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T o w a r d s Artificia l  F o r m s o f  Intelligence ,  Creativity ,  a n d Surprise . 

Mark W. Peters (markpeters@cse.unsw.edu.au) 
Departmen t  o f  Artificia l  Intelligence ,  Schoo l  o f  Compute r  Scienc e an d Engineering ,  Universit y  o f  Ne w Sout h Wales , 

Sydney ,  N S W 2052 ,  Australia . 

Abstrac t 

This paper starts out from two observations: firstly, that there 
ar e comple x link s betwee n wha t  w e ter m intelligenc e an d 
what  w e ter m creativit y and ,  secondly ,  tha t  th e phenomeno n 
of  surpris e ha s a  significan t  rol e i n bot h th e genesi s an d 
evaluatio n o f  creativity ,  an d i s tightl y couple d t o perception . 
We argu e tha t  fo r  machine s t o develo p t o th e poin t  wher e w e 
attribut e t o the m intelligenc e and ,  therefore ,  thei r  ow n degre e 
of  creativity ,  the y mus t  firs t  develo p a  sensibilit y  o f  surprise . 
This ,  w e show ,  i s predicate d upo n a  multi-leve l  organisatio n 
of  perception ,  an d a  metho d o f  representin g th e interest ,  o r 
novelty ,  o f  event s an d action s takin g plac e i n th e physica l 
world .  A  sensibilit y  o f  surpris e furthe r  depend s o n a n abilit y 
t o recognis e th e novelt y o f  action s th e syste m itsel f  i s  con -
templating .  W e describ e method s o f  encodin g surpris e i n per -
ceptua l  robots ,  an d sho w ho w thi s enable s the m t o focu s o n 
what  i s interestin g i n thei r  environmen t  -  a  prerequisit e t o th e 
productio n o f  behaviou r  bot h creativ e an d intelligent . 

Introduction 

Th e Gestal t  psychologists ,  Wertheime r  (1959 )  i n particular , 

m a de a  stron g distinctio n betwee n productiv e an d reproduc -

tiv e thinking .  Reproductiv e thinkin g i s  wha t  human s d o 

w h en presente d wit h a  proble m o f  a n easil y identifiabl e 

class ,  suc h a s findin g th e lengt h o f  th e hypotenus e o f  a 

right-angled  triangle .  I t  i s  calle d reproductiv e becaus e i t  i s a 
questio n o f  recallin g an d reproducin g a  familia r  algorithm . 

Productiv e thinkin g i s th e solvin g o f  problem s i n a  manne r 

tha t  i s  significantl y new .  Thi s involve s creatin g rathe r  tha n 

recallin g a  solution ;  i t  i s  volitiona l  a s wel l  a s selective .  Pro -

ductiv e intelligenc e encompasse s moment s o f  insigh t 
(Kohle r  1927 )  and ,  unti l  suc h moment s ar e experienced ,  a n 

inabilit y o n th e par t  o f  th e subjec t  t o estimat e h o w clos e 

the y ar e t o a  solutio n (Metcalf e 1986a ,  1986b ,  Metcalf e & 
Wieb e 1987) .  I t  i s a  ste p int o unexplore d proble m space .  I n 

practice ,  th e productive-reproductiv e distinctio n become s 

stronger ,  becaus e th e reproductiv e for m o f  intelligenc e can , 

as it s n a m e implies ,  b e easil y transporte d t o othe r  individu -
al s o r  machines ,  wherea s productiv e intelligenc e prove s t o 

be difficul t  t o copy .  I t  ha s bee n argue d (Weisberg ,  1992 ) 

tha t  th e distinctio n i s  merel y question s o f  degree ,  whic h 
suggest s tha t  th e greate r  th e intelligence ,  th e harde r  i t  i s t o 

introspect ,  predict ,  an d transport ,  a s migh t  b e expected . 
Intelligenc e cas t  i n productiv e term s i s  demonstrabl y 

clos e t o creativit y onc e w e remov e th e domain-dependen t 
connotation s fro m th e tw o concepts .  W h a t  i s a n intelligen t 
solutio n i s ofte n a  creativ e solution ,  an d vic e versa .  Koestle r 
(1975 )  identifie d m a n y cross-correlation s betwee n creativit y 

i n th e art s an d intelligenc e an d insigh t  i n th e science s (an d 
surpris e i n humour ,  too) .  Thi s argumen t  ha s sinc e bee n 
take n u p b y Bode n (1992 )  w h o argue s tha t  artificia l  intelli -
genc e i s th e appropriat e researc h apparatu s fo r  th e scientifi c 
stud y o f  creativity ,  sinc e intelligenc e an d creativit y i n thei r 
pur e form s ar e inseparable .  Fa r  firo m supportin g a n argu -
ment  agains t  A I  (e.g. ,  Penros e 1989) ,  th e phenomeno n o f 
insigh t  m a y provid e usefu l  clue s abou t  wher e A I  researc h 
shoul d go ,  i f  it s agend a i s Onl y t o m a k e th e phenomeno n o f 
intelligenc e understandabl e t o u s (Nilsso n 1995) .  Paulo s 
(1980 )  als o take s u p Koestler' s baton ,  drawin g link s be -
twee n th e explorator y toyin g wit h abstrac t  stiiicture s an d 
nove l  combination s o f  idea s tha t  specificall y characterise s 
mathematician s a t  wor k an d th e intellectua l  pla y o f  humour , 
but  als o aptl y describe s intelligen t  approache s t o nove l 
problems . 

Th e connection s o f  intelligenc e an d creativit y therefor e 
appea r  t o exten d t o menta l  exploratio n (play ,  toying ,  th e 
terr a incognit a o f  insigh t  proble m space )  i n whic h th e unex -
pected ,  novel ,  o r  surprisin g i s give n hig h significance . 

Whil e i t  appear s tha t  m u c h biologica l  activit y i s homeo -
static ,  designe d t o maintai n equilibriu m i n a  changin g envi -
ronment ,  ther e i s anothe r  goal ,  ofte n conflicting :  th e activ e 
seeking  o f  n e w information ,  n e w stimuli ,  n e w situations , 
novelty ,  o r  surprise .  Suc h curiosit y ha s bee n informall y 
note d a s a  characteristi c of ,  no t  onl y remarkabl y intelligen t 
or  creativ e humans ,  an d smal l  childre n -  eve n ver y smal l 
childre n (Eimas ,  e t  a l  1971 )  bu t  als o othe r  specie s whos e 
behaviou r  w e particularl y acknowledg e a s intelligent ,  suc h 
as ape s (Kohle r  1927) .  W h a t  coul d driv e suc h a  predisposi -
tio n t o novelty ? William s (1996 )  ha s argue d tha t  th e aes -
theti c respons e i s commensurat e wit h surprise ,  an d i n pro -
portio n t o th e degre e o f  chang e a  cognitiv e stat e undergoe s 
t o accommodat e n e w information .  Thi s kin d o f  ra w pleasur e 
stimulu s woul d b e readil y co-opte d a s a  reinforcemen t 
fiinctio n t o powe r  a  curiosit y drive . 

Ther e i s a  stron g relationshi p betwee n surpris e an d per -
ception ,  mayb e eve n a n equality .  I t  seem s tha t  w e ca n onl y 
lear n fro m thos e thing s tha t  ar e sufficientl y reinforce d b y 
repetitio n o r  direc t  importanc e t o us .  Havin g pwrceive d th e 
mor e persisten t  o f  phenomen a (gravity ,  fo r  instance )  w e 
become unconsciou s o f  them ,  thoug h vi a adaptiv e homeo -
stasi s w e behav e t o al l  intent s an d purpose s a s i f  w e ar e con -
sciou s o f  the m w e ca n b e observe d t o activel y tak e the m 
int o accoun t  a s w e behave .  I t  i s  normall y onl y w h e n phe -
nomena depar t  from  thei r  nor m tha t  the y sprin g bac k int o 
our  consciousness ,  surpris e us ,  an d becom e concret e per -
cepts .  Whe r e particularl y creativ e individual s ofte n mak e 
thei r  mar k i s i n th e re-seein g o f  th e mundane ,  an d it s re -
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presentatio n t o th e res t  o f  us .  The y provid e a  servic e o f  re -
acquaintin g u s wit h ou r  miheu .  Thi s ha s bee n describe d b y 
Berge r  (1972 )  a s differen t  way s o f  seeing ,  necessar y i n 
simila r  way s fo r  bot h th e autho r  an d th e audienc e o f  creativ e 
activity . 

T o reinforc e th e notio n o f  selectiv e perceptio n o f  novelt y 
at  th e expens e o f  stasi s i n th e worl d i t  i s  instructiv e t o refe r 
t o simpl e experiment s tha t  sho w tha t  ou r  facult y o f  visio n i s 
near  wholl y dependen t  o n varianc e i n th e input .  I f  w e ar e 
force d t o fixat e o n a  stati c scen e ou r  consciou s perceptio n o f 
i t  dissolve s i n abou t  thre e seconds .  (Cric k &  Koc h 1992) . 
By extensio n w e ca n argu e tha t  i t  i s  onl y th e presenc e o f 
chang e i n th e worl d (mor e accurately ,  chang e i n th e relatio n 
betwee n ourselve s an d th e world )  tha t  create s an y nee d fo r 
perceptio n i n th e first  place . 

Additionally ,  i t  ha s t o b e recognise d tha t  muc h everyda y 
activit y performe d spontaneousl y b y human s an d animal s 
has prove d t o b e extremely  difficul t  fo r  robots .  Eithe r  th e 
robots '  perception s (representations )  o f  th e worl d ar e ful l  o f 
th e wron g kin d o f  information ,  o r  th e robot s ar e no t  re -
spondin g t o the m appropriately .  Ye t  eithe r  wa y th e repre -
sentation s ar e t o blame ,  fo r  the y canno t  depen d o n a  homun -
cula r  deu s e x machin a t o ge t  the m ou t  o f  trouble ,  the y mus t 
be responsibl e fo r  ensurin g th e correc t  respons e themselves . 

T o summaris e th e argument s s o far ,  th e mor e intelligen t 
th e behaviour ,  th e greate r  it s creativ e content .  Creativit y  i s a 
linkin g o f  seein g th e ne w an d actin g upo n it .  Fa r  fro m bein g 
th e preserv e o f  th e gifte d few ,  creativit y i s presen t  t o a 
greate r  o r  lesse r  degre e i n m u c h everyda y activity .  W e shal l 
no w discus s th e notio n tha t  surprise ,  rathe r  tha n bein g a 
cognitiv e respons e t o perceptua l  stimuli ,  actuall y form s th e 
substanc e o f  perception ,  an d tha t  therefore ,  a s Berge r  ar -
gues ,  i t  i s  greate r  perceptivit y tha t  engender s creativity ,  an d 
thu s intelligence . 

Encoding Surprise 

For  al l  biologica l  system s som e state s ar e mor e conduciv e t o 
lif e tha n others ,  an d th e basi c biologica l  functio n i s t o pre -
serv e homeostasi s b y movin g fro m les s conduciv e state s t o 
more conduciv e ones .  Thi s applie s t o state s bot h interna l 
and external .  Onc e homeostasi s i s achieved ,  a  syste m nee d 
not  d o anythin g differen t  unti l  ther e i s som e chang e o f  state . 
I n othe r  words ,  i t  doe s no t  eve n nee d t o kee p tellin g itsel f 
tha t  thing s ar e stil l  th e same .  I t  i s  no t  surprisin g then ,  tha t 
ove r  tim e individua l  neuron s an d eve n semi-discret e neura l 
system s exhibi t  reductio n i n respons e t o unvaryin g stimul i 
(Da y 1972) .  Th e processe s ar e calle d habituation ,  adapta -
tion ,  o r  depletion ,  dependin g o n th e context .  Importantly , 
suc h neura l  unit s effectivel y repor t  onse t  an d offset ,  no t 
absolut e values . 

Yet  i t  grossl y oversimplifie s t o sa y tha t  perceptio n i s "on ' 
i n th e presenc e o f  change ,  an d "of f  otherwise ,  becaus e per -
ceptio n i s actuall y 'of f  m u c h mor e frequentl y tha n sug -
gested .  W e adap t  no t  onl y t o n o change ,  bu t  als o t o consis -
tenc y o f  change ,  o r  a  derivativ e o f  change .  Tunin g ou t  con -
stan t  backgroun d phenomen a suc h a s a  cloc k tickin g i s a n 
example .  Tha t  thi s happen s shoul d no t  b e surprising ,  a s i t  i s 
a predictabl e effec t  o f  certai n multi-layere d neura l  system s 
we shal l  b e describing ,  i n whic h th e outpu t  o f  on e laye r  i s 
th e inpu t  o f  another .  A  constan t  signa l  wil l  caus e a n anterio r 

laye r  t o habituate ,  an d thu s ceas e t o activat e th e change -
measurin g functio n i n a  posterio r  layer .  A  syste m buil t  o n 
surprise-perceptio n equivalenc e ca n b e readil y instantiate d 
(Peter s &  S o w m y a 1987 ,  1998) . 

T o decompos e th e phenomeno n o f  surpris e le t  u s agre e 
tha t  ther e ar e tw o primar y components :  a n expectatio n an d a 
departure ,  withou t  eithe r  o f  whic h n o surpris e ca n b e expe -
rienced.  Th e expectatio n i s se t  u p o n th e basi s o f  previou s 
experience ,  an d migh t  loosel y b e though t  o f  a s a  for m o f 
patter n recognition .  T h e departur e i s th e discrepanc y be -
twee n wha t  wa s projecte d t o happe n an d wha t  actuall y di d 
happen . 

T o measur e th e discrepanc y w e nee d m e m o r y t o compar e 
what  i s happenin g n o w wit h wha t  ha s jus t  happened .  W e 
star t  b y providin g eac h pixe l  locatio n i n a  robot' s visua l 
field  wit h a  miniatur e processin g uni t  (whic h w e shal l  cal l  a 
memory unit) .  Thi s possesse s a  proto-memor y consistin g o f 
a singl e value ,  memory .  Th e inpu t  t o eac h uni t  i s  als o a  sin -
gl e value ,  whic h w e shal l  cal l  signal .  I n th e initia l  case ,  sig -
nal  i s jus t  th e brightnes s o f  th e pixe l  a t  th e m e m o r y unit' s 
location .  Th e valu e o f  memor y a t  tim e t  i s  update d fro m 
signal ,  usin g th e equation : 

memory, = signal + (memory^, d x retention) 

where retention is a constant between 0 (when previous 
value s o f  signa l  hav e n o effec t  o n memory )  an d 1  (whe n al l 
previou s value s o f  signa l  ar e s u m m e d an d store d i n m e m-
ory) .  Thes e extrem e case s roughl y characteris e remember -
in g nothin g an d rememberin g everything ,  respectively ,  an d 
neithe r  o f  ̂ e m i s ver y useful ,  bu t  man y intermediat e value s 
are .  Varyin g retentio n adjust s th e relativ e weigh t  give n t o 
mor e recen t  value s o f  signal ,  effectivel y determinin g 
whethe r  memor y ca n b e though t  o f  a s long-ter m o r  short -
term ,  an d thereb y havin g significan t  influenc e ove r  th e be -
haviou r  o f  th e system . 

I f  retentio n i s nea r  1  the n th e valu e o f  memor y wil l  b e 
larg e i n relatio n t o tha t  o f  signal ,  du e t o it s accumulativ e 
effect .  So ,  i f  w e n o w wis h t o compar e signa l  t o m e m o r y t o 
deriv e a  surpris e value ,  w e first  nee d t o renormalis e m e m-
ory .  T o d o thi s w e us e anothe r  constant ,  whic h w e deriv e 
fro m retention : 

persistence = 1 / (1 - retention) 

hence: 

prediction = memory I persistence 

which is an exponentially decaying moving average of 
sigruil .  Then : 

surprise = I signal - prediction I 

The value of surprise represents the difference (depar-
ture )  betwee n th e signa l  jus t  detecte d an d th e predictio n (th e 
expectation) .  Thu s surpris e correspond s t o th e 'figural ' 
conten t  se t  agains t  th e 'ground '  o f  predictio n (Pribra m 
1991) .  W h a t  i s figure  an d wha t  i s groun d i s clearl y predi -
cate d o n th e contex t  o f  th e surprise . 

837 



Distinction s betwee n ordinar y an d extraordinar y event s 
must  b e mad e a t  multipl e levels .  Indeed ,  a  singl e even t  m a y 

be simultaneousl y nove l  a t  on e level ,  bu t  quit e unremark -
abl e a t  th e next .  Fo r  example ,  on e mornin g a  perso n w h o 
has bee n lyin g d o w n suddenl y rise s an d walk s about ,  bu t  i s 
k n o w n t o d o thi s ever y day .  Withi n th e contex t  o f  th e da y 
thei r  activit y i s novel ,  withi n th e contex t  o f  th e week , 
month ,  year ,  lifetime ,  i t  i s  not .  I f  thi s i s a n ordinar y mornin g 
risin g i t  m a y ge t  a  secon d o r  tw o o f  ou r  attention ,  bu t  i f  thi s 
i s th e first  risin g i n man y month s i t  wil l  b e pai d fa r  mor e 
attention .  W e nee d n o w t o develo p mechanism s tha t  respon d 
t o a n even t  accordin g t o al l  it s  tempora l  contexts . 

We measur e chang e a s a  conjunctio n o f  th e output s o f 
severa l  layer s o f  surpris e generators ,  eac h buildin g upo n it s 
predecesso r  an d effectivel y measurin g a  derivativ e o f 
change ,  o r  th e wa y chang e itself ,  i n a  previou s layer ,  ha s 
bee n changing .  Eac h laye r  tune s itsel f  t o recognis e a  patter n 
(th e curren t  pattern )  i n it s inpu t  an d react s onl y whe n thi s 
patter n i s interrupted .  It s reactio n i s passe d t o th e nex t 
(higher )  layer ,  formin g anothe r  input ,  wit h a  patter n o f  it s 
o w n.  Th e su m o f  th e part s i s thu s a  patter n reactio n syste m 
i n whic h onl y th e change s betwee n pattern s ar e reacte d to . 

I f  w e creat e thes e layer s from  simila r  memor y unit s the y 
nee d t o b e connected ,  no t  t o ra w dat a suc h a s signal ,  bu t  t o a 
dat a strea m whic h ha s alread y ha d mor e superficia l  frequen-
cie s removed ,  an d predictio n fits  thi s rol e perfectly .  I t  i s 
n o w possibl e t o connec t  memor y unit s serially ,  representin g 
progressivel y deepe r  memor y layers ,  eac h inpu t  connecte d 
t o th e predictio n outpu t  o f  th e precedin g unit .  Not e tha t  onc e 
m e m o ry unit s ar e arrange d serially ,  ther e mus t  b e som e 
relativ e weightin g betwee n th e layers ,  eve n i f  thi s weightin g 
i s unifor m an d give s precedenc e t o n o laye r  i n particular . 
Th e centroi d o f  surpris e i s thu s 

x =  z.- ^  y  =  I^ f = 1 0 ) 

11=1 u=\ 

wher e n  i s th e numbe r  o f  memor y units ,  eac h o f  whic h (m) , 

has a n x  co-ordinate ,  a  y  co-ordinate ,  an d a  differenc e d ,  an d 

wher e m i s th e numbe r  o f  memor y layers ,  eac h o f  whic h ( 0 
has a  weigh t  w . 

Activitie s tha t  w e cal l  ordinar y ( a highl y contextua l  term ) 
ca n b e accommodate d i n a  finite  numbe r  o f  thes e perceptua l 
layers ,  rangin g upwar d from 1  i n th e cas e o f  inanimate ,  sta -
tionar y objects ,  t o som e arbitrar y number .  Watchin g peopl e 
workin g o n a  productio n lin e m a y fai l  t o excit e mor e than , 
say ,  6  layer s i n ou r  kin d o f  perceptua l  system .  Extraordinar y 
patterns ,  o n th e othe r  hand ,  ar e define d a s thos e tha t  excee d 
some arbitrar y numbe r  o f  activatio n levels .  A  syste m buil t 
of  severa l  layer s m a y therefor e b e able ,  base d o n th e con -
junctio n o f  reaction s a t  differen t  levels ,  t o develo p response s 
tha t  represen t  activitie s a t  man y differen t  level s i n th e 
world ,  separatin g th e extraordinar y from  th e ordinary ,  an d 
performin g a  natura l  bottom-u p hierarchica l  segmentation . 
I f  interrogated ,  suc h a  syste m woul d b e abl e t o rat e th e nov -
elt y o f  th e curren t  activit y a t  severa l  differen t  levels . 

Patter n interval s ar e comple x multi-leve l  phenomena . 
Thibadea u (1986 )  note d th e importanc e o f  identifyin g th e 
moments whe n particula r  action s star t  an d finish.  W e at -
temp t  t o mak e a  syste m reac t  t o thes e specia l  moment s bot h 
adaptively ,  an d withou t  a  prior i  knowledg e i n an y form ,  s o 
tha t  futur e highe r  functions ,  tha t  migh t  hav e specifi c  recog -
nition-base d tasks ,  m a y receiv e representation s tha t  hav e 
ah-ead y convenientl y carve d th e worl d a t  it s  joints . 

Results 

Thes e processe s ar e show n pictoriall y  i n Figur e 1  displayin g 

fou r  two-imag e block s i n eac h o f  whic h th e uppe r  imag e i s 

made from  predictio n value s an d th e lowe r  imag e i s mad e 

from  surpris e values .  Th e image s sho w th e stat e o f  th e sys -

te m i n a n instan t  o f  time .  I t  ca n b e see n tha t  memor y laye r  2 

surpris e value s ar e activate d b y th e movemen t  o f  th e sub -

ject' s hea d rathe r  tha n b y th e movemen t  o f  hi s hand .  Thi s i s 

becaus e th e han d ha s bee n wavin g almos t  continuousl y 

(evidence d b y it s hig h level s i n bot h th e histor y imag e an d 

memory uni t  2' s  predictio n image) ,  wherea s th e hea d ha s 

unti l  thi s moment  bee n quit e still .  I n othe r  word s th e syste m 

i s n o longe r  attracte d b y th e frantic  hand ,  an d ha s jus t  trans -

ferre d it s attentio n t o th e head . 

T o sho w quantifiabl y h o w ou r  system ,  know n a s 

W R A I T H,  (Peter s &  S o w m y a ,  1996 )  behave s unde r  differ -
ent  memor y configuration s w e se t  u p a  scen e containin g tw o 

S c m disc s wit h alternatin g blac k an d whit e quadrants ,  at -

tache d t o smal l  motor s se t  1 2 c m apart .  Figur e 2  plot s th e 

focu s o f  attentio n o f  thre e layer s o f  memor y units .  Th e 
short-ter m plo t  i s  tha t  o f  tw o paralle l  unit s name d channe l  1 

and channe l  2 ,  th e medium-ter m plo t  i s  tha t  o f  a  memor y 

uni t  tha t  receive s inpu t  from  th e tw o channels ,  an d th e long -

ter m plo t  i s  tha t  o f  a  thir d laye r  whic h receive s inpu t  from 

th e secon d layer .  Th e plo t  i s  actuall y th e horizonta l  x  co -

ordinat e o f  th e variou s foci ,  plotte d verticall y agains t  tim e 
(measure d i n tenth s o f  a  second) .  Th e uppe r  trac e an d lowe r 

trac e represen t  approximatel y 3 1 second s an d 4 0 seconds , 

respectively .  I n eac h trac e th e gre y bar s correspon d t o th e 

time s tha t  eac h dis c wa s spinning .  I n th e uppe r  trac e th e first 
dis c start s t o spi n afte r  abou t  a  secon d an d ha s soo n at -

tracte d th e attentio n o f  al l  thre e m e m o r y layers .  I t  ca n b e 

see n tha t  th e short-ter m m e m o r y i s highl y reactive .  Th e sec -

on d an d thir d layer s ar e slowe r  t o react .  Abou t  1. 5 second s 

late r  th e secon d dis c start s t o spin .  Th e short-ter m memor y 

simpl y centre s it s attentio n precisel y halfwa y betwee n bot h 

disc s becaus e i t  simpl y look s fo r  th e centroi d o f  ra w change . 
Th e medium-ter m memor y i s momentaril y  attracte d clos e t o 

th e secon d disc ,  bu t  als o soo n centre s it s attention ,  mean -
whil e th e long-ter m memory ,  thoug h slowe r  t o react ,  take s a 

har d loo k a t  th e secon d dis c befor e als o finally  centring . 
A mor e interestin g phenomeno n occur s whe n th e secon d 

dis c suddenl y cease s t o move .  Th e short-ter m memor y i s 
n o w free  t o retur n t o th e first  disc ,  bu t  long-ter m memory , 
havin g full y adapte d t o th e motio n o f  th e secon d disc ,  i s 
n o w dramaticall y attracte d t o th e sudde n cessatio n o f  rota -
tion ,  despit e th e fac t  tha t  al l  motio n i s o n th e othe r  sid e o f  it s 
visua l  field .  Th e sam e goe s fo r  th e medium-ter m memory , 
thoug h t o a  lesse r  extent .  Eventuall y al l  memor y i s attracte d 
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Figur e 1 :  Pictoria l  representatio n o f  activit y an d surprise . 

loit g — — m«riiu m 

Figur e 2 :  Graphica l  representatio n o f  activit y an d surprise . 

t o th e sol e remainin g spinnin g disc ,  wher e attentio n remain s 
onc e tha t  dis c to o finally  stops . 

I n th e lowe r  trac e th e sequenc e o f  onset s an d offset s i s th e 
same,  excep t  tha t  n o w th e m e m o r y i s  give n mor e tim e t o 
adap t  t o th e rotatio n o f  th e firs t  disc .  Instea d o f  onl y 1. 5 
seconds ,  i t  remain s spinnin g fo r  abou t  9  second s befor e th e 

secon d dis c starts .  B y it s reaction ,  i t  ca n b e see n tha t  th e 
long-ter m m e m o r y ha s full y adapte d t o th e constan t  rotatio n 
of  th e firs t  disc ,  s o i t  m o v e s full y t o th e centr e o f  th e secon d 
dis c w h e n i t  starts ,  an d remain s preoccupie d wit h i t  fo r  sev -
era l  second s befor e eventuall y accommodat in g t o tha t  m o -
tio n too . 

839 



- ^ ^ ^ ^ L L . 

i m M m t 

5 c B = f t ; 

-Jj.U;^>Kll 

T a V i  -• •  I 

M 

A Z 

Figur e 3 :  (Peter s 1992a) . Figur e 4 :  (Peter s 1992b) . 

W R A I T H ' S behaviou r  i n respons e t o an y particula r 
stimulu s i s predicate d o n it s interna l  memor y state .  Conse -
quentl y whe n th e secon d dis c start s turnin g i n th e uppe r 
trace ,  attentio n i s diverte d toward s it ,  bu t  no t  fa r  enoug h t o 
actuall y foveat e it .  Thi s i s becaus e th e onse t  o f  motio n fol -
low s to o soo n afte r  th e onse t  o f  th e first  disc ,  whic h i s stil l 
exertin g som e hol d o n W R A I T H ' s attention .  I n th e lowe r 
trace ,  W R A I T H ha s ha d mor e tim e t o accommodat e t o th e 
activit y o f  th e first  disc ,  an d i s therefor e muc h mor e draw n 
t o th e secon d dis c whe n i t  starts . 

Creative Applications of Surprise 

Figur e 3  an d Figur e 4  sho w example s o f  algorithmicall y 
generate d images .  Suc h image s ca n b e generate d a d infini -
tu m usin g machines ,  bu t  th e generativ e powe r  i s unchecked , 
becaus e machine s d o no t  ye t  hav e an y for m o f  aestheti c 
appreciatio n o r  evaluation .  Artist s suc h a s Sim s (1992 )  hav e 
develope d sophisticate d method s allowin g th e generativ e 
rol e t o devolv e t o th e machine ,  whil e retainin g th e editoria l 
or  qualit y assuranc e rol e themselves .  However ,  give n th e 
abilit y  t o encod e surprise ,  i t  shoul d n o w b e possibl e fo r  ma -
chine s t o develo p preliminar y method s t o suppor t  th e fac -
ult y o f  aestheti c evaluation : 

Method for Aesthetic Evaluation 

We sugges t  tha t  suc h method s wil l  consis t  o f  five  steps : 

Generate the Material. As the ability to generate material 

i s  no t  th e subjec t  o f  thi s paper ,  w e simpl y giv e th e example s 

i n Figur e 3  an d Figur e 4 .  Thi s ste p migh t  als o consis t  o f 

simpl y identifyin g objects ,  eithe r  'found '  o r  produce d b y 

othe r  agencies .  Example s m a y b e camer a input ,  imag e data -
bases . 

Identif y th e Patter n (Theme) .  Patter n need s t o b e identi -

fied  a t  multipl e levels ,  a s alread y demonstrated .  Level s t o 

include ,  ultimately ,  woul d cove r  no t  jus t  th e machine s o w n 

output ,  bu t  th e outpu t  o f  other s too . 

Build the Expectation. The theme, as predicted, must en-

capsulat e th e extrapolatio n o f  pattern s a t  al l  levels . 

Identify the Departure. This might be done before pro-

ductio n o f  th e machine' s o w n work . 

Censor the Dull. Censorship on the basis of insufficient 

departure . 

The implementation of such a system must be both circum-

spec t  an d conscientiou s -  an d therefor e highl y difficult . 

However ,  th e concep t  o f  surpris e provide s th e mean s t o d o 

it ,  an d chaine d level s o f  surpris e detector s ar e a  prove n 

metho d fo r  increasin g th e sophisticatio n o f  a  machine' s re -
sponse .  W e argu e tha t  the y are ,  i f  no t  sufficient ,  the n a t  leas t 

necessary . 

Our  implementatio n ha s chose n t o dea l  wit h particula r 

form s o f  pattern :  pattern s o f  movemen t  a s represente d b y 

level s o f  chang e i n visua l  sensors .  A  vas t  bod y o f  patter n 
recognitio n researc h alread y exist s i n severa l  domains , 

comprisin g visual ,  verbal ,  acousti c an d numeri c data .  Wha t 

i s n o w required ,  w e suggest ,  i s  tha t  patter n recognitio n b e 

co-opte d a s a  mean s t o anothe r  end .  Incorporatio n o f  multi -

pl e patter n recognitio n method s (arrange d bot h i n paralle l 

and i n series )  withi n a n architectur e whos e mai n purpos e i s 

t o detect ,  no t  s o muc h patter n itself ,  bu t  departur e fro m 

identifie d theme s wil l  b e essentia l  t o machine s whos e be -

haviou r  w e wil l  accep t  a s intelligent .  For ,  withou t  suc h sen -

sibilities ,  machin e intelligenc e wil l  continu e t o fai l  i n con -
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spicuou s ways ,  revealin g 'inhuman '  perseveratio n wit h mi -

nutiae ,  a n inabilit y  t o recognis e th e subtext s i n palimpsesti c 

messages ,  a n unresponsivenes s t o nuance ,  o r  chang e i n th e 

textur e o f  discourse ,  an d a  genera l  lac k o f  curiosity . 

Discussion 

Hofstadte r  (1997 )  recentl y observed : 

In every intellectual field that I had encountered, rang-

in g fro m mathematic s t o musi c t o ar t  t o poetry ,  I  ha d 

th e sens e tha t  th e moment  tha t  pattern s wer e perceive d 

at  on e level ,  thi s immediatel y establishe d a  highe r  leve l 

of  abstraction ,  openin g th e doo r  t o th e perceptio n o f 
totall y unanticipate d type s o f  patterns . 
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