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Abstrac t 

The subject of this paper is the role of transferable 
commonsense principle s i n th e acquisitio n o f  game -
playin g expertise .  W e argu e tha t  individual s skille d i n a 
domai n develo p expertis e becaus e the y kno w an d appl y 
thes e principles ,  an d tha t  mos t  game-playin g program s d o 
not  pla y lik e people .  Th e pape r  describe s Hoyle ,  a  mode l 
of  a n exper t  gam e playe r  tha t  relie s o n th e us e o f 
commonsense principles ,  limite d memory ,  an d usefu l 
knowledg e t o lear n t o pla y two-person ,  perfec t 
informatio n finite-boar d game s expertly .  W e the n describ e 
an experimen t  i n whic h huma n subject s playe d thre e suc h 
games agains t  a  compute r  expert .  Afte r  playin g thes e 
games,  th e subject s evaluate d Hoyle' s game-playin g 
principle s i n th e contex t  o f  thei r  ow n behavio r  Verba l 
protocol s an d subjects '  evaluation s reveale d considerabl e 
overla p betwee n th e principle s preferre d b y ou r  subject s 
and thos e preferre d b y Hoyle .  Usin g learnin g tim e a s a 
measur e o f  difficulty ,  th e subjects '  performanc e an d Hoyle' s 
performanc e ordere d th e thre e game s identically .  Thi s 
experimen t  als o reveale d difference s i n th e us e o f  game -
playin g principle s betwee n skille d an d unskille d players : 
skille d player s judge d th e game-playin g principle s t o b e 
more effectiv e tha n di d unskille d players ,  skille d player s 
used severa l  differen t  principle s whil e unskille d player s 
relie d o n on e principle ,  an d skille d player s anticipate d 
thei r  opponent' s move s whil e unskille d player s merel y 
reacted . 

Introduction 

Th e us e o f  transferabl e commonsens e principle s a s a 
hallmar k o f  expertis e i s tli e subjec t  o f  thi s paper .  I t  i s th e 
thesi s o f  tJii s  wor k tha t  a n individua l  skille d i n a  particula r 
domai n i s abl e t o develo p expertis e mor e thoroughl y an d 
mor e rapidl y becaus e sh e know s an d applie s a  se t  o f 
commonsens e principles .  O u r  researc h i s  base d i n th e 
domai n o f  two-person ,  perfec t  information ,  finite-boar d 
games.  W e argu e tha t  mos t  game-playin g program s d o no t 
pla y lik e people ,  an d presen t  a  mode l  o f  exper t  gam e playin g 
calle d Hoyle ,  whic h implement s commonsens e game -
playin g principles .  W e describ e a n experimen t  tha t  identifie s 
some o f  th e commonsens e principle s peopl e use ,  an d offer s 

psychologica l  evidenc e tha t  th e abilit y  t o us e an d evaluat e 
commonsens e principle s i s on e o f  th e difference s betwee n 
skille d an d unskille d h u m a n game-players .  Further ,  w e 
discus s th e plausibilit y o f  Hoyl e a s a  cognitiv e mode l  o f 
human exper t  gam e playing . 

Throughou t  thi s paper ,  g a m e denote s a  se t  o f  rules ,  play -
in g pieces ,  an d a  board ,  whil e contes t  distinguishe s a  singl e 
experienc e playin g a  game .  A  stat e i s a  situatio n i n a  game , 
describe d completel y b y th e locatio n o f  th e playin g piece s 
on th e boar d an d whos e tur n i t  i s t o move .  Fo r  example ,  tic -
tac-to e i s a  gam e a t  whic h tw o peopl e migh t  pla y a  contest , 
beginnin g wit h a  stat e tha t  i s a n empt y boar d wit h X  t o 
move.  Th e g a m e tre e fo r  a  g a m e i s th e spac e o f  al l  it s 
possibl e states ,  connecte d b y th e move s tha t  lea d fro m on e 
stat e t o another .  Finally ,  a  c o m m o n s e n s e strateg y i s a 
generall y applicabl e predilectio n t o selec t  a n alternativ e 
becaus e i t  satisfie s a  particula r  criterion . 

How Human Experts Play Games 
Contrar y t o popula r  belief ,  expert s d o no t  hav e distinctiv e 
menta l  abilitie s (lik e exceptiona l  power s o f  concentration , 
enormou s memories ,  o r  hig h IQ's) ,  no r  d o the y perfor m ex -
tensiv e forwar d searc h int o th e g a m e tree ,  no r  rel y o n statis -
tica l  measure s o f  typicalit y o r  concret e visua l  image s (Binet , 
1894 ;  Chamess ,  1981 ;  Djakow ,  Petrowski ,  &  Rudik ,  1927 ; 
Holding ,  1985) .  W h a t  the y d o hav e ar e perceptua l  focu s o f 
attention ,  carefull y organize d knowledge ,  an d efficien t 
procedure s t o manipulat e tha t  knowledge . 

I n particular ,  game-playin g expert s summariz e som e o f 
thei r  knowledg e i n concepts ,  bot h a s verba l  memorie s an d a s 
unordere d spatia l  pattern s calle d chunks .  A  grandmaster' s 
recal l  i s  bette r  tha n a n ordinar y person' s fo r  ches s positions , 
but  onl y fo r  ches s position s tha t  ar e meaningful ,  i.e. ,  one s 
tha t  woul d aris e durin g th e pla y o f  a  contes t  (Chas e & 
Simon ,  1973) .  I n general ,  empirica l  evidenc e indicate s tha t 
skille d peopl e i n m a n y domain s hav e bette r  memories ,  bu t 
onl y fo r  meaningfu l  patterns ,  an d that ,  give n th e sam e 
knowledge ,  a n imskille d perso n remain s unskilled .  (See ,  fo r 
example ,  (Ega n &  Schwartz ,  1979 ;  Engl e &  Bukstel ,  1978 ; 
Shneiderman ,  1976). )  A n expert' s  m e m o r y i s  organize d 
aroun d higher-leve l  concepts ,  no t  perceptua l  characteristics . 
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s o tlia t  a  singl e boar d configuratio n tha t  coul d aris e i n eidie r 
of  t w o differen t  g a m e s i s  chunke d an d recalle d dilTerenUy , 
dependin g upo n th e g a m e i n whic h i t  i s perceive d (Bsenstad t 
& Kareev ,  1975) .  Finally ,  ches s master s conside r  bot h thei r 
possibl e m o v e s an d th e possibl e m o v e s o f  thei r  opponents , 
an d us e thes e p h m s t o direc t  th e searc h process ,  mak in g i t 
simple r  an d m o r e efficien t  (Holding ,  1985) . 

How Computer Experts Play Games 

Th e typica l  game-playin g progra m i s ver y differen t  fro m th e 
human expert .  I t  play s onl y on e game ,  e.g. ,  checker s o r  Go . 
Wit h a  fe w notabl e exceptions ,  suc h a  progra m doe s no t 
lean i  o r  pla n o r  retai n it s experience ,  an d i t  camio t  explai n 
it s decisions .  I t  relie s o n large ,  perfec t  memor y an d fast , 
dee p search .  Th e memor y describe s standar d opening s (earl y 
m o ve sequence s favore d b y huma n experts )  an d ma y als o 
includ e a  databas e indicatin g th e bes t  possibl e resul t  fro m 
many state s i n th e endgame .  Th e progra m play s th e relevan t 
openin g a s lon g a s i t  i s applicable ,  an d applie s th e endgam e 
knowledg e a s soo n a s possible . 

I n between ,  durin g th e middlegame ,  th e progra m calculate s 
a numerica l  descriptio n o f  th e wort h o f  man y possibl e 
subsequen t  state s an d select s th e m o v e tha t  maximize s th e 
mover' s potentia l  strength ,  whil e minimizin g tha t  o f  he r 
opponent .  Eac h stat e i s rate d b y th e program' s heuristi c 
evaluatio n function ,  a  computatio n base d upo n game -
dependen t  feature s selecte d b y th e programme r  fro m amon g 
thos e highl y regarde d b y huma n experts .  A  featur e i s a 
description ,  lik e "th e blac k kin g i s i n check, "  tha t  i s 
considere d a  significan t  componen t  o f  a  stati c judgmen t  o n 
th e strengt h o f  an y stat e relativ e t o al l  othe r  possibl e states . 
Th e typica l  game-playin g progra m searche s a s fas t  an d a s 
dee p a s i t  can,  evaluatin g encoimtere d state s an d backin g u p 
thei r  value s t o selec t  th e bes t  nex t  move .  I f  a  game-playin g 
progra m wer e supplie d wit h th e idea l  evaluatio n function ,  o r 
i f  i t  coul d alway s searc h t o th e en d o f  possibl e contest s 
wher e th e rule s determine d w h o ha d won ,  the n th e progra m 
woul d pla y perfectly .  Otherwise ,  it s decisio n i s simpl y a 
heuristi c approximation ,  on e whic h select s th e curren t  mov e 
tha t  maximize s th e program' s estimate d abilit y  t o win . 

Althoug h thi s typ e o f  massiv e memor y an d searc h 
progra m produce s a n impressiv e gam e player ,  eve n th e bes t 
of  the m ar e ofte n defeate d b y th e bes t  huma n player s 
(Anantharaman ,  Campbell ,  &  Hsu ,  1990 ;  Beriine r  & 
Ebeling ,  1989) .  Further ,  th e necessar y memor y requirement s 
and spee d o f  th e searc h algorith m make s thi s kin d o f  game -
playin g progra m psychologicall y implausible ;  peopl e 
simpl y cannot ,  an d d o not ,  pla y thi s way . 

How Hoyle Plays Games 

Hoy l e i s a  progra m tha t  learn s t o pla y two-person ,  perfec t 
information ,  finite-board  games .  I t  i s base d o n a  learnin g an d 
problem-solvin g architectur e calle d F O R R ,  predicate d upo n 
multipl e rationale s fo r  decisio n mak in g (Epstein ,  1994) .  T h e 
phi losoph y behin d F O R R i s tha t  a  se t  o f  possibl y 
overlapping ,  approximatel y correc t  genera l  principle s fo r 
decisio n m a k i n g ca n collaborat e t o achiev e a  pragmati c 
synergy .  T h e individua l  reason s identifie d fo r  a  particula r 
skil l  lik e g a m e playin g ar e collected ,  rathe r  tha n structured . 

acquire d usefu l  knowledg e 
curren t  stat e I  legaj _ move s 

Tie r  1 
St̂ llo w searc h an d 
interenc e base d o n 
perlec l  knowledg e 

Victor y 

Pani c 

Enoug h 

make Absolut e 
decision ? »'mov e 

Tie r  2 . 
Heuristi c 
opinion s 

Shortcu t Coverag e 

Blackboar d 

I 
Votin g 

Figur e 1 :  H o w Hoyl e make s decisions . 

to permit flexibility in a wide range of tasks. Hoyle learns 
t o pla y i n competitio n agains t  a  hand-crafted ,  externa l  exper t 
progra m fo r  eac h specifi c n e w g a m e .  Hoy l e begin s wit h 
onl y th e rule s fo r  a  n e w g a m e an d s o m e genera l  knowledg e 
abou t  g a m e playing ,  suc h a s takin g turn s an d stoppin g whe n 
someon e ha s w o n .  A s see n i n Figur e 1 ,  wheneve r  i t  i s 
Hoyle' s tur n t o m o v e ,  a  hierarch y o f  resource-limite d 
procedure s calle d Advisor s i s provide d wit h th e curren t  gam e 
state ,  th e lega l  moves ,  an d an y usefu l  knowledg e (describe d 
be low )  alread y acquire d abou t  th e g a m e .  Hoy l e ha s 2 3 
heuristi c Advisors ,  o r  c o m m o n s e n s e principle s fo r  g a m e 
playing ,  i n tw o tiers .  T h e first  tie r  sequentiall y  attempt s t o 
comput e a  decisio n base d upo n correc t  knowledge ,  shallo w 
search ,  an d simpl e inference ,  suc h a s Victory' s "mak e a 
m o ve tha t  win s th e contes t  immediately. "  I f  n o singl e 
decisio n i s  forthcoming ,  the n th e secon d tie r  collectivel y 
makes m a n y les s reliabl e recommendat ion s base d u p o n 
narro w viewpoints ,  lik e Material' s  "maximiz e th e numbe r  o f 
you r  marker s an d minimiz e th e numbe r  o f  you r  opponent's. " 
Base d o n th e Advisors '  responses ,  a  simpl e arithmeti c vot e 
select s a  m o v e .  Durin g play ,  Hoy l e searche s n o mor e tha n 
tw o pl y (on e m o v e fo r  eac h contestant )  ahea d i n th e contest . 
Furthe r  detail s o n Hoy l e ar e availabl e i n (Epstein ,  1992) . 

A F O R R - b a s e d progra m learn s f ro m it s  experienc e t o 
m a ke bette r  decision s base d o n acquire d usefu l  knowledge . 
Usefu l  know ledg e i s  expecte d t o b e relevan t  t o futur e 
decision s an d i s  probabl y correc t  i n th e ful l  contex t  o f  th e 
searc h space .  Eac h ite m o f  usefu l  knowledg e i s associate d 
wit h a t  leas t  on e learnin g algorithm ,  e.g. ,  explanation-base d 
learnin g o r  induction .  T h e learnin g algorithm s ar e highl y 
selectiv e abou t  wha t  the y retain ,  m a y generalize ,  an d m a y 
choos e t o discar d previousl y acquire d knowledge .  Example s 
of  Hoyle' s usefu l  know ledg e includ e g o o d openings , 
significan t  state s (root s o f  subtree s whos e game-theoreti c 
valu e i s a  w i n fo r  s o m e contestant) ,  an d fork s (overlappin g 
plan s tha t  ar e a  functio n o f  bot h th e rule s an d th e topolog y 
of  di e g a m e board) .  Individual  Advisor s ca n appl y curren t 
usefu l  knowledg e t o construc t  thei r  recommendations .  Fo r 
example ,  O p e n trie s t o reproduc e onl y earl y pla y tha t  ha s 
bee n successfu l  i n previou s experience .  Victor y support s 
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moves t o significan t  wi n states ,  an d Pitchfor k exploit s fork s 
bot h offensivel y an d defensively . 

Unlik e mor e traditiona l  game-playin g programs .  Hoyl e 
does no t  rel y upo n massiv e memory ,  no r  doe s i t  perfor m ex -
tensiv e searche s i n th e gam e tre e durin g play .  Railicr ,  i t 
learn s fro m it s previou s experience ,  look s n o mor e tha n on e 
move ahea d fo r  eac h contestant ,  use s ver y littl e memory ,  an d 
applie s commonsens e principle s (it s Advisors )  t o th e gam e 
at  band .  Further ,  an d mos t  importantly ,  Hoyl e ca n becom e 
exper t  i n man y differen t  games ,  a n abilit y  no t  possesse d b y 
program s designe d aroim d vas t  memor y an d massiv e searc h 
of  game-specifi c  features .  Hoyl e i s als o a n effectiv e gam e 
player ;  i t  ha s learne d t o pla y 1 8 differen t  game s expertl y i n 
competitio n wit h a  huma n o r  programme d opponent . 
Hoyle' s learnin g tim e average s a s fe w a s 1 4 contest s an d 
rarel y exceed s 10 0 contest s (Epstein ,  1993) . 

Hoyle' s primar y component s (th e Advisors ,  shallo w 
search ,  an d usefu l  knowledge )  ar e mor e psychologicall y 
plausibl e tha n thos e o f  othe r  exper t  game-playin g programs . 
Thus,  th e structur e an d logi c o f  Hoyl e see m ideall y suite d t o 
guid e th e stud y o f  expertis e i n humans .  Further ,  severa l  o f 
th e boar d game s Hoyl e learn s ar e simpl e enoug h t o b e 
mastere d b y a  subjec t  withi n a n experimenta l  session .  Thus , 
th e goa l  o f  th e followin g experimen t  i s t o investigat e 
whethe r  th e proces s use d b y Hoyl e t o becom e a n exper t  i s 
simila r  t o tha t  use d b y human s a s the y becom e experts . 

The Experiment 

Subjects 

The subject s wer e 8  colleg e students ,  recruite d fro m th e 
genera l  populatio n an d pai d fo r  thei r  participation . 

Procedure 

The subject s wer e tol d the y woul d b e playin g thre e differen t 
games agains t  a  compute r  expert .  The y wer e als o tol d tha t 
the y wer e bein g tap e recorded ,  an d tha t  the y shoul d verbaliz e 
thei r  though t  processe s whil e playin g th e games .  T o remin d 
th e subject s o f  th e importanc e o f  verbalizatio n durin g play , 
th e word s "Thin k ou t  loud! "  wer e displaye d nex t  t o th e gam e 
boards .  Th e orde r  o f  presentatio n o f  th e thre e game s wa s 
counterbalance d acros s subjects ,  an d fo r  eac h gam e th e 
subject s an d th e compute r  exper t  alternate d movin g first . 

X X  X  X  X 

o o  o  o 
achl 

0 0  0  0 
tic-tac-to e 

Figur e 2 :  Th e gam e board s fo r  ach i  an d tic-tac-toe . 

The subject s wer e no t  tol d abou t  Hoyle' s Advisor s unti l  afte r 
playin g agains t  th e computer .  The y playe d eac h gam e unti l 
the y reache d a  criterio n o f  7  consecutiv e draw s o r  2 5 
contests ,  afte r  whic h the y wer e switche d t o th e nex t 
randoml y assigne d game .  Afte r  playin g al l  thre e games ,  th e 
subject s wer e give n a  lis t  o f  Hoyle' s Advisor s an d aske d t o 
rat e thei r  effectiveness ,  frequenc y o f  use ,  an d orde r  o f  use . 

Materials 

Thre e two-person ,  perfec t  information ,  finit e boar d games : 
tic-tac-toe ,  los e tic-tac-to e an d achi ,  wer e adapte d fo r  pla y o n 
a Macintos h Quadra .  Thei r  gam e board s appea r  i n Figur e 2 . 
Each o f  th e program s wa s a n expert ,  i.e. ,  i t  wa s designe d t o 
pla y perfectly ,  makin g th e bes t  possibl e mov e i n an y state . 
I f  ther e wa s mor e tha n on e suc h mov e th e exper t  progra m 
selecte d on e a t  rando m t o provid e a  broa d rang e o f  high -
qualit y experience .  Betwee n tw o perfec t  player s eac h o f  dies e 
games i s a  draw ,  bu t  th e goa l  i n pla y i s alway s t o wi n whil e 
simultaneousl y preventin g tli e othe r  contestan t  fro m doin g 
so.  Tic-tac-to e i s th e classi c 3 x 3 gri d gam e wher e a  wi n i s 
thre e o f  you r  marker s (eithe r  X '  s  o r  O '  s )  i n a  ro w eithe r 
vertically ,  horizontall y o r  diagonally .  Los e tic-tac-to e i s a 
varian t  o f  tic-tac-toe ,  i n whic h thre e o f  you r  marker s i n a 
ro w lose s th e game .  Ach i  i s  playe d o n th e boar d show n i n 
Figur e 2 ,  whic h i s isomorphi c t o th e tic-tac-to e grid . 
Contestant s begi n wit h 4  markers ,  eithe r  whit e o r  black ,  an d 
alternat e placin g the m o n th e board .  Pla y begin s whe n a 
playe r  place s a  marke r  a t  th e intersectio n o f  tw o o r  mor e 
lines .  Ther e ar e nin e suc h position s (correspondin g t o th e 
nin e position s o n a  tic-tac-to e grid) .  Onc e al l  eigh t  marker s 
have bee n place d o n th e board ,  a  tur n consist s o f  movin g 
one' s ow n marke r  t o th e singl e empt y position .  A  wi n a t 
achi  i s  thre e o f  you r  marker s i n a  row ,  eithe r  vertically , 
horizontall y o r  diagonally .  Pla y end s i n a  dra w whe n th e 
same stat e i s cycle d throug h a n agree d upo n numbe r  o f 
times .  Fo r  Hoyl e an d ou r  program ,  tha t  numbe r  wa s 3 . 

The subject s wer e als o aske d t o fil l  ou t  thre e question -
naire s designe d t o examin e thei r  us e o f  1 7 o f  Hoyle' s 
Advisor s an d thei r  definitions ,  a s i n Tabl e 1 .  (Si x Advisor s 
fo r  mor e comple x game s wer e deeme d irrelevan t  i n th e con -
tex t  o f  thes e game s an d therefor e omitted. )  Eac h subjec t  wa s 
aske d t o rat e o n a  scal e o f  1  t o 5  fo r  eac h gam e th e effective -
ness o f  eac h Advisor ,  ho w frequentl y the y ha d use d eac h 
Advisor ,  an d th e orde r  i n whic h the y ha d use d them . 

Results 

We use d a  contrastiv e analysi s techniqu e t o divid e th e 
subject s int o tw o groups ,  skille d an d unskille d gam e 
players ,  base d o n th e tota l  numbe r  o f  contest s necessar y t o 
reac h criterio n (Chi ,  Bassok ,  Lewis ,  Reimann ,  &  Glaser , 
1989) .  Th e fou r  skille d gam e player s reache d criterio n o r 
playe d 2 5 contest s i n al l  thre e game s afte r  a  tota l  o f  4 4 t o 5 1 
contests ;  th e fou r  unskille d gam e player s reache d criterio n o r 
playe d 2 5 contest s i n al l  thre e game s afte r  a  tota l  o f  5 7 t o 8 8 
contests .  O f  th e fou r  skille d gam e players ,  al l  reache d 
criterio n i n tic-tac-toe ,  llue e i n achi ,  an d tw o i n los e tic-tac -
toe .  O f  th e fou r  unskille d gam e players ,  thre e reache d 
criterio n i n tic-tac-toe ,  on e i n achi ,  an d non e i n los e tic-tac -
toe . 
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Tabl e 1 :  Hoyle' s Advisor s aii d thei r  definition s a s rename d 
and describe d t o th e subjects . 

A d v i s o r Definit io n 

BUnder s Selec t  a  m o v e t o furthe r  a  simpl e plan , 
wit h n o regar d fo r  you r  opponent' s 
plans . 

Defens e Selec t  a  m o v e t o defen d agains t  you r 
opponent' s simpl e plans . 

Don' t  Los e D o no t  mak e a  m o v e tha t  wil l  resul t  i n a 
loss . 

Enoug h Rop e I f  you r  opponen t  woul d hav e a  losin g 
m o ve o n dii s board ,  avoi d blockin g it , 
i.e. ,  leav e th e opponen t  th e opportunit y 
t o "han g itself. " 

For k Chos e a  m o v e givin g yo u mor e tha n on e 
opportunit y t o win ,  whil e blockin g 
moves givin g you r  opponen t  mor e tha n 
on e opportunit y t o win . 

Greed y M a k e move s tha t  advanc e mor e tha n on e 
winnin g configuration . 

Lookahea d "Look "  tw o move s ahead ,  an d base d o n 
thi s choos e you r  nex t  move . 

Pani c I f  you r  opponen t  ha s a  winnin g m o v e o n 
thi s board ,  bloc k it . 

Resig n I f  thi s i s a  certai n loss ,  resign . 
Victor y I f  yo u ca n find a  wiruiin g m o v e ,  tak e it . 
Agai n Repea t  winnin g o r  drawin g move s yo u 

hav e made . 
Not  Agai n 

Copyca t 

Leer y 

Pats y 

Star t 

Win 

Do no t  repea t  previousl y losin g move s 
yo u hav e made . 

M im i c opponent' s winnin g o r  drawin g 
moves . 

Avoi d move s tha t  you r  intuitio n tell s 
yo u hav e le d t o a  los s i n th e past . 

Reproduc e th e visua l  patter n mad e b y th e 
piece s o f  th e winnin g o r  drawin g player . 
and avoi d th e visua l  pattem s mad e b y 
th e piece s o f  th e losin g player . 

Repeat  previousl y successfu l  observe d 
op{X)nent' s opening . 

I f  yo u remembe r  a  certai n win ,  mak e th e 
w i n m n g move . 

Subjec t  Protocol s 

Th e goa l  o f  thi s analysi s wa s t o determin e i f  th e g a m e -
playin g principle s (define d a s th e procedure s use d t o 
optimiz e performance )  verbalize d b y ou r  subject s reveale d 
th e sam e principle s embodie d b y Hoyle' s Advisors.  T o thi s 
end ,  th e protocol s produce d b y th e subject s durin g pla y wer e 
first  transcribe d an d an y game-playin g principle s wer e noted . 
Thes e principle s wer e the n compare d t o Hoyle' s Advisors , 
and th e frequenc y o f  Hoyle' s Advisor s withi n th e subject' s 
game-playin g principle s wa s recorded .  Durin g th e codin g 
procedure s th e judg e wa s blin d t o th e skil l  statu s o f  th e 
subject .  Thi s analysi s reveale d a  remarkabl e overla p betwee n 
Hoyle' s Advisor s an d th e game-playin g principle s verbalize d 
by ou r  subjects .  O f  th e 1 7 relevan t  Advisors ,  1 0 appeare d i n 
th e subjects '  protocol s a t  leas t  3  times ,  suggestin g tha t  th e 

Advisor s use d b y Hoyl e ar e als o th e game-playin g principle s 
use d b y ou r  subjects .  Difference s betwee n th e manne r  i n 
whic h skille d an d unskille d player s use d thes e principle s 
wer e als o evident .  First ,  skille d gam e player s tende d t o 
verbaliz e severa l  differen t  type s o f  principle s whe n playin g 
agains t  th e computer ,  verbalizin g a n averag e o f  five  diffo-en t 
Advisor s durin g thei r  play ,  whil e unskille d player s 
verbalize d a n averag e o f  thre e differen t  Advisors .  Second ,  th e 
skille d player s use d thei r  game-playin g principle s muc h 
mor e ofte n tha n th e unskille d player s -  a n averag e o f  1 6 
times ,  i n contras t  t o a n averag e o f  1 0 time s fo r  th e unskille d 
players .  Finally ,  th e particula r  principle s verbalize d b y th e 
tw o group s als o differed ;  th e skille d player s verbalize d 
"Lookahead "  2 5 % o f  di e time ,  an d relie d o n "Defense "  1 7 % , 
"Again "  1 1 % ,  an d "Patsy "  1 1 % .  Th e unskille d player s use d 
"Defense "  quit e ofte n (30%) ,  an d wer e als o ver y likel y t o us e 
"Patsy "  a s a  strategy ,  mentionin g i t  ove r  1 7 % o f  th e time . 

Subject Ratings - Effectiveness 

Th e effectivenes s rating s reveale d tha t  th e skille d player s 
rate d th e Advisor s a s significantl y mor e effectiv e tha n di d 
thei r  unskille d counterparts .  Thi s wa s confirme d b y one-wa y 
analysi s o f  varianc e (Skille d versu s Unskilled )  performe d o n 
th e subject' s effectivenes s ratings ,  collapse d acros s Adviso r 
type ,  ( F (1,28 )  =  6.93 ,  p  <  .05) .  Give n tha t  th e skille d 
player s rate d th e Advisor s a s mor e effectiv e overall ,  w e nex t 
aske d whethe r  tlier e wer e difference s betwee n player s o f 
differen t  skil l  level s withi n eac h game ,  an d further ,  i f  thos e 
difference s applie d fo r  specifi c  Advisors .  A  serie s o f  ite m 
analyse s (T-tests ,  alph a <.10 )  comparin g th e effectivenes s 
rating s o f  skille d an d unskille d player s fo r  eac h Adviso r 
reveale d tha t  i n tic-tac-toe ,  th e skille d an d unskille d player s 
differe d i n thei r  rating s o f  onl y tw o Advisors ,  i n los e tic-tac -
to e the y differe d i n th e thei r  rating s o f  fiv e Advisors ,  an d i n 
ach i  the y differe d i n thei r  rating s o f  seve n Advisors . 

Subject Ratings - Frequency 

Unlik e th e effectivenes s ratings ,  ther e wer e n o significan t 
difference s betwee n th e skille d an d unskille d player s i n thei r 
overal l  frequenc y o f  us e rating s fo r  th e Advisors .  (Thi s wa s 
confirme d b y one-wa y analysi s o f  variance .  Skille d versu s 
Unskilled ,  F  (1 ,  28 )  =  2.09,/?>.10 )  Ite m analyses , 
however ,  reveale d a  differenc e betwee n skille d an d unskille d 
player s fo r  1 0 o f  Hoyle' s Advisors ,  wit h th e skille d player s 
ratin g th e frequenc y o f  us e significantl y highe r  fo r  si x o f  th e 
Advisors ,  an d di e unskille d player s ratin g th e frequenc y o f 
us e significantl y highe r  fo r  th e remainin g four . 
Interestingly ,  on e o f  th e Advisor s rate d highe r  b y th e 
unskille d player s wa s Patsy ,  a  resul t  mirrore d b y th e 
analysi s o f  Uiei r  protocol s i n whic h Pats y wa s als o use d 
mor e ofte n b y th e unskille d players . 

Comparing Hoyle to Humans 

Th e analysi s o f  th e subjects '  protocol s reveale d tha t  th e 
majorit y o f  th e principle s use d b y Hoyl e ar e i n fac t  use d b y 
humans whe n acquirin g expertis e i n gam e playing .  Furthe r 
evidenc e i s provide d b y th e compariso n o f  th e Tie r  2 
Advisor s Hoyl e find s mos t  significan t  (consistentl y 
supportiv e o f  exper t  decisions )  an d relevan t  (make s 
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recommendations )  t o th e Tie r  2  Advisor s use d mos t  ofte n b y 
our  subjects ,  a s reflecte d b y thei r  protocols .  (Becaus e Hoyl e 
treat s it s Tie r  1  Advisor s a s alway s significant ,  onl y thos e 
i n Tie r  2  wer e analyze d here. )  Thi s analysi s reveale d tha t  tw o 
of  th e thre e Advisor s mos t  frequentl y use d b y ou r  siibjccls . 
Defens e an d Again ,  wer e als o rate d a s amon g th e mos t 
significan t  b y Hoyl e fo r  al l  thre e game s use d i n thi s 
experiment .  Furthe r  analysi s performe d o n th e subjects ' 
rating s o f  th e Advisor s fo r  frequenc y o f  us e an d effectivenes s 
als o reveale d a  significan t  overla p i n th e us e o f  Defens e an d 
Again . 

Discussion 

The result s o f  thi s experimen t  suppor t  ou r  conjectur e tha t 
Hoyl e i s a  plausibl e mode l  o f  h u m a n gam e playing .  Th e 
analysi s o f  th e subjects '  protocol s reveale d a  significan t 
overla p betwee n th e Advisor s use d b y Hoyl e an d th e game -
playin g principle s use d b y ou r  subjects .  Further ,  ther e wa s a 
significan t  overla p betwee n th e Tie r  2  Advisor s tha t  Hoyl e 
foun d significan t  an d relevan t  an d th e subjects '  rating s o f 
thes e Advisor s a s highl y effectiv e an d frequentl y used .  Thi s 
findin g support s th e proposa l  tha t  th e commonsens e 
principle s Hoyl e finds  usefu l  whe n learnin g t o pla y a  gam e 
ar e als o th e principle s human s fin d useful .  A  furthe r 
commonalit y betwee n Hoyl e an d ou r  h u m a n subject s i s 
foun d b y analyzin g th e numbe r  o f  contest s require d t o lear n 
t o pla y eac h o f  th e thre e games .  Thi s analysi s reveale d tha t 
fo r  bot h Hoyl e an d ou r  subject s los e tic-tac-to e wa s th e mos t 
difficul t  g a m e t o lear n (19 6 contest s fo r  ou r  subjects) , 
followe d b y ach i  (153) ,  an d the n tic-tac-to e (99) .  Hoyl e 
reache d criterio n i n thes e game s considerabl y faste r  ( X 
contest s fo r  los e tic-tac-toe ,  X  contest s fo r  ach i  an d 1 6 
contest s fo r  tic-tac-toe )  bu t  reveale d th e sam e orderin g o f 
difficulty . 

The similarit y betwee n Hoyle' s performanc e an d huma n 
performanc e ha s implication s fo r  compute r  modelin g o f 
human expertise .  Althoug h th e us e o f  massiv e memor y an d 
fas t  searc h algorithm s i s a  ver y effectiv e wa y t o produc e 
exper t  performanc e i n computers ,  suc h program s d o no t 
readil y transfe r  t o n e w games ,  no r  i s thei r  dependenc e o n 
extensiv e searc h psychologicall y valid .  Thi s researc h 
suggest s tlia t  Hoyle ,  wit h it s us e o f  commonsens e game -
playin g principles ,  limite d memory ,  an d usefu l  knowledge , 
i s a  plausibl e mode l  o f  h u m a n performance .  Thus ,  Hoyl e i s 
psychologicall y plausible ,  i s  a s effectiv e i n learnin g ne w 
games a s th e traditiona l  compute r  model s o f  expertis e 
(Epstein ,  1992) ,  an d ha s th e abilit y  t o transfe r  it s skil l  t o 
ne w games . 

The us e o f  Hoyle' s Advisor s a s a  too l  t o stud y th e 
acquisitio n o f  expertis e i n human s ha s reveale d severa l 
difference s betwee n skille d an d unskille d g a m e players , 
supporte d b y th e subject' s comment s befor e the y wer e tol d 
abou t  Advisors : 
•  Skille d player s us e a  variet y o f  differen t  game-playin g 
principle s an d us e the m frequend y whe n learnin g t o pla y a 
ne w game .  Unskille d player s d o no t  us e thes e principle s a s 
frequently ,  an d w h e n the y do ,  ten d t o repea t  th e sam e 
principles .  Thi s conclusio n i s supporte d b y a n unskille d 
playe r  w h o noted ,  " (My )  tendenc y i s t o hav e thre e 

strategies... .  retai n abou t  tw o o f  the m an d the n scre w u p o n 
{th e other) " 
•  Skille d player s rate d Hoyle' s Advisor s a s significantl y 
mor e effectiv e overal l  tha n di d unskille d players ,  suggestin g 
tha t  the y recogniz e th e usefulnes s o f  game-playin g 
principle s whil e imskille d player s d o not .  Thi s appreciatio n 
of  th e effectivenes s o f  thes e principle s m a y b e a  componen t 
of  skille d gam e playing ;  w h e n learnin g a  n e w g a m e th e 
skille d playe r  m a y b e mor e likel y t o loo k for ,  an d recognize , 
beneficia l  principle s whe n the y occu r  durin g th e coiu-s e o f  a 
contest .  I n contrast ,  th e unskille d playe r  m a y no t  loo k for , 
or  notice ,  beneficia l  principles ,  an d thu s wil l  no t  hav e a 
repertoir e o f  principle s a t  hi s disposal .  Thi s conjectur e i s 
supporte d b y th e findin g tha t  skille d player s use d m a n y 
differen t  Advisor s whil e unskille d player s tende d t o us e on e 
or  tw o Advisors  repeatedly . 
•  Th e analysi s o f  th e subjects '  protocol s suggest s a  differenc e 
i n th e playin g style s o f  skille d an d unskille d players . 
Specifically ,  skille d player s wer e likel y t o "Lookahead " 
severa l  move s an d choos e thei r  play s base d o n thei r  analysis . 
Unskille d players ,  i n contrast ,  wer e likel y t o respon d wit h a 
goo d "Defense "  t o th e computer' s offensiv e moves .  Thi s i s 
particularl y eviden t  i n a n unskille d subject' s statement :  "a t 
thi s poin t  I  don' t  eve n hav e a  strateg y n o w V m Jus t  kin d 
of  respondin g t o it s move s "T^^n s suggest s tha t  a s expertis e 
i s acquire d th e focu s shift s fro m reactin g t o th e behavio r  o f 
you r  opponen t  t o anticipatin g it s move s an d playin g 
accordingly . 
•  Th e protocol s reveale d tha t  skille d player s place d Pats y i n 
th e to p fou r  Advisor s use d w h e n learnin g thes e games . 
Hoyl e to o foun d Pats y t o b e a  highl y relevan t  Advisor , 
ranke d approximatel y th e sam e wa y a s skille d player s valu e 
it .  (Furthe r  wor k wit h F O R R suggest s tha t  late r  ther e i s a 
shif t  bac k t o pattern-base d reactivity ,  on e tha t  wa s neithe r 
anticipate d no r  measure d fo r  i n thi s researc h (Epstei n & 
Gelfand ,  1995). ) 
•  Ite m analyse s o f  th e effectivenes s rating s reveale d tha t  th e 
difference s betwee n th e rating s o f  skille d an d unskille d 
player s increase d a s th e game s becam e les s familiar ,  wit h th e 
skille d player s ratin g th e Advisor s a s mor e effective .  Thi s 
suggest s tha t  a s th e game s becam e les s familia r  skille d 
player s relie d mor e o n Advisor s tha n di d th e unskille d 
players . 
•  A n analysi s o f  th e numbe r  o f  contest s t o criterio n reveale d 
tha t  th e easies t  gam e t o lear n wa s tic-tac-toe ,  followe d b y 
ach i  (th e mos t  unfamilia r  game) ,  an d lastly ,  b y los e tic-tac -
toe .  Thi s resul t  suggest s a  rol e fo r  analogica l  transfe r 
betwee n acli i  an d tic-tac-to e -  tw o differen t  game s tha t  shar e 
isomorphi c rul e structures .  Thi s conjectur e i s supporte d b y 
statement s mad e b y tw o o f  th e skille d gam e players :  "I n th e 
firs t  g a m e I  didn' t  kno w i t  wa s tic-tac-to e because... .  I  wa s 
lookin g fo r  thes e square s an d I  didn' t  thin k ther e wa s a  plac e 
lik e i t  i n th e corners, "  an d "it' s  sor t  o f  lik e a  polk a do t 
versio n o f  tic-tac-toe. " 

Finally ,  som e o f  Hoyle' s Advisor s hav e als o bee n foun d 
t o b e vali d fo r  extremel y novic e g a m e players :  six -  t o nine -
year-ol d children .  Crowle y an d Siegle r  (1993 )  foun d tha t 
w h en playin g tic-tac-toe ,  grad e schoo l  childre n use d 
principle s suc h a s "Win, "  "Fork, "  an d "Block. "  Whi l e di e 
childre n coul d fiexibly  us e thes e principle s i n respons e t o 
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tas k demands ,  the y als o tende d t o adher e t o a  se t  orde r  o f  use . 
Bot h o f  thes e characteristic s ar e simila r  t o th e perfonnanc e 
of  Hoyle ,  an d sugges t  that ,  wit h th e prope r  adjustments . 
Hoyl e coul d b e modifie d t o pla y lik e a  child .  Ther e i s als o 
evidenc e tha t  peopl e us e FORR-lik e Advisor s i n chi p desig n 
(Biswas .  Goldman .  Fisher .  Bhuva .  &  Glewwe .  1995) . 

Conclusion 

Previou s wor k (e.g. ,  Epstein .  1993 )  ha s show n tha t  Hoyl e 
i s a n effectiv e computationa l  game-playe r  tha t  efficientl y 
becomes a n exper t  i n severa l  differen t  games .  Thi s researc h 
support s th e conjectur e tha t  Hoyle ,  a  gam e learnin g progra m 
tha t  use s conmionsens e game-playin g principles ,  limite d 
memory,  an d usefu l  knowledge ,  i s als o a  plausibl e mode l  o f 
th e acquisitio n o f  expertis e i n humans .  Additionally ,  thi s 
wor k reveal s difference s betwee n skille d an d unskille d 
players :  skille d player s us e a  variet y o f  game-playin g 
principle s an d us e the m frequentl y whil e unskille d player s 
rel y o n on e o r  tw o principles ,  skille d player s anticipat e thei r 
opponent' s move s whil e unskille d player s merel y react ,  an d 
skille d player s ma y notic e relationa l  similarit y an d us e tha t 
similarit y  t o thei r  advantage . 
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