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A b s t r a c t 

Chess researc h provide s ric h dat a fo r  testin g 
computationa l  model s o f  huma n memory .  Thi s pape r 
present s a  mode l  whic h share s severa l  c o m m o n 
concept s wit h an  earlie r  attemp t  (Simo n &  Gilmartin , 
1973) ,  bu t  feature s severa l  ne w attributes :  dynami c 
short-ter m memory ,  recursiv e chunking ,  mor e 
sophisticate d perceptua l  mechanism s an d us e o f  a 
retrieva l  structur e (Chas e &  Ericsson ,  1982) . 
Simulation s o f  dat a fro m thre e experiment s ar e 
presented :  1 )  differentia ]  recal l  o f  rando m an d gam e 
positions ;  2 )  recal l  o f  severa l  board s presente d i n 
shor t  succession ;  3 )  recal l  o f  position s modifie d b y 
mirro r  imag e reflectio n abou t  variou s axes .  Th e 
model  fits  th e dat a reasonabl y well ,  althoug h som e 
empirica l  phenomen a ar e no t  capture d b y it .  A t  a 
theoretica l  level ,  th e conceptualizatio n o f  th e interna l 
representatio n an d it s  relatio n wit h th e retrieva l 
structur e need s furthe r  refinement . 

I n t r o d u c t i o n 

Since the seminal works of de Groot (1965) and 
Chase an d Simo n (1973a,b) ,  ches s researc h ha s 
provide d a  larg e amoun t  o f  psychologica l  data ,  wit h a 
specia l  focu s on  ches s players '  memory .  Th e standar d 
experimenta l  paradig m i n ches s researc h consist s i n 
presentin g a  ches s positio n fo r  a  shor t  amoun t  o f 
tim e (generall y 5  seconds) ,  an d the n askin g subject s 
t o reconstruc t  it .  Th e mos t  c o m m o n independen t 
variable s ar e presentatio n time ,  subjects '  skill ,  an d 
degre e o f  meaningfulnes s o f  th e position .  Eve n 
thoug h genera l  model s o f  ches s exp)ertis e aboun d (fo r 
example .  Holding ,  1985) ,  almos t  n o detaile d model s 
of  ches s memor y hav e bee n proposed ,  th e exceptio n 
bein g M A P P,  th e mode l  develope d b y Chas e an d 
Simo n (1973b )  an d implemente d b y Simo n an d 
Gilmarti n (1973) . 

'Thi s researc h wa s funde d b y gran t  no .  8210-3060 6 
fro m th e Swis s Nationa l  Fund s o f  Scientifi c  Researc h 
t o th e autho r  an d gran t  no .  DBS-912-102 7 fro m th e 
Nationa l  Scienc e Foundatio n t o Dr .  H .  Simon . 

M A PP simulate s th e behavio r  o f  Clas s A  ches s 
player s (goo d amateurs )  i n th e recal l  tas k b y firs t 
recognizin g chunk s o n th e boar d throug h a 
discriminatio n net ,  an d the n storin g pointer s t o thes e 
chunk s i n a  limited-size ,  static ,  short-ter m memor y 
(STM) .  I t  capture s som e importan t  feature s o f  th e 
empirica l  data ,  includin g th e differentia l  recal l  o f 
rando m an d meaningfu l  position s an d th e kin d o f 
pattern s tha t  ar e likel y t o b e recognized .  However , 
some limitation s hav e bee n indicate d b y Simo n an d 
Gilmartin .  Fo r  example ,  M A P P wa s unabl e t o 
explai n th e hig h numbe r  o f  chunk s (mor e tha n th e 
7± 2 predicte d b y th e theory )  replace d whe n a  positio n 
i s recalle d b y a  ches s expert .  I n addition ,  i t  fail s t o 
offe r  a n explanatio n fo r  som e ne w dat a includin g th e 
lac k o f  effec t  o f  interferin g materia l  o n memor y 
performanc e (Charness ,  1976 ;  Fre y &  Adesman , 
1976) . 

Thi s pape r  propose s a  ne w mode l  o f  ches s 
memory tha t  i s  partl y inspire d b y M A P P.  Th e mai n 
addition s ar e 1 )  th e presenc e o f  dynamica l  updatin g 
processe s i n S T M ;  2 )  a  mor e deepl y elaborate d 
discriminafio n net ,  whic h include s recursiv e 
chunking ;  3 )  mor e sophisticate d perceptua l 
mechanisms ;  4 )  th e implementatio n o f  th e concep t  o f 
retrieva l  structur e (Chas e &  Ericsson ,  1982) ,  whic h i s 
a long-ter m memor y ( L T M )  templat e int o whic h th e 
ne w informatio n ca n b e encode d rapidly .  I n th e 
followin g section ,  I  shal l  giv e an  overvie w o f  th e 
model ,  dubbe d C H R E S T,  fo r  C H u n k Hierarch y an d 
REtrieva l  STructures .  I  shal l  the n presen t  i n mor e 
detai l  th e component s an d th e processe s o f  th e model . 
Finally ,  a  sampl e o f  th e simulatio n run s wit h th e 
model  wil l  b e described ,  an d C H R E S Ts adequac y wil l 
be discussed . 

Overview of the model 

CHREST consists of a blending of ideas proposed in 
earlie r  compute r  model s o f  differen t  aspect s o f  ches s 
cognitio n (MATER ,  Baylo r  &  Simon ,  1966 ; 
PERCEIVER,  Barenfel d &  Simon ,  1969 ;  MAPP, 
Gilmarti n &  Simon ,  1973) ,  wit h adjunctio n o r 
modificatio n o f  som e concept s motivate d b y recen t 
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empirica l  an d theoretica l  resejirch .  T h e m o d e l  i s 
implemente d i n L ISP . 

T h e mode l  consist s o f  th e followin g structures : 

• a visual space; 
•  a  shor t  t e r m m e m o r y ,  limite d t o abou t  seve n 

items ; 
•  a n associativ e lon g t e r m m e m o r y ,  accesse d b y a 

discriminatio n net .  K n o w l e d g e i n L T M i s encode d 
as schema s an d productions ; 

•  a  retrieva l  s t ruc tu re ,  tha t  permit s a  rapi d 
encodin g int o L T M ;  i t  consist s o f  ru i  hypothesis , 
whic h i s th e patter n containin g th e larges t  quantit y 

of  infonnation ^  u p t o tha t  point ,  an d o f  a n interna l 
representation ,  whic h i s a  schemati c representatio n 
of  th e ches s board .  T h e assumptio n i s  that ,  wit h 
stron g players ,  th e hypothesi s give s acces s t o 

infonnatio n locate d i n semanti c L T M ^ ,  suc h a s th e 
initia l  m o v e s th e positio n i s  likel y t o c o m e from , 
th e possibl e plan s an d m o v e s i n th e position ,  an d 
s o on . 

The theoretically important mechanisms are the 
following : 

•  m e c h a n i s m s allowin g th e traversa l  o f  th e dis -
criminatio n net ; 

•  m e c h a n i s m s fo r  growin g th e discriminatio n ne t 
(learning) ; 

•  m e c h a n i s m s directin g th e attentio n an d th e ey e 
m o v e m e n t s ,  an d therefor e allowin g th e perceptio n 

of  stimul i  o n a  externa l  board^ ; 
•  mechan ism s fo r  updatin g th e hypothesis ; 
•  mechan ism s fo r  addin g informatio n t o S T M an d t o 

th e interna l  representation . 

During the reconstruction phase, some rough 
inferenc e processe s ar e used :  th e mode l  doe s no t 
propos e placin g a  piec e tha t  ha s alread y bee n 
reconstructed ;  i t  als o avoid s exceedin g th e lega l 
number  o f  occurrence s o f  a  give n piec e b y erasin g a 
piec e o f  th e s a m e typ e tha t  ha s alread y bee n pLiced . 

Figur e 1  depict s thes e structure s an d mechanisms , 
whic h I  wil l  illustrat e b y describin g th e simulatio n o f 
th e recal l  o f  on e position .  O n c e a  squar e ha s bee n 
fixated  (th e initia l  fixation  poin t  i s  on e o f  th e 4 
centra l  squares) ,  th e mode l  examine s th e informatio n 
i n th e visua l  spac e b y sortin g i t  throug h th e 
discriminatio n net .  I f  a  patter n i s  recognized ,  a 
symbo l  pointin g t o i t  i s  store d i n S T M .  I n addition . 

^I n th e simulation s t o b e discussed ,  informatio n i s 
define d a s th e n u m b e r  o f  piece s containe d i n th e 
chunk . 

^Thi s par t  o f  th e mode l  ha s no t  bee n implemente d 
yet . 

'̂ I n th e simulations ,  th e externa l  ches s boar d w a s 
encode d a s a  8  x 8  matri x o f  characters . 

visua l  Fiel d 
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Figur e 1 :  Schemati c representatio n o f  C H R E S T. 

the square (with possibly a piece on it) is stored in 
th e interna l  representation .  T h e mode l  considers ,  then , 
th e presen t  hypothesi s (i n th e absenc e o f  a 
hypothesis ,  th e first  patter n perceive d play s thi s role) , 
an d trie s t o discriminat e furthe r  b y usin g th e 
informatio n containe d i n th e S T M an d th e interna l 
representation .  I f  a  n e w hypothesi s i s  found ,  th e ol d 
on e i s  place d int o S T M .  T h e mode l  the n select s a 
n e w squar e t o fixate,  an d th e cycl e start s again .  A t  th e 
en d o f  th e presentatio n o f  th e position ,  th e mode l 
reconstruct s i t  b y placing ,  i n order ,  th e piece s o f  th e 
hypothesis ,  o f  th e S T M an d o f  th e interna l 
representation . 

Description of the model 

Discrimination net 

CHREST uses a discrimination net close to the one 
use d b y E P A M,  a  theor y tha t  ha s bee n successfull y 
applie d t o a  variet y o f  phenomen a i n learnin g an d 
perceptio n (Feigenbaum  &  Simon ,  1984 ;  Richma n & 
Simon ,  1989) .  Th e net ,  whic h i s mad e o f  a  se t  o f 

nodes ^  an d links ,  allow s th e assignmen t  o f  a 
stimulu s t o it s representatio n i n memory ,  b y 
performin g a  sequenc e o f  test s o n th e characteristic s 
of  th e object .  Befor e bein g fe d t o th e net ,  th e 
stimulu s i s first  analyze d a s a  se t  o f  attribute-value s 
pair s and/o r  sub-objects .  T w o differen t  type s o f 
learnin g occu r  wit h bot h E P A M an d C H R E S T.  Whe n 
an objec t  i s  recognize d a s bein g differen t  fro m th e 
chun k th e ne t  sorte d to ,  a  ne w tes t  i s added .  Thi s tes t 

51 wil l  us e th e 
interchangeably . 

term s "chunk "  an d "node " 
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applie s t o a  characteristi c  o f  th e objec t  tha t  allow s th e 
net  t o discriminat e i t  fro m th e objec t  wit h whic h i t 
was confounded .  Thi s mechanis m i s calle d 
discrimination .  I f  th e objec t  i s  recognize d a s beiiî ; 
compatibl e wit h th e chun k th e ne t  sorte d to .  ne w 
characteristic s ar e adde d t o th e imag e o f  tha t  node .  IIj c 
imag e i s th e interna l  informationa l  represent<itio n o f 
an externa l  object .  Thi s mechanis m i s calle d 
familiarization .  Thes e tw o type s o f  learnin g operat e 
i n a  discret e way . 

Th e ne t  use d i n C H R E ST keep s som e o f  th e 
assumption s o f  E P A M,  suc h a s th e discret e characte r 
of  learning ,  th e permanenc y o f  th e ne t  (node s an d 
link s ar e no t  erasable) ,  th e avoidanc e o f  an y 
backtrackin g i n th e traversin g o f  th e net ,  an d th e 
presenc e o f  tw o learnin g mechanisms ,  discriminatio n 
and familiarization .  I n compariso n wit h th e E P A M 
net  use d b y Gilmarti n an d Simo n (1973 )  i n ches s 
simulations ,  ne w feature s hav e bee n added :  n-arit y 
( M A PP ha d a  binar y tree) ,  hierarchica l  an d recursiv e 
organizatio n o f  information ,  an d redundanc y i n th e 
encodin g o f  th e information .  Th e latte r  featur e occur s 
i n th e followin g way .  W h e n tw o symbol s pointin g t o 
a L T M nod e ar e store d int o S T M ,  th e image s o f  thes e 
node s ar e compare d (th e orde r  o f  th e element s i s no t 
considered) ;  i f  th e tes t  give s a  positiv e result ,  a  lin k 
-calle d a  redundan t  link -  i s  create d betwee n thes e tw o 
nodes .  Afterwards ,  suc h link s m a y b e use d durin g th e 
net  traversin g processes .  O n e o f  th e consequence s o f 
th e presenc e o f  suc h link s i s tha t  an y nod e m a y b e 
accesse d fro m an y arbitrar y numbe r  o f  nodes . 

Internal representation and retrieval 
structur e 

The concept of retrieval structure has been proposed 
by Chas e an d Ericsso n (1982 )  i n thei r  stud y o f  th e 
extraordinar y digi t  memor y o f  on e o f  thei r  subject s 
(se e als o Staszewski ,  thi s volume) .  I n C H R E S T,  th e 
retrieva l  structur e i s construe d a s a  schem a compose d 
of  tw o attributes :  th e hypothesis ,  whic h i s th e chun k 
(reache d afte r  discriminatio n throug h th e net )  tha t 
possesse s th e larges t  amoun t  o f  information ,  an d th e 
interna l  representatio n o f  th e board .  Thi s 
representatio n i s clos e t o th e on e propose d b y Newel l 
and Prasa d (1963) ,  an d i s encode d a s a  lis t  structure . 
Such a  structur e m a y b e visualize d a s a  networ k o f 
node s an d links .  Th e node s themselve s posses s 
attribute-valu e schemas . 

I n th e interna l  representatio n o f  C H R E S T,  square s 
of  th e boar d ar e connecte d b y th e ches s relation s 
betwee n them .  A  (potentiall y  disputable )  assumptio n 
i s tha t  th e interna l  representatio n i s th e sam e fo r 
player s o f  differen t  skills ,  give n tha t  a  minima l  leve l 
i s  present .  A n alternative ,  thoug h boun d wit h 
difficultie s du e t o th e lac k o f  empirica l  dat a o n ches s 
learning ,  woul d hav e bee n t o simulat e th e 
constructio n o f  th e interna l  representation . 

I t  i s  suppose d tha t  informatio n m a y b e encode d 
rapidl y i n th e retrieva l  structure ,  bu t  tha t  th e retrieva l 
structur e itsel f  m a y no t  b e duplicated .  Thi s 
propositio n i s supporte d b y th e phenomeno n o f 
progressiv e deepenin g (d e Groot ,  1965) ;  i f  th e 
duplicatio n o f  th e retrieva l  structur e wa s easy ,  player s 
coul d creat e a s man y suc h structure s a s position s 
searche d an d woul d nee d onl y on e visi t  pe r  position . 
But  d e Groo t  precisel y showe d th e necessit y fo r 
human player s t o reinvestigat e th e sam e positio n 
severa l  time s durin g th e analysis . 

STM and updating mechanisms 

As stated above, STM is implemented as a limited 
capacit y structure ,  o f  abou t  seve n symbols .  Onc e thi s 
capacit y i s attained ,  th e arriva l  o f  a  ne w elemen t  wil l 
caus e th e oldes t  on e t o b e discarded .  Symbol s m a y 
poin t  t o a  nod e i n L T M o r  t o th e retrieva l  structure . 

A criticis m o f  man y S T M models ,  includin g th e 
model  incorporate d i n Simo n an d Gilmartin' s (1973 ) 
simulation ,  i s  th e lac k o f  connectio n betwee n th e 
S T M elements .  I t  i s  intuitivel y mor e plausibl e tha t 
th e cognitiv e syste m use s ne w informatio n t o proces s 
th e ol d informatio n mor e deepl y an d t o obtai n i n thi s 
way a  bette r  representatio n o f  th e worid .  Thi s i s 
simila r  t o th e ide a propose d b y Carpente r  an d Jus t 
(1989) ,  tha t  subjects ,  durin g a  readin g task ,  interpre t 
informatio n a s soo n a s possible .  C H R E ST trie s t o 
updat e constantl y it s hypothesi s o f  th e position ,  b y 
usin g ne w information .  I n C H R E S T,  th e followin g 
cycl e i s performed :  1 )  informatio n fro m th e visua l 
fiel d i s incorporate d t o S T M an d t o th e interna l 
representation ;  2 )  th e hypothesi s i s update d wit h th e 
chunk s bein g hel d i n S T M an d i n th e interna l 
representation .  W h e n eithe r  th e hypothesi s i s update d 
or  a  patter n containin g mor e piece s i s foun d i n th e 
visua l  space ,  th e ol d hypothesi s i s place d int o S T M , 
and th e update d hypothesi s o r  th e ne w patter n take s 
it s place . 

Visual field and eye movements 

In the model, the visual field is defined as the 25 
square s (o r  less ,  whe n th e focuse d squar e i s o n th e 
sid e o f  th e board )  centere d o n th e squar e presentl y 
focused .  Thi s estimate ,  base d o n empirica l  dat a 
provide d b y d e Groo t  (1980) ,  i s  somewha t  arbitrar y a s 
th e visua l  fiel d m a y var y a s a  functio n o f  th e physica l 
siz e o f  th e board . 

T h e attentio n contro l  an d ey e m o v e m e n t 
monitorin g mechanism s are ,  i n orde r  o f  importance : 
1)  L T M mechanisms ;  whe n initiatin g a  ne w fixation , 
th e mode l  trie s t o find a  descendan t  o f  th e las t  nod e 
foun d i n th e discriminatio n ne t  an d focuses ,  i f 
possible ,  o n it s square ;  2 )  defens e an d attac k noticin g 
strategie s (c f  P E R C E I V E R,  Barenfel d an d Simon , 
1969) ;  3 )  globa l  strategies ;  the y ai m t o gathe r 
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infonnatio n o n ke y part s o f  th e board ,  suc h a s center , 
king' s positio n an d s o on .  Fo r  a  simulatio n o f  ey e 
movement s an d a  discussio n o f  thei r  (qualitative )  fit, 
see Gobe t  (1993) . 

Results of simulations 

Learning phase 

In the learning phase, the model investigates each 
positio n fo r  2 0 fixations  (thi s paramete r  ha s bee n se t 
arbitrarily) .  Eac h fixation  augment s th e conten t  o f  th e 
curren t  pattern .  Patter n constructio n i s terminate d i n 
on e o f  thre e ways :  1 )  whe n th e mode l  focuse s agai n 
on a  piec e alread y belongin g t o th e pattern ;  2 )  whe n 
some globa l  strateg y applies ;  o r  3 )  whe n th e 2 0 
fixations  ar e tenninated .  Onc e th e constructio n o f  a 
patter n i s finished ,  th e mode l  start s L T M 
discrimination .  I n orde r  t o increas e th e probabilit y  o f 
formin g redundan t  chunks ,  th e S T M capacit y wa s se t 
t o 2 0 item s durin g th e learnin g phase . 

284 3 positions ,  take n fro m Hor t  an d Jans a (1980 ) 
and fro m a  persona l  database ,  wer e use d durin g th e 
learnin g phase .  Th e Hor t  an d Jans a set ,  whic h wa s 
studie d first,  contain s 23 0 unrelate d positions ;  th e 
latte r  se t  contain s entir e games ,  providin g a  hig h 
leve l  o f  redundanc y betwee n th e positions .  Afte r  th e 
learnin g phase ,  th e mode l  ha d 364 6 node s i n memory . 
Interestingly ,  th e progressio n o f  th e numbe r  o f 
redundan t  node s i s ver y slow :  4  afte r  10 0 positions , 
10 afte r  100 0 positions ,  1 4 afte r  200 0 position s an d 
2 0 afte r  havin g learne d th e totalit y o f  th e material .  I f 
th e mode l  i s (partly )  correct ,  thi s woul d b e a n 
indicatio n tha t  th e creatio n o f  redundan t  an d multipl y 
indexe d knowledg e occur s a t  a  relativel y advance d 
stag e o f  expertise . 

Recall of random vs. game positions 

It is a classical result in cognitive psychology that 
expert s i n a  domai n (i n ou r  case ,  chess) ,  achiev e 
bette r  result s tha n novice s i n a  memor y tas k wit h 
shor t  presentatio n whe n th e materia l  i s  domai n 
meaningful ,  bu t  tha t  thi s differenc e vanishe s whe n th e 
materia l  i s  domai n meaningless ,  suc h a s a  rando m 
assignmen t  o f  piece s o n th e ches s boar d (Chas e & 
Simon ,  1973a) .  I  hav e teste d whethe r  th e mode l 
show s thi s differentia l  recal l  o f  rando m an d gam e 
positions .  Durin g th e learnin g phase ,  a  recal l  tes t  wa s 
performe d afte r  eac h grou p o f  1 0 positions .  Thi s tes t 
consiste d i n 2  gam e position s an d 2  rando m position s 
(o f  course ,  n o learnin g wa s don e o n thes e tes t 
positions) .  Th e averag e o f  th e las t  10 0 test s i s 10.6 6 
piece s (s d =  1.08 )  fo r  th e gam e position s an d 7.7 7 
piece s (s d =  .65 )  fo r  th e rando m positions .  Th e 
differenc e i s statisticall y highl y significan t  [t(99 )  = 
21.924 ,  p < .0001 ,  one-tailed] .  I t  shoul d b e note d tha t 

th e recal l  o f  rando m position s i s greate r  tha n th e 
reciil l  foun d wit h huma n subject s (abou t  4  pieces) . 

Recall of several positions 

As stated above, Chamess (1976) has shown that 
m e m o ry fo r  ches s position s wa s resistan t  t o 
interferin g tasks ,  eve n wit h ches s relate d task s (i n hi s 
study ,  nam e th e piece s o r  fin d th e bes t  mov e i n 
anothe r  position) .  Fre y an d Adesma n (1976 )  reache d 
th e s.'un e conclusion .  I n thei r  experimen t  subject s 
wer e presente d 2  positions ,  an d wer e aske d t o recal l 
th e first  o r  th e secon d o f  thes e positions .  Extendin g 
thi s technique ,  Gobe t  an d Simo n (1992 )  hav e 
presente d subject s wit h u p t o 5  position s a t  a  rat e o f 
5 sec .  each ,  wher e recal l  wa s aske d o n al l  positions . 
Thi s sectio n discusse s th e C H R E ST simulatio n o f 
tha t  study . 

Thre e snapshot s wer e take n i n th e cours e o f 
learning :  afte r  th e stud y o f  23 0 position s (N230 ;  tota l 

number  o f  node s =  630) ,  o f  153 8 position s (N1538 ; 

n=2175 )  an d 284 3 position s (N2843 ;  n=3646) .  Th e 

number  o f  fixations ^  durin g th e presentatio n o f  th e 
positio n wa s se t  t o 20 ,  an d S T M capacit y t o 7 . 
Finally ,  durin g th e presentation ,  th e mode l  wa s 
allowe d t o familiariz e th e imag e o f  th e hypothesi s 
wit h a  chun k store d i n S T M .  Set s o f  1  u p t o 5 
position s wer e presente d t o th e model ,  whic h wa s 
require d t o recal l  a s muc h a s possibl e o f  al l  positions . 
Eac h ne t  wa s teste d o n 4  set s o f  position s b y 
experimenta l  condition . 

The uppe r  pane l  o f  Figur e 2  (nex t  page )  depict s 
th e result s obtaine d b y C H R E S T,  an d th e lowe r  pane l 
th e huma n dat a (Gobe t  &  Simon ,  1992 ,  experimen t 
#lb) .  A s th e 3  net s sho w simila r  result s ( a stat e o f 
affair s tha t  wil l  b e take n u p i n th e discussio n 
section) ,  the y ar e poole d i n th e followin g analyses . 
The Numbe r  o f  position s ha s a  significan t  effec t 
[F(4,44)=131.04 ,  p<.001] ;  th e linea r  componen t  i s 
significan t  a s wel l  [F(l, l  1)=47.93 .  p<.001] .  A s th e 
model  account s fo r  9 7 . 4 % o f  th e Clas s A  players ' 
result s i n Gobe t  an d Simon' s experimen t  #l b an d 
77.5 % i n thei r  experimen t  #3 ,  th e fit  ma y b e judge d 
as reasonabl y good .  A  noticeabl e differenc e i s tha t  th e 
model  i s bette r  tha n clas s A  huma n subject s wit h th e 
recal l  o f  4  an d 5  positions . 

Mirror image reflections of chess 
positions :  effec t  o n recal l 

It has been shown that the recall of chess positions is 
impaire d whe n the y ar e modifie d b y mirro r  image s 
abou t  variou s axe s (Gobet ,  1993 ,  Gobe t  &  Simon , 

^De Groot' s (1980 )  dat a sho w tha t  abou t  2 0 fixations 
ar e performe d i n a  5  sec .  exposition . 
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simulation s C H R E ST Wit h Interna l  Representatio n 

n-153 4 n-2e4 3 n-23 0 

•  I  positio n 
•  2po]iltlon s 
•  3  poslllon i 
Q 4poilllun > 
D S  poilllon s 

H u m an dat a (Ex p «1 ) 

dass « A mast»r s expert s 
Categor y 

•  1  positio n 
•  2po>itioi u 
•  BposHto m 
a 4  position s 
a 5  position s 

Figur e 2 :  Recal l  o f  severa l  position s (Uppe r  panel : 
simulations ;  lowe r  panel :  h u m a n data) . 

1992). The effect is especially strong for mirror 
image s abou t  vertica l  an d centra l  axes . 

T w o simulation s w e r e performed .  I n th e first  one , 
th e m o d e l  ha d acces s t o th e informatio n i n th e 
interna l  representatio n durin g recal l  (with-IR) .  I n th e 
secon d o n e ,  thi s informatio n w a s no t  accessibl e 
(without-IR) .  I n bot h cases ,  th e m o d e l  per forme d 2 0 
fixations  befor e startin g th e reconstruction ,  an d S T M 
cĵ )acit y w a s se t  t o 7 .  T h e net s wer e th e s a m e a s th e 
one s describe d i n th e precedin g section .  1 7 position s 
wer e use d fo r  eac h experimenta l  condition .  A s ther e 
w as n o differenc e d u e t o th e n u m b e r  o f  position s 
learned ,  th e trial s o f  th e 3  net s hav e bee n poole d i n 
th e statistica l  analysis .  F igur e 3  illustrate s th e 
results :  T h e uppe r  pane l  o f  th e Figur e refer s t o th e 
model  usin g th e interna l  representatio n durin g recall , 
th e middl e pane l  t o th e m o d e l  withou t  th e interna l 
representation ,  an d th e lowe r  pane l  t o th e result s wit h 
humans (Exp .  #l a i n Gobe t  &  Simon ,  1992) .  N o 
effec t  i s  foun d fo r  th e firs t  cas e (with-IR ) 
[F(3,33)=1.59 ,  ns] .  Th e effec t  reache s significanc e i n 
th e secon d cas e (without-IR )  [F(3,33)=2.868 ,  p=.051 ; 
F(l,ll)=7.34 ,  p=.0 2 whe n norma l  &  horizonta l 
condition s ar e poole d agains t  vertica l  &  central] .  Th e 
result s o f  th e secon d simulatio n accoun t  fo r  89 .2 % o f 

Nonn>l  postUo m 
HorizonU J tjmmttr j 
Vertlo l  S3nninttr y 
Centra l  symmetr y 
Random position s 

n_284 3 n_153 e n_23 8 
N«t* 

CHREST Without Internal Representation 

100-
90" 

i 80' 
8 70 ' 
8 60^ 

_ 40' 

•  Norma l  position s 
•  Horizonta l  symmetr y 
•  Vertica l  symmetr y 
B Centra l  symmetr y 
D Rando m position s 

n 284 3 n 153 8 n 23 0 
Net * 

Humans 

lOOl 
Normal 
Horizonta l 
Vertica l 
Centra l 
Random 

Master s Expert s Cl a 
Categor y 

Figur e 3 :  Effec t  o f  Mirro r  Imag e Reflectio n o n 
Recall .  Uppe r  panel :  C H R E S T,  wit h informatio n 
hel d i n th e retrieva l  structur e use d durin g recall ; 
middl e panel :  C H R E S T,  wit h informatio n hel d i n th e 
retrieva l  structur e no t  use d durin g recall ;  lowe r  panel : 
human data . 

class A players in Exp. #2 and of 93.7% in Exp. #la 
At  th e analysi s o f  thes e results ,  i t  seem s plausibl e 

t o conclud e tha t  a n importan t  par t  o f  th e effec t  wa s 
eliminated ,  i n th e first  simulation ,  b y th e rol e playe d 
b y th e interna l  representation .  T h e arbitrarines s o f 
thi s representatio n wa s alread y stresse d above .  Thi s 
sectio n suggest s anothe r  weakness :  th e interna l 
representatio n a s conceptualize d give s a  unifor m 
weigh t  t o th e differen t  region s o f  th e board ,  w h e n 
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human player s see m t o giv e mor e importanc e t o 
location s lik e th e cente r  an d th e King' s side . 

D i s c u s s i o n 

Overall, the simulations may be credited with a satis-
factor y fit  wit h th e data .  However ,  severa l  problem s 
remain .  First ,  th e mode l  i s  abl e t o recal l  rando m posi -
tion s bette r  tha n human s (7. 7 piece s vs .  abou t  4 
pieces) .  I t  i s  no t  clea r  whethe r  thi s differenc e i s du e t o 
emotiv e factor s (huma n subject s sho w ver y stron g 
negativ e affect s whe n confronte d t o rando m positions ) 
or  i s  th e consequenc e o f  basi c memor y processes . 
Second ,  th e inadequac y o f  th e retrieva l  structur e a s 
implemente d i n C H R E ST ha s bee n establishe d b y th e 
simulatio n o f  position s modifie d b y mirro r  imag e re -
flections .  A  possibl e improvemen t  i s t o restric t  th e 
retrieva l  structur e t o a  fe w slots ,  sa y on e fo r  th e cen -
ter ,  on e fo r  th e King' s side ,  an d s o on .  Suc h a  parti -
tio n definitel y possesse s a  psychologica l  justificatio n 
(se e fo r  exampl e th e protocol s o f  d e Groot ,  1965) . 
Third ,  a s th e reade r  ma y hav e noticed ,  ther e i s no t 
much performanc e improvemen t  betwee n th e 3  net s 
use d i n th e simulations ,  s o tha t  comparison s ha d t o 
be limite d t o Clas s A  players .  I f  C H R E ST i s t o b e 
considere d a s a  genera l  theor y o f  ches s memory ,  i t 
shoul d b e abl e t o simulat e th e result s o f  expert s an d 
masters .  Currently ,  wor k i s  don e t o le t  C H R E ST 
lear n th e 50,00 0 chunk s required ,  i f  w e believ e Simo n 
and Gilmarti n (1973) ,  t o reac h th e leve l  o f  expertise . 
Fourth ,  th e mode l  lack s inferenc e abilities ,  wherea s i t 
i s no t  uncommo n fo r  huma n player s t o "guess "  th e 
locatio n o f  certai n pieces ,  especiall y a t  th e en d o f  th e 
reconstruction .  Finally ,  th e strategie s use d b y ches s 
player s t o modulat e thei r  memor y ma y hav e bee n un -
derestimate d i n th e model . 

To conclude ,  a  bette r  fit  t o th e dat a ma y b e ob -
taine d withou t  changin g th e fundamenta l  conceptio n 
of  th e model ,  bu t  b y tunin g u p som e o f  it s compo -
nents .  Specia l  attentio n shoul d b e give n t o th e rol e o f 
th e interna l  representatio n i n th e retrieva l  structure , 
and t o it s developmen t  a s expertis e grows . 
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