat i c 
f  u tur e enhancenients . 
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The expmriments in this report are an impoverished beginning for the 
ver y larg e tas k ahead .  The y hav e establishe d that : 
1)  Composit e fc\ce s ca n b e recognise d afte r  viewin g th e se t  o f 
componen t  face s the y comprise ; 
2)  Th e similarit y o f  component s t o composite s correlate s wit h 
recognitio n performance ; 
and 3 )  Composite s ar e mor e attractiv e tha n thei r  componen t  faces . 
Thes e finding s ar e hardl y earth-shakin g i n thei r  ow n right ,  bu t  the y 
fi t  wel l  wit h th e genera l  framewor k tha t  composite s ar e prototypes . 
Basicall y the y provid e a n incentiv e fo r  lookin g fo r  more ? critica l 
fact s tha t  migh t  fles h ou t  th e critica l  feature s o f  visua l  concepts -

Galton's technigue of superimposing whole? faces in registration to 
develo p a n averag e fac e provide s a  wholisti c  procedur e fo r  creatin g 
prototype s an d makin g the m visible .  Th e firs t  guestio n tha t  th e 
procedur e raise s is :  ca n peopl e recognis e thes e wholisti c composit e 
face s afte r  viewin g thei r  components ? Se?cond ,  d o thes e prototype s 
accuratel y represen t  critica l  feature s an d relation s amon g th e 
component s the y comprise ? Third ,  i s  ther e anythin g unigu e o r 
distinc t  abou t  thes e prototypes ,  no t  foun d i n thei r  components ? 

Finally, the Galtonian process of composite portraiture providers a 
reduce d analogu e fo r  convolutio n an d crosscorrelatio n processe s (a s 
use d i n holography )  tha t  hav e provide d th e impetu s fo r  model s o f 
memory (cf .  Psotka ,  1977 ;  Metcalf e an d Murdock ,  1981) .  Ar e thes e 
composite s sensitiv e t o common memor y researc h manipulations ? 

SUBJECTS: Four groups of 25 undergraduates were used in the first 
hal f  o f  th e experiment ,  A  fift h grou p o f  2 0 undergra\duate s wer e us e 
i n th e secon d half .  Al l  student s wer e n£ îv e abou t  th e purpos e o f  th e 
experimen t  an d participate d a s par t  o f  a  cours e reguiremen t  a t  th e 
Universit y o f  Waterloo . 

PROCEDURE: 100 full-face photographs were? selected randomly from male 
yearbook s wit h th e restrictio n tha t  ther e shoul d b e n o facia l  hai r  o r 
eyeglasses .  Thes e face s weer e randoml y groupe d int o te n list s o f  te n 
face s whos e composite s wer e photographed . 

The first four groups were shown only one-half of the? 100 faces in 
fiv e list s o f  te n faces ,  eac h lis t  followe d b y a  force d choic e pai r  o f 
composite s (Be e figur e 1 ) ,  The y wer e aske d t o pic k the ? mor e familia r 
of  th e tw o composites .  Onl y on e o f  th e composite s wa s compose d o f  th e 
lis t  o f  te n face s previousl y shown .  I n orde r  t o e?nsur e tha t  eac h 
studen t  examine d eac h fac e care^fully ,  the y wer e aske d t o rat e th e 
attrac t  i  venGJs s o f  e?ac h fac e o n a  te n poin t  scale .  Th e face s wer e 
presente d o n slide s show n i n group s wit h orde r  o f  presentatio n o f  th e 
list s counterbalanced . 
The fift h grou p rate d th e similarit y o f  th e paire d composite s t o eac h 
of  th e tw o set s o f  te n component s o n a  tê n poin t  senile, ,  Thi s ta\s k wa s 
performe d individuall y usin g print s o f  th e slides . 
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REBULTSs F^ecognitio n per fo rmanc e showe d tha t  peop l e wer e ab l e t o 
recogn iz e a  compos i t e o n th e bas i s o f  v iewin g th e prototypes, ,  Percen t 
correc t  range d fro m 4 8 (chance )  t o 92, .  E ightee n ou t  o f  2 0 g roup s vjer e 
abov e chanc e <siq n tes t ,  p < „ 0 1 ) .  Ther e wa s a n ef fec t  o f  orde r  o f 
pr  ese n t .  a  t  i  a n .  Th e f  i  r  s t  pi-o t  o t  y  pe s s!")aw n we r  e  r •  (ec:ogr i  :i .  z  e d bes t  „ 

The similarity ratings showed that a component face was more similar 
t o th e compos i t e int o whic h i t  enteres d tha n t o th e d is t rac t  o r 
composi t e (t-=5„23 ;  d f -99 ;  p<, .  0 1 ) .  A  s ign i f ican t  cor re la t io n wa s foun d 
be t  weei" i  t  h e s i  (n i  1  a r  :i .  t  y  r  a t  i  n g b  an d pie r  ce n t .  c :  d r  r  e c t  r  e c og n 1 1 i  or i  ( r  '•••' ,  B6 ; 
df  ̂-̂ Ŝ ;  p < , .  0 1 )  „ 

The composites were each judge-?d much more attractive than the-:-
componen t  faces .  Al l  te n l is t s showe d th i s effect, .  Onl y si x o f  th e 
10 0 face s wer e judge d mor e a t t rac t iv e tha n th e leas t  a t t rac t i v e 
compos i tes .  Thes e face s wer e als o th e mos t  s imi la r  t o th e composites, , 

C0NCI...I.)S10NS I  T  h e ev i  denc e i  <=;  c  1  ea r  t  hal ;  pec:) p 1  e  <:: :  a n r  ecog n i  z  e 
compos i te s o n th e bas i s o f  thei r  memor y o f  previcjusl y v iewe d 
comporie n t  s .  O f  cour -  se ,  the y co u 1  d  us e d  i  st in c t  i  v e f  ea t  u r  e s f  r-o m eac h 
unigu e fac e store d i n memiory. ,  o r  the y cc<ul d be ? crematin g a  compos i t e a s 
the y ar( s v iewin g th e se t  o f  faces .  O n th i s po in t ,  th e ev idenc e 
dec :  i  s i  ve ;  bu t  t  he n t  hi  i  s  i  s -  a  vene?i-a b 1  e  cJ i  spu t  e  t  \\ a l; ; 
Lock e an d Berkeley .  1  woul d hardl y expec t 
reso lu t ion .  Never the less ,  I  be l iev e 
c o  ( n p  o  s  i  t  e  s  i  s  b  e  i  r  i  g  f  o  r  fi i  e  d  i n t  h  e  v  i  s  u  a  1  /  f n e  (T i  o  r  1  a  1  s  y  s  t  e  m . 

i s  no t 
t race s bac k t o 

o n  e  e  >;  p  e  r  i  (T i  e  n  t  t  o  p  r  o  v id e a 
tha t  someth in g l ik e thes e 
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The high correlation be?t.ween the> difference? in similarity ratings and 

p e  r  c  e  n  t  c  o r  r  e  c  t  r  e  c  o  g  n  i  t  i  o  n  p  r  o  v  i  d  e  s  e  v  i  cJ e  n  c  e  t  h  a  t  p  e  o  |:; )  1  e  b  a  s  e  t  h  e  i  r 

r ecogn i t i o n p roces s o n th e en t i r e grou p o f  -face s the y hav e seen .  I f 
the: ? grou p o f  -face s i s r e me m be ? re d a s a  whole, ,  the n i n som e se?ns e i t  ca n 
b e rep resen te d bes t  b y a  compos i t e tha t  i s  a n ave^rag e o f  th e en t i r e 
g roup .  I t  seem s imposs ib l e t o d is t ingu is h be t  we? e n a  se t  o- f  separa t e 
an d un iqu e i nd i v i dua l s an d a n amalga m schem a o r  p ro to t yp e tha t 
ac t s separa te l y un les s a n emergen t  p roper t y o f  th e amalga m ca n b e 
found .  Th i s emergen t  p roper t y ma y b e attractiveness, ,  The:̂ r e seem s t o 
b e n o sa t  i  s f  y  i  n g e;• ;  p  1  ana t  i  o n f  o r  t  he ? i  ncr(:-̂ ase d ^^11 r  ac t  i  venes s o f  t  h e 
c o  m p  o  s  i  t  e  s  e  ;• ;  c  (• ? p  t  t  h  a  t  the y a  r  e  ( n o  r  e  r  e  p  r  e  s e  n  t  a  t  i  v  e  (:: •  f  t  hi  b  w  h  o  1  e  s  e  t 
of  f ace s (beyon d th i s exper imen t )  €? n countere d i n ou r  e>;pe? r  i  ence .  The y 
a r e mor e l ik e th e p ro to typ ica l  fac e w e hav e unconsc ious l y create d a s a 
s tandar d i n i t s phys ica l  ra the r  tha n persona l i t y cha rac te r i s t i c s . 

In summary, there arB four main pieces of evidence to leave with: 
F i r s t ,  t  l" t  e  r  e ? e  ;• ;  3  s  t  1  o  n  g  s  t  a  n  d  i  n  g  c  o  n  c  b  p  t  i  o  r t  s  a  n  d  t  h  e  o  r  i  e  s  w  i  t  h  e  1  e ? g  a  n  c  e 

a n d c o n s i d e r  a  b  1  e  p o w e r .  T  h e  y  a  c J d  r •  e  s -  s  t  l" i  e  e  >;  i  s  t  e  n  c  e  o  f  g  1  o  b  a  !l .  c  o  n  c :  e  p  t  s 

a B  u  n  i  q  u  e  i  cJ e a  s  o  r  a  s  s  o  c  i  a  t  i  a  n  s ,  s  e  p a  r  a  t  e  f  r -  o  m i  n  d  i  v  i  d  u  a  1  <:i- 1 i  m u  1  u  s 

i t ems ,  e v e n t s ,  o r  ep i sode s i n memory . 
Se^cond ,  th e t echn ique s reporte? d here ? hav e uncovere d severa l  fac t s tha t 
may no t  p rov id e cr i t ica l  suppor t  fo r  thes e t heo r i es ,  bu t  len d c redenc e 
t o the m an d of fe r  avenue? s fo r  researc h t o di5cove? r  fac t s tha t  woul d 
d i s t i ngu is h the m fro m compet in g theo r i es . 

Third, the findings are of some interest in their own right. The 
re l a t i on s amon g mot iva t io n an d cogn i t io n ar e sti l l  w:id e ope n t o b e 
exp lore d b y cogn i t i v e sc ien t i s t s fo r  the y hav e hard l y advance d s inc e 
Wo l fgan g Kohler'- s monumenta l  e f for t  i n "Th e P lac e o f  Value ? i n a  Worl d 
of  Fac t " . 

Finally, these techniques applied with greatt?r computational power may 
b e usefu l  t oo l s fo r  o the r  pu rposes :  t o c rea t e beaut i fu l  images ,  o r  fo r 
c r imina l  i  den t  i  f  i  ci-i t  i  o n a s Wei l  (19S2 )  bega n t o exp lo re . 
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