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Ze r o S u m G a m e s A s Distribute d Cognitiv e Sys tem s 

Robert L. West (rwest@hkucc.hku.hk) 
Departmen t  o f  Psychology ,  Universit y o f  Hon g Kong ,  Hon g Kong ,  P R C . 

Abstrac t 

By simulating game playing with neural networks, and by 
usin g huma n subjects ,  i t  i s  demonstrate d tha t  th e interactio n 
betwee n tw o player s i n a  gam e o f  Paper ,  Rock s an d Scissor s 
can giv e ris e t o emergen t  propertie s tha t  ar e no t  inheren t  i n 
th e individua l  players . 

Game theory (VonNeumann & Morgenstern, 1944) 
describe s h o w rationa l  player s shoul d behav e i n a 
competitiv e situatio n prescribe d b y rule s an d wit h payoff s 
fo r  certai n results .  However ,  t o d o thi s i t  i s  necessar y t o 
make assumption s concernin g th e cognitiv e mechanism s 
availabl e t o th e players .  On e assumptio n tha t  i s frequentl y 
made i s  tha t  player s hav e th e abilit y t o generat e rando m 
response s (i.e .  t o dra w response s a t  rando m fro m a 
predetermine d distribution) .  Fo r  example ,  th e gam e theor y 
solutio n fo r  Paper ,  Rock s an d Scissor s (henc e fort h PRS )  i s 
t o pla y randomly ,  1/ 3 paper ,  1/ 3 rocks ,  an d 1/3 . 

However ,  th e assumptio n o f  rando m response s i s 
problemati c fo r  tw o reasons .  Th e first  i s  tha t  peopl e ar e 
normall y quit e ba d a t  generatin g rando m response s (se e 
Tune ,  1964 ,  an d Wagenaar ,  197 2 fo r  reviews) ,  an d th e 
secon d i s tha t  whe n peopl e gues s wha t  i s comin g nex t  i n a 
serie s the y attemp t  t o capitaliz e o n sequentia l  dependencies , 
regardles s i f  the y ar e presen t  o r  no t  (e.g. ,  Anderson ,  1960 ; 
Estes ,  1972 ;  Restle ,  1966 ;  Ros e &  Vitz ,  1966 ;  Vit z &  Todd , 
1967) .  Give n th e abov e research ,  a  mor e realisti c mode l  o f 
PRS pla y woul d hav e player s tryin g t o detec t  eac h other' s 
sequentia l  dependencies . 

To mode l  this ,  simpl e linea r  model s (Rumelhart ,  Hinton , 
and McClelland ,  1986 )  wer e used .  Th e network s wer e 
designe d t o predic t  thei r  opponent' s nex t  mov e base d o n 
previou s trials ,  an d the y differe d onl y i n h o w man y o f  thei r 
opponent' s previou s trial s the y coul d process .  T o represen t 
thi s th e network s ar e b e referre d t o i n term s o f  ho w man y 
lag s bac k the y ha d acces s t o (i.e .  a  lag l  networ k coul d 
remember  on e tria l  back ;  a  lag 2 network ,  tw o trial s back , 
etc.) .  P R S game s wer e the n simulate d b y havin g th e 
network s pla y agains t  eac h other . 

The effec t  o f  processin g mor e lag s wa s clear ,  network s 
tha t  coul d remembe r  mor e alway s wo n i n th e lon g term . 
However ,  a s woul d b e expecte d b y symmetry ,  whe n th e 
network s wer e evenl y matche d n o advantag e emerged .  Th e 
nex t  ste p wa s t o find  ou t  i f  huma n P R S pla y wa s consisten t 
wit h th e simulations .  T o d o this ,  huma n subject s playe d P R S 
agains t  a  lag l  network . 

The subject s wer e 1 3 volunteer s fro m th e Universit y o f 
Britis h Columbi a an d th e Universit y o f  Hon g Kong .  Eac h 
subjec t  playe d fo r  approximatel y 2 0 minutes .  Th e numbe r  o f 
trial s varie d base d o n eac h subject' s playin g speed .  Al l 
subject s playe d a t  leas t  25 0 trial s (mea n numbe r  o f  trial s = 

441) .  Th e mea n o f  subjects '  final  score s wa s 16.8 ,  whic h 
was significantl y highe r  tha n zero ,  indicatin g tha t  subject s 
wer e abl e t o outpla y th e lag l  network . 

P RS i s a n exampl e o f  a  zer o sum ,  guessin g game .  Fro m a 
distribute d cognitio n perspectiv e (e.g .  se e Hutchins ,  1994) , 
suc h game s ca n b e conceptualize d a s distribute d system s 
compose d o f  couple d sequentia l  dependenc y detectio n 
mechanisms .  Th e result s o f  thi s stud y indicat e tha t  suc h 
system s hav e emergen t  propertie s tha t  benefi t  player s w h o 
ca n proces s mor e lags . 
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