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Abstrac t 

Words of varying pre-experimental frequency were 
presente d u p t o 1 0 time s each .  O n eac h presentation ,  thre e 
response s wer e allowed—new ,  remember ,  an d know—th e 
las t  fo r  word s tha t  see m familiar ,  bu t  giv e n o consciou s 
recollectio n o f  a n earlie r  presentation .  A  nove l  patter n o f 
result s wa s predicte d b y th e S A C memor y model .  S A C use d 
th e sam e paramete r  value s use d i n fit s  t o othe r  task s an d 
provide d goo d fits  t o th e participants '  remembe r  an d kno w 
responses . 

Introduction 

A dominan t  goa l  i n cognitiv e scienc e i s t o develo p a  theor y 
of  cognitiv e behavio r  withi n a  unifie d framework  tha t  ca n 
explai n a  broa d spectru m o f  h u m a n behavio r  withou t  th e 
necessit y o f  postulatin g a  ne w theor y denov o eac h tim e a 
n e w tas k i s  t o b e explained .  I n thi s pape r  w e describ e a 
theor y tha t  ha s suc h a  goal :  t o accoun t  fo r  individua l  subjec t 
performanc e a t  a  ver y detaile d leve l  o f  analysi s fo r  a  wid e 
variet y o f  cognitiv e phenomena .  Th e mode l  i s restricte d t o 
tryin g t o accoun t  fo r  phenomen a associate d wit h declarativ e 
memory (e.g. ,  Anderson ,  1976 ,  1983 ;  Cohe n &  Squire , 
1980) .  W e hav e teste d th e S A C {Sourc e o f  Activatio n 
Confusion )  mode l  o f  m e m o r y i n a  variet y o f  researc h 
paradigms ,  an d hav e obtaine d precis e fit s  o f  theor y t o dat a 
withou t  needin g t o postulat e n e w variable s fo r  eac h ne w 
task/dat a set .  W e hav e recentl y reporte d ou r  effort s t o us e 
thi s mode l  t o explai n feelin g o f  knowin g an d strateg y 
selectio n decision s (Rede r  &  Schunn ,  1996 ;  Schun n e t  a i , 
1997) .  I n thi s pape r  w e describ e a  mor e recen t  tes t  o f  th e 
model' s generalit y b y extendin g th e mode l  t o a  n e w domai n 
an d testin g th e model' s nove l  theoretica l  prediction s wit h 
n e w empirica l  data .  Thi s empirica l  tes t  o f  nove l  prediction s 
enable s u s t o examin e ou r  mode l  bot h a t  th e conceptua l 
leve l  an d a t  th e leve l  o f  specifi c  paramete r  value s from 
previou s mode l  fits . 

Th e domai n tha t  w e hav e chose n t o explor e i s calle d th e 
Mirro r  Effec t  (Glanzer ,  A d a m s ,  Iverso n &  K im ,  1993) , 
usin g th e Remember /Kno w Paradig m (Tulving ,  1985 )  a s a 
magnifyin g glas s t o enabl e finer-graine d predictions .  Th e 
Mirro r  Eflfec t  refer s t o th e phenomeno n tha t  tw o distinc t 
classe s o f  item s (e.g. ,  hig h an d lo w frequency  words ) 
produc e opposit e ordering s i n likelihoo d t o respon d "old " 

i n recognitio n tests ,  dependin g o n whethe r  th e ite m ha d 
actuall y bee n studied .  Tha t  is ,  th e proportio n o f  response s 
tha t  ar e "hits "  (correc t  recognitio n judgment s fo r  presente d 
items )  i s  greate r  fo r  lo w frequency  tha n hig h frequenc y 
words ,  whil e th e proportio n o f  "fals e alarms "  (spuriou s 
recognitio n judgment s fo r  item s no t  studied )  i s greate r  fa -
hig h frequency  tha n lo w frequency  words .  W h e n thes e 
result s ar e plotte d a s tw o functions ,  on e fo r  hit s an d on e for 
fals e alarms ,  wit h frequency  o n th e abscissa ,  the y ar e mirro r 
images—whence th e name .  O n e reaso n thi s effec t  ha s 
intereste d memor y theorist s i s  that ,  t o th e exten t  tha t 
psycholog y aspire s t o provid e mechanisti c explanation s c f 
phenomena ,  thi s patter n o f  dat a oflFer s a  clea r  se t  c f 
constraint s tha t  an y theoretica l  accoun t  mus t  satisfy . 

Th e Remember /Kno w Paradig m wa s firs t  develope d b y 
Tulvin g (1985 )  t o explor e th e recoUectiv e componen t  o f 
m e m o ry an d ha s becom e a  popula r  paradig m amon g 
researcher s w h o subscrib e t o th e vie w tha t  ther e ar e tw o 
processe s fo r  recognitio n judgment s (e.g. ,  Jacob y &  Dallas , 
1981 ;  Mandler ,  1980 )  o r  tha t  ther e exis t  multipl e memor y 
system s (e.g. ,  Knowlto n &  Squire ,  1995 ;  Schacte r  & 
Tulving ,  1982 ;  Squire ,  1987 ;  Tulving ,  1985) .  I n thi s 
paradigm ,  participant s stud y a  lis t  o f  word s an d ar e aske d t o 
make old/ne w judgment s a s i n standar d recognitio n tests . 
Th e differenc e i s tha t  afte r  participant s respon d "old "  (i.e. , 
the y believ e th e wor d ha d bee n o n th e list) ,  the y ar e the n 
als o aske d t o decid e whethe r  thi s "old "  judgmen t  i s base d 
on a  recoUectiv e experienc e i n whic h the y ca n actuall y recal l 
havin g see n th e wor d presente d o n th e lis t  (i n thei r  "mind' s 
eye" )  o r  whethe r  the y ar e basin g thi s "old "  decisio n o n a 
sens e o f  familiarit y  (i.e. ,  the y d o no t  reall y remembe r  seein g 
th e wor d o n th e list ,  bu t  jus t  "know "  i t  mus t  hav e bee n 
presente d becaus e i t  seem s s o familiar) .  Althoug h on e migh t 
questio n th e validit y o f  participan t  self-reports ,  th e patter n c f 
dat a sugges t  tha t  participant s ar e no t  respondin g randomly . 

We wer e draw n t o investigatin g th e Mirro r  Eflfec t  i n th e 
contex t  o f  a  Remember /Kno w paradig m becaus e ou r  theor y 
of  memor y provide d a n explanatio n fo r  th e Mirro r  Eflfec t  tha t 
made clea r  prediction s fo r  h o w th e Mirro r  Effec t  woul d relat e 
t o Remember /Kno w distinctions .  Th e firs t  predictio n i s 
ther e wil l  b e mor e "remember "  judgment s fo r  lo w frequency 
word s tha t  ar e ol d (i.e. ,  hits) .  Tli e secon d predictio n i s tha t 
ther e wil l  b e mor e " know "  response s fo r  hig h frequency 
word s tha n lo w frequency  words ,  regardles s o f  whethe r  o r 
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Figur e 1 :  A n exampl e semanti c networ k representatio n o f 
node s involve d i n a  wor d recognitio n experiment . 

not the word had actually been studied (i.e., hits and false 
alanns) .  I n othe r  words ,  lo w frequency  word s ar e mor e 
memorable ,  bu t  hig h frequency  word s ar e mor e familiar .  Th e 
detail s  o f  thes e predictio n ar e outline d below . 

I t  i s  no t  difficul t  t o generat e theorie s tha t  explai n ho w a 
perso n correctl y identifie s tha t  a  wor d wa s studie d o r  explai n 
ho w a  perso n correctl y reject s a  lur e a s no t  studied .  O f  mor e 
theoretica l  interes t  i s  t o explain ,  withou t  makin g additiona l 
assumptions ,  wh y peopl e incorrectl y accep t  som e no t 
presente d item s a s studie d (fals e alarms )  an d wh y the y fai l  t o 
recogniz e som e item s tha t  wer e studied .  Lik e othe r  dua l 
proces s model s o f  memory ,  w e assum e tha t  ther e ar e tw o 
ways t o mak e a  recognitio n judgment ,  on e base d o n 
familiarit y o f  th e wor d an d on e base d o n retrieva l  o f  th e 
stud y event .  Ou r  S A C mode l  postulate s tw o kind s o f  nodes : 
a nod e t o represen t  th e concep t  o f  th e studie d wor d an d 
anothe r  nod e t o represen t  th e stud y episode .  Figur e 1 
illusfrate s th e memor y representatio n tha t  w e assume .  Th e 
familiarit y o f  th e word/concep t  nod e i s affecte d b y recen t 
stud y bu t  i t  i s  als o affecte d b y ho w frequently  i t  ha s bee n 
seen i n previou s context s (i.e. ,  pre-experimenta l  wor d 
frequency  wil l  affec t  thi s feelin g o f  familiarity) .  W e expec t 
tha t  a n accurat e recognitio n judgmen t  i s base d o n th e 
retrieva l  o f  th e stud y even t  node ,  whil e response s base d o n 
th e wor d nod e ar e erro r  prone . 

Not e i n Figur e 1  tha t  highe r  frequency  word s no t  onl y 
have a  highe r  startin g strengt h o r  familiarit y from  mor e 
previou s exposures ,  bu t  tha t  the y als o hav e mor e pre -
experimenta l  association s from  al l  th e context s m whic h th e 
wor d ha s bee n seen .  Accordin g t o S A C th e amoun t  c f 
activatio n tha t  ca n sprea d from a  concep t  nod e t o th e even t 
node mus t  b e divide d amon g al l  link s tha t  fa n ou t  from  th e 
node .  I f  w e assum e tha t  al l  link s hav e equa l  strength ,  the n 
th e amoun t  o f  activatio n tha t  ca n reac h th e even t  nod e i s 
much les s i n th e cas e o f  hig h frequency  word s tha n lo w 
frequency  word s becaus e th e forme r  ha s muc h mor e 
competitio n fo r  th e activatio n tha n th e latter .  Thi s typ e o f 
theor y woul d explai n th e Mirro r  Effec t  a s follows :  hig h 
frequency  word s hav e a  highe r  strength/familiarit y o f  th e 
wor d nod e an d henc e ther e wil l  b e man y "old "  response s 
base d o n th e wor d node ,  regardles s o f  whethe r  o r  no t  th e 
wor d ha d actuall y bee n studie d i n th e experiment .  Thi s wil l 
caus e mor e fals e alarm s fo r  hig h frequency  word s tha n lo w 
frequency  words .  O n th e othe r  hand ,  th e greate r  yb n ou t  o f 
hig h frequency  word s mean s tha t  i t  i s  mor e difficul t  t o sen d 

activatio n from  th e wor d nod e t o th e nod e tha t  encode d th e 
episodi c stud y event ,  leadin g t o fewe r  correc t  recognition s c f 
hig h frequency  word s (fewe r  hits) ,  th e mirro r  resul t  o f  th e 
greate r  fals e alarms . 

The adven t  o f  th e Remember/Kno w paradig m ha s mad e i t 
possibl e t o brin g evidenc e t o bea r  o n thes e predictions . 
Words whos e concep t  node s hav e greate r  strengt h shoul d 
elici t  mor e "know "  judgments ,  i.e. ,  highe r  frequency  word s 
shoul d elici t  mor e "know "  response s regardles s c f 
presentatio n o n th e stud y list .  S A C als o predict s mor e 
"remember "  response s fo r  lo w frequency  word s tha n fo r  hig h 
frequency  words ,  provide d tha t  th e wor d ha d actuall y bee n 
studied .  Whil e previou s experiment s i n th e literatur e hav e 
foun d th e predicte d effec t  fo r  "remember "  judgments ,  the y 
hav e no t  foun d th e predicte d effec t  fo r  "know "  judgment s 
(Gardine r  &  Java ,  1990 ;  Strac k &  Forster ,  1995) .  W e 
designe d a  ne w experimen t  designe d t o replicat e th e 
previou s fmding s fo r  "remember "  judgment s an d t o 
establis h whethe r  ou r  prediction s fo r  "know "  judgment s 
woul d actuall y occu r  i n a n experimen t  wit h greate r  powe r 
tha n tha t  o f  th e previou s studies . 

Additionally ,  t o provid e a  mor e rigorou s tes t  o f  ou r 
model ,  w e modifie d th e traditiona l  experimenta l  paradigm . 
Specifically ,  w e crosse d pre-experimenta l  wor d frequency 
wit h experimenta l  frequency  becaus e ou r  mode l  als o allow s 
us t o predic t  ho w muc h sfrengthenin g an d forgettin g ther e 
shoul d b e a s a  fimction  o f  numbe r  o f  presentation s o f  a  wor d 
and th e dela y sinc e i t  wa s las t  seen .  Thus ,  w e use d a 
continuou s recognitio n paradig m i n whic h participant s wer e 
require d t o mak e a  remembe r  /know/ne w judgmen t  eac h 
tim e a  wor d wa s presented .  Eac h participan t  receive d a 
uniqu e sequenc e o f  word s an d th e sam e sequenc e wa s give n 
t o th e compute r  simulation .  Thi s enable d u s t o compar e th e 
observe d proportio n o f  eac h typ e o f  judgmen t  fo r  eac h wor d 
on eac h appearanc e o f  a  give n wor d wit h th e predicte d 
proportio n generate d b y th e simulation .  Mor e detail s o f  th e 
model  an d ho w th e precis e mode l  fits  wer e generate d ar e 
describe d afte r  th e experimenta l  result s  ar e reported . 

Method 

Participants .  Th e participant s wer e 2 8 Carnegi e Mello n 
Universit y undergraduate s takin g par t  fo r  cours e credit . 

Material s an d Procedure .  Thi s experimen t  employe d a 
continuou s recognitio n paradig m (e.g. ,  Shepar d & 
Teghtsoonian ,  1961) .  Thi s desig n doe s no t  hav e th e 
separat e stud y an d tes t  phase s typicall y foun d i n memor y 
experiments .  Instead ,  th e word s ar e continuousl y presente d 
fo r  judgment ,  an d th e participant s hav e t o kee p trac k 
constantl y o f  whic h word s hav e bee n presente d an d whic h 
word s hav e not . 

Withi n thi s paradigm ,  w e manipulate d tw o factors ,  pre -
experimenta l  wor d frequency  an d experimenta l  presentatio n 
frequency.  Th e first  facto r  ha d tw o levels ,  usin g 19 2 lo w 
frequency  an d 19 2 hig h frequency  word s selecte d from  th e 
M RC psycholinguisti c databas e (Coltheart ,  1981) .  L o w an d 
hig h frequency  word s ha d Kucer a an d Franci s (1967 ) 
normativ e mea n fiiequency  count s o f  1. 6 an d 142 , 
respectively ,  whic h wer e comparabl e t o thos e use d b y 
Gardine r  an d Jav a (1990) . 
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Th e secon d fector,  presentatio n frequency ,  involve d 
randoml y assignin g word s from  eac h frequency  categor y t o 
be presente d eithe r  10 ,  5 ,  3  o r  1  times ,  wit h N s o f  16 ,  8 ,  8 , 
and 16 0 respectively .  Thi s produce d a  tota l  o f  38 4 trials . 
Th e presentatio n orde r  o f  th e trial s wa s random . 

Th e stimul i  wer e presente d t o th e participant s o n th e 
compute r  ove r  a  singl e 25-minut e session .  Th e participant s 
wer e aske d t o rea d eac h wor d silentl y an d mak e on e o f  thre e 
responses :  "new "  i f  the y though t  tha t  th e wor d ha d no t  bee n 
presente d previousl y i n th e experiment ;  " R "  i f  the y 
recognize d th e wor d a s havin g bee n presente d earlie r  i n th e 
exp)erimen t  an d ha d consciou s recollectio n o f  readin g i t 
earlier ;  o r  " K "  i f  the y recognize d th e wor d from  earlie r  i n th e 
experimen t  bu t  di d no t  hav e consciou s recollectio n o f 
readin g i t  earlier .  Not e tha t  thi s differ s from  mos t 
remember/kno w experiment s wher e participant s firs t  mad e 
new/ol d judgment s befor e makin g remember/kno w 
judgment s fo r  "old "  responses .  W e use d thi s procedur e i n 
orde r  t o ge t  th e participants '  firs t  impressions .  The y wer e 
tol d t o m a k e th e judgmen t  (usin g th e keyboard )  a s quickl y 
as possibl y withou t  sacrificin g accuracy . 

T o hel p participant s understan d th e differenc e betwee n th e 
R an d K  responses ,  the y wer e give n real-worl d example s 
take n from  Gardine r  an d Jav a (1990) .  I n additio n t o th e 
example s o f  remembe r  an d kno w experiences ,  i t  wa s stresse d 
tha t  th e differenc e i n th e response s wa s no t  o f  memor y 
strength ,  bu t  rathe r  o f  tw o differen t  state s o f  memory . 
Know in g di d no t  necessaril y  entai l  a  poore r  memory .  Afta -
th e example s wer e presente d t o them ,  th e participant s wer e 
require d t o giv e tw o additiona l  example s o f  thei r  o w n t o 
establis h tha t  the y ha d understoo d distinction . 

Results and Discussion 

Si x participant s wer e droppe d from  th e analyses :  tw o du e t o 
error s wit h th e equipment ,  an d fou r  du e t o misunderstandin g 
th e distinctio n betwee n R  an d K  responses .  Th e leve l  c f 
significanc e fo r  thi s experimen t  wa s se t  t o p  <  .05 ,  unles s 
otherwis e noted . 

Tabl e 1  show s th e mea n probabilitie s o f  R  an d K 
response s fo r  eac h presentatio n numbe r  fo r  bot h lo w an d 
hig h frequency  words .  Th e overal l  recognitio n wa s 
compute d a s th e su m o f  R  an d K  responses .  Not e tha t 
presentatio n 1  entail s th e lur e trial s fo r  whic h th e correc t 
respons e wa s "new" .  Thus ,  thes e probabilitie s represen t  th e 
fals e alar m rates .  Presentation s 2-1 0 the n constitut e th e ol d 
trials .  Th e overal l  hi t  rate s wer e compute d a s th e mea n c f 
th e probabilitie s from  presentatio n 2-10 . 

A separat e repeate d measure s A N O V A wa s carrie d ou t  fir 
th e hi t  an d fals e alar m rates .  Fo r  th e hi t  rates ,  ther e wa s a 
mai n effec t  o f  wor d frequency,  F(l,21 )  =  7.40 ,  M S e =  0.024 , 
suc h tha t  lo w frequency  word s wer e recognize d mor e tha n 
hig h frequency  words .  Discriminabilit y  (d" )  score s als o 
showe d thi s difference .  L o w frequency  word s wer e bette r 
discriminate d tha n hig h frequency  word s {d '  o f  4.1 7 an d 
3.0 2 respectively) .  Ther e wa s als o a  mai n eflFec t  o f 
presentatio n number ,  F(l,21 )  =  25.20 ,  M S e =  0.049 .  Thi s 

Tabl e 1 :  Proportio n o f  R  an d K  response s a s a  functio n o f 
wor d frequency  an d presentatio n number . 

Low 
R 
K 

Hig h 
R 
K 

1 

.01 
,0 4 

.0 3 

.1 3 

2 

.4 9 

.3 8 

.3 8 

.4 4 

3 

.6 9 

.2 8 

.5 2 

.3 9 

4 

.7 9 

.1 9 

.6 7 

.3 0 

5 

.83 

.1 6 

.7 3 

.2 4 

6 

.8 9 

.11 

.7 7 

.2 3 

7 

.8 7 

.13 

.7 9 

.1 9 

8 

.91 

.0 9 

.8 6 

.1 2 

9 

.9 2 

.0 7 

.8 4 

.1 5 

10 

.9 2 

.0 9 

.8 0 

.1 6 

(2-10 ) 

.81 

.1 7 

.71 

.2 5 

i s  eviden t  i n th e increas e i n th e hi t  rat e from  presentatio n 2 
t o presentatio n 3 .  Afte r  presentatio n 3 ,  participant s appea r  t o 
be a t  ceiling .  Th e mai n effec t  o f  respons e wa s als o 
significant ,  F(l,21 )  =  49.26 ,  M S e =  60.45 ,  suc h tha t  ther e 
wer e mor e R  response s tha n K  responses .  Th e interactio n o f 
wor d frequenc y b y respons e typ e wa s significant ,  F(\,2l )  = 
31.86 ,  M S e =  1.7 0 a s wa s th e interactio n betwee n 
presentatio n numbe r  an d respons e type ,  F(8,168 )  =29.8 , 
M Se =  1.40 .  Th e wor d frequency  b y presentatio n numbe r 
interactio n wa s marginall y significant ,  F(8,168 )  =  1.90 , 
M Se =  0.002 ,  p  <  .10 .  Th e three-wa y interactio n wa s no t 
significant ,  F(8,168 )  =  1.20 ,  M S e =  0.021 . 

Of  mos t  interes t  t o u s i s th e wor d frequency  b y respons e 
typ e interaction .  Th e lef t  pane l  o f  Figur e 2  show s thi s 
interaction .  Not e tha t  a s predicte d an d consisten t  wit h th e 
previou s findings ,  R  response s wer e greate r  fo r  lo w 
frequency  word s tha n fo r  hig h frequency  words ,  ̂ 21 )  =  4.47 . 
However  a s ou r  mode l  predicts ,  thi s patter n i s reverse d fo r  K 
responses .  Ther e wer e mor e K  respons e fo r  hig h frequency 
tha n fo r  lo w frequency  words ,  ̂ 21 )  =  3.52 . 

The A N O V A conducte d o n th e fals e alarm s reveale d a 
mai n effec t  o f  wor d frequency,  F(l,21 )  =  30.26 ,  M S e = 
0.087 ,  suc h tha t  participant s mad e mor e fals e alarm s t o hig h 
frequency  word s tha n t o lo w frequency  words .  Tha t  is ,  tiiere 
wer e mor e R  an d K  fals e alarm s t o hig h tha n t o lo w 
frequenc y words .  Th e mai n eflFec t  o f  respons e typ e wa s als o 
significant ,  f(l,21 )  =  19.65 ,  M S e =  0.095 ,  a s wa s th e wor d 
frequency  b y respons e typ e interaction ,  f"(l,21 )  =  16.62 , 
M Se =  0.027 .  Thi s las t  interactio n i s show n i n th e righ t 
pane l  o f  Figur e 2 .  A s predicte d b y S A C ,  a  contras t  betwee n 
lo w an d hig h frequenc y K  fals e alarm s reveale d a  reliabl e 
difference ,  t{2\ )  =  8.02 .  Th e contras t  betwee n R  response s 
fo r  lo w frequency  an d hig h frequency  word s wa s als o 
significant ,  /(21 )  =  2.26 . 

Thes e fmding s ar e i n agreemen t  wit h SAC' s predictions : 
Th e hi t  rate s wer e greate r  fo r  lo w frequenc y word s tha n fcr 
hig h frequency  words .  Th e revers e patter n wa s foun d fo r  th e 
fals e alar m rates .  O f  mor e interes t  t o u s wa s th e dissociatio n 
betwee n th e R  an d K  response s du e t o wor d frequency.  Th e 
proportio n o f  R  response s wer e greate r  fcf f  lo w frequency 
word s tha n fo r  hig h frequency  words .  Thi s result ,  predicte d 
by ou r  model ,  i s  consisten t  wit h wha t  othe r  researche s hav e 
found .  Th e patter n o f  result s fo r  K  response s wa s i n th e 
opposit e direction .  A s predicte d b y ou r  model ,  ther e wer e 
mor e K  response s fo r  hig h frequency  word s tha n fo r  lo w 
frequency  words .  Thi s resul t  wa s no t  foun d previously . 
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S i m u l a t i o n o f  E x p e r i m e n t  D a t a 

I n thi s section ,  w e presen t  a  simulatio n o f  th e dat a from  ou r 
experimen t  a s a  tes t  o f  SAC ' s precis e predictions .  Th e 
compute r  simulatio n wa s give n a s inpu t  th e sam e word s 
presente d t o eac h participant .  Sinc e th e presentatio n orde r  c f 
th e word s wa s randoml y determine d fo r  eac h participant ,  a 
separat e simulatio n wa s conducte d fo r  eac h participant' s 
exac t  stud y sequence .  Thi s precis e yokin g o f  th e simulatio n 
t o participant s wa s importan t  becaus e o n a  give n tria l  th e 
expecte d activatio n leve l  fo r  a  wor d woul d var y dependin g 
on th e exac t  sequenc e o f  trials .  Tha t  is ,  fo r  eac h participan t 
on a  give n trial ,  th e numbe r  o f  links ,  th e curren t  activation , 
and strengt h o f  th e presente d wor d woul d b e differen t  from 
any othe r  participant' s values .  Th e simulatio n output s a 
probabilit y  o f  respondin g R  an d K  o n eac h trial .  W e wil l 
no w ste p throug h th e proces s b y whic h thos e probabilitie s 
ar e determined . 

At  th e beginnin g o f  th e simulation ,  eac h participant' s 
simulatio n i s identical :  th e contex t  nod e an d th e node s for 
al l  o f  th e word s t o b e presente d i n th e experimen t  ar e 
assumed t o alread y exist ,  an d th e node s fo r  th e stud y event s 
ar e assume d no t  t o exis t  (i.e. ,  thes e stud y event s ar e novel) . 
The initia l  base-lin e strengt h o f  th e wor d node s ar e 
determine d b y thei r  respectiv e Kucer a an d Franci s (1967 ) 
frequency  counts ,  usin g a  power-la w learnin g functio n (i.e. , 
raisin g th e word-frequenc y t o a n exponent) .  Th e pre-existin g 
experimenta l  contex t  base-leve l  strengt h an d fa n ar e se t  t o a 
constant ,  th e specifi c  valu e bein g irrelevan t  t o th e 
simulation s o f  th e recognitio n process .  W h e n a  wor d i s see n 
fo r  th e firs t  tim e i n th e experiment ,  a  stud y even t  nod e i s 
create d fo r  tha t  word ,  a s ar e th e link s from  th e wor d an d 
contex t  nodes .  Th e initia l  base-lin e strengt h o f  th e stud y 
even t  nod e an d o f  link s t o i t  ar e determine d b y ou r  standar d 
learnin g an d deca y parameter s (presente d below) . 

Increase s an d decrease s i n eac h node' s base-lin e strengt h 
chang e accordin g t o a  powe r  function : 

B =  C n I  ti-' N (1 ) 
wher e B  i s th e bas e leve l  activation ,  an d C n an d d N ar e th e 
growt h an d deca y constan t  fo r  nodes ,  an d t i  i s th e tim e sinc e 
tile  i" "  presentation .  Thi s functio n capture s bot h powe r  la w 
deca y o f  memorie s wit h time ,  an d powe r  la w learnin g c f 
memorie s wit h practice . 

I n additio n t o th e bas e o r  restin g leve l  o f  activatio n o f  a 
node ,  ther e i s als o th e curren t  activatio n leve l  o f  a  node . 

The curren t  leve l  o f  anod e wil l  b e highe r  tha n it s base-lin e 
wheneve r  i t  receive s stimulatio n from  th e environment .  Thi s 
curren t  activatio n decay s exponentiall y  toward s th e bas e 
level .  Le t  A  represen t  th e curren t  leve l  o f  activatio n an d B 
represen t  th e bas e leve l  o f  activation .  Then ,  th e decreas e i n 
curren t  activatio n wil l  be : 

A A= - p ( A -  B )  (2 ) 
suc h that ,  afte r  eac h trial ,  th e curren t  activatio n wil l  decreas e 
fo r  ever y nod e b y th e proportio n p  time s tha t  node' s curren t 
distanc e from  it s bas e leve l  activation .  I n ou r  simulations ,  p 
i s 0.8 .  Thus ,  curren t  activatio n drop s quit e rapidly ,  an d 
onl y ha s noticeabl e eflFect s o n th e tria l  o n whic h i t  becam e 
activated ,  an d perhap s th e tria l  immediatel y thereafter . 

Activatio n spread s betwee n node s vi a links .  Fo r  example , 
link s connec t  node s representin g th e word s t o node s 
representin g th e stud y event .  Thes e link s wil l  var y i n 
strengt h dependin g o n h o w ofte n th e wor d ha s bee n see n i n 
tha t  context .  Strengt h o f  link s als o depend s o n th e dela y 
betwee n exposures .  Specifically ,  lin k strengt h i s determine d 
by a  powe r  functio n give n by : 

Ss, r  =  C L l t i A (3 ) 
wher e Ŝ r  i s th e strengt h o f  th e lin k from  th e nod e s  t o nod e 
r ,  t i  i s  th e tim e sinc e th e i" '  co-exposure ,  an d C l  an d d t  ar e 
th e growt h an d deca y constan t  fo r  links . 

On eac h trial ,  al l  node s representin g th e stud y even t  ar e 
activate d b y a  constan t  amount .  W e assum e tha t  a  basi c 
perceptua l  proces s activate s thes e nodes .  Fo r  example ,  whe n 
th e wor d torped o i s presente d fo r  th e thir d tune ,  th e torped o 
wor d nod e an d th e contex t  nod e ar e activate d (se e Figur e 1) . 
Activatio n the n spread s alon g th e link s from  th e wor d an d 
contex t  node s t o al l  connecte d node s (e.g. ,  th e nod e 
representin g th e stud y event) . 

Th e amoun t  o f  activatio n tha t  i s sen t  depend s o n th e 
activatio n leve l  o f  th e sourc e (sending )  nod e an d o n th e 
strengt h o f  th e lin k from  th e sourc e nod e t o th e receivin g 
node ,  relativ e t o th e strengt h o f  al l  othe r  link s emanatin g 
from  th e sam e sourc e node .  Th e chang e i n activatio n c f 
some nod e r  i s  compute d b y summin g th e sprea d c f 
activatio n from  al l  sourc e node s s  directl y connecte d t o nod e 
r ,  accordin g t o th e equation : 

A A,  =  I(A,*Ss.r/2:S., )  (4 ) 
wher e AA r  i s th e chang e i n activatio n o f  th e receivin g nod e 
r .  A s i s th e activatio n o f  eac h sourc e nod e s ,  Ss r  i s strengt h 
of  th e lin k betwee n node s s  an d r ,  an d ZSs. i  i s  s u m o f  th e 
strength s o f  al l  link s emanatin g from  nod e s .  Equatio n 4  i s 
ver y simila r  t o on e use d b y Anderso n (1993 )  t o accoun t  fir 
dat a i n fa n effec t  paradigm s (e.g. ,  Anderson ,  1974) . 

Once th e activatio n ha s sprea d acros s thes e links ,  th e 
activatio n o f  th e stud y even t  nod e an d th e wor d nod e ca n b e 
use d t o mak e th e R  an d K  judgments .  Not e tha t  th e 
activatio n o f  th e stud y even t  nod e i s no t  jus t  affecte d b y th e 
amount  o f  activatio n i t  receive s from  th e wor d node .  I t  als o 
get s stronge r  (ha s a  highe r  bas e leve l  strength )  eac h tim e i t 
i s  studied .  S o activatio n a t  th e even t  nod e o n a  tria l  wil l  b e 
stronge r  whe n i t  ha s bee n presente d m a n y times ,  bot h 
becaus e th e even t  nod e itsel f  i s  sfrengthene d an d becaus e th e 
wor d nod e i s sendin g mor e activation—^th e lin k from  th e 
wor d nod e i s sfrengthene d an d th e wor d nod e ha s a 
somewhat  increase d bas e strength . 
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We assum e tha t  R e m e m b er  decisio n involve s a  fixed 
activatio n threshol d wit h normall y distribute d noise .  Thus , 
rathe r  tha n producin g a  binar y decision ,  th e simulatio n 
produce s a  probabilit y  o f  choosin g R  o r  K  base d o n th e 
activatio n values .  Thi s mean s tha t  i f  th e activatio n valu e o f 
th e stud y even t  nod e i s high ,  th e probabilit y  o f  respondin g 
R i s ver y high ;  conversely ,  whe n th e activatio n i s ver y low , 
th e probabilit y  o f  respondin g R  i s  ver y low .  Specifically , 
thi s probabilit y  i s  compute d b y th e formula : 

P(R )  =  N [  (Ae -  Te)/o e ]  (5 ) 
wher e A e i s  th e activatio n o f  th e even t  node ,  T e i s th e 
participant' s threshol d fo r  th e stud y even t  nod e activation , 
Oe i s th e standar d deviatio n o f  th e stud y even t  nod e nois e 
distribution ,  an d N[x ]  i s  th e are a unde r  th e norma l  curv e t o 
th e lef t  o f  X  fo r  a  norma l  curv e wit h mean=0 ,  an d standar d 
deviation=l .  Recal l  tha t  w e assum e a n interdependenc e 
betwee n R  an d K  judgments .  Consequently ,  th e probabilit y 
of  respondin g K  i s a  calculate d b y th e followin g formula : 

P (K )  =  {  1  N[(Ae -  Te)/o e ]  } •  N[(Aw -  Tw)/a w ]  (6 ) 
I n essence ,  th e probabilit y  o f  respondin g K  i s on e minu s th e 
probabilit y  o f  th e stud y even t  nod e passin g ove r  threshol d 
time s th e probabilit y o f  th e wor d nod e bein g abov e it s 
threshold .  Th e probabilit y  o f  respondin g "new "  i s simpl y 
on e minu s th e s u m o f  th e R  an d K  probabilities . 

Afte r  eac h trial ,  al l  th e lin k strengths ,  nod e strength s an d 
nod e activation s ar e update d usin g Equation s 1 ,  2 ,  an d 3 . 
At  thi s point ,  i f  a  wor d i s presente d fo r  th e first  time ,  the n a 
n e w stud y even t  nod e woul d b e create d a s wel l  a s th e link s 
connectin g th e n e w nod e t o th e wor d an d contex t  nodes . 
Th e node s i n th e networ k ar e update d i n thi s fashio n 
regardles s o f  whethe r  th e subjec t  respond s "new" ,  R ,  o r  K . 

Th e presen t  simulatio n jus t  describe d involve s te n 
parameters .  Th e value s fo r  eac h o f  thes e parameter s ar e liste d 
i n Tabl e 2 .  Th e p ,  dN ,  an d d t  parameter s wer e th e sam e 
paramete r  value s use d i n a  simulatio n o f  feeling-of-knowin g 
phenomen a (Rede r  &  Schunn ,  1996 ;  Schun n e t  a i ,  1997) . 
Becaus e o f  difference s i n desig n an d stimul i  use d i n th e 
experiments ,  th e Kn ,  K l ,  Cl ,  an d o e parameter s ar e ne w 
parameter s no t  foun d i n th e previou s simulations .  Fo r 
parsimony ,  C l  an d C n wer e give n th e sam e value . 

However ,  i n contras t  t o al l  th e othe r  values ,  whic h wer e 
hel d constan t  acros s participants ,  w e assum e tha t 
participant s var y i n thei r  threshold s fo r  respondin g R  an d K . 
That  is ,  som e participant s ar e conservativ e an d hav e hig h 
thresholds .  Others ,  however ,  migh t  b e mor e libera l  an d hav e 

Table 2: SAC model parameters descriptions and values. 
Paramete r  Functio n Valu e 

Kn conver t  K- F frequenc y t o wor d nod e strengt h 0. 3 
Kl  conver t  K- F frequenc y t o wor d fa n 0. 7 
p deca y constan t  fo r  curren t  activatio n 0. 8 

Cn nod e power-la w growt h constan t  2 5 
dN nod e power-la w deca y constan t  0.17 5 
Cl  lin k power-la w growt h constan t  2 5 
dL lin k power-la w deca y constan t  0.1 2 
Te Stud y even t  nod e decisio n threshol d 36-30 8 
Oe Stud y even t  nod e decisio n standar d 4 0 

deviatio n 
T w Wor d nod e decisio n threshol d 46-8 0 
Ow Wor d nod e decisio n standar d deviatio n 8 

lowe r  thresholds .  Th e R  decisio n threshol d (Tg )  an d K 
decisio n threshol d (T^ )  value s reflec t  th e participant' s 
overal l  base-rat e o f  respondin g R  an d K ,  respectively .  Whil e 
th e participant s migh t  hav e differe d o n othe r  dimension s a s 
well ,  ther e wer e n o othe r  obviou s differences .  S o fo r 
parsimony' s sake ,  th e othe r  eigh t  parameter s wer e hel d 
constan t  acros s participants . 

T o compar e SAC' s prediction s t o participants '  actua l  R 
and K  responses ,  w e compare d th e model' s predicte d R  an d 
K probabilitie s t o th e participants '  actua l  R  an d K 
probabilitie s fo r  eac h condition .  W e presen t  r ^  betwee n 
predicte d an d actua l  value s fo r  th e overal l  recognitio n rate s 
(i.e. ,  su m o f  R  an d K )  a s wel l  a s fo r  eac h respons e typ e 
separately .  Th e fit  o f  th e mode l  t o th e dat a wa s define d a s 
th e su m o f  th e square d erro r  betwee n th e model' s predicte d 
R rat e fo r  eac h participan t  i n eac h conditio n an d eac h 
participant' s actua l  R  rat e i n eac h conditio n plu s th e su m o f 
square d erro r  betwee n th e models '  predicte d K  rat e an d th e 
participant' s actua l  K  rate .  Th e full ,  exhaustiv e 
combinatoria l  spac e o f  possibl e parameter s wa s no t  searched . 
Instead ,  w e use d th e sam e parameter s fi-om  ou r  earlie r  mode l 
fits  (Rede r  &  Schunn ,  1996 ;  Schun n e t  al. ,  1997 )  whe n 
possible ,  an d iterativel y trie d a  rang e o f  value s fo r  eac h o f 
th e ne w parameters .  W e selecte d th e valu e o n eac h paramete r 
producin g th e lowes t  su m square d error . 

Usin g thes e paramete r  values ,  th e S A C mode l  fit  th e dat a 
quit e well ,  producin g a n r ^  o f  0.9 8 fo r  th e overal l 
recognitio n rate .  I n othe r  words ,  th e S A C mode l  accounte d 
fo r  a  larg e percen t  o f  th e varianc e o f  th e participant' s R  an d 
K judgment s eve n a t  th e individua l  participan t  level . 

The fit  o f  eac h typ e o f  respons e wa s als o ver y good .  Fo r 
th e R  judgmen t  probabilities ,  a  fit  o f  th e S A C model' s 
predicte d probabilitie s t o th e participants '  actua l  R 
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judgmen t  probabilities ,  produce d a n r ^  o f  0.95 .  Fo r  th e fit  o f 
th e K  responses ,  th e r ^  wa s 0.86 .  Again ,  eve n afte r  breaicin g 
down th e recognitio n judgmen t  int o th e R  an d K 
components ,  S A C accounte d fo r  a  goo d portio n ol "  th e 
variance .  Figur e 3  plot s th e empirica l  R  probabilitie s o n th e 
lef t  an d mode !  simulatio n o n th e right .  Similarly ,  Figur e 4 
plot s th e K  probabilities .  Not e that ,  consisten t  wit h th e 
empirica l  data ,  R  judgment s ar e consistentl y highe r  fo r  lo w 
frequency  tha n fo r  hig h frequency  words ;  wherea s fo r  K 
judgments ,  th e mode l  agai n correctl y predict s mor e K 
judgment s fo r  hig h frequency  tha n fo r  lo w frequency  words . 

Thes e fits  sho w tha t  th e mode l  provide s a  ver y goo d 
quantitativ e fit  t o th e data .  Th e fit  o f  th e mode l  t o th e dat a 
i n Figur e 2  show s tha t  th e mode l  als o account s fo r  th e 
predicte d patter n o f  result s fo r  hit s an d fals e alarm s rates . 
Not e tha t  th e mode l  no t  onl y predict s th e dissociatio n i n R 
judgment s (whic h i s consisten t  wit h S A C prediction s an d 
previou s findings),  i t  als o predict s th e revers e dissociatio n 
fo r  th e K  responses .  Thi s revers e patter n fo r  K  judgmen t  i s a 
nove l  finding  tha t  i s accounte d fo r  b y S A C .  Th e onl y 
qualitativ e differenc e betwee n th e mode l  an d prediction s wa s 
tha t  th e dat a showe d a  smal l  increas e i n R  fals e alarms , 
wherea s th e mode l  di d not .  Overall ,  th e simulatio n from  th e 
S AC mode l  produce d ver y goo d qualitativ e fits. 

General Discussion 

We wer e please d wit h ou r  abilit y  t o confir m ou r  predictions , 
especiall y give n som e o f  thes e resuh s ha d no t  bee n foun d 
before .  Whil e ther e ar e othe r  model s o f  remember/kno w dat a 
and o f  th e mirro r  effect ,  non e hav e bee n applie d previousl y 
t o bot h phenomena ,  an d s o i t  i s  unclea r  wha t  thei r 
prediction s woul d be .  I t  i s possibl e tha t  othe r  model s coul d 
be extende d t o accoun t  fo r  ou r  results ,  e.g. ,  b y postulatin g 
differen t  threshold s fo r  sayin g remember .  However ,  w e 
conside r  thes e empirica l  an d modelin g result s stron g 
suppor t  fo r  ou r  theor y fo r  severa l  reasons :  (1 )  Ou r 
explanatio n come s from  assumption s tha t  hav e bee n teste d 
and confume d i n ver y differen t  experimenta l  paradigms ;  (2 ) 
We mad e thes e prediction s prio r  t o conductin g th e 
experiments ;  (3 )  W e fit  ou r  dat a a t  a  ver y fin e grai n size , 
crossin g pre-experimenta l  exposur e an d experimenta l 
presentatio n frequency;  (4 )  W e accoun t  fo r  a  grea t  dea l  o f 
dat a usin g fe w parameters ,  man y o f  whic h wer e estimate d ftr 
previou s researc h i n a  differen t  domain . 

Al l  thi s said ,  w e thin k i t  unlikel y tha t  thi s theoretica l 
accoun t  i s exactl y right—n o theor y i s likel y t o stan d th e 
tes t  o f  tim e withou t  modification .  Nevertheless ,  w e thin k 
thi s metho d o f  detaile d fitting  o f  behaviora l  dat a t o precis e 
simulate d prediction s i s a  ver y profitabl e wa y fo r  testin g 
theories . 
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