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A T h e o r y o f  Skille d M e m o r y ' 

James J. Staszewski 
Departmen t  o f  Psycholog y 

Camegi e Mello n Universit y 
Pittsburgh ,  P A 1521 3 

jjs@cs.cniu.ed u 

A b s t r a c t 

A theor y o f  mnemoni c expertis e i s  outline d alon g 
wit h finding s from  initia l  tests .  Th e expertis e belong s 
t o a  nonna l  adul t  (DD )  w h o develope d a  digit-spa n o f 
104 throug h extende d practice .  Th e theor y describe s 
ho w mechanism s consisten t  wit h th e principle s o f 
skille d memor y (Chas e &  Ericsson ,  1982 ;  Ericsso n 
& Staszewski ,  1989 )  an d identifie d b y analyse s o f 
DD' s behavior ,  suppor t  hi s skill .  Implemente d a s a 
computationa l  model ,  th e theor y assume s tha t  distinc t 
knowledg e structure s mediat e bot h DD' s encodin g o f 
shor t  segment s o f  tria l  list s a s elaborate ,  well -
structure d L T M representation s an d thei r  retrieva l  i n 
severa l  recal l  tasks .  Curren t  testin g investigate s th e 
model' s abilit y  t o generat e contextua l  codes ,  a  clas s o f 
patterne d memor y elaboration s experimentall y show n 
t o improv e DD' s seria l  recal l  (Staszewski ,  1990) . 
Give n th e sam e list s D D received ,  i t  successfull y 
generate s ove r  8 0 % o f  th e contextua l  code s i n hi s 
verba l  reports .  Becaus e successfu l  simulatio n o f 
contextua l  code s entail s accurat e simulatio n o f 
operation s performe d b y first-orde r  codin g 
mechanisms ,  result s suppor t  theoretica l  assumption s 
abou t  th e knowledg e underlyin g DD' s codin g 
operations .  Th e model' s overl y powerfu l  codin g 
suggest s tha t  mor e stringen t  architectura l  constrain t 
must  b e incorporate d t o rigorously  demonstrat e ho w 
skille d m e m o r y ca n increas e workin g m e m o r y 
capacit y i n a  norma l  cognitiv e architectur e an d 
suppor t  expertise . 

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

How does the human mind adapt to a complex world 
despit e shar p limitation s o n it s  computationa l 
capacity ? Althoug h man y architectura l  constraint s o n 
informatio n processin g capacit y hav e bee n identifie d 
(Shiffrin ,  1976 ;  Simon ,  1976) ,  ou r  understandin g o f 
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thei r  impac t  upo n purposiv e though t  remain s 
uncomfortabl y sketch y an d incomplete .  Conside r  on e 
of  th e mos t  studie d an d influentia l  constraint s o n 
human cognition ,  th e capacit y o f  shor t  ter m o r 
workin g memor y (Miller ,  1956) . 

There is a genuine puzzle here. One the 
one hand ,  massive ,  divers e dat a demonstrat e 
tha t  S T M i s limited .  O n th e othe r  hand ,  n o 
syntheti c cognitiv e system s perfor m task s o f 
any scop e wit h suc h smal l  temporar y 
memory (Newell ,  1992) . 

One solution to this theoretical anomaly asserts 
tha t  functiona l  workin g m e m o r y capacit y i s  no t 
permanend y fixed  eithe r  t o a  singl e memor y structur e 
or  som e smal l  "magical "  numbe r  o f  symbols . 
Rather ,  a s norma l  adult s develo p comple x cognitiv e 
skills ,  the y acquir e knowledg e structure s an d memor y 
management  strategie s tha t  expan d workin g memor y 
capacity .  Thes e ar e th e basi c tenet s o f  Skille d 
M e m o ry Theor y ( S M T ) ,  a  framewor k o f  genera l 
principle s propose d t o explai n experts '  domain -
specifi c  memor y advantag e an d ho w i t  contribute s t o 
th e superio r  tas k performanc e tha t  i s th e hallmar k o f 
expertise . 

The empirica l  foundatio n fo r  S M T come s fro m 
detaile d analyse s o f  exper t  mnemonist s (Chas e & 
Ericsson ,  1981 ;  1982 ;  Ericsso n &  Poison ,  1988a ,  b ; 
Staszewski ,  1988b ,  1990 )  an d menta l  calculator s 
(Chas e &  Ericsson ,  1982 ;  Staszewski ,  1988a) ,  som e 
of  w h o m develope d thei r  exceptiona l  skill s  unde r 
laborator y observation .  Result s showe d tha t  a  fe w 
common,  abstrac t  mechanisms ,  adaptivel y tailore d t o 
specifi c  contexts ,  suppor t  thei r  capabilitie s i n th e 
same fundamenta l  way :  thes e mechanism s enabl e 
extraordinaril y  efficien t  storag e an d retrieva l  o f  task -
relevan t  informatio n i n long-ter m memor y ( L T M ) 
(Ericsso n &  Staszewski ,  1989) .  Suc h us e o f  L T M 
as a  cach e augment s th e naturall y limite d capacit y o f 
short-ter m memor y ( S T M )  an d increase s th e amoun t 
of  informatio n expert s ca n rapidl y an d reliabl y acces s 
fo r  immediat e processing ,  thereb y enhancin g 
informauon-processin g capacit y an d improvin g 
performance . 
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A l t h o u g h progres s i n understandin g th e 
foundation s o f  skille d m e m o r y an d it s contributio n t o 
expert-leve l  cognitiv e skill s  i s  evident ,  m u c h wor k 

remain s t o establis h th e validit y o f  S M T ^ .  Fo r 
example ,  a  crucia l  tes t  o f  an y psychologically -
oriente d information-processin g theor y i s whethe r  o r 
not  i t  ca n b e expresse d a s a  progra m tha t  simulate s 
th e behavio r  o f  h u m a n subject s i n theoreticall y 
significan t  Uvsks .  Accordingly ,  th e goa l  o f  thi s wor k 
i s t o tes t  th e principle s o f  skille d m e m o r y b y testin g 
a theor y o f  exper t  performance ,  w h o s e cor e 
m e c h a n i s m s ar e implemente d accordin g t o thes e 
principles .  Previou s studie s hav e determine d th e 
functio n an d structur e o f  thes e mechanisms ,  bu t  i t 
remain s t o b e see n i f  the y ca n operat e a s a n ensembl e 
withi n a  syste m tha t  behave s a s a n exper t  mnemonis t 
doe s o n task s testin g hi s m e m o r y . 

D D w a s a n undergraduat e w h o practice d th e digit -
spa n tas k 4- 5 day s pe r  w e e k unde r  laborator y 
observation ,  adaptin g th e m n e m o n i c strateg y give n 
h i m b y Chas e &  Ericsson' s (1981 )  laboratory-mad e 
mnemonis t .  SF .  O v e r  4. 5 years ,  DD ' s spa n gre w 

firom  7  t o 10 4 digits^ .  Explainin g hi s unprecedente d 
digit-spa n i s a  majo r  goa l  o f  thi s theory ,  bu t  studie s 
indicat e tha t  D D ' s skil l  i s  fa r  broade r  an d ver y 
complex .  Althoug h i t  i s  restricte d t o rememberin g 
n u m b er  sequences .  D D demonstrate s exceptiona l 
m e m o ry i n a  variet y o f  task s includin g backwar d an d 
forwar d seria l  recall ,  incidenta l  an d delaye d seria l 
recall ,  fre e recall ,  probe d recall ,  an d Luria' s Matri x 
recal l  (Staszewski .  1988 .  1990) .  Thi s theor y i s 
intende d t o accoun t  fo r  m a n y theoreticall y interestin g 
phenomen a relate d t o hi s performanc e ove r  thi s rang e 
of  tasks .  Initia l  test s o f  th e mode l  instantiatin g thi s 
theor y examin e it s abilit y t o simulat e a  particula r 
phenomeno n relate d t o DD' s lis t  encoding .  Thi s i s hi s 
generatio n o f  contextua l  code s ( C C s ) ,  a  clas s o f 
patterne d memor y elaboration s inferre d fro m verba l 
protocol s take n afte r  digit-spa n trial s an d 
experimentall y show n t o spee d hi s seria l  recal l 
(Staszewski ,  1990) . 

Overv ie w o f  th e Theor y 

This theory's fundamental assumption is that DD has 
a norma l  memor y syste m wit h tw o principl e 
structures ,  S T M an d L T M ,  whos e functiona l 
parameter s fal l  withi n normal ,  well-documente d 
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^Gobet' s stud y (i n thi s vo lume )  suggest s tha t  S M T 
generalize s t o ches s experts '  m e m o r y skill . 

3 D D ha s recalle d longe r  rando m digi t  list s perfectly . 
howeve r  Woodworth ' s (1938 )  metri c i s applie d here : 
digit-spani s deflne d a s th e longest  lis t  tha t  ca n b e 
perfectl y recalle d o n 5 0 % o f  tes t  trials . 
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Figur e 1 .  Schemati c structur e postulate d fo r  DD' s 

m e m o ry representation s fo r  digi t  groups . 

ranges. His memory differs from that of unskilled 
peopl e i n tha t  a  specifi c  bod y acquire d knowledg e 
enable s hi m t o quickl y recogniz e an d encod e shor t 
digi t  sequence s a s well-organized ,  multi-componen t 
L T M representations ,  whos e conten t  an d organizatio n 
suppor t  multipl e systemati c retrieva l  strategies . 
Thes e strategie s ar e mediate d b y sam e knowledg e 
component s tha t  gover n hi s lis t  encodin g processes . 
Th e structur e an d genera l  conten t  o f  th e L T M code s i s 
illustrate d schematicall y i n Figur e 1 ,  alon g wit h th e 
mechanism s tha t  conu-ibut e informatio n bot h t o thei r 
formatio n an d retrieval . 

M e c h a n i s m s Support in g Skille d M e m o r y 

A cornerstone of DD's skill is a hierarchically-
organize d taxonom y o f  1 2 semanti c categories .  H e 
use s thi s knowledg e t o recogniz e an d encod e an y 
sequenc e o f  3  o r  4  digit s a s a n organized ,  meaningfu l 
chunk .  Nin e categorie s encod e digi t  group s a s time s 
fo r  runnin g event s rangin g fro m 1/ 4 mil e t o 1 0 mil e 
distances .  Fo r  example ,  D D code s sequence s lik e 35 9 
an d 8201 ,  respectively ,  a s " a one-mil e time ,  thre e 
minutes ,  fifty-nine  seconds ,  jus t  unde r  th e bi g [four -
minut e mile ]  barrier "  an d "eigh t  minutes ,  twent y 
poin t  on e seconds ,  a  fas t  colleg e two-mile. "  Th e 
othe r  categorie s cod e digi t  group s a s eithe r  age s (391 , 
"jus t  unde r  fort y year s old )  date s (1776 , 
"Revolutionar y W a r  suuled, "  o r  numerica l  pattern s 
(987 ,  "sequenc e descendin g fro m nine") .  DD' s 
categorizatio n o f  digit-group s i s ver y reliabl e an d ha s 
bee n simulate d wit h 9 8 % accurac y (Staszewski , 
1990) . 
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Th e theor y als o assume s tha t  systemati c activatio n 
of  thi s taxonomi c structur e generate s cue s fo r 
retrievin g store d digi t  groups .  Thi s account s fo r  DD' s 
abiht y t o accuratel y recal l  digi t  group s fro m eithe r  a 
singl e lis t  o r  fro m al l  th e list s o f  a  practic e b y 
categorie s (Staszewski ,  1990) . 

D D ' s retrieva l  structur e i s anothe r  essentia l 
componen t  o f  hi s skil l  tha t  i s  use d t o stor e an d 
retriev e th e chunk s h e encodes .  A s lis t  presentatio n 
proceed s o n a  typici d digit-spa n trial ,  processe s 
"traversing "  thi s abstrac t  structur e gover n parsin g o f 
th e lis t  int o a  predetermine d sequenc e o f  digi t  groups . 
Thes e processe s generat e ii n inde x o r  "address "  fo r 
eiic h semjmti c code ,  imiilogou s t o a  cid \  numbe r  o n a 
librar y book ;  eac h addres s constitute s a n ;icces s rout e 
t o eac h chun k fo r  ordere d retrieva l  becaus e th e 
addresse s als o cod e ordina l  relation s a m o n g DD' s 
chunks .  Fo r  seria l  recall ,  anothe r  traversa l  o r 
(re)activatio n o f  th e retrieva l  structur e the n regenerate s 
th e sam e addresses ,  whic h n o w functio n a s retrieva l 
cue s tha t  acces s eac h chun k i n th e righ t  order . 
Chronometri c analyse s o f  D D lis t  encodin g an d seria l 
recal l  operations ,  hi s patter n o f  latencie s i n a  probe d 
recal l  task ,  an d hi s verba l  report s provid e convergin g 
evidenc e fro m whic h th e for m an d functio n o f  DD' s 
retrieva l  structure s hav e bee n inferre d (Chas e & 
Ericsson ,  1982 ;  Staszewski ,  1988b) . 

Stil l  anothe r  mechanis m i s inferre d fro m anothe r 
codin g regularit y foun d i n DD' s verba l  reports :  h e 
consistentl y notice s a  variet y o f  abstrac t  symboli c 
pattern s an d explicitl y  code s the m wit h generi c labels . 
For  example ,  h e consistentl y notice s whe n a  subse t 
of  digit s i n a  grou p su m t o anothe r  (i.e. ,  752 ,  301 2 -
bot h code d "ad d 'e m ups" )  o r  tha t  pair s o f  digit s i n a 
grou p represen t  quantitie s tha t  diffe r  b y a  multipl e o f 
10 o r  1  (e.g. ,  8939 ,  767 5 -  code d a s "lO-apart "  an d 
"1-apart "  respectively) .  Alternatively ,  i f  tw o 
consecutiv e group s receiv e th e sam e semanti c code , 
D D typicall y elaborate s hi s representation s fo r  thes e 
group s wit h th e phras e "back-to-bac k [semanti c 
code]s. "  Th e "back-to-back "  labe l  ids o applie s t o 
consecutiv e group s previousl y elaborate d a s "ad d 'e m 
ups "  o r  "X-apart" .  Frequently ,  i f  tw o remot e digit -

groups' *  receiv e a  ver y simila r  semanti c interpretatio n 
(e.g. ,  46 2 an d 460 ,  "tw o fas t  1/ 4 mil e times") , 
whether  the y ar e fro m th e sam e lis t  o r  from  differen t 
list s withi n a  tes t  session ,  th e elaboratio n "X-tenth s 
apart "  ofte n explicitl y  link s them .  Th e labe l  fo r  suc h 
elaboration s a s thes e i s contextua l  cod e ( C C ) . 
Example s o f  mor e CC' s foun d i n DD' s verba l  report s 
and a  mor e complet e descriptio n o f  th e variet y o f  C C s 
observe d ca n b e foun d i n Staszewsk i  (1990) . 

W hy th e labe l  contextual ? Wherea s generatio n o f  a 
semanti c cod e an d a  retrieva l  structur e addres s ar e 
obligator y operation s fo r  eac h digi t  grou p i n a  list ,  a 

^Group s separate d b y on e o r  mor e intervenin g digi t 
groups . 

C C m a y o r  m a y no t  b e create d fo r  a  give n digi t 
group ,  dependin g upo n contextua l  viuiables .  Thes e 
includ e th e content s o f  a  particula r  list ,  th e content s 
of  list s presente d o n earlie r  trial s i n a  test/practic e 
session ,  an d th e amoun t  o f  tim e D D hji s t o detec t  a 
C C an d integr;it e i t  wit h th e semanti c cod e an d addres s 
create d fo r  a  particuhi r  digi t  group .  Thi s tim e facto r 
i s a  non-trivia l  constrain t  o n C C formatio n 
considerin g th e one-digit/se c lis t  presentatio n rat e 
use d i n practic e an d mos t  experiments .  I t  follow s tha t 
specifi c  C C s don' t  appea r  wit h th e regularit y tha t 
mark s DD' s semanti c codin g an d lis t  pju^sing . 
However ,  examinatio n o f  verba l  report s from  dozen s 
of  practic e session s eac h wit h multipl e trial s reveal s 
regularitie s tha t  be g descriptio n an d explanation . 
The y ar e th e basi s fo r  postulatin g tha t  DD' s 
knowledg e bas e contain s knowledg e structure s wit h 
distinc t  categor y label s tha t  ar e use d t o detec t  an d 
encod e a  variet y o f  contextua l  elaborations . 

Regardin g th e psychologica l  realit y o f  CC's ,  a n 
experimen t  investigatin g bot h thei r  predictabilit y  an d 
effec t  upo n DD' s m e m o r y ha s show n tha t  (a )  hi s 
generatio n specifi c  C C s ca n b e predicte d from  lis t 
contents ,  an d (b )  tha t  hi s encodin g o f  C C s increase s 
th e spee d o f  hi s serialrecal l  (Staszewski ,  1990) . 
Moreover ,  verba l  protocol s take n durin g DD' s seria l 
recal l  sho w tha t  contextua l  code s ar e sough t  fo r 
intentionall y whe n hi s initia l  attemp t  t o retriev e a 
digi t  grou p vi a retrieva l  structur e cue s an d a  semanti c 
cod e fails .  C C s the n retrieve d i n suc h circumstance s 
ar e use d i n a  backu p retrieva l  strateg y tha t  ha s a 
clearl y constructiv e character . 

I m p l e m e n t a t i o n 

The mechanisms and processing assumptions 
outline d abov e ar e instantiate d a s a  production-syste m 
model  writte n i n 0 P S 5 .  Spac e constraint s limi t 
descriptio n t o th e feature s o f  th e mode l  directl y 
relevan t  t o th e evaluatio n describe d shortly . 

Inpu t  fo r  al l  tes t  frials  consist s o f  a  paramete r 
indicatin g lis t  lengt h an d the n a  digi t  lis t  o f  tha t 
length .  Outpu t  fo r  th e curren t  tes t  consist s o f  th e 
digi t  group s int o whic h th e lis t  i s  parsed ,  th e 
semanti c cod e assigne d each ,  an d an y labe l  o f  an y C C 
th e mode l  detect s relate d t o a  particula r  group . 

DD' s semanti c codin g structur e an d retrieva l 
structur e ar e represente d a s hierarchica l  lis t  structures , 
whos e node s contai n informatio n tha t  i s  activate d b y 
a simpl e node-traversa l  operato r  an d consequentl y 
loade d int o workin g m e m o r y .  T h e informatio n 
consist s o f  semanti c feature s relate d t o codin g 
categorie s i n th e forme r  case ,  an d abstrac t  attribute -
value s representin g retrieva l  structur e addresse s fo r  th e 
latter .  Dat a structure s (i.e. ,  schemas )  fo r  addresse s an d 
semanti c code s ar e use d t o integrat e an d represen t 
thes e featur e set s a s chunk s i n workin g m e m o r y fo r 
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eac h digi t  grou p withi n i\ n inpu t  list .  Thes e chunk s 
.ir e th e element s tha t  ge t  attache d t o th e generi c 
meiTior y structur e show n i n Figur e 1 . 

Sixty-eigh t  production s find  C C s ixn d outpu t  th e 
appropriat e generi c labels .  Th e conditio n element s o f 
eac h alway s include s informatio n abou t  eithe r  grou p 
addresses ,  o r  seiii;mti c features ,  o r  sometime s bot h 
(dependin g o n th e typ e o f  C C ) .  Thi s make s accurat e 
detectio n o f  C C s dependen t  upo n accurat e simulatio n 
of  first-order  codin g operation s (retrieva l  structur e 
addressin g an d semanti c coding) . 

Codin g operation s ar e ordere d i n th e followin g 
way.  First ,  th e locatio n fo r  eac h digit-grou p i s 
encoded ,  becaus e th e siuti e processe s tha t  gover n lis t 
parsin g generat e grou p addresses .  Afte r  th e 
registratio n o f  th e secon d digi t  o f  eac h group ,  a 
sortin g procedur e operatin g lik e a  discriminatio n ne t 
use s th e tw o digi t  value s t o selec t  th e appropriat e 
semanti c categor y label ,  whic h i s the n output .  I n a 
fe w cases ,  a n additiona l  tes t  base d o n th e valu e o f  th e 
thir d digi t  i s  necessar y fo r  assignmen t  o f  a  semanti c 
code .  Onl y afte r  thes e obligator y codin g operation s 
ar e complete d ca n production s fo r  detectin g contextua l 
code s fire . 

T e s t i n g P r o c e d u r e s 

The model was given the same lists presented to DD 
i n Staszewsk i  (1990 )  a s inpu t  fo r  eac h trial .  Trial s 
wer e presente d i n block s o f  6 ,  correspondin g t o th e 
number  o f  trial s an d orderin g use d i n eac h o f  th e eigh t 
separat e session s i n whic h D D wa s tested .  Th e 
model' s lis t  parsing ,  assignment  o f  semanti c code s t o 
digi t  groups ,  an d generatio n o f  C C s wer e al l 
compare d t o th e sam e informatio n foun d i n DD' s 
verba l  protocol s fo r  eac h tes t  list . 

Scorin g involve d matchin g th e model' s codin g 
agains t  informatio n i n DD' s verba l  repor t  fo r  eac h 
list .  Relativel y stringen t  criteri a wer e used .  A  C C 
matc h wa s score d i f  th e mode l  me t  al l  thre e o f  th e 
followin g conditions :  (a )  th e mode l  groupe d digit s 
i n th e sam e wa y a s D D wher e h e reporte d a  C C ,  (b ) 
relevan t  digi t  group(s )  wer e labele d wit h th e sam e 
semanti c codin g categor y tha t  D D used ,  an d (3 )  th e 
model  generate d th e sam e C C labe l  a s D D reported . 

R e s u l t s 

The datJi tJibled below show the fidelity with which 
th e model' s codin g simulate d DD's .  Dat a aggregate d 
acros s al l  session s jm d cod e type s (Ro w 1 )  sho w tha t 
th e mode l  generate d 8 2 % o f  th e 34 5 C C s i n th e 
verba l  protocols .  Th e model' s lis t  pjû sin g an d 
assignmen t  o f  semanti c code s coincide d wit h DD' s 
neiirl y  perfectl y (ove r  9 9 % o f  th e time) . 

The mode l  als o generate d man y C C s wher e D D 
reporte d none ,  a s \h t  fals e positive s colum n shows . 
Close r  jmidysi s o f  model' s performanc e reve;ile d tha t 
many o f  thes e error s occurre d wher e pattern s o f 
informatio n wer e presen t  tha t  generate d multiple , 
redundan t  C C s fo r  th e sam e digi t  grou p o r  se t  o f 
groups .  Fo r  example ,  C C s fo r  triplet s o f  semanti c 
code s (e.g. ,  "thre e consecutiv e one-mil e times" )  entai l 
minimall y th e presenc e o f  tw o lower-orde r  C C s ( 2 
consecutiv e "back-to-back "  pair s o f  miles ,  an d on e 
"back-to-back "  se t  o f  "back-to-back "  C C s ) .  Intra -
grou p an d between-grou p C C s base d o n digit s 
sometime s furthe r  increas e th e numbe r  o f  C C s i n 
suc h a  situation . 

Assumin g tha t  (a )  on e explicitl y  code d C C i s 
sufficien t  t o enhanc e memor y fo r  a  digi t  grou p an d (b ) 
tha t  tim e constraint s o f  lis t  presentation(t o whic h th e 
model  wa s no t  subject )  mak e exhaustiv e codin g o f 
elaboration s implausible ,  a  conditiona l  analysi s o f 
false-positiv e wa s carrie d out .  Thi s analysi s simpl y 
discounte d redundan t  C C s i n loca l  lis t  region s wher e 
on e C C matc h ha d bee n found .  A s th e conditiona l 
dat a show ,  th e numbe r  o f  fals e positive s decrease s b y 
a facto r  o f  3. 6 unde r  thes e assumptions . 

Finer-graine d analyse s base d o n subcategorie s o f 
contextua l  code s yiel d th e dat a show n i n row s 2-5 . 
Analyze d b y type s o f  C C s ,  result s sho w tha t  th e 
model  i s mos t  accurat e (96% )  a t  detectin g C C s tha t 
associat e adjacen t  digit-group s o n th e basi s o f  pair s o f 
repeate d digit s o r  symboli c codes .  Th e hi t  rat e fo r  th e 
remainin g thre e type s hover s aroun d a  respectabl e 
7 5 %.  Analysi s o f  false-positive s b y C C typ e 
localize s an d explain s th e model' s excessiv e 
contextua l  codin g power .  Matche s wel l  excee d fals e 
positive s fo r  th e firs t  tw o C C types .  However ,  th e 
number  o f  fals e positive s fo r  C C s linkin g remot e 
digit-group s foun d withi n th e sam e lis t  nearl y equal s 

Tabl e 1 .  Model' s identificatio n o f  DD' s contextua l  codes .  Tabl e entrie s represen t  frequencies. 

Analysis 

C C s,  al l  types ,  al l  session s 
C Cs linkin g digits ,  withi n group s 
C Cs linkin g adjacen t  group s 
C Cs linkin g remot e group s withi n list s 
C Cs linkin g remot e group s acros s list s 

M a t c h e s 

282 
84 

118 
48 
32 

M i s s e s 

63 
31 

5 
17 
10 

Fals { 1  Positive s 

202 
49 
38 
41 
74 

Cnnditinna l 

Fals e Positive s 

56 
11 
9 

10 
26 

974 



th e numbe r  o f  matches .  False-positive s mor e tha n 
doubl e th e numbe r  o f  matche s fo r  CC s linkin g digit -
group s fro m differen t  lists .  Conditiona l  analyse s 
reduc e thei r  numbe r  fro m 6 5 % t o 8 1 % fo r  th e 
differen t  C C types ,  bu t  th e frequenc y o f  lais c 
positives ,  p<u-ticul<u-l y fo r  C C s tha t  spa n lists , 
pinpoin t  significan t  limitation s o f  thi s mode l  o f  DD' s 
codin g processes . 

Discussio n 

The model's successful generation a substantial 
proportio n o f  DD' s CC s giv e i t  credibilit y  a s a  firs t 
approximatio n o f  th e knowledg e an d processe s tha t 
suppor t  hi s mnemoni c encodin g skill .  Thi s 
conclusio n take s int o accoun t  th e fac t  tha t  accurat e 
simulatio n o f  DD' s lis t  parsing ,  retrieva l  structur e 
addressing ,  an d semanti c codin g processe s ar e 
prerequisite s fo r  simulatin g hi s generatio n o f  CCs . 

At  th e sam e time ,  problem s wit h th e mode l 
indicat e tha t  furthe r  developmen t  wil l  b e necessar y t o 
produc e a  theoreticall y soun d accoun t  o f  DD' s skill . 
The excessiv e powe r  demonstrate d b y C C 
mechanism s i n thi s study ,  a  phenomeno n readil y 
interpretabl e i n term s o f  mode l  limitations ,  bot h 
motivate s an d guide s futur e modification . 

First ,  wit h n o tim e constraint s o n encoding ,  th e 
model  ca n exhaustivel y searc h for ,  find ,  an d cod e al l 
th e C C pattern s availabl e withi n a  session .  O n th e 
othe r  hand ,  tempora l  constraint s relate d t o 
convention£i l  lis t  presentatio n rat e use d i n DD' s 
practic e (on e digit/sec. )  shoul d limi t  th e amoun t  o f 
contextua l  codin g h e ca n do ,  i f  hi s S T M i s normal , 
tha t  is ,  time-based .  Result s o f  th e conditiona l 
analyses ,  whic h eliminat e generatio n o f  redundan t 
CCs an d limi t  th e numbe r  o f  CC s pe r  digit-grou p t o 
one,  sugges t  tha t  th e curren t  mode l  ma y b e abl e t o 
incorporat e thi s constrain t  withou t  substantia l 
reconfiguration . 

Second ,  regardin g false-positive s tha t  remai n eve n 
afte r  redundan t  CC s ar e ignored ,  th e typ e o f  C C 
whic h show s th e larges t  numbe r  i s tha t  whic h relate s 
group s acros s lists .  Eve n thoug h som e digi t  group s 
tha t  th e mode l  link s wit h CC s ar e separate d b y a s 
many a s fou r  intervenin g lists ,  thei r  detectio n pose s 
no proble m fo r  a  syste m tha t  doesn' t  forge t  an d i s no t 
hampere d b y tim e constraint s o n searc h an d encoding . 
DD's memor y i s fallible ,  however ,  a s hi s digit-spa n 
of  onl y 10 0 o r  s o digit s shows .  Thes e observation s 
indicat e tha t  som e provisio n fo r  forgettin g mus t  b e 
made i n futur e versions . 

I n conclusion ,  result s o f  thi s wor k suppor t  ke y 
theoretica l  assumption s abou t  th e knowledg e an d 
processe s tha t  suppor t  DD' s skille d memory .  The y 
als o sho w tha t  reasonabl e architectura l  constraint s 
must  b e incorporate d i n futur e version s t o tes t  th e 
propose d theor y wit h appropriat e rigor . 
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