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1:  INTRODUCTION 

I f  yo u as k a  layma n wha t  h e mean s b y th e 
ter m 'play '  h e wil l  probabl y repl y "activitie s 
whic h ar e useles s bu t  fun "  o r  somethin g ver y 
similar .  I f  yo u as k a  developmenta l 
psychologis t  th e sam e questio n yo u wil l  probabl y 
get  muc h th e sam e answe r  althoug h h e i s likel y 
t o phras e i t  differently: -
"Play consists of behaviors and 

behaviora l  sequence s tha t  ar e organis m 
dominate d rathe r  tha n stimulu s 
dominated ,  behavior s tha t  appea r  t o b e 
intrinsicall y motivate d an d apparentl y 
performe d 'fo r  thei r  ow n sake '  an d 
tha t  ar e conducte d wit h relativ e 
relaxatio n an d positiv e affect. " 

Weisle r  an d ncCal 1 (197& ) 
Pattern s o f  behavio r  whic h appea r  t o hav e n o 
externa l  purpos e bu t  ar e nevertheles s enjoyabl e 
fo r  th e participan t  presen t  somethin g o f  a 
biologica l  paradox .  Th e majorit y o f  activitie s 
whic h ar e accompanie d b y positiv e affec t  clearl y 
promote ,  eithe r  directl y o r  indirectly ,  th e 
participant' s homeostati c o r  reproductiv e goals . 
An adequat e theor y o f  pla y mus t  resolv e thi s 
parado x b y attributin g a  functio n t o play . 
A number of theor i es have been advanced 
whic h attemp t  t o d o thi s b y suggestin g wha t  th e 
organis m may gai n b y engagin g i n play .  Spac e 
doe s no t  permi t  a  discussio n o f  th e relativ e 
merit s o f  thes e theorie s bu t  se e Weisle r  an d 
McCal l  {I976 )  an d Gilmor e (I966 )  fo r  reviews . 
Fortunatel y on e particula r  theor y appear s t o 
enjo y almos t  universa l  support .  Thi s w e shal l 
cal l  th e 'Cognitiv e Developmen t  Hypothesis' . 
It s  basi c premis e i s tha t  th e organis m learn s 
somethin g throug h th e proces s o f  pla y whic h i s 
of  valu e i n late r  life .  Thi s theor y ha s bee n 
advance d i n a  bewilderin g variet y o f  form s whic h 
largel y reflec t  th e enormou s rang e o f  things 
whic h a  chil d learns .  Take n togethe r  thes e 
variou s theorie s amoun t  t o a  clai m tha t  pla y i s 
th e fundamenta l  learnin g strateg y b y whic h 
childre n acquir e master y o f  themselve s an d o f 
th e perceptual ,  motor ,  cognitiv e an d socia l 
skill s  whic h the y wil l  nee d throughou t  life . 

The cognitive development hypothesis 
provide s a n explanatio n o f  th e functio n o f  pla y 
and henc e resolve s th e paradox .  I t  i s  ver y 
widel y accepte d b y developmenta l  psychologists , 
primato1ogists ,  pediatrician s an d laymen . 
Strangel y i t  ha s receive d littl e acknowledgmen t 
fro m learnin g theorists .  Thu s a  larg e an d 
reputabl e tex t  o n learnin g theor y (Hilgar d an d 
Bower  1975 )  contain s n o inde x referenc e fo r 
play .  Piage t  doe s assig n a  relativel y mino r 
rol e t o pla y i n hi s mode l  bu t  regard s i t  a s a 
particula r  cas e o f  assimilatio n rathe r  tha n a 
fundamenta l  learnin g strategy .  Pla y ha s bee n 
equall y ignore d b y artificia l  intelligenc e 

researcher s intereste d i n machin e learning .  I 
am no t  awar e o f  an y progra m whic h explicitl y 
incorporate s pla y a s a  learnin g activit y 
althoug h I  thin k i t  woul d b e fai r  t o describ e 
th e behavio r  of  A M (Lena t  1976 )  a s playin g wit h 
numbers .  Otherwis e A I  program s see m t o b e base d 
on th e assumptio n tha t  learnin g mus t  b e eithe r  a 
classroo m experienc e (learnin g wit h a  teacher ) 
or  a n apprenticeshi p (learnin g whil e doin g th e 
task) .  Thi s pape r  i s intende d t o exhor t  bot h 
learnin g theorist s an d A l  worker s t o tak e pla y 
more seriously . Althoug h th e cogni t 
hypothesi s provide s a n exp l 
functio n o f  pla y i t  doe s 
complet e theory .  Suc h a  theo r 
accoun t  o f  ho w pla y activ i 
motivate d an d rewarded .  I t 
conten t  an d structur e o f  pl a 
cognitiv e developmen t  hypothe s 
framewor k withi n whic h mor e 
may b e developed .  Th e re s 
devote d t o sketchin g th e outl i 
theory . 

iv e developmen t 
anatio n o f  th e 
not  constitut e a 
y mus t  provid e a n 
t y i s instigated , 
must  explai n th e 
y activities .  Th e 
i s onl y provide s a 
complet e theorie s 
t  of  th i  s  pape r  i  s 
nes o f  on e suc h 

2:  A  THEORY OF PLA Y 

If play is a method of building a cognitive 
representatio n the n an y theor y o f  pla y mus t  mak e 
some assumption s abou t  th e natur e of  th e 
representatio n whic h i s built .  I  therefor e 
begi n th e developmen t  o f  th e theor y wit h th e 
followin g postulate: -
Play is an activity directed towards 

buildin g a  representatio n o f  th e worl d 
i n term s o f  th e organism' s abilitie s 
t o d o thing s t o o r  wit h th e entitie s 
whic h i t  encounter s i n th e world . 

This hypothesis makes a strong claim about what 
i s learne d durin g play .  I t  assert s tha t  th e 
organis m i s attemptin g t o discove r  wha t  i t  ca n 
do rathe r  tha n wha t  i t  shoul d do .  Tha t  is ,  i t 
i s  no t  primaril y concerne d wit h learnin g wha t 
action s hav e desirabl e outcomes .  I t  I s of 
cours e possible ,  an d indee d probable ,  tha t  th e 
organis m wil l  obtai n informatio n abou t  wha t  i t 
shoul d d o a s a  sid e effec t  o f  tryin g t o discove r 
what  i t  ca n do ,  bu t  th e clai m mad e i n th e 
hypothesi s i s tha t  suc h informatio n i s no t  th e 
goal  o f  pla y behavior .  Not e tha t  thi s doe s no t 
impl y tha t  th e organis m wil l  no t  b e tryin g t o 
determin e th e consequence s o f  it s  action s bu t 
onl y tha t  i t  wil l  no t  b e directl y concerne d wit h 
th e value s o f  thos e consequences . 

This form of representation in which the 
worl d i s modelle d i n term s o f  ho w i t  relate s t o 
th e organism' s behaviora l  capabilitie s ha s som e 
obviou s merits .  Fo r  example ,  i t  i s  a n essentia l 
prerequisit e fo r  an y kin d o f  proble m solvin g 
behavio r  sinc e i t  enable s th e organis m t o 
generat e alternativ e course s o f  actio n i n a 
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give n situation .  However ,  sinc e i t  i s  mos t 
readil y understoo d i n term s o f  simpl e moto r 
response s t o a  give n even t  ther e i s a  seriou s 
dange r  o f  underestimatin g it s powe r  an d 
generality .  I t  i s  therefor e wort h pointin g ou t 
tha t  i t  strongl y resemble s Gibson' s notio n o f 
'affordances '  (Gibso n 1977) .  I t  i s  als o closel y 
relate d t o th e pragmati c theor y o f  meanin g du e 
t o Peirc e (1878 )  an d subsequentl y elaborate d b y 
James.  Dewe y an d Mea d amon g others .  Fo r  thi s 
reaso n w e shal l  refe r  t o i t  a s a  'pragmati c 
representation' .  Object-base d programmin g 
language s suc h a s SIMUL A an d SMALLTALK represen t 
entitie s usin g wha t  i s essentiall y  a  pragmati c 
represenla t  ion . 

3:  IMPLICATION S OF TH E HYPOTHESIS 

We no w explor e som e o f  th e implication s o f 
th e hypothesi s tha t  pla y i s a  strateg y fo r 
buildin g a  pragmati c representatio n o f  th e 
world .  I n executin g a n ordinar y goa l  oriente d 
tas k th e organis m i s attemptin g t o effec t  som e 
chang e o f  stat e i n It s world .  I n doin g thi s i t 
use s knowledg e o f  th e propertie s o f  th e world . 
I n pla y th e organis m I s attemptin g t o effec t 
some chang e o f  stat e withi n it s ow n 
representatio n o f  tha t  world .  I n doin g thi s i t 
wil l  us e knowledg e regardin g tha t 
representation .  Thu s i t  ca n b e see n tha t  th e 
goal s o f  pla y ar e metagoal s an d henc e tha t  pla y 
involve s acces s t o metaknowledge . 

What sort of metaknowledge would bt 
relevan t  fo r  th e developmen t  o f  a  pragmati c 
representation ? I f  th e organis m i s t o discove r 
what  i t  ca n d o the n i t  presumabl y need s t o hav e 
some representatio n o f  wha t  i t  doe s no t  kno w i t 
ca n do .  Tha t  I s th e metaknowledg e mut t 
represen t  th e organism' s ignorance .  Suc h a 
representatio n coul d b e use d t o determin e th e 
cours e o f  pla y behavior .  Thu s th e organis m 
woul d i n effec t  conduc t  experiment s whos e 
purpos e i s t o reduc e it s ow n ignoranc e o f  it s 
capablitie s i n a  manne r  loosel y analagou s wit h 
scientifi c  research . 

The Introduction of the concept of 
metaknowledg e raise s th e spectr e o f  a n infinit e 
regress .  Wher e doe s th e metaknowledg e com e 
from ? I s i t  necessar y t o pla y a t  playin g I n 
orde r  t o discove r  ho w t o play ? Th e threa t  o f  a n 
endles s regres s ca n b e avoide d i f  th e sam e 
activitie s whic h provid e informatio n fo r  th e 
pragmati c representatio n o f  th e worl d als o 
provid e th e Informatio n neede d t o buil d a  mode l 
of  th e organism' s ignorance .  Thi s constrain t  I s 
not  onl y satisfiabl e bu t  als o explain s on e o f 
th e basi c empirica l  finding s regardin g pla y an d 
explorator y behavior :  th e probabilit y  tha t  a 
chil d wil l  pla y o r  explor e i s relate d b y a n 
inverted- U curv e t o th e novelt y o f  a  situation . 
I n a  highl y familia r  situatio n th e chil d wil l 
hav e a  detaile d pragmati c representatio n an d 
correspondingl y lo w ignoranc e an d thu s ther e i s 
littl e t o b e gaine d b y play .  Conversel y i n a 
totall y unfamilia r  situatio n th e chil d wil l  hav e 
virtuall y n o pragmati c representatio n an d henc e 
hav e n o knowledg e o f  it s  ow n Ignorance .  I n suc h 
circumstance s h e o r  sh e woul d essentiall y  no t 
kno w ho w t o play .  Onl y i n th e Intermediat e cas e 
i n whic h a  partia l  pragmati c representatio n 
exist s I s th e chil d a n I e t o construc t 
potentiall y  usefu l  pla y activities . 
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li :  A  SIMPL E IMPLEMENTATION 

I n orde r  t o clarif y th e idea s discusse d I n 
th e precedin g sectio n b y providin g a  concret e 
exampl e an d t o demonstrat e tha t  suc h hypothese s 
ca n indee d lea d t o a  successfu l  learnin g 
program ,  I  shal l  no w describ e a  ver y simpl e 
concep t  learnin g progra m whic h learn s b y 
playing . 
The organism in this case is a LISP program 
calle d PAN.  PA N operate s i n a  simpl e 
blocksworl d typ e o f  environment .  I n thi s worl d 
ar e numerou s object s whic h eac h hav e th e 
propertie s o f  color.size.textur e an d shape . 
Each o f  thes e propertie s may tak e on e o f  severa l 
discret e values .  PA N I s abl e t o appl y thre e 
type s o f  actio n t o thes e objects .  I t  ca n pus h 
them ,  kic k the m an d pic k the m up .  Howeve r  thes e 
action s wil t  onl y resul t  I n th e objec t  movin g i n 
certai n cases .  Fo r  exampl e th e operatio n o f 
pickin g u p migh t  onl y resul t  i n th e objec t 
movin g I f  th e objec t  wer e small .  Initiall y  PA N 
doe s no t  kno w wha t  classe s o f  object s it s  thre e 
kind s o f  actio n wil l  succee d on .  Thu s PAN' s 
tas k i s t o discove r  th e equivalenc e classe s o f 
kickabl e objects ,  pushabl e object s an d object s 
whic h ma y b e picke d up .  I t  mus t  experimen t 
entirel y withou t  externa l  guidanc e unti l  i t  i s 
confiden t  tha t  i t  ca n predic t  th e applicabilit y 
of  a n actio n t o a n object . 
PAN does th i s by deveI op i ng a cI ass 
hierarchy .  Initiall y  i t  possesse s onl y on e 
clas s -  th e clas s 'Things' .  Al l  object s ar e 
instance s o f  thi s clas s an d al l  action s ar e 
initiall y  attache d t o thi s class .  A s par t  o f 
th e attachmen t  o f  a n actio n t o a  clas s PA N 
store s a n estimat e o f  th e probabilit y  tha t  th e 
actio n ca n b e applie d t o a  member  o f  tha t  class . 
Thi s probabilit y  estimat e i s revise d ever y tim e 
PAN trie s t o appl y tha t  actio n t o a n instanc e o f 
tha t  class .  I f  thi s probabilit y  estimat e i s 
ver y larg e o r  ver y smal l  the n PA N i s relativel y 
certai n abou t  th e applicabilit y  o f  th e actio n t o 
instance s o f  th e clas s an d henc e ha s n o nee d t o 
conduc t  furthe r  experiments .  I f  howeve r  th e 
probabilit y  i s i n th e regio n o f  0. 5 the n PA N i s 
highl y uncertai n an d furthe r  developmen t  o f  th e 
clas s hierarch y i s needed .  Th e actua l  measur e 
of  uncertaint y use d i n th e syste m i s Shannon' s 
informatio n functio n (Shanno n an d Weaver ,  IJfcg) . 
I n fac t  an y functio n o f  th e probabilit y  whic h 
was unimoda l  i n th e interva l  0  t o I  wit h a 
maximum a t  0. 5 an d a  valu e o f  0  a t  0  an d 1  woul d 
serve .  Th e us e o f  th e Shanno n functio n ha s th e 
advantag e o f  allowin g on e t o interpre t  i t  a s th e 
informationa l  valu e o f  a  ne w subclas s rathe r 
tha n bein g a  meaningles s number .  Th e initia l 
probabilit y  estimat e assigne d t o eac h actio n fo r 
it s attachmen t  t o th e clas s Thing s i s 0. 5 an d 
henc e the y eac h hav e a n uncertaint y o f  1 . 
A cycle of the system is called an 
experiment .  I n eac h experimen t  th e syste m find s 
th e actio n whic h i s attache d t o a  clas s wit h 
highes t  uncertainty .  A n instanc e o f  tha t  clas s 
i s selecte d an d th e actio n applied .  I f  th e 
actio n i s successfu l  then ,  apar t  fro m th e 
increas e i n th e estimate d probability ,  nothin g 
els e happen s an d th e syste m begin s a  ne w 
expe r  iment . 
If the action Is unsuccessful then one of 
tw o processe s may occur :  a  ne w subclas s may b e 
create d o r  th e actio n may b e detache d fro m th e 
class .  I f  th e uncertaint y exceed s a  certai n 



threshol d the n PA N wil l  attemp t  t o construc t  a 
subclas s o f  th e clas s i n whic h th e actio n ha s 
Jus t  faile d an d the n attac h th e actio n t o th e 
new subclass .  (Th e actio n remain s attache d t o 
th e origina l  class) .  I t  doe s thi s b y repeatedl y 
selectin g instance s o f  th e origina l  clas s unti l 
i t  find s on e o n whic h th e actio n succeeds .  I t 
the n select s a  rando m attribut e o f  tha t 
Instance ,  fo r  exampl e it s colo r  o r  it s  size ,  an d 
use s tha t  a s th e criterio n fo r  membershi p o f  th e 
new subclass .  Th e actio n i s the n attache d t o 
th e ne w subclas s wit h a n initia l  probabilit y 
estimat e whic h i s identica l  t o th e curren t 
probabilit y  estimat e fo r  th e attachmen t  o f  th e 
actio n t o th e origina l  class . 
This newly created subclass may or may not 
contai n a  highe r  percentag e o f  object s t o whic h 
th e actio n may b e applied .  I f  i t  doe s the n th e 
subclas s i s clearl y usefu l  an d henc e wil l  b e 
retained .  I f  i t  doe s no t  the n th e probabilit y 
estimat e wil l  eventuall y fal l  belo w tha t  o f  th e 
correspondin g estimat e i n th e paren t  class . 
When thi s happen s th e actio n i s detache d fro m 
th e subclass .  I f  an y clas s ha s n o action s 
attache d the n i t  i s  removed .  Henc e onl y usefu l 
classe s ar e retained .  I n thi s wa y th e syste m 
develop s a  hierarch y o f  classe s a s i t  attempt s 
t o reduc e it s uncertainty .  Th e syste m i s abl e 
t o lear n bot h conjunctiv e an d disjunctiv e 
concept s an d wil l  eventuall y reac h a  stag e whe n 
al l  uncertaintie s ar e belo w threshold .  I n thi s 
situatio n PA N announce s tha t  i t  i s  bore d an d 
halts .  Not e th e syste m doe s no t  necessaril y 
fin d a  minima l  se t  o f  classe s t o represen t  th e 
concept s i t  i s  discovering .  Thi s coul d b e don e 
at  th e expens e o f  mor e elaborat e rule s fo r 
modifyin g th e hierarchy .  I t  doe s howeve r 
achiev e a  correc t  i f  redundan t  representation . 
I n thi s respect  it s  behavio r  resemble s tha t  o f 
human beings . 

The above account is simplified in one 
respect .  Onc e subclasse s hav e bee n constructe d 
any give n objec t  may b e a n instanc e no t  onl y o f 
a give n clas s bu t  als o o f  on e o r  mor e o f  it s 
subclasses .  Thus ,  i f  PA N i s doin g a n experimen t 
whic h involve s applyin g a n actio n t o a n Instanc e 
of  som e class ,  th e particula r  instanc e selecte d 
may als o b e a  member  o f  a  subclas s t o whic h th e 
actio n i s als o attached .  I n thes e circumstance s 
th e experimen t  i s effectivel y transferre d t o th e 
subclas s whic h ha s th e highes t  probabilit y 
estimate .  Th e resul t  o f  th e experimen t  modifie s 
th e probabilit y  estimate s o f  bot h th e subclas s 
and th e paren t  class .  Howeve r  a  secon d 
probabilit y  estimat e i s als o kep t  fo r  eac h 
attachmen t  whic h i s a  measur e o f  th e proportio n 
of  attempte d application s whic h wer e no t  passe d 
down t o a  subclass .  Thi s secon d probabilit y 
estimate ,  calle d usage ,  i s multiplie d b y th e 
Shanno n informatio n functio n i n determinin g th e 
uncertainty .  Thi s i s analogou s t o Shannon' s 
measur e o f  th e entrop y o f  a n informatio n source . 

The reason for this modification is that if 
i t  wer e omitte d th e uncertaint y o f  paren t 
classe s woul d remai n hig h eve n whe n th e 
appropriat e subclasse s ha d bee n constructed . 
Thi s woul d lea d t o endles s redundan t 
experimentation .  Th e modificatio n describe d 
ensure s tha t  a  clas s wit h successfu l  subclasse s 
wil l  hav e lo w uncertaint y value s despit e no t 
havin g probabilit y  esimate s clos e t o 1 . 

As indicated earlier PAN is only intended 
as a  demonstratio n tha t  th e pla y theor y ca n b e 
use d a s th e basi s o f  a  learnin g syste m whic h work s withou t  th e assistanc e o f  a  teacher .  We 

ar e developin g a  muc h large r  versio n o f  th e 
syste m i n whic h object s may posses s relationa l 
attribute s an d action s may chang e thos e 
relations .  PA N i s howeve r  onl y a  simpl e 
instantiatio n o f  th e us e o f  a  pla y base d 
learnin g strategy . 
The pragmatic representation takes the form 
of  a  clas s hierarch y wit h action s attache d t o 
classes .  Th e metaknowledg e o f  it s  ow n ignoranc e 
take s th e for m o f  th e associate d uncertainties . 
The sam e experiment s whic h lea d t o alteration s 
i n th e pragmati c representatio n als o chang e th e 
representatio n o f  ignorance . 
Because PAN operates in a very restricted 
univers e i t  eventuall y learn s al l  tha t  ca n b e 
learned .  Generall y w e shoul d no t  expec t  thi s t o 
happen .  A s th e pragmati c representatio n become s 
riche r  th e organis m ha s mor e thing s t o b e 
uncertai n about .  Henc e th e proces s o f  buildin g 
th e representatio n become s a  neve r  endin g searc h 
fo r  somethin g eve n bette r  whil e retainin g th e 
bes t  tha t  ha s bee n achieve d s o far . 
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