
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Caracature Recognition in a Neural Network

Permalink
https://escholarship.org/uc/item/9jf4p8s7

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 12(0)

Author
Tanaka, James W.

Publication Date
1990
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9jf4p8s7
https://escholarship.org
http://www.cdlib.org/


Caricatur e Recognitio n i n a  Neura l  Network ^ 

James W .  Tanak a 

Carnegie-Mello n Universit y 

Abstrac t 

In a caricature drawing, the artist exaggerates the facial features of a person in 

proportio n t o thei r  deviation s fro m th e averag e face .  Empirically ,  i t  ha s bee n show n tha t 

caricatur e drawing s ar e mor e quickl y recognize d tha n veridica l  drawing s (Rhodes , 

Brennan ,  &  Carey ,  1987) .  T w o competin g hypothese s hav e bee n postulate d t o accoun t 

fo r  th e caricatur e advantage .  Th e caricatur e hypothesi s claim s tha t  th e caricatur e 

drawin g find s a  mor e simila r  matc h i n memor y tha n th e veridica l  drawin g becaus e th e 

underlyin g fac e representatio n i s store d a s a n exaggeration .  Th e distinctiv e feature s 

hypothesi s claim s tha t  th e caricatur e drawin g produce s speede d recognitio n b y 

graphicall y emphasizin g th e distinctiv e propertie s tha t  serv e t o individuat e tha t  fac e fro m 

othe r  face s store d i n memory .  A  computationa l  tes t  o f  th e tw o hypothese s wa s 

performe d b y trainin g a  neura l  networ k mode l  t o recogniz e individua l  fac e vector s an d 

the n testin g th e model' s abilit y  t o recogniz e bot h caricaturize d an d veridica l  version s o f 

th e fac e vectors .  I t  w a s foun d tha t  th e mode l  produce d a  highe r  leve l  o f  activatio n t o 

caricatur e fac e vector s tha n t o th e non-distorte d fac e vectors .  Th e obtaine d caricatur e 

advantag e stem s fro m th e model' s abilit y  t o abstrac t  th e distinctiv e feature s fro m a 

learne d se t  o f  inputs .  Simulatio n result s wer e therefor e interprete d a s suppor t  fo r  th e 

distinctiv e feature s hypothesis . 

Introductio n 

In a caricature drawing, the artist graphically exaggerates those features of a 

famou s individua l  i n proportio n t o thei r  deviation s fro m th e normativ e o r  averag e face . 
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University ,  Pittsburgh ,  PA ,  15213 .  E-mai l  address :  tanaka@psy.cmu.edu . 
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For  example ,  i n politica l  cartoons ,  Georg e Bus h i s usuall y portraye d a s havin g a n 

especiall y lon g chi n an d Richar d Nixo n i s recognizabl e b y th e distinctiv e slop e o f  hi s 

nose .  Th e goa l  o f  th e caricaturis t  i s t o exploi t  th e facia l  characteristic s tha t  serv e t o 

individuat e tha t  perso n fro m everyon e else .  Gibso n (1973 )  note d tha t  "th e caricatur e 

may b e a  poo r  projectio n o f  hi s fac e bu t  goo d informatio n abou t  it .  Th e for m o f  th e fac e 

i s distorted ,  bu t  no t  th e essentia l  feature s o f  th e face "  (p.6) .  Th e relativ e eas e wit h 

whic h caricature s ar e recognize d present s a  parado x o f  sorts .  W h y i s i t  tha t  thes e 

c//storteo f  rendering s ar e a s easil y recognize d a s veridica l  drawings ? O n e explanatio n 

has bee n t o sugges t  tha t  norma l  fac e recognitio n involve s s o m e typ e o f  caricatur e 

process .  Lik e th e caricatur e artist ,  fac e recognitio n processe s exaggerat e th e 

distinctiv e feature s o f  a n individua l  relativ e t o a  normativ e prototyp e befor e storin g th e 

representatio n i n lon g ter m memory .  Accordin g t o th e caricatur e tiypothesis ,  face s ar e 

represente d i n memor y no t  a s veridica l  representations ,  bu t  a s caricatures .  Hence , 

caricatur e drawing s sen/ e a s bette r  retrieva l  cue s tha n veridica l  drawing s becaus e the y 

ar e mor e simila r  t o th e underiyin g store d representation .  Recen t  wor k b y Rhodes , 

Brenna n an d Care y (1987 )  ha s provide d som e suppor t  fo r  th e caricatur e position .  The y 

foun d tha t  caricatur e drawing s o f  familia r  individual s wer e recognize d faste r  tha n 

veridica l  drawings .  I t  ha s als o bee n show n tha t  subject s judg e caricature s a s depictin g 

bette r  likenesse s o f  individual s tha n veridica l  drawing s (Rhode s e t  al. ,  1987 )  an d 

caricature s ar e jus t  a s likel y t o b e falsel y recognize d a s veridica l  drawing s (Maur o & 

Kubovy ,  1988) .  Thus ,  result s showin g a  caricatur e advantag e sugges t  tha t  th e 

caricatur e drawing s m a y fin d a  mor e simila r  matc h t o th e store d fac e representatio n 

tha n th e veridica l  drawings . 

The distinctive features tiypothesis also claims that individual faces are encoded 

i n term s o f  thei r  distinctiv e deviation s fro m th e normativ e face .  However ,  i n contras t  t o 

th e caricatur e hypothesis ,  th e distinctiv e feature s positio n maintain s tha t  th e deviation s 

ar e no t  store d a s exaggerate d representations ,  bu t  a s veridica l  ones .  I n suppor t  o f  thi s 

view ,  pas t  studie s hav e show n tha t  attendin g t o distinctiv e facia l  characteristic s 

improve s fac e recognitio n (Winograd ,  1981 )  an d highl y distinctive ,  atypica l  face s ar e 

bette r  remembere d tha n les s distinctive ,  typica l  face s (Bariett ,  Hurr y &  Thoriey ,  1984 ; 

Light ,  Kayra-Stuar t  &  Hollander ,  1979) .  Accordin g t o th e distinctiv e feature s approach , 

th e caricatur e advantag e ca n b e explaine d i n term s o f  th e drawing' s stimulu s properties , 

and no t  i n term s o f  a  distorte d memor y representation .  Actin g a s a  kin d o f  "supe r 

stimulus, "  th e caricatur e drawin g direct s th e viewer' s attentio n t o distinctiv e propertie s o f 

th e fac e thereb y facilitatin g quic k acces s t o th e store d fac e representation . 

Does the caricature advantage depend on the encoding and storage of a 

distorte d caricatur e representatio n o r  ca n th e advantag e b e show n base d o n distinctiv e 

featur e informatio n alone ? I n th e followin g simulation ,  a  tes t  o f  th e caricatur e an d 

distinctiv e featur e hypothese s wa s performed .  A  neura l  networ k mode l  wa s traine d t o 

recogniz e th e featur e vector s describin g thre e differen t  faces .  Afte r  learning ,  veridica l 
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an d caricatur e featur e vector s wer e presente d t o th e mode l  an d thei r  outpu t  activation s 

measured .  Unde r  thes e learnin g conditions ,  th e caricatur e hypothesi s woul d predic t  th e 

absenc e o f  a  caricatur e advantag e becaus e th e exaggerate d caricatur e representation s 

wer e no t  explicitl y  encode d i n memory .  Th e distinctiv e feature s hypothesi s predict s a 

caricatur e advantag e provide d tha t  th e networ k i s abl e t o abstrac t  th e distinctiv e featur e 

informatio n fro m th e se t  o f  learne d vectors . 

Descriptio n o f  Caricatur e Mode l 

As shown in Figure 1, the Caricature Model is a single layer connectionist 

networ k consistin g o f  eigh t  inpu t  unit s an d thre e outpu t  units .  Th e eigh t  inpu t  unit s 

comprise d th e featur e vecto r  takin g o n th e activatio n value s o f  eithe r  0  o r  +1 .  Th e thre e 

outpu t  unit s represente d thre e hypothetica l  fac e unit s (i.e. ,  Joe ,  T o m ,  Bob) .  Thei r 

activatio n w a s calculate d b y th e linea r  activatio n function : 

^ace,. =f ^.w^ 
/= • 

where facSj is the activation level of an individual face, ij is activation of the input units, 

an d w -  i s th e strengt h o f  th e connectio n weight s betwee n th e featur e unit s an d th e fac e 

unit . 

Face ^° ^  "̂"" ^  ^° ^ 
L-n.t s Q  O  O 

''  / 

\  •  - i 

o '  a  d  o  6  b  b  o 

Featur e Unit s 

Figure 1. Caricature Model 

The network was trained to recognize three prototypical feature vectors, 

[1,1,1,1,0,0,0,0] ,  [1,1,0,0,1.1,0,0] ,  [1.0,1,0,1,0,1,0] ,  representin g th e fac e unit s o f  Joe , 

Tom,  an d Bo b respectively .  Instea d o f  presentin g th e prototypica l  featur e vector s o f 

Joe ,  Bo b an d T o m fo r  learning ,  eigh t  permutation s o f  th e prototypica l  vector s wer e 

create d b y flippin g th e valu e o f  on e o f  th e eigh t  inpu t  unit s eithe r  t o on e o r  zero .  Fo r 

example ,  a  permutatio n o f  th e firs t  featur e i n Jo e prototyp e vecto r  woul d b e th e featur e 
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vecto r  o f  [0,1,1,1,0,0,0] .  Th e permute d featur e vector s represente d th e sligh t 

perturbation s o f  a n individual' s fac e whic h m a y aris e du e t o change s i n facia l 

expression s o r  viewin g conditions .  A  tota l  o f  2 4 featur e vectors ,  eigh t  permutation s o f 

th e thre e prototypica l  featur e vectors ,  wer e presente d randoml y fo r  learnin g t o th e 

network .  Learnin g wa s accomplishe d b y adjustin g th e connectio n weight s betwee n th e 

featur e umt s an d th e fac e unit s accordin g t o th e standar d delt a rul e (Rumelhart ,  Hinto n 

& McClelland ,  1986) : 

A Wj j  =  e  (fj -  face )  i j 

where  Aw,y is the change in connection weights, e is the learning rate parameter, t- is the 

expecte d output ,  face /  i s  th e activatio n o f  th e fac e unit ,  / '  i s th e activatio n leve l  o f  th e 

featur e unit .  Learnin g o f  eac h vecto r  continue d unti l  a  combine d absolut e erro r  valu e o f 

.1 0 wa s achieved . 

Simulatio n Result s 

An initial test was performed to explore whether the model was able to abstract 

th e prototypica l  pattern s fro m th e se t  o f  permute d featur e vectors .  A s a  tes t  o f 

prototyp e abstraction ,  th e network' s outpu t  activation s t o th e 2 4 learne d featur e 

exempla r  vector s wer e compare d t o th e outpu t  activation s t o thre e prototypica l  featur e 

vectors .  Th e thre e prototypica l  featur e vector s produce d highe r  outpu t  activation s tha n 

23 o f  th e 2 4 learne d featur e vectors .  Thus ,  consisten t  wit h simila r  distribute d model s o f 

memory (McClellan d &  Rumelhart,  1987) ,  th e Caricatur e Model' s wa s abl e t o 

demonstrat e prototyp e abstractio n b y computin g a  measur e o f  centra l  tendenc y fro m a 

set  o f  give n inputs . 

An assumption common to the caricature and distinctive features hypotheses is 

th e existenc e o f  a  normativ e fac e representation .  Tha t  is ,  bot h approache s assum e tha t 

face s ar e encode d wit h respec t  t o thei r  deviation s fro m a n averag e representation .  A s 

a tes t  fo r  th e presenc e o f  th e normativ e fac e representation ,  th e value s o f  th e eigh t 

featur e unit s wer e average d acros s th e thre e prototypica l  featur e vector s resultin g i n a 

"normative "  featur e vecto r  o f  [ 1 ,.66,.66,.33,.66,.33,.33,0] .  W h e n presente d t o th e 

network ,  th e normativ e featur e vecto r  produce d level s o f  activatio n tha t  wer e roughl y 

equivalen t  i n th e thre e fac e units .  Specifically ,  Jo e capture d 4 4 % o f  th e availabl e 

activation .  Bo b capture d 2 5 % o f  th e availabl e activatio n an d T o m capture d 3 0 % o f  th e 

availabl e activation .  Joe' s highe r  leve l  o f  activatio n wa s du e t o th e "recenc y effects "  o f 

th e model ;  tha t  is ,  a  Jo e featur e vecto r  happene d t o b e th e las t  fac e learne d an d 

therefore ,  exerte d a  stronge r  effec t  o n recognition .  Thus ,  al l  thre e fac e unit s wer e 

partiall y  activate d b y th e normativ e featur e vecto r  wit h non e o f  fac e unit s collectin g th e 
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majorit y o f  availabl e activation .  A s a  consequenc e o f  learnin g th e patter n o f  activation s 

particula r  t o thî ^̂ ace s o f  Joe ,  Bo b an d Tom ,  th e Caricatur e Mode l  indirectl y encode d th e 

patter n o f  activation s tha t  describe d th e averag e face . 

The critical test of the caricature and distinctive feature hypotheses was the 

model' s respons e t o th e caricatur e featur e vectors .  Th e caricatur e hypothesi s predict s 

no advantag e fo r  th e cahcatur e featur e vector s becaus e th e distorte d vector s wer e no t 

encode d i n memory .  Th e distinctiv e feature s hypothesi s predict s a  possibl e caricatur e 

advantag e dependin g upo n th e model' s abilit y  t o identif y distinctiv e feature s o f  th e 

learne d prototypes .  A s a  tes t  o f  thes e tw o hypotheses ,  caricatur e version s o f  th e 

prototypica l  featur e vector s wer e produce d b y th e followin g equation : 

caricatur e y»/ y +  p  (i j  -  norm ^ 

where caricature j is the new caricature feature value, /" is the activation value of the 

origina l  featur e unit ,  p  i s a  caricatur e constan t  tha t  control s th e amoun t  o f  exaggeration , 

an d norrri j  i s th e valu e o f  th e normativ e feature .  Th e caricatur e equatio n i s simila r  t o th e 

equatio n use d i n Brennan' s Caricatur e Generato r  Progra m (Brennan ,  1984) .  Th e 

caricatur e equatio n ha s th e propert y o f  emphasizin g feature s i n proportio n t o th e 

deviation s fro m th e norm .  Feature s tha t  sho w larg e deviation s fro m th e averag e fac e 

ar e weighte d mor e heavil y tha n thos e wit h smal l  deviations .  Applyin g th e formul a t o th e 

prototypica l  feature s wit h a  p  o f  .2 5 produce d caricatur e featur e vector s o f  [+ 1 ,+1.08 , 

+1.08,+1.16,-.16,-.08,-.08,0] ,  [+1,+1.08,-.16,-.08,+1.08,+1.16,-.08,0] , 

[+ 1 ,-.16,+1.08,-.08,+1.08,-.08,+1.16,0 ]  fo r  th e Joe ,  Bob ,  an d T o m prototyp e vector s 

respectively . 
Joe 

Pw«typica l  Jo e | 

Cinaaw e Jo e 

Piwotypica l  To m • 

Cancamre To m • 

Pnn«<«ypica l  Bo b 

(  ancjrur e B<* i • 

Tom Bob 

•  • 

•  • 

D 
• 

•  D 

• 

Figur e 2 .  Outpu t  activation s o f  th e prototypica l  featur e vector s an d th e caricatur e 

featur e vectors .  Unfille d square s indicat e positiv e activatio n an d fille d square s indicat e 

negativ e activation ;  th e amoun t  o f  activatio n i s indicate d b y th e are a o f  th e square . 

Consistent with the prediction of the distinctive feature hypothesis, the caricature 

featur e vector s generate d a  stronge r  activatio n leve l  tha n th e thre e origina l  prototypica l 

featur e vector s (show n i n Figur e 2) .  Importantly ,  no t  onl y wa s th e activatio n o f  th e 

correc t  fac e uni t  enhanced ,  bu t  suppressio n o f  th e incorrec t  fac e unit s wa s als o 
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increased .  Thus ,  th e mode l  demonstrate d a  caricatur e advantag e withou t  explicitl y 

encodin g th e caricatur e representation .  Wha t  wa s th e sourc e o f  th e caricatur e 

advantage ? Inspectio n o f  th e connectio n strength s betwee n th e featur e unit s an d th e 

fac e unit s reveale d tha t  th e mode l  assigne d a  large r  weigh t  valu e t o thos e connection s 

tha t  wer e th e mos t  distinctiv e o f  a  give n featur e vector .  I n othe r  words ,  thos e featur e 

unit s tha t  ha d th e hig h discriminatio n valu e playe d a  large r  rol e i n th e fac e uni t 

computatio n tha n thos e feature s tha t  wer e les s discriminating .  Fo r  example ,  th e fourt h 

and fift h featur e unit s distinguishe d th e Jo e prototyp e vecto r  fro m th e Bo b an d T o m 

prototype .  Specifically ,  th e fourt h featur e uni t  o f  th e Jo e prototyp e wa s 1  a s compare d 

t o th e fourt h uni t  o f  Bo b an d T o m whic h wa s 0 .  Likewise ,  th e fift h featur e uni t  o f  Jo e 

was 0  a s compare d t o th e fift h featur e uni t  o f  Bo b an d T o m whic h w a s 1 .  Accordingly , 

th e connection s betwee n th e fourt h an d fift h featur e unit s an d th e Jo e fac e uni t  wer e 

weighte d th e mos t  strongly .  A  stron g positiv e weigh t  connectio n betwee n th e fourt h 

featur e uni t  an d th e Jo e fac e uni t  signale d stron g evidenc e for  th e activatio n o f  th e Jo e 

fac e uni t  an d a  negativ e connectio n betwee n th e fift h featur e uni t  an d th e Jo e fac e uni t 

signale d stron g evidenc e agains t  th e activatio n o f  th e Jo e fac e unit .  Thus ,  th e 

distinctiv e featur e informatio n embodie d i n th e connectio n weight s o f  th e mode l 

combine d wit h th e distinctiv e featur e informatio n foun d i n th e caricatur e vecto r  produce s 

th e overal l  caricatur e advantage . 

Implication s an d Limitation s o f  th e Mode l 

The simulation results seem to be most consistent with the following 

interpretatio n o f  th e caricatur e advantage :  Face s ar e encode d i n memor y wit h respec t 

t o thei r  distinctiv e properties .  B y emphasizin g th e sam e feature s i n th e stimulu s tha t  ar e 

distinctiv e i n memory ,  caricatur e rendering s ca n mor e strongl y activat e fac e 

representation s tha n veridica l  drawings .  Highe r  level s o f  activatio n lea d t o quicke r 

access  t o fac e representation s an d faste r  recognitio n times . 

The present simulation does not rule out the possibility that the recognition 

syste m encode s a  distorte d representatio n rathe r  tha n a  veridica l  representation .  I t  onl y 

demonstrate s tha t  th e extr a computationa l  ste p o f  distortio n i s no t  necessar y t o produc e 

a caricatur e advantage .  Therefore ,  th e distinctiv e feature s hypothesi s provide s a  mor e 

parsimoniou s accoun t  o f  th e phenomenon .  I n fact ,  th e Caricatur e Mode l  woul d sho w a 

caricatur e advantag e i f  th e caricatur e vector s wer e learne d instea d o f  th e veridica l 

vectors .  However ,  ther e ma y b e additiona l  reason s fo r  treatin g caricatur e recognitio n 

as a  specia l  typ e o f  recognitio n rathe r  tha n a s a  genera l  mode l  fo r  fac e recognition . 

Theorie s accountin g fo r  th e caricatur e advantag e mus t  als o explai n th e eas e wit h whic h 

th e huma n recognitio n syste m ca n identif y norma l  faces .  I f  face s ar e store d a s distorte d 

caricatures ,  the n normal ,  undistorte d face s shoul d b e perceive d a s anti-caricatures ;  tha t 

is ,  a  norma l  fac e woul d ten d t o de-emphasiz e it s distinctiv e propertie s relativ e t o th e 

caricatur e representation .  However ,  Rhode s e t  al .  (1987 )  foun d tha t  veridica l  drawing s 
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of  face s wer e bette r  recognize d tha n anti-caricature s indicatin g tha t  norma l  face s ar e 

not  treate d a s anti-caricatures . 

Finally, a limitation of the current model is that the caricature advantage 

increase s i n proportio n t o th e amoun t  o f  exaggeratio n i n th e caricatur e vecto r  (th e p 

paramete r  i n th e caricatur e equation) .  Thi s i s no t  consisten t  wit h th e empirica l  result s o f 

Rhode s e t  al .  (1987 )  wher e the y foun d tha t  highl y exaggerate d drawing s wer e no t  a s 

quickl y recognize d a s moderatel y exaggerate d drawings .  B y addin g a n intermediat e 

laye r  o f  hidde n unit s t o th e model ,  i t  shoul d b e possibl e t o simulat e suc h non-linearities . 

Futur e simulatio n effort s wil l  b e directe d towar d investigatin g ho w modification s i n th e 

network' s architectur e migh t  affec t  it s behavior . 
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