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Abstrac t 
Connectionis t  model s o f  memor y accoun t  fo r  recal l 
behavio r  usin g processe s whic h simultaneousl y acces s 
multipl e memor y trace s an d interactivel y construc t  th e 
recalle d information .  Thi s als o allow s th e model s t o 
accoun t  fo r  prototypin g phenomena ,  bu t  seem s t o predic t 
retrieva l  o f  composit e o r  "blended "  informatio n durin g 
ordinar y recall .  B y contrast ,  model s tha t  simulat e recal l  a s a 
probabilisti c  selectio n o f  a  singl e trac e woul d no t  predic t 
recal l  blen d errors .  T o examin e memor y blendin g durin g 
recall ,  thre e experiment s wer e performed ;  i n each ,  subject s 
rea d sentences ,  som e sharin g word s wit h on e othe r  sentence . 
They late r  recalle d th e sentence s give n partial-sentenc e 
cues .  I n al l  experiment s subject s mad e blen d errors , 
recallin g on e wor d fro m eac h o f  tw o simila r  sentence s mor e 
ofte n tha n on e wor d fro m eac h o f  tw o dissimila r  sentences , 
as predicte d b y multiple-trac e models .  Th e frequenc y o f 
blen d error s wa s relativel y low ,  bu t  a  goo d accoun t  o f  thi s 
and othe r  aspect s o f  th e result s wa s provide d b y a  multiple -
trac e mode l  base d o n a n Interactiv e Activatio n networ k a s 
applie d t o memor y retrieva l  i n McClellan d (1981) . 

Introduction 

M u ch o f  th e curren t  interes t  i n connectionis t  model s o f 
memory stem s fro m thei r  abilit y  t o captur e no t  onl y recal l 
and recognitio n behavior ,  bu t  als o th e prototypin g an d 
generalizatio n foun d i n concep t  formatio n experiment s (Knap p 
& Anderson ,  1984 ;  McClelland ,  1981 ;  McClellan d & 
Rumelhart ,  1985) .  I n al l  o f  thes e models ,  m e m o r y retrieva l 
processe s ca n lea d t o prototypin g becaus e the y involv e a n 
activatio n an d synthesi s o f  multipl e m e m o r y trace s t o produc e 
a patter n o f  activatio n tha t  m a y no t  necessaril y  correspon d t o 
a singl e trac e a s originall y stored . 

For  example ,  McClellan d (1981 )  outline d a  connectionis t 
model  o f  m e m o r y wherei n eac h m e m o r y trac e consist s o f  on e 
"instance "  uni t  representin g th e trac e a s a  whol e alon g wit h 
"property "  unit s fo r  eac h o f  tha t  trace' s propertie s (se e Figure 
1) .  Propert y unit s withi n a  trac e reinforc e eac h others ' 
activatio n throug h th e centralize d instanc e unit ,  whil e 
inhibitin g th e activatio n o f  competin g propert y unit s fro m 
othe r  traces .  Durin g retrieval ,  trace s i n m e m o r y becom e 
activ e t o th e exten t  tha t  the y includ e th e propertie s give n a s a 
recal l  cue ,  an d t o th e exten t  tha t  thei r  propertie s reinforc e on e 
another .  Th e inhibitio n betwee n th e propert y an d instanc e 
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unit s o f  differen t  trace s als o influence s th e final  stat e o f 
activatio n a s trace s compet e fo r  activatio n o f  share d 
properties .  Propertie s tha t  ultimatel y remai n activ e constitut e 
th e recalle d information ,  regardles s o f  whethe r  the y al l 
occurre d i n th e sam e trace ,  althoug h mutua l  reinforcemen t  o f 
same-trac e propertie s ofte n lead s t o th e retrieva l  o f  a  singl e 
trac e anyway .  I t  woul d see m tha t  thi s sor t  o f  "multiple-trace " 
acces s mode l  woul d predic t  abundan t  error s durin g everyda y 
recal l  -  "blend "  errors ,  consistin g o f  mixture s o f  mor e tha n 
on e trace . 
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Figwr e 1 ;  Mwltipk-tr̂ t e mptig l  fro m MyQgllani l  fl9?l ) 

Not all theories of memory retrieval assume that recall 
involve s synthesi s o f  multipl e m e m o r y traces .  S o m e model s 
vie w th e recal l  proces s a s a  searc h throug h m e m o r y t o find  a 
singl e trace ;  mos t  m e m o r y model s befor e th e 1980' s ha d thi s 
character .  Withou t  th e join t  contribution s o f  multipl e traces , 
single-trac e model s d o no t  automaticall y lea d t o prototypin g 
or  generalizatio n -  an d a s a  sid e effect ,  m e m o r y blend s woul d 
be avoided .  Shiffrin' s S A M mode l  o f  associativ e m e m o r y 
(Raaijmaker s &  Shiffrin ,  1981 ;  G iUun d &  Shiffrin ,  1984 ) 
provide s on e exampl e o f  a  mor e recen t  single-trac e model .  I n 
th e S A M model ,  cue d recal l  proceed s a s a  probabilisti c 
selectio n o f  a  singl e trac e fro m th e collectio n o f  al l  traces . 
Th e probabilit y  o f  selectin g a  give n trac e i s a  functio n o f  th e 
baselin e "strength "  o f  th e trac e a s wel l  a s th e degre e o f  matc h 
betwee n th e cue' s propertie s an d th e trace' s properties .  Onc e 
selected ,  al l  propertie s o f  th e trac e ar e accessible ,  an d n o othe r 
trace s wil l  b e accessed .  Anothe r  single-trac e model , 
Anderson' s A C T theor y (Anderson ,  1976 ;  1983) ,  represent s 
relate d informatio n a s bein g subsume d unde r  a  singl e "trace " 
node ;  th e goa l  o f  recal l  i s  th e selectio n o f  on e o f  th e possibl e 
trac e nodes ,  a s a  functio n o f  th e activatio n o f  it s subsume d 
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nodes .  A s wit h Shiffrin' s model ,  onc e a  singl e trac e i s 
selected ,  al l  o f  it s  constituen t  informatio n ca n b e retrieve d 
withou t  interferenc e fro m othe r  traces . 

So th e questio n arises :  D o blen d error s actuall y exist ? O r 
mor e specifically ,  d o the y occu r  a s severa l  memor y trace s 
combin e a t  th e tim e o f  recall ? Whil e memor y blend s hav e 
bee n studie d i n th e contex t  o f  eyewitnes s testimon y (Loftus , 
1977 ;  Loftus ,  Miller ,  &  B u m s ,  1978) ,  th e procedur e use d t o 
induc e blendin g i n thos e an d othe r  experiment s ha s lef t  ope n 
th e possibiht y tha t  subject s integrate d multipl e trace s a t  th e 
tim e o f  encodin g rathe r  tha n retrieval .  Bot h single -  an d 
multiple-trac e model s ca n easil y accoun t  fo r  blendin g i n suc h 
circumstance s ~  an y trace s blende d durin g encodin g mus t 
necessaril y  b e retrieve d a s blende d information .  Therefore ,  i n 
orde r  t o distinguis h single -  fro m multiple-trac e models ,  th e 
focu s o f  investigatio n wa s directe d solel y t o blendin g o f 
simila r  m e m o r y trace s a t  th e tim e o f  retrieval .  Th e presen t 
experiment s sough t  t o fin d evidenc e fo r  o r  agains t  th e 
existenc e o f  blen d error s usin g sentenc e material s base d o n th e 
classi c studie s o f  Anderso n (1976) ,  wit h method s designe d t o 
minimiz e th e possibilit y  tha t  subject s migh t  integrat e 
sentence s durin g encoding . 

Imagin e th e situatio n wherei n tw o sentence s shar e thre e ou t 
of  five  conten t  words ,  an d th e thre e share d word s ar e use d a s a 
recal l  cue .  Thi s cu e woul d matc h th e tw o overlappin g 
sentence s equall y well .  I f  a  subjec t  wer e aske d t o recal l  th e 
othe r  tw o conten t  word s fro m on e o f  th e sentences ,  the y coul d 
correctl y answe r  wit h th e tw o remainin g word s fro m eithe r 
overlappin g sentence .  Fo r  example : 

#l:'Th e docto r  gav e th e plumbe r  th e coa t  i n th e lobby. " 
#2 :  "Th e docto r  gav e th e plumbe r  th e watc h i n th e kitchen. " 
cue:"Th e docto r  gav e th e plumbe r  th e i n th e . " 

Assumin g tha t  eac h sentenc e i s encode d a s a  singl e trace ,  wit h 
it s constituen t  word s a s properties ,  a  multiple-trac e mode l 
woul d predic t  difficult y fo r  a  subject' s recall ,  becaus e th e 
ambiguou s cu e woul d equall y activat e th e trace s fo r  bot h o f 
th e sentence s an d thei r  constituen t  properties .  A s a 
consequence ,  subject s m a y b e pron e t o makin g a  "cross-over " 
intrusio n erro r  b y respondin g coa t  +  kitchen ,  o r  watc h + 
lobby ,  mixin g word s fro m eac h overlappin g sentence .  B y 
contrast ,  a  single-trac e mode l  woul d predic t  tha t  eithe r  o f  th e 
tw o trace s matchin g th e ambiguou s cu e woul d b e accesse d i n 
a probabiUsti c searc h wit h equa l  Ukelihood ,  ye t  th e word s 
fro m onl y on e o f  thes e tw o trace s woul d b e retrieved . 
Therefore ,  a  single-trac e mode l  woul d predic t  n o blendin g o f 
thes e highl y simila r  m e m o r y trace s despit e th e ambiguou s 
cues . 

I n accordanc e wit h th e logi c o f  thi s example ,  th e followin g 
experiment s use d a  lis t  o f  sentence s i n whic h hal f  o f  th e 
sentence s share d severa l  conten t  word s wit h on e othe r 
sentence ,  whil e th e othe r  hal f  serve d a s completel y dissimila r 
controls .  Subject s studie d th e sentence s individuall y unde r  th e 
pretens e o f  a  cove r  task ,  unawar e tha t  the y woul d nee d t o late r 
recal l  an y sentences .  The y therefor e ha d n o reaso n t o 
continuall y rehears e sentence s o r  activel y integrat e th e trace s 
of  overlappin g sentences ,  thereb y allowin g th e experimen t  t o 
plausibl y investigat e blendin g durin g retrieva l  alone .  Afte r 
subject s learne d th e lis t  o f  sentences ,  a  dela y tas k ensure d 
some degre e o f  tempora l  separatio n betwee n encodin g an d 

retrieval .  Finally ,  subject s wer e give n cue s whic h consiste d 
of  th e word s correspondin g t o th e position s share d b y 
overlappin g sentences .  The y wer e aske d t o recal l  th e tw o 
missin g targe t  word s fro m a  singl e sentenc e studie d earlie r  i n 
th e experiment . 

I n al l  thre e o f  th e experiments ,  tw o genera l  result s wer e o f 
primar y interest ,  eac h followin g a  hypothesi s o f  multiple -
trac e model s concernin g recal l  blends .  Th e first  hypothesi s 
was tha t  subject s shoul d blen d simila r  memor y traces ,  a s 
evidence d b y mor e cross-ove r  intrusio n error s betwee n th e 
simila r  overlappin g sentence s tha n betwee n th e dissimila r 
contro l  sentences .  I f  n o differenc e wa s discovered ,  th e nul l 
hypothesi s o f  single-trac e model s woul d b e supported .  Th e 
secon d hypothesi s wa s tha t  subject s shoul d b e les s likel y wit h 
overlappin g tha n wit h contro l  sentence s t o correctl y recal l  a 
complet e sentenc e afte r  havin g alread y accesse d it s trace .  Thi s 
resul t  woul d b e expecte d becaus e whil e th e overlappin g 
sentenc e trace s woul d continuall y influenc e eac h othe r  durin g 
th e independen t  retrieva l  o f  th e trac e properties ,  th e contro l 
sentenc e trace s woul d b e i m m u n e fro m suc h post-acces s 
interference .  Thi s hypothesi s wa s teste d b y examinin g th e 
conditiona l  probabilit y  tha t  a  subjec t  woul d correctl y recal l 
bot h targe t  word s give n tha t  the y ha d alread y correctl y recalle d 
on e o f  th e words .  I f  n o differenc e wa s foun d i n thi s 
conditiona l  probabilit y  a s a  functio n o f  sentenc e similarity , 
the n single-trac e model s woul d b e supported .  Suc h model s 
accoun t  fo r  interferenc e effect s durin g th e searc h fo r  a  trace , 
but  onc e on e i s accessed ,  othe r  trace s ar e assume d t o b e o f  n o 
furthe r  relevance . 

Experiment 1 

Thirty-tw o experimenta l  sentence s wer e randoml y create d fo r 
ever y subject .  Eac h sentenc e include d five  word-position s 
whic h wer e filled  b y rando m selectio n (withou t  replacement ) 
fro m a  prearrange d lis t  o f  word s o f  th e appropriat e semanti c 
type .  Car e wa s take n t o avoi d word s closely-relate d acros s 
semanti c types ,  suc h a s "barber "  an d "barbershop" .  T w o 
sentence s fro m eac h se t  o f  fou r  wer e selecte d t o becom e 
overlappin g sentences ,  th e othe r  tw o lef t  a s matche d contro l 
sentences .  Thre e o f  th e word-position s i n eac h se t  wer e 
randoml y chose n fo r  th e overlap ;  an y thre e o f  th e five  wer e 
equall y likel y t o b e chose n fo r  overlap .  Th e thre e word s i n 
th e overla p position s o f  on e o f  th e tw o overlappin g sentence s 
wer e the n replace d wit h th e correspondin g word s fro m th e 
othe r  sentence ,  thereb y creatin g a  pai r  o f  sentence s differin g 
by onl y tw o words .  Th e orde r  o f  presentatio n o f  th e 3 2 
sentence s wa s randomize d fo r  eac h subjec t  wit h th e constrain t 
tha t  a  m i n i m u m o f  1 2 sentence s intervene d betwee n an y tw o 
matche d overlappin g o r  matche d contro l  sentence s fro m a 
matche d se t  o f  four . 

The rando m generatio n o f  sentence s create d man y unlikel y 
combinafion s o f  sentenc e consfituents ,  enablin g th e 
experimen t  t o us e a  convincin g cove r  story :  subject s wer e tol d 
tha t  th e experimen t  wa s designe d t o explor e h o w peopl e rea d 
sentence s tha t  "soun d strange, "  thos e i n whic h th e conten t 
word s d o no t  see m t o belon g togethe r  i n rea l  life .  The y 
therefor e ha d n o caus e t o believ e tha t  the y woul d late r  nee d t o 
remember  anythin g abou t  th e sentences .  Subject s rea d eac h 
sentenc e an d m a d e a  judgemen t  abou t  th e overal l 
"plausibility '  o f  th e sentence ,  followe d b y judgement s o f  ho w 
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appropriat e eac h o f  th e five  mai n word s seemed ,  give n th e 
conten t  o f  th e res t  o f  th e sentence .  Firs t  th e sentenc e appeare d 
alon g wit h a  pron^ t  t o rat e i t  a s a  whole ,  the n eac h o f  th e 
fiv e word s appeare d sequentiall y  underneat h th e sentenc e alon g 
wit h a  promp t  t o rat e it .  Th e purpos e o f  thes e rating s wa s 
bot h t o m a k e th e cove r  stor y mor e convincin g an d t o ensur e 
tha t  th e subject s pai d attentio n t o ever y sentenc e an d it s 
primar y words ,  formin g m e m o r y trace s throug h processin g 
the m a t  a  "deep, "  semanti c level . 

Afte r  a  5-minut e dela y task ,  subject s wer e give n recal l  cue s 
containin g al l  word s fro m a  previously-presente d sentenc e 
excep t  th e tw o word s i n th e non-overlappin g word-position s 
(replace d b y blank s o f  a  fixed  length) .  Presentin g an y on e 
sentenc e fro m a n overlappin g pai r  i n thi s manne r  therefor e 
acte d a s a  cu e fo r  eithe r  o f  th e tw o paire d sentences .  Subject s 
wer e tol d tha t  the y m a y hav e see n tw o sentence s tha t  fit  a  cu e 
equall y well ,  bu t  tha t  i n thos e cases ,  the y woul d hav e t o 
remember  bot h o f  them ,  on e a t  a  time .  However ,  the y wer e 
neve r  tol d tha t  a  particula r  tes t  cu e matche d tw o sentence s 
unti l  the y ha d firs t  alread y recalle d on e sentence .  I t  wa s 
stresse d tha t  i n choosin g eac h response ,  the y shoul d tak e car e 
t o recal l  tw o word s fro m withi n th e sam e sentenc e fro m th e 
first  phase .  Therefore ,  wit h overlappin g sentenc e cues ,  afte r 
th e subjec t  first  recalle d tw o word s fro m on e sentence ,  the y 
wer e aske d t o recal l  tw o mor e word s belongin g t o th e othe r 
matchin g sentence .  I n thi s manner ,  al l  1 6 o f  th e overlappin g 
sentence s fro m th e firs t  phas e wer e tested ,  alon g wit h 8 
randomly-selecte d contro l  sentences ,  al l  i n a  rando m order. ' 
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The overal l  recal l  performanc e o f  th e 3 5 subject s ca n b e 

'Post-tes t  questionnaire s indicate d tha t  mos t  subject s wer e 
unawar e o f  sentenc e overlappin g durin g th e first  phas e o f  th e 
experiment .  Onl y tw o subject s reporte d tha t  the y ha d recalle d 
or  integrate d overlappin g sentence s a t  th e tim e o f  encoding ; 
excludin g thei r  dat a fro m th e analyse s ha d n o significan t 
effect .  Thes e result s hel d acros s al l  thre e experiments . 

see n i n Figur e 2 .  Subjec t  dat a ca n b e see n i n th e soli d 
column s (erro r  bar s indicat e 9 5 % confidenc e intervals) , 
illustratin g th e proportio n o f  response s fo r  bot h contro l  an d 
first  overla p condition s a s a  functio n o f  th e numbe r  o f  word s 
correctl y recalled .  Result s o f  th e first  hypothesi s tes t 
supporte d a  multiple-trac e model :  subject s m a d e cross-ove r 
error s mor e ofte n (usin g a  sig n tes t  acros s subjects ,  p  <  .01 ) 
when teste d i n th e overla p condition s (5 .4 % wit h th e first, 
2 .1 % wit h th e second )  tha n i n th e contro l  conditio n (0.7%) . 
Th e differenc e betwee n th e rate s i n th e secon d overla p versu s 
contro l  condition s wa s no t  significan t  ( p >  .05 )  whil e th e 
differenc e betwee n th e first  an d secon d overla p condition s wa s 
significan t  ( p <  .05) .  T h e greate r  frequenc y o f  intrusion s 
betwee n overlappin g sentence s wa s no t  simpl y a  resul t  o f  a 
greate r  tendenc y t o recal l  word s fro m overlappin g sentences , 
becaus e word s fro m overlappin g sentence s intrude d int o recal l 
of  a  matche d contro l  sentenc e onl y 1.4 % o f  th e time ;  word s 

fro m contro l  sentence s intrude d int o recal l  o f  a  matche d 
overlappin g sentenc e 2 .7 % o f  th e time . 

Result s o f  th e secon d hypothesi s tes t  als o supporte d 
multiple-trac e models :  th e conditiona l  probabilit y o f  recallin g 
tw o word s fro m th e sam e sentenc e give n th e correc t  recal l  o f 
on e wor d wa s lowe r  i n th e overla p conditio n ( p =  .50 ,  first 
overlap ;  p  =  .3 6 secon d overlap )  tha n wit h control s ( p =  .58) . 
Usin g a  Wilcoxo n signed-rank s test s acros s subjects ,  th e 
conditiona l  probabilit y i n th e contro l  conditio n w a s 
significantl y highe r  tha n i n eithe r  th e first  overla p ( z =  1.81 , 
p <  .05 )  o r  th e secon d overla p condition s ( z =  4.11 ,  / ? < 
.0001) ;  th e conditiona l  probabilit y i n th e firs t  overla p 
conditio n wa s significand y highe r  tha n i n th e secon d overla p 
conditio n ( z =  3.10,/ j  <  .001) . 

Experiment 2 

I t  wa s difficul t  t o kno w ho w t o bes t  interpre t  th e dat a fro m 
th e tw o overla p condition s i n Experimen t  1 .  Th e fac t  tha t  th e 
first  sentenc e recalle d i n th e overla p conditio n i s  likel y t o b e 
th e stronge r  o f  th e two ,  whil e th e secon d m a y b e 
contaminate d b y th e earlie r  recal l  o f  th e first ,  m a k e s 
quantitativ e compariso n o f  th e overla p an d contro l  condition s 
difficult .  Experimen t  2  wa s designe d t o generat e cleare r  data , 
by usin g unambiguou s overlapping-sentenc e tes t  cue s an d 
thereb y allowin g onl y on e correc t  answe r  i n al l  cases .  Thi s 
was accomplishe d b y reducin g th e numbe r  o f  conten t  word s 
share d a m o n g overlappin g sentence s fro m thre e t o two ,  whil e 
continuin g t o us e cue s wit h onl y tw o blanks .  Fo r  example : 

#1 :  'Th e docto r  gav e th e plumbe r  th e coa t  i n th e lobby. " 
#2 :  "Th e docto r  gav e th e lawye r  th e watc h i n th e kitchen. " 
cue :  "Th e docto r  gav e th e plumbe r  th e i n th e . " 

Not e tha t  thi s cu e onl y matche s th e first  overlappin g sentenc e 
con^letely ,  whil e offerin g a  partia l  matc h t o th e secon d 
sentence .  Wit h thi s experiment ,  w e expecte d t o replicat e th e 
findings  o f  Experimen t  1 ,  perhap s wit h les s overal l  blendin g 
du e t o th e lessene d overla p betwee n sentences . 

Thirty-si x sentence s wer e randoml y create d fo r  ever y 
subject ,  2 4 overlappin g an d 1 2 control .  O n e o f  th e 
overlappin g sentence s i n eac h overlappin g pai r  wa s als o use d 
as a  mat e fo r  a  contro l  sentence ,  sinc e i t  di d no t  shar e an y 
conten t  word s wit h th e contro l  sentence .  T h e orde r  o f 
presentatio n o f  th e 3 6 sentence s wa s randomize d fo r  eac h 
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subjec t  b y presentin g 1 2 contro l  sentence s an d 1 2 overlappin g 
sentence s (th e "overlap-test "  sentences ,  on e fro m eac h pai r  o f 
overlappin g sentences )  a s th e firs t  2 4 sentences ,  followe d b y 
th e res t  o f  th e overlappin g sentence s (th e "overlap -
distractors") .  Thi s allowe d th e overlap-distracto r  sentence s t o 
provid e retroactiv e inhibition ,  bot h fo r  th e overlapping-tes t 
sentence s an d th e contro l  sentences .  T h e orde r  w a s the n 
randomize d wit h th e furthe r  constrain t  tha t  a  m i n i m u m o f  1 2 
sentence s intervene d betwee n overlap-tes t  o r  contro l  sentence s 
an d thei r  paire d overlap-distracto r  sentence .  T h e 2 4 tes t  cue s 
containe d al l  bu t  tw o word s from  a n overlap-tes t  o r  contro l 
sentence ,  an d wer e presente d i n a  completel y rando m order . 

Overall ,  th e 3 8 subject s performe d wors e tha n thos e i n 
Experimen t  1  (se e Figur e 3. )  Perhap s th e lowe r  overal l  leve l 
of  performanc e i n thi s experimen t  indicate s tha t  subject s ha d 
to o difficul t  a  tim e recallin g th e earlie r  o f  th e tw o overlappin g 
sentence s du e t o th e recenc y o f  th e overlap-distracto r  sentence . 
I n fact ,  full y 9 % o f  subjects '  answer s wit h overlap-targe t  cue s 
consiste d o f  recallin g bot h word s from  it s paire d overlap -
distracto r  sentenc e ~  a  sor t  o f  doubl e cross-ove r  intrusio n -
despit e th e fac t  tha t  th e cu e unambiguousl y matche d th e 
overlap-targe t  sentence . 

0 6 

t  " ^ 

exp 
•  mode l 

Overta p 
Number  Correc t  b y Conditio n 

(X •  croM-ove r  Intruelon* , 
dx •  doubl e Intruelone ) 

Figure 3: Experiment 2 Data 

Result s o f  th e first  hypothesi s tes t  showe d tha t  cross-ove r 
error s wer e m o r e frequen t  betwee n matche d overlappin g 
sentence s (1 8 occurrences ,  o r  4 .0% )  tha n betwee n overlap -
distractor s an d thei r  matche d control s ( 6 occurrences ,  1.3%) . 
A s i n Experimen t  1 ,  th e differenc e betwee n th e cross-ove r 
erro r  rate s o f  th e overlappin g an d th e contro l  sentence s w a s 
significan t  (sig n test ,  p  <  .05) ,  a s predicte d b y multiple-trac e 
models . 

T h e tes t  o f  th e secon d hypothesi s supporte d single-trac e 
models ,  however .  T h e conditiona l  recal l  probabilit y w a s 
essentiall y th e s a m e i n bot h conditions :  .4 3 wit h overlapping -
tes t  sentences ,  an d .4 4 wit h contro l  sentence s ( z =  1.07 ,  p  > 
.05) .  Thi s patter n o f  result s wou l d b e expecte d i f  ther e wer e 
n o post-acces s influence s f ro m simila r  m e m o r y traces . 

E x p e r i m e n t  3 

O ne potentia l  critiqu e o f  Experiment s 1  an d 2  concern s th e 
evaluatio n procedur e use d i n th e stud y phas e o f  th e 
experiments .  Subject s ha d bee n aske d t o rat e th e plausibilit y 

of  a  whol e sentence ,  an d the n o f  eac h individua l  conten t  word ; 
thi s latte r  requiremen t  coul d conceivabl y hav e cause d subject s 
t o encod e a  separat e individua l  memor y trac e fo r  eac h conten t 
wor d a s wel l  a s fo r  th e whol e sentence .  I f  thi s wa s th e case , 
bot h multiple -  an d single-trac e model s migh t  explai n th e 
conflictin g patter n o f  result s b y proposin g tha t  subject s wer e 
occasionall y abl e t o exploi t  association s betwee n trace s fo r 
individua l  word s alon g wit h mor e con^let e trace s fo r  th e 
sentence s containin g them .  Therefore ,  Experimen t  3  wa s 
performed ,  usin g th e sam e material s an d procedur e a s 
Experimen t  1 ,  bu t  wit h th e eliminatio n o f  subjects '  rating s o f 
individua l  word s durin g th e stud y phase . 

D nnode l 

1 X  2 
-Contro l 

0 1 x 2 
OvBfta p 

Number  Correc t  b y Conditio n 
(X B  croee-ove r  Intruelone ) 

fiiMK 4; Expsrimem 3 Data 

Overall ,  th e 3 7 subject s performe d wors e tha n th e subject s 
i n th e othe r  experiments ,  n o doub t  becaus e th e n e w procedur e 
le d subject s t o encod e th e stimu h les s rigorousl y (se e Figur e 
4 ) .  N o cross-ove r  error s wer e obtaine d betwee n contro l 
sentences .  Consequently ,  cross-ove r  error s wer e significantl y 
m o r e frequen t  (sig n test ,  p  <  .01 )  i n th e firs t  overla p 
conditio n (2.4% )  tha n i n th e contro l  condition .  The y wer e 
als o mo r e frequen t  ( p <  .05 )  i n th e secon d overla p conditio n 
(1 .7% )  tha n i n th e contro l  condition .  Ther e w a s n o 
significan t  differenc e ( p >  .05 )  betwee n th e cross-ove r  erro r 
rate s i n firs t  an d secon d overla p conditions .  Thes e difference s 
agai n provide d suppor t  fo r  a  multiple-trac e model . 

T h e conditiona l  recal l  probabilitie s di d no t  significantl y 
diffe r  ( z =  -1.16 ,  p  >  .05 )  betwee n th e fu-s t  overla p conditio n 
( p =  .35 )  an d th e contro l  conditio n ( p =  .31) .  O n th e othe r 
hand ,  th e differenc e betwee n th e conditiona l  probabilit y i n th e 
contro l  an d secon d overla p ( p =  .16 )  condition s wa s 
significan t  ( z =  2.78 ,  p  <  .005) ,  a s wa s th e differenc e betwee n 
th e firs t  an d secon d overla p condition s ( z =  2.93 ,  p  <  .005) . 

188 



Model s 

I n al l  o f  th e experiments ,  cross-ove r  error s wer e mor e frequen t 
betwee n overla p sentence s tha n controls ,  supportin g th e firs t 
hypothesi s o f  multiple-trac e model s tha t  simila r  sentenc e 
trace s shoul d blen d durin g recall .  O n th e othe r  hand ,  th e 
patter n o f  conditiona l  recal l  probabilities ,  indicatin g th e 
presenc e o r  absenc e o f  post-acces s interferenc e betwee n 
sentences ,  di d no t  consistentl y suppor t  th e secon d hypothesi s 
of  multiple-trac e models .  However ,  on e importan t  concep t 
has bee n missin g fro m th e discussio n o f  th e models ' 
prediction s thu s far :  encodin g failure .  Subject s di d no t  hav e 
perfec t  memor y fo r  ever y sentenc e i n an y o f  th e experiments , 
considerin g th e rat e o f  5 0 % o r  mor e recal l  failure .  I n an y 
model  o f  memory ,  a n ite m canno t  b e recalle d i f  i t  wa s 
improperl y encode d i n th e first  place .  Ye t  th e model s a s 
discusse d s o fa r  hav e simpl y assume d tha t  subject s con:q)letel y 
encode d al l  sentenc e informatio n int o well-integrate d traces . 
Therefore ,  on e need s t o examin e h o w bot h multiple -  an d 
single-trac e model s perfor m whe n a  significan t  proportio n o f 
th e propertie s i n trace s ar e eithe r  missin g o r  to o wea k t o b e 
recalled . 

H o w woul d a  multiple-trac e mode l  dea l  wit h encodin g 
failure ? Becaus e o f  th e simultaneou s acces s o f  al l  relevan t 
trace s i n a  multiple-trac e model ,  wheneve r  on e o f  th e tw o 
targe t  word s i n a n overlappin g sentenc e ha d no t  bee n 
adequatel y encoded ,  th e correspondin g wor d fro m th e othe r 
overiappin g sentenc e trac e shoul d automaticall y b e retrieve d 
instead ,  a s lon g a s i t  ha d bee n properl y encode d itself . 
However ,  multiple-trac e model s wer e alread y predictin g blen d 
error s whe n encodin g failur e wa s no t  considered ;  wouldn' t  the y 
no w predic t  entirel y to o man y blen d error s relativ e t o th e 
fairl y lo w frequenc y obtaine d i n th e experiments ? 

I n orde r  t o discove r  whethe r  o r  no t  a  multiple-trac e mode l 
coul d exhibi t  behavio r  conformin g t o tha t  o f  ou r  subjects ,  w e 
devise d a n interactiv e activatio n mode l  base d o n th e simpl e 
connectionis t  mode l  discusse d i n McClellan d (1981) .  Thi s 
model  wa s adapte d fo r  th e curren t  experiment s b y assumin g 
tha t  th e learnin g o f  eac h sentenc e create d a  instanc e uni t  fo r 
th e sentenc e trac e a s a  whole ,  linke d wit h bidirectiona l 
excitator y connection s t o five  propert y units ,  on e fo r  eac h 
majo r  conten t  wor d i n th e sentence .  Al l  o f  th e instanc e unit s 
togethe r  forme d a  "pool "  o f  units ,  a s di d al l  o f  th e propert y 
unit s correspondin g t o a  give n sentenc e position .  Al l  unit s 
withi n a  poo l  wer e linke d b y bidirectiona l  inhibitor y 
connection s (usin g negativ e weights) ,  reflectin g th e fac t  tha t 
th e unit s withi n the m represen t  mutually-exclusiv e 
informatio n tha t  shoul d no t  b e recalle d simultaneously . 

Becaus e th e overlappin g sentence s share d words ,  th e 
correspondin g unit s i n th e propert y uni t  pool s woul d als o b e 
shared .  Simulatio n o f  recal l  proceede d b y activatin g th e 
propert y unit s representin g th e recal l  cu e words .  I n th e cas e 
of  a n overiappin g sentence ,  activatio n fro m th e cue d unit s 
woul d b e sen t  alon g excitator y connection s t o th e instanc e 
unit s fo r  bot h overlappin g sentences .  Th e tw o instanc e unit s 
woul d compet e fo r  activation ,  du e t o thei r  inhibitor y 
connections ;  the y woul d als o fee d bac k activatio n t o th e cu e 
words ,  a s wel l  a s th e targe t  words .  I n th e pool s containin g 
th e targe t  words ,  furthe r  competitio n woul d resul t  fro m th e 

activatio n o f  th e mutually-inhibitor y units .  Eventually ,  th e 
activatio n level s o f  al l  unit s wil l  sto p fluctuating,  afte r  th e 
networ k ha s "settled" ,  an d th e unit s wit h th e highes t 
activation s ca n b e chose n a s th e response .  Not e tha t  i f  th e 
cu e ha d bee n word s fro m a  contro l  sentenc e the n th e correc t 
answe r  woul d b e retrieve d withou t  competition ,  becaus e 
activatio n woul d flow  t o onl y on e wor d pe r  pool . 

Actually ,  a s outline d above ,  th e mode l  woul d no t  b e abl e t o 
settl e th e competitio n betwee n overlappin g sentenc e words , 
becaus e thei r  input s an d resultin g activation s woul d alway s b e 
equal .  Base d o n this ,  th e mode l  le d u s t o expec t  tha t  ou r 
experiment s woul d generat e mor e blen d error s tha n wer e 
actuall y obtained .  However ,  ther e i s a  genera l  proble m wdt h 
th e interactiv e activatio n mode l  tha t  ha s recentl y bee n 
uncovere d i n othe r  application s whic h appear s t o reflec t  a 
failur e t o tak e accoun t  o f  th e importan t  rol e o f  inheren t 
variabilit y  i n processin g (Hinto n &  Sejnowski ,  1986) .  Onc e 
thi s variabilit y  i s  introduce d t o th e model ,  severa l  difficultie s 
ar e resolve d (McClelland ,  1991) .  I n th e presen t  application , 
addin g variabilit y  cause s th e mode l  t o ten d t o favo r  on e o f  tw o 
complet e sentenc e trace s rathe r  tha n a  blend ;  th e blen d state s 
represen t  less-optima l  point s i n th e "goodness "  landscap e o f 
networ k state s (c.f .  Rumelhar t  et .  al. ,  1986) ,  an d variabilit y 
allow s th e networ k t o escap e suc h loca l  minima .  McClellan d 
(1991 )  indicate s tha t  variabilit y  m a y b e introduce d i n a  variet y 
of  ways .  I n thi s case ,  w e sinpl y injecte d a  smal l  amoun t  o f 
normall y distribute d rando m nois e int o th e inpu t  t o eac h uni t 
at  eac h update . 

Th e additio n o f  intrinsi c variabilit y  allowe d th e mode l  t o 
produc e approximatel y correc t  blen d rates ,  bu t  tende d t o 
produc e to o larg e a  differenc e i n th e probabilit y  o f  conpletel y 
correc t  recal l  betwee n th e contro l  an d overla p conditions . 
(Thi s i s equivalen t  t o over-predictin g th e differenc e i n th e 
conditiona l  probabilit y  o f  recallin g bot h words) .  Th e additio n 
of  th e assumptio n o f  occasiona l  encodin g failure s allowe d th e 
model  t o overcom e thi s problem .  T o captur e encodin g 
failure ,  w e assume d tha t  eac h lin k betwee n a  propert y uni t  an d 
it s associate d instanc e uni t  ha d a  2 0 % chanc e o f  bein g absen t 
entirely .  I n th e experimenta l  data ,  subjects '  error s indicate d 
tha t  ther e wer e som e association s betwee n word s fro m 
completel y differen t  sentences ;  thes e association s wer e 
capture d b y insertin g randoml y determined ,  non-negativ e 
weight s ( M =  0.2 ,  S D =  0.25 )  betwee n al l  wor d an d instanc e 
units .  Th e weight s o n connection s withi n pool s o f  wor d 
unit s wer e al l  se t  t o -1.0 ,  whil e thos e withi n th e instanc e uni t 
poo l  wer e stronge r  (-2.1) ,  t o counterbalanc e th e activatio n 
comin g fro m th e thre e wor d unit s an d ensur e adequat e 
competitio n betwee n sentences . 

Th e mode l  network s fo r  eac h experimen t  reflecte d th e 
material s use d i n tha t  experiment .  Fo r  Experiment s 1  an d 3 , 
th e networ k therefor e containe d o f  a  poo l  o f  3 2 instanc e units , 
tw o pool s o f  3 2 targe t  wor d units ,  an d thre e pool s o f  2 4 wor d 
unit s (1 6 contro l  word s +  8  overia p word s pe r  pool) .  Fo r 
Experimen t  2 ,  th e networ k consiste d o f  3 6 instanc e units ,  tw o 
pool s o f  2 4 overiappin g cu e unit s (1 2 overia p +  1 2 control) , 
on e poo l  o f  3 6 non-overlappin g cu e units ,  an d tw o pool s o f 
36 targe t  units .  Becaus e th e differin g result s fro m 
Experiment s 1  an d 3  wer e though t  t o hav e bee n a  resul t  o f 
les s rigorous  encodin g i n Experimen t  3 ,  th e onl y differenc e 
betwee n th e network s fo r  Experiment s 1  an d 3  reste d i n 
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increasin g th e model' s encoding  failur e rat e fo r  Experimen t  3 
fro m 2 0 % t o 3 5 % .  T o tes t  recall ,  externa l  activatio n wa s 
inpu t  t o th e thre e cu e wor d unit s fo r  eac h o f  th e tes t 
sentences .  Th e respons e o f  th e con^ute r  subjec t  wa s simpl y 
take n a s th e uni t  wit h th e highes t  activatio n abov e a  respons e 
threshol d (.1 )  i n eac h targe t  wor d poo l  afte r  10 0 tim e cycles , 
enoug h tim e t o allo w th e networ k t o settl e int o a n 
equilibriu m an d for m a  reasonabl e respons e hypothesis .  A 
tota l  o f  10 0 compute r  subject s wer e ru n fo r  eac h compute r 
simulation ;  wit h eac h compute r  subject ,  a  ne w rando m se t  o f 
stimulu s an d rando m associatio n weight s wa s generated .  Th e 
performanc e o f  eac h networ k wa s fi t  t o th e dat a a s show n i n 
Figure s 2  throug h 4 .  I n s o doing ,  w e ensure d tha t  th e mode l 
not  onl y ha d th e correc t  overal l  recal l  rates ,  bu t  als o th e 
appropriat e performanc e wit h respec t  t o bot h hypothesi s test s 
-  blen d rate s an d post-acces s interferenc e rates . 

I n th e dat a fits  illustrate d i n Figure s 2  t o 4  (i n whic h erro r 
bar s reflec t  9 5 % confidenc e intervals) ,  th e model' s 
performanc e wa s no t  statisticall y differen t  fro m tha t  o f  ou r 
human subject s (fo r  Exp.l ,  ;f̂ (7 )  =  7.0 ,  p  =  .42 ;  fo r  Exp.2 , 
X H 9)  =  15.9 ,  p  =  .07 ;  fo r  Exp .  3 ,  x H D =  112 ,  p  =  .13) . 
However ,  th e fit  come s clos e t o failin g significantl y i n tw o o f 
th e thre e cases .  W e wer e abl e t o obtai n eve n close r  dat a fits 
by increasin g th e inhibitio n betwee n instanc e unit s i n 
Experiment s 1  an d 3  (t o -2.5 )  an d decreasin g i t  fo r  Experimen t 
2 (t o -2.0) .  Thus ,  wit h th e us e o f  a n additiona l  fre e paramete r 
one ca n achiev e a  nearl y perfec t  correspondenc e betwee n th e 
performanc e o f  th e mode l  an d experimenta l  subject s (fo r 
Exp.l ,  x ^ O )  =  1.8 ,  p  =  .97 ;  fo r  Exp .  2 ,  x H 9 )  =  2.5 ,  p  = 
.98 ;  fo r  Exp.3 ,  x^(7 )  =  3.0 ,  p  =  .89) .  I t  i s  no t  entirel y clea r 
w hy tha t  particula r  paramete r  shoul d diffe r  betwee n 
experiments ,  thoug h i t  migh t  reflec t  subjects '  abilit y  t o 
strategicall y increas e competitiv e inhibitio n betwee n 
equivalently-cue d overlappin g trace s i n Experiment s 1  an d 3 . 

Give n th e succes s o f  ou r  particula r  multiple-trac e model ,  i t 
i s  wort h considerin g ho w a  single-trac e mode l  woul d behav e 
give n simila r  assumption s abou t  encodin g failure .  A  single -
trac e mode l  lik e Shiffrin' s S A M mode l  migh t  als o fi t  th e dat a 
i f  multipl e acces s attempt s wer e allowe d i n case s wher e a n 
initia l  trac e selectio n resulte d i n incomplet e recall . 
Successiv e attempt s procee d jus t  lik e th e first,  wit h th e 
probabilit y  o f  selectin g a  give n trac e based  o n tha t  trace' s 
similarit y t o th e cue .  Sinc e overlappin g sentenc e trace s 
equall y matc h th e cue ,  the y hav e a n equall y goo d chanc e fo r 
selection .  S o i f  a  first  attemp t  accesse d a n overlappin g 
sentenc e trac e containin g onl y on e o f  th e tw o targe t  words , 
and a  secon d attenp t  accesse d th e othe r  overlappin g sentence , 
th e subjec t  coul d rnak e a  cross-ove r  error .  I t  seem s plausibl e 
tha t  a n accoun t  coul d b e give n fo r  al l  aspect s o f  th e dat a base d 
on suc h a  possibiUty .  However ,  thi s kin d o f  extensio n o f  th e 
single-trac e mode l  i n som e sens e amount s t o turnin g i t  int o a 
multiple-trac e account .  Th e primar y differenc e betwee n thi s 
and ou r  accoun t  i s sin5)l y tha t  th e multipl e trace s ar e accesse d 
i n successio n i n on e cas e an d simultaneousl y i n th e other . 

Conclusion 

In the end, what has been learned here about the nature of 
menwry blendin g durin g recall ? Th e presen t  experiment s an d 
simulation s hav e change d th e wa y w e approac h multiple-trac e 

model s i n general ,  a s w e hav e abandone d th e origina l  notio n 
of  unintende d blendin g o f  con^let e trace s i n favo r  o f  th e 
somewhat  les s dramati c notio n o f  fiUing  i n missin g part s o f 
incompletel y encode d traces . 

What remains to be studied is how other instantiations of a 
multiple-trac e model ,  suc h a s th e mor e superpositiona i 
matrix -  o r  convolution-base d model s (fo r  example ,  Knap p & 
Anderson ,  1984 ,  o r  Metcalfe ,  1990) ,  woul d manag e th e Us k 
of  simulatin g th e specifi c  pattern s o f  recal l  performanc e foun d 
i n ou r  experiments .  I t  wil l  b e o f  interes t  t o discove r  whethe r 
thes e type s o f  model s coul d produc e a s fe w blen d error s a s 
wer e obtaine d i n ou r  studies ,  give n thei r  tendenc y t o blu r  th e 
distinction s betwee n traces .  Conversely ,  i t  wil l  b e interestin g 
t o examin e whethe r  th e prototypin g an d generalizatio n 
propertie s o f  thes e othe r  model s ca n b e capture d wit h th e 
model  w e hav e presente d here .  Thes e complementar y studie s 
may tak e u s som e distanc e towar d understandin g wha t  govern s 
th e huma n abilit y  t o generaliz e wel l  an d ye t  preserv e 
relativel y distinc t  acces s t o particula r  prio r  events . 
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