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Prio r  Knowledg e Occupie s Cognitiv e Capacit y i n 
Chess Proble m Solving ,  Reading ,  an d Thinkin g 

By Bruc e K .  Britto n an d Abraha m Tesse r 

Abstrac t 

Prior knowledge was varied in problem solving, 
thinking ,  an d readin g task s i n thre e experiments . 
The hypothesi s wa s tha t  th e prio r  knowledg e use d i n 
a cognitiv e tas k use s capacit y i n th e sam e limite d 
capacit y activ e processin g syste m tha t  i s use d t o 
proces s th e ongoin g task .  I n a  readin g experiment , 
prio r  knowledg e abou t  a  targe t  pag e wa s manipulate d 
by controllin g th e precedin g pages .  I n a n experi -
ment  dealin g wit h proble m solvin g i n th e contex t  o f 
a ches s game ,  prio r  knowledg e wa s controlle d b y com -
parin g expert s wit h novices .  I n a  thir d stud y sub -
ject s though t  abou t  personalit y description s o f 
person s an d groups ,  an d abou t  women' s fashion s an d 
footbal l  plays ;  i t  wa s assume d tha t  person s hav e 
more prio r  knowledg e concernin g th e personalit y o f 
person s tha n th e personalit y o f  groups ,  tha t  women 
hav e mor e prio r  knowledg e abou t  women' s fashions , 
and tha t  men hav e mor e prio r  knowledg e abou t  foot -
ball .  I n al l  experiments ,  us e o f  cognitiv e capac -
it y i n tas k performanc e wa s observe d wit h a  second -
ar y tas k technique . 

The result s o f  al l  thre e experiment s wer e con -
sisten t  wit h th e hypothesi s tha t  prio r  knowledg e 
use s capacit y i n th e activ e processin g system .  Th e 
prio r  knowledg e hypothesi s i s consisten t  wit h som e 
aspect s o f  curren t  cognitiv e theor y bu t  no t  con -
sisten t  wit h others .  Th e result s als o sugges t  a 
fundamenta l  an d unexpecte d limi t  o n th e cognitiv e 
processin g o f  experts . 
Information processing theories of cognitive 
processin g ofte n assum e tha t  memorie s o f  prio r  ex -
perienc e ar e store d ove r  th e lon g ter m i n a  rela -
tivel y inactiv e state .  The y als o assum e tha t  th e 
cognitiv e tas k tha t  i s  undergoin g processin g a t  a 
particula r  tim e i s bein g processe d i n a n activ e 
processin g system ,  whic h som e model s identif y a s a 
workin g memor y o r  shor t  ter m memor y store .  When 
store d prio r  knowledg e i s t o b e use d i n th e perfor -
mance o f  a  particula r  cognitiv e task ,  th e prio r 
knowledg e i s brough t  fro m th e inactiv e stat e int o 
an activ e state .  I n thi s activ e stat e th e prio r 
knowledg e ca n b e effectivel y use d i n performin g th e 
ongoin g cognitiv e task . 

I n th e standar d mode l  (e.g. ,  Atkinso n & 
Shiffrin ,  1968 )  thi s chang e o f  stat e o f  prio r  know -
ledg e i s usuall y represente d i n a  flo w char t  a s a n 
arro w leadin g fro m a  lon g ter m memor y stor e (th e 
inactiv e memory )  t o a  shor t  ter m o r  workin g memor y 
(th e activ e processin g system) .  Othe r  model s o f 
cognitiv e processin g includ e a  simila r  assumption ; 
althoug h th e metapho r  o f  a  spatia l  transfe r  o f  in -
formatio n i s no t  alway s used ,  som e chang e i n th e 
stat e o f  activatio n o f  th e prio r  knowledg e i s ex -
presse d wit h othe r  metaphors . 

The activ e processin g syste m i s widel y be -
lieve d t o b e limite d i n capacit y (Broadbent ,  1958 , 
1971 ;  Navo n &  Gopher ,  1979 ;  Norma n &  Bobrow ,  1975 ; 
Posner ,  1978) .  I f  th e activ e syste m i s limite d i n 
capacity ,  the n i t  i s  plausibl e t o deduc e tha t  an y 
prio r  knowledg e tha t  i s activ e i n i t  wil l  us e som e 
of  th e limite d capacity .  Thi s pape r  report s thre e 
test s o f  th e hypothesi s tha t  th e prio r  knowledg e 
use d i n a n ongoin g tas k use s cognitiv e capacit y i n 
th e sam e activ e processin g syste m tha t  i s use d t o 
perfor m th e ongoin g task .  Thi s wil l  b e referre d t o 
as th e prio r  knowledg e hypothesis . 

The prio r  knowledg e hypothesi s ha s no t  bee n 
include d conventionall y amon g th e explici t  assump -
tion s o f  cognitiv e processin g models .  Perhap s thi s i s becaus e th e standar d mode l  an d relate d model s hav e traditionall y assume d a  smal l  limi t  o n th e ca -

pacit y o f  shor t  ter m memory ,  wit h estimate s rangin g 
fro m 2  chunk s u p t o 2 0 (Lachman ,  Lachma n &  Butter -
field ,  1978) .  I t  appear s tha t  wit h eve n a  2 0 uni t 
limit ,  a  bod y o f  prio r  knowledg e o f  a  siz e o r  com -
plexit y tha t  approache d tha t  limi t  ~  fo r  example , 
th e ches s knowledg e o f  a n exper t  ches s playe r  — i f 
transferre d t o a  shor t  ter m store ,  woul d occup y s o 
much o f  i t  tha t  littl e o r  n o capacit y woul d b e lef t 
ove r  fo r  performin g th e ongoin g cognitiv e task . 
The resul t  woul d b e error ,  dela y o r  failur e o n th e 
task .  Cognitiv e psychologist s may hav e believe d 
tha t  thi s outcom e di d no t  see m likel y t o occur ,  an d 
so th e prio r  knowledg e hypothesi s ma y no t  hav e 
seemed easil y compatibl e wit h model s tha t  includ e 
a smal l  limi t  o n th e capacit y o f  th e activ e pro -
cessin g system .  Othe r  cognitiv e model s ar e les s 
explici t  abou t  th e capacit y o f  th e activ e process -
in g system ,  s o evidenc e tha t  larg e bodie s o f  acti -
vate d prio r  knowledg e us e capacit y woul d b e les s 
critica l  fo r  them . 

Becaus e th e hypothesi s tha t  prio r  knowledg e 
use s capacit y i n th e activ e processin g syste m ha s 
not  bee n prominen t  i n cognitiv e theory ,  th e conse -
quence s o f  i t  hav e no t  bee n thoroughl y worke d out , 
and som e o f  the m tur n ou t  t o b e interesting .  On e 
se t  o f  consequence s i s relate d t o th e us e o f  cog -
nitiv e capacit y b y person s wh o d o o r  d o no t  hav e 
prio r  knowledg e abou t  a  particula r  cognitiv e task , 
i.e. ,  expert s an d novices .  Th e cognitiv e program s 
of  expert s an d novice s hav e bee n investigate d b y 
protoco l  analysi s technique s (e.g. ,  Ericsso n & 
Simon ,  1980) ,  bu t  thes e technique s d o no t  provid e 
dat a o n capacit y usage .  I n th e presen t  experi -
ment s th e secondar y tas k techniqu e wa s used .  Thi s 
techniqu e wa s designe d t o provid e dat a o n capacit y 
usage .  Th e predictio n o f  th e prio r  knowledg e hy -
pothesi s i s tha t  expert s wil l  us e mor e capacit y 
tha n novice s whe n the y ar e performin g cognitiv e 
task s fo r  whic h th e expert s hav e activate d larg e 
amount s o f  prio r  knowledge .  Apparentl y thi s pre -
dictio n ha s no t  bee n teste d previously .  T o test 
thi s predictio n o f  th e prio r  knowledg e hypothesis , 
i n tw o o f  th e experiment s reporte d here ,  'experts ' 
on chess ,  an d o n football ,  women' s fashion s an d 
implici t  personalit y theor y wer e observe d a s the y 
processe d problem s i n thei r  specia l  topic s an d i n 
topic s i n whic h the y wer e no t  experts .  Us e o f  cog -
nitiv e capacit y wa s measure d wit h a  secondar y tas k 
technique .  I n a  thir d experiment ,  difference s i n 
prio r  knowledg e abou t  a  tex t  topi c wer e induce d i n 
reader s an d th e us e o f  capacit y wa s observe d i n 
readin g late r  part s o f  th e text . 

Anothe r  interestin g consequenc e o f  th e prio r 
knowledg e hypothesi s i s tha t  i t  suggest s th e exis -
tenc e o f  a  potentia l  limitatio n o n th e cognitiv e 
processin g o f  experts .  I f  a n exper t  ha s a n ex -
tremel y larg e amoun t  o f  activate d prio r  knowledg e 
fo r  a  particula r  task ,  th e knowledg e wil l  presum -
abl y us e a  correspondingl y larg e amoun t  o f  capac -
ity .  I f  th e prio r  knowledg e use s enoug h capacity , 
th e capacit y availabl e fo r  th e ongoin g cognitiv e 
tas k wil l  b e reduced :  thi s follow s fro m th e as -
sumptio n o f  a  limite d capacity ,  A  straightforwar d 
predictio n i s tha t  th e ongoin g tas k wil l  b e per -
forme d mor e slowl y b y suc h a n exper t  wit h a  ver y 
larg e amoun t  o f  prio r  knowledg e tha n b y a  perso n 
wit h les s prio r  knowledg e (assumin g th e prio r 
knowledg e i s adequat e t o perfor m th e task) .  I n 
extrem e case s o f  prio r  knowledge ,  s o muc h activ e 
capacit y may b e occupie d tha t  th e exper t  ma y no t  b e abl e t o complet e th e cognitiv e tas k a t  all .  Suc h an hypothesi s coul d b e use d t o accoun t  for :  (1 ) th e lon g period s o f  tim e take n b y extremel y know -
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ledgeabl e expert s t o solv e problem s tha t  ar e solv -
abl e i n les s tim e b y somewha t  les s knowledgeabl e 
experts ,  (2 )  th e decrease s i n scholarl y productiv -
it y tha t  ar e sometime s reporte d anecdotall y whe n 
scholar s reac h extremel y hig h level s o f  exper t 
knowledg e abou t  thei r  specia l  subject ,  (3 )  th e In -
cubatio n effec t  i n proble m solving ,  i n whic h prob -
le m solver s wh o tak e tim e of f  fro m a  thoroughl y 
studie d problem ,  presumabl y allowin g som e prio r 
knowledg e t o b e deactivated ,  repor t  tha t  whe n the y 
retur n t o th e problem ,  the y hav e a n increase d 
chanc e o f  solution ,  (4 )  th e reductio n o f  usabl e 
cognitiv e capacit y tha t  may b e associate d wit h 
agin g individuals ,  wh o presumabl y hav e larg e 
amount s o f  prio r  knowledge .  A  possibl e qualifica -
tio n o f  thi s extensio n o f  th e prio r  knowledg e hy -
pothesi s i s tha t  expert s see m likel y t o b e abl e t o 
chun k thei r  knowledg e mor e efficientl y tha n nov -
ices ,  an d chunk s woul d presumabl y occup y les s ca -
pacity .  Bu t  i n a  ver y hig h leve l  chunk ,  th e usabl e 
informatio n may no t  b e visibl e o n th e surface .  I n 
orde r  t o reac h a  leve l  o f  informatio n tha t  act -
uall y ca n b e use d i n th e performanc e o f  th e ongoin g 
task ,  th e chun k may hav e t o b e unpacke d t o th e 
poin t  wher e usabl e informatio n 1 s reveale d (Estes , 
1972 ;  Johnson ,  1972) .  Th e unpackin g proces s may 
us e additiona l  capacity  tha t  th e les s exper t  ca n 
avoid .  I t  shoul d b e note d tha t  suc h extrem e case s 
of  prio r  knowledg e wer e no t  include d i n th e pres -
ent  studies .  Th e level s o f  prio r  knowledg e use d i n 
th e presen t  studie s may b e regarde d a s intermediat e 
i n siz e betwee n th e level s o f  novice s an d thos e o f 
hig h leve l  experts ,  an d decrease s i n performanc e o f 
th e ongoin g tas k wer e no t  expected . 

I t  i s  wel l  t o stat e a t  th e outse t  wha t  conclu -
sion s ca n b e draw n fro m th e variou s possibl e out -
comes o f  th e test s propose d here .  I f  th e prio r 
knowledg e i s no t  show n t o us e capacity ,  tha t  I s 
consisten t  wit h th e hypothesi s tha t  th e cognitiv e 
tas k I s performe d i n on e activ e system ,  an d th e 
prio r  knowledg e i s activ e i n a  quit e differen t  sys -
te m tha t  doe s no t  shar e capacit y wit h th e first . 
I f  prio r  knowledg e i s show n t o us e capacity ,  tha t 
i s  consisten t  wit h th e hypothesi s tha t  bot h th e 
cognitiv e tas k an d th e prio r  knowledg e ar e usin g 
capacit y i n th e sam e activ e processin g system . 

The result s o f  al l  thre e experiment s wer e tha t 
subject s too k longe r  t o reac t  t o secondar y tas k 
probe s i n th e hig h prio r  knowledg e conditions . 
Thus ,  th e result s o f  thes e experiment s wer e al l 
consisten t  wit h th e hypothesi s tha t  th e prio r  know -
ledg e tha t  I s use d i n a n ongoin g cognitiv e tas k 
occupie s capacit y i n th e sam e limite d capacity  sys -
te m tha t  i s use d t o perfor m th e cognitiv e task . 
Ther e ar e severa l  aspect s o f  th e cognitiv e handlin g 
of  prio r  knowledg e tha t  may mak e us e o f  capacity . 
First ,  th e retrieva l  o f  th e bodie s o f  knowledg e 
fro m inactiv e memor y may us e capacity .  Th e re -
trieva l  proces s presumabl y include s bot h searc h an d 
decisio n components .  Suc h a  retrieva l  proces s may 
onl y occu r  once ,  a t  th e beginnin g o f  th e involve -
ment  o f  prio r  knowledg e i n th e ongoin g task ,  o r  i t 
may b e goin g o n mor e o r  les s continuousl y durin g 
performanc e o f  th e task .  Multipl e retrieval s woul d 
use capacit y ove r  a  longe r  spa n o f  tim e tha n woul d 
a singl e retrieva l  episode . 

Second ,  onc e a  particula r  bod y o f  knowledg e 
has bee n confidentl y located ,  it s chang e o f  stat e 
fro m a n inactiv e t o a n activ e statu s may us e capac -
ity .  Third ,  onc e tha t  activatio n ha s occurred ,  th e 
maintenanc e o f  th e activate d stat e may b e neces -

sary ,  a t  leas t  i f  th e activ e stat e ha s rapi d deca y 
propertie s lik e thos e o f  conventiona l  shor t  ter m 
stores .  Th e maintenanc e may b e continuous ,  i t  may 
be periodic ,  a s i f  th e activatio n i s regularl y 
'refreshed, '  o r  i t  may b e intermitten t  an d depen -
dent  o n th e tim e cours e o f  us e o f  th e knowledg e i n 
th e task .  Fourth ,  th e element s o f  th e activate d 
body o f  knowledg e themselve s ar e likel y t o occup y 
capacity ,  an d th e mor e extensiv e th e knowledg e is , 
th e mor e element s i t  has ,  an d th e mor e capacit y i t 
can b e expecte d t o occupy . 

Finally ,  th e us e o f  prio r  knowledg e i n th e 
performanc e o f  th e cognitiv e tas k may requir e addi -
tiona l  cognitiv e operation s tha t  us e capacity . 
Thes e may involv e th e unpackin g o f  chunks ,  searche s 
throug h them ,  an d decisio n processe s associate d wit h 
thei r  us e i n th e ongoin g task .  Or  th e prio r  know -
ledg e may b e i n th e for m o f  program s o f  cognitiv e 
operation s tha t  ar e t o b e carrie d ou t  a s par t  o f 
th e cognitiv e task .  Suc h program s enabl e addi -
tiona l  operations ,  an d thes e may us e capacity . 

The result s reporte d her e clarif y th e inter -
pretatio n o f  som e previou s researc h o n th e us e o f 
cognitiv e capacit y i n reading .  I n a  serie s o f  in -
vestigation s o f  th e influenc e o f  tex t  characteris -
tic s o n th e us e o f  cognitiv e capacit y i n reading , 
i t  wa s foun d tha t  eas y passage s use d mor e capacit y 
tha n difficul t  one s (Britton ,  Westbrook ,  &  Hold -
redge ,  1978) ,  wher e eas e an d difficult y wer e de -
fine d b y cloz e test s an d ratings .  Thi s findin g ha s 
been replicate d (Britton ,  1980 ;  Britton ,  Zeigler . 
& Westbrook ,  1980) .  I t  ha s bee n pointe d ou t  b y 
Anderso n an d Armbuste r  (i n press )  tha t  th e eas y 
passage s use d i n thos e studie s wer e abou t  topic s 
fo r  whic h reader s ar e "mor e ap t  t o hav e availabl e 
schemat a o r  perspective s .  .  .  tha n ar e thos e fro m 
th e difficul t  passages. "  (p .  IS) .  Thi s interpre -
tatio n i s simila r  t o th e notion ,  base d q n th e pres -
ent  results ,  tha t  th e reader s ha d prio r  knowledg e 
abou t  th e eas y passages .  Th e result s o f  Britton , 
Graesser ,  Glynn ,  Hamilton ,  an d Penlan d (i n press ) 
on genr e difference s ca n b e interprete d alon g th e 
same lines ,  a s ca n th e result s o f  Britton ,  Westbrook , 
Holdredg e an d Curr y (1979 )  tha t  passage s wit h mor e 
discours e leve l  meanin g (bu t  identica l  t o passage s 
wit h les s discours e leve l  meaning )  use d mor e capac -
ity . 

Some limitation s o f  thes e conclusion s shoul d 
be noted .  First ,  the y may onl y appl y t o comple x 
bodie s o f  prio r  knowledge ,  an d probabl y no t  t o iso -
late d individua l  units .  Fo r  suc h units ,  th e re -
trieval ,  activation ,  maintenanc e an d us e o f  th e 
knowledg e ma y requir e s o fe w cognitiv e operation s 
tha t  n o observabl e capacit y i s used .  Also ,  i f  th e 
use o f  th e prio r  knowledg e i s ver y highl y prac -
tice d i t  may us e les s capacit y (Shiffri n &  Sch -
neider .  1977 ;  Schneide r  &  Shiffrin ,  1977) . 

Second ,  ther e appear s t o b e a  specia l  cas e o f 
combination s o f  prio r  knowledg e an d cognitiv e tas k 
fo r  whic h prio r  knowledg e wil l  probabl y reduc e us e 
of  capacity .  Thes e ar e task s fo r  whic h th e com -
plete d solutio n o f  th e tas k i s alread y store d i n 
memory an d i s easil y accessible .  Fo r  example ,  i f 
th e subjec t  i s  aske d t o multipl y 3 7 x  8 ,  man y men -
ta l  operation s wil l  b e carrie d ou t  t o arriv e a t  th e 
correc t  answe r  o f  296 .  Bu t  i f  th e subjec t  i s  im -
mediatel y aske d agai n t o multipl y 3 7 x  8 ,  th e prio r 
knowledgeo f  th e answe r  wil l  b e retrieve d fro m 
memory,  an d th e effec t  wil l  b e t o reduc e th e num -
ber  o f  menta l  operation s an d s o th e us e o f  capac -
ity . 
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