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Retrieva l  Compet i t io n i n M e m o r y fo r  Analogie s 

Charle s M .  Wharton^ ,  Keit h J .  Holyoak^ ,  Pau l  E .  Downing^ , 

Tren t  E .  Lange^ ,  an d Thoma s D .  Wickens ^ 

^Departmen t  o f  Psycholog y an d ̂Departmen t  o f  Compute r  Scienc e 
Universit y o f  California ,  Lo s Angeles ,  C A 9002 4 

Abstrac t 

An importan t  questio n fo r  cognitiv e model s o f  huma n 
memory i s th e questio n o f  ho w analogica l  similarit y affect s 
memory retrieval .  Whil e th e importanc e o f  surfac e lexica l 
and semanti c similaritie s betwee n remindin g cue s an d 
memory target s ha s bee n well-documented ,  clea r  empirica l 
evidenc e tha t  huma n memor y retrieva l  i s  influence d b y 
analog y ha s prove n difficul t  t o demonstrate .  W e repor t  tw o 
experiment s i n whic h subject s use d a  serie s o f  singl e 
sentence s a s remindin g cue s fo r  previously-see n mini-texts . 
Some cu e sentence s containe d noim s an d verb s tha t  wer e 
hyponym s (i.e. ,  word s subordinat e t o th e sam e category )  o f 
thos e i n correspondin g targe t  sentence s presente d i n on e o r 
tw o earlie r  passages .  Th e rol e o f  analogica l  similarit y  i n re -
mindin g wa s examine d b y varyin g th e correspondenc e o f 
nou n case-rol e assignment s o f  cue/targe t  homonyms . 
Result s indicat e tha t  retrieva l  competitio n an d analogica l 
similarit y influenc e reminding .  Recal l  o f  semantically -
relate d passage s wa s significantl y greate r  fo r  structurall y 
consisten t  (i.e. ,  analogical )  cues .  Retrieva l  acces s wa s im -
paire d whe n tw o semanticall y relate d passage s wer e presen t 
i n memory .  Acces s t o th e passag e wit h analogica l 
resemblanc e t o th e cu e wa s decrease d b y retrieva l  competi -
tio n t o a n exten t  consisten t  wit h a  rati o rule . 

Retrieval Competition in Memory for 

Ana log ie s 

One of the most intriguing qualities of human memory is its 
capacit y t o allo w nove l  experience s t o activat e relevan t 
prio r  knowledge ,  eve n thoug h th e object s an d event s i n th e 
ne w situatio n hav e neve r  bee n directl y associate d wit h thos e 
involve d i n th e remembere d ones .  A  perso n w h o see s th e 
movi e Wes t  Sid e Stor y fo r  th e first  tim e i s  likel y t o b e 
reminde d o f  th e pla y R o m e o an d Juliet ,  notwithstandin g th e 
displacemen t  o f  th e character s ove r  centurie s an d conti -
nents .  Althoug h suc h reminding s ar e surel y relate d t o 
genera l  principle s o f  m e m o r y retrieval ,  the y diffe r 
significantl y fro m standar d retrieva l  task s studie d b y psy -
chologists .  Unlik e standar d retrieva l  tasks ,  suc h a s fre e o r 
cue d recall ,  ther e i s n o clea r  "righ t  answer "  a s t o wha t  on e 

A c k n o w l e d g e m e n t s 
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shoul d b e reminde d o f  i n respons e t o a  give n cue .  Further , 
remindin g ma y b e unintentiona l  (althoug h a s Schank ,  1982 , 
observed ,  on e ma y als o see k t o b e reminded) . 

The abov e exampl e illustrate s analogica l  reminding ,  i n 
whic h th e relation s embodie d i n th e cu e an d i n th e store d 
situatio n correspon d i n systemati c ways ,  despit e notabl e 
difference s betwee n thei r  constituen t  elements .  I n othe r 
words ,  tw o episode s ar e structurall y consisten t  (analogous ) 
when th e overal l  conceptua l  relationship s betwee n thei r 
actors ,  actions ,  plans ,  goals ,  an d theme s ar e similar .  I n spit e 
of  th e centralit y o f  structura l  consistenc y i n propose d 
definition s o f  th e "soundness "  o r  "goodness "  o f  analogie s 
(Falkenhainer ,  Forbus ,  &  Centner ,  1989 ;  Holyoa k & 
Thagard ,  1989) ,  i t  ha s prove d surprisingl y difficul t  t o pro -
vid e empirica l  evidenc e tha t  huma n memor y retrieva l  i s 
influence d b y analogy .  Th e importanc e o f  surfac e lexica l 
and semanti c similaritie s ha s bee n well-documented ,  bu t 
clea r  evidenc e demonstratin g th e effec t  o f  structura l 
consistenc y o n remindin g (suc h a s th e overal l  plo t  similar -
it y betwee n R o m e o an d Julie t  an d Wes t  Sid e Story )  ha s bee n 
difficul t  t o achieve .  Th e answe r  t o th e questio n o f  whethe r 
structura l  consistenc y influence s remindin g woul d hav e 
importan t  implication s fo r  psychologica l  an d artificial-in -
telligenc e model s o f  analogical ,  episodic ,  an d case-base d 
retrieval .  D o th e individua l  element s o f  a  stor y simpl y 
serv e a s independen t  retrieva l  cues ,  o r  d o th e relation s 
a m o ng thos e element s als o hav e a n impac t  o n wha t  i s 
recalled ? I s th e effec t  o f  structura l  consistenc y influence d 
by whethe r  o r  no t  th e targe t  situatio n i s semanticall y relate d 
t o mor e tha n on e episod e i n long-ter m memory ? 

Previous Studies 

The evidenc e concernin g th e rol e o f  structura l  consistenc y 
i n analogica l  remindin g i s mixed .  Indeed ,  th e mos t  robus t 
finding  i n th e analog y literatur e i s tha t  peopl e ofte n fai l  t o 
retriev e relevant ,  bu t  superficially-dissimilar ,  sourc e 
analog s (Gic k &  Holyoak ,  1980 ;  Genme r  &  Landers ,  1985 ; 
Ratterma n &  Centner ,  1987 ;  Seifert ,  M c K o o n ,  Abelson ,  & 
Ratcliff ,  1986) .  Suc h negativ e findings  sugges t  tha t  th e 
proces s b y whic h analog s ar e retrieve d ma y no t  b e sensitiv e 
t o thei r  configura l  properties ,  eve n thoug h suc h propertie s 
ar e crucia l  i n ensurin g tha t  th e retrieve d informatio n i s 
actuall y useful . 

However ,  ther e i s evidenc e tha t  i f  th e sourc e an d targe t 
shar e simila r  features ,  the n degre e o f  isomorphis m ha s a n 
impac t  o n retrieva l  (e.g. ,  Holyoa k &  Koh ,  1987 ;  Ross , 
1989) .  Subject s i n Ratterma n an d Centne r  (1987 )  wer e 
give n a  se t  o f  storie s an d wer e aske d t o writ e dow n an y 
storie s tha t  the y wer e reminde d o f  fro m a  previou s session , 

528 



one wee k earlier .  T w o type s o f  cue/targe t  similaril y  wer e 
manipulated :  direc t  similarit y o f  object s an d action s (i.e. , 
simila r  vs .  dissimila r  concret e noun s an d verbs) ,  an d 
configura l  similarit y o f  causa l  structur e (i.e. ,  simila r  vs . 
dissimila r  causa l  connection s amon g th e object s an d ac -
tions) .  Direc t  similarit y o f  object s an d action s wa s th e 
dominan t  determinan t  o f  reminding ;  however ,  consistent , 
thoug h nonsignificant ,  trend s suggeste d tha t  cue/targe t 
analogica l  similarit y m a y als o influenc e reminding s (se e 
als o Centne r  &  Landers ,  1985 ;  Johnso n &  Seifert ,  1990 ; 
Read & C e s a ,  1991) . 

Analogical Reminding Within a Constraint-

B a s e d Retrieva l  S y s t e m 

The presen t  experiment s wer e designe d t o tes t  a  recen t 
artificial-inteUigenc e mode l  o f  analogica l  reminding ,  A R C S 
(Thagard ,  Holyoak ,  Nelson ,  &  Gochfeld ,  1990) .  Thagar d e t 
al .  asser t  tha t  semanti c similarit y an d isomorphis m (i.e. , 
structura l  consistenc y an d one-to-on e mapping )  influenc e 
reminding .  Semanti c similarit y concern s taxonomi c rela -
tion s betwee n individua l  concepts ,  suc h a s superordinatio n 
(e.g. ,  do g -  animal )  an d hyponym y (e.g. ,  do g -  cat) .  Th e 
similarit y constrain t  favor s mapping s betwee n concept s 
wit h clos e taxonomi c relationships .  Th e isomorphis m 
constrain t  depend s cruciall y o n case-rol e relation s (i.e. , 
mapped element s shoul d fill  correspondin g cas e role s acros s 
proposition s i n whic h the y appear) .  Analog s ar e rep -
resente d i n A R C S a s symboli c structure s withi n a  semanti c 
network ;  durin g th e retrieva l  process ,  a  "mappin g network " 
i s forme d t o enforc e th e constraints ,  an d a  connectionis t 
settlin g proces s the n guide s retrieva l  o f  th e store d 
structure(s )  tha t  bes t  satisf y th e constraints . 

Reuieva l  i n A R C S i s fundamentall y competitiv e i n tha t 
evidenc e favorin g acces s t o on e store d structur e serve s t o 
reduc e (vi a inhibitor y links )  th e likelihoo d o f  retrievin g 
othe r  store d structures .  A  centra l  prediction ,  then ,  i s tha t 
remindin g wil l  b e competitive ,  s o tha t  i f  a  cu e ha s stron g 
semanti c link s t o multipl e store d structures ,  remindin g o f 
eac h wil l  b e impaire d relativ e t o th e cas e i n whic h i t  i s  th e 
sol e semantically-relate d candidate .  I n addition ,  A R C S 
predict s tha t  th e effec t  o f  souctura l  consistenc y wil l  interac t 
wit h competition .  A  disanalogou s passag e (relativ e t o a 
give n cue )  migh t  hav e a  hig h probabilit y  o f  retrieva l  i f  i t 
wer e th e onl y semantically-relate d structur e i n memory . 
However ,  i t  woul d hav e a  greatl y decreased  retrieva l 
probabilit y i f  a  semantically-relate d analogou s structur e wa s 
als o i n memory . 

The basi c qualitativ e prediction s o f  A R C S ar e mimicke d 
by a  simpl e mathematica l  model ,  th e Bradley-Terry-Luc e 
choic e mode l  (Bradle y &  Terry ,  1953 ;  Luce ,  1959 ;  Wick -
ens ,  1989a) .  Th e choic e mode l  state s tha t  th e probabilit y  o f 
makin g a  give n choic e o r  respons e i s a  functio n o f  th e 
"strength "  (e.g. ,  preference )  o f  tha t  choic e divide d b y th e 
strengt h o f  al l  choice s o r  responses .  A s applie d t o memor y 
retrieval ,  th e choic e model ,  lik e A R C S ,  predict s tha t  th e 
probabilit y  o f  retrievin g a  give n ite m i s determine d b y ho w 
strongl y tha t  ite m i s associate d t o a  give n cu e relativ e t o th e 

strengt h o f  al l  othe r  item s associate d t o tha t  cu e (se e 
Raajimaker s &  Shiffrin ,  1981) .  Accordin g t o th e choic e 
model ,  th e probabilit y  tha t  a  subjec t  make s respons e typ e / 
tocu e type ;  is : 

Pij^^i /  h k 
k = 1 

Si  i s th e strengt h o f  respons e typ e i ,  an d th e summatio n i s 

ove r  th e strength s o f  al l  th e respons e type s availabl e t o th e 
subjec t  fro m cu e j .  Th e choic e mode l  capture s tw o aspect s 
of  th e competitiv e respondin g inheren t  i n A R C S .  First , 
choice s ar e mad e i n compariso n t o availabl e alternative s s o 
tha t  relativ e weightin g shoul d apply .  Second ,  th e 
dependenc e o f  thes e weight s o n th e chose n alternative s 
implie s tha t  a  consisten t  se t  o f  estimate s shoul d b e obtaine d 
ove r  al l  conditions .  Accordingly ,  w e use d th e choic e mode l 
t o deriv e quantitativ e prediction s fo r  remindin g 
performanc e i n ou r  experiments . 

Experiments 1 and 2 

We performe d tw o experiment s t o investigat e th e influenc e 
of  structura l  consistenc y an d competitio n o n analogica l 
reminding .  Th e genera l  desig n wa s t o hav e subject s encod e 
a serie s o f  ver y simpl e (2- 3 sentence )  passages ,  i n th e 
contex t  o f  variou s incidenta l  task s designe d t o ensur e se -
manti c processing .  Afte r  a  brie f  delay ,  subject s wer e give n 
a serie s o f  single-sentenc e cue s i n th e form s Th e subjec t 
ver b th e objec t  ( S V O )  o r  Th e objec t  wa s ver b b y th e 
subject ,  an d aske d t o recal l  a s muc h a s the y coul d fro m an y 
and al l  passage s o f  whic h the y wer e reminde d b y eac h cu e 
sentence .  S o m e o f  th e cu e sentence s containe d noun s an d 
verb s tha t  wer e hyponym s o f  thos e i n correspondin g targe t 
sentence s i n on e o r  tw o o f  th e earlie r  passages ;  othe r  cu e 
sentence s wer e unrelate d t o an y o f  th e prio r  passages . 

Tabl e 1  present s a n exampl e o f  a  se t  o f  tw o passage s an d 
a relate d cu e sentence .  Th e targe t  sentenc e i n eac h passag e 
i s identifie d b y italics .  W e wil l  refe r  t o th e non-targe t 
portio n o f  eac h passag e a s th e "surround" .  O n e passag e 
contain s a n analogou s target ,  Th e pasto r  calme d th e busi -
nessman ,  i n whic h th e noun s fill  cas e role s paralle l  t o thos e 
of  thei r  respectiv e hyponym s i n th e target-cu e sentence .  Th e 
rabb i  reassure d th e chairman .  Th e othe r  passag e contain s a 
disanalogou s target .  Th e executiv e soothe d th e priest ,  i n 
whic h th e cas e role s o f  th e nou n hyponym s ar e reverse d 
betwee n th e targe t  sentenc e an d cue .  O f  th e cue s whic h 
share d nou n an d ver b h o m o n y m s wit h targe t  sentences ,  hal f 
wer e matche d t o a  singl e previously-studie d analogou s o r 
disanalogou s targe t  sentenc e (singleto n condition )  an d hal f 
wer e matche d t o tw o previously-studie d analogou s an d 
disanalogou s targe t  sentence s (competito r  condition) . 

We predicte d (a )  passage s i n th e competito r  conditio n 
woul d b e recalle d les s ofte n tha n i n th e singleto n condition , 
(b )  passage s cue d wit h analogou s sentence s woul d b e 
retrieve d mor e frequentl y tha n passage s cue d wit h disanal -
ogou s ones ,  an d (c )  ther e woul d b e a n interactio n o f  analog y 
wit h retrieva l  competitio n suc h tha t  th e effec t  o f  cuein g 
wit h analogou s sentence s woul d b e greate r  i n th e 
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Tabl e 1 .  Exampl e o f  Paire d Passage s wit h Consisten t 
Versu s Inconsisten t  Target s i n Relatio n t o Cu e Sentenc e 

Consisten t  Targe t 
Havin g jus t  bee n fire d fro m a  hig h leve l  job ,  h e decide d t o 
go t o hi s churc h fo r  counseling .  Th e pasto r  calme d th e 
businessman . 

Inconsistent Target 
The churc h wa s havin g troubl e approachin g loca l 

corporation s fo r  contribution s t o th e shelter .  Th e executiv e 
soothe d th e priest . 

Target-Cue Sentence 
The rabb i  reassure d th e chairman . 

competitor than in the singleton condition. 

Severa l  point s abou t  th e genera l  natur e o f  th e material s 
deserv e emphasis .  First ,  structura l  consistenc y wa s simpl y 
manipulate d b y a  singl e cross-mappin g betwee n a  pai r  o f 
S VO sentences .  Second ,  semanti c overla p wa s equate d a s 
structura l  consistenc y wa s varied .  Third ,  th e cu e an d targe t 
sentence s ha d n o direc t  lexica l  overlap ,  bu t  wer e nonethe -
les s semanticall y relate d b y virtu e o f  share d superordinate s 
linkin g correspondin g hyponyms .  Fourth ,  becaus e th e cu e 
sentence s wer e directl y relate d onl y t o fragment s o f  th e 
passage s (i.e. ,  t o th e targe t  sentence s bu t  no t  th e surrounds) , 
any remindin g woul d hav e t o b e base d o n onl y partia l 
overla p betwee n cue s an d passage s (cf .  Johnso n &  Seifert , 
1990) . 

Method 

Materials 

Ther e wer e 2 4 set s o f  material s simila r  t o th e exampl e i n 
Tabl e 1 ,  eac h consistin g o f  tw o targe t  passage s an d on e cu e 
sentence .  Al l  set s o f  material s appeare d i n al l  conditions . 
Each o f  th e tw o passage s withi n a  se t  containe d a  targe t 
sentenc e tha t  wa s relate d t o th e set' s cu e sentence .  Th e 
matche d targe t  an d cu e sentence s al l  share d tw o set s o f 
associate d noun s (e.g. ,  pastor ,  priest ,  rabbi ;  businessman . 
executive ,  chairman )  an d a  singl e se t  o f  associate d verb s 
(e.g. ,  calm ,  soothe ,  reassure) .  Th e noun s an d verb s withi n a 
set  wer e chose n s o tha t  th e noun s woul d jointl y mak e sens e 
i n eithe r  th e objec t  o r  subjec t  position .  Withi n eac h passag e 
pair ,  verb s wer e randoml y assigne d t o pair s o f  targe t  nouns , 
afte r  whic h eac h targe t  sentenc e wa s randoml y assigne d t o 
one o f  th e tw o passages .  I n orde r  t o avoi d confoundin g 
cue/targe t  consistenc y wit h surfac e orde r  o f  th e nou n 
hyponyms ,  a n equa l  numbe r  o f  activ e an d passiv e cu e 
sentence s an d targe t  sentence s wer e constructe d i n eac h 
condition .  Rando m assignmen t  wa s use d t o decid e whethe r 
cue an d targe t  sentence s woul d b e activ e o r  passiv e an d 
whic h targe t  passag e woul d b e analogousl y cued . 

Material s ratings :  I n orde r  t o determin e whethe r  peopl e 
ar e sensitiv e t o ou r  structura l  consistenc y manipulatio n 
when retrieva l  i s  no t  required ,  9 6 undergraduate s attendin g 
th e Universit y o f  California ,  Lo s Angele s (UCLA )  wer e 

aske d t o asses s th e perceive d similarit y  o f  th e cu e sentence s 
and th e passages .  Subject s wer e tol d t o rate ,  "Ho w simila r 
ar e th e scene s bein g describe d i n th e stor y an d th e 
sentence? "  fo r  consistent ,  inconsistent ,  an d unrelate d (i.e. , 
cues fo r  a  differen t  passage )  cue s an d targets .  Response s 
wer e recorde d o n a  6-poin t  Liker t  scal e ( 1 =  completel y dis -
similar ,  6  =  completel y identical) .  Ther e wa s a  significan t 
differenc e betwee n subjec t  rating s fo r  analogou s ( M =  3.98 ) 
and disanalogou s ( M =  2.75 )  cue/passag e pairs ,  mi n F '  (I , 
100)  =  28.04 ,  a s wel l  a s disanalogou s an d unrelate d 
cue/passag e pair s (M = 1.59) ,  mi n F '  (1,75 )  =  36.10 ,  both/ ? 
< .0001 .  (I n orde r  t o b e abl e t o generaliz e ou r  finding s 
beyon d th e specifi c  material s w e created ,  th e conservativ e 
min F '  formulatio n o f  analysi s o f  varianc e wa s calculate d 
fo r  al l  test s o f  mea n differences ;  Clark ,  1973. ) 

Subjects and Design 

Al l  subject s wer e U C L A undergraduates ,  wit h 3 6 subject s 
i n Experimen t  1  an d 7 2 i n Experimen t  2 .  T w o within -
subjec t  factor s wer e manipulated :  (1 )  whethe r  cue s wer e 
analogou s o r  disanalogou s wit h respec t  t o a  correspondin g 
targe t  sentenc e i n a  passage ,  an d (2 )  whethe r  on e (singleto n 
condition )  o r  tw o (competito r  condition )  passage s relate d t o 
a give n cu e ha d bee n studied .  Fo r  example ,  i f  bot h th e 
passage s i n Tabl e 1  wer e presente d t o a  subject ,  th e tw o 
passage s woul d represen t  th e competito r  condition ;  wherea s 
i f  onl y on e o f  th e paire d passage s ha d bee n presented ,  i t 
woul d represen t  th e singleto n condition .  Cu e sentence s thu s 
migh t  b e semanticall y relate d t o (a )  bot h a n analogou s 
passag e an d a  disanalogou s passage ,  (b )  a  singl e analogou s 
passage ,  o r  (c )  a  singl e disanalogou s passage .  Thi s 
manipulatio n enable d u s t o tes t  th e predictio n tha t 
competitio n woul d decreas e reminding ,  especiall y fo r 
disanalogou s passages .  I n Experimen t  1 ,  subject s first 
rea d a  se t  o f  targe t  material s tha t  containe d 4  unrelate d an d 
8 relate d targe t  passages .  Afte r  completio n o f  a  distracto r 
task ,  subject s wer e give n booklet s containin g 4  unrelate d 
and 6  relate d cu e sentence s ( 2 competitor ,  2  analogous ,  an d 
2 disanalogous) . 

I n Experimen t  2 ,  subject s initiall y  rea d 4  unrelated ,  an d 4 
relate d targe t  passage s alon g wit h 3  othe r  targe t  passage s 
fo r  a n additiona l  facto r  tha t  wil l  no t  b e discusse d i n th e 
presen t  paper .  Afte r  completio n o f  a  distracto r  task , 
subject s wer e give n 4  unrelate d an d 3  relate d cu e sentence s 
(1 competitor ,  1  analogous ,  an d 1  disanalogous )  an d 2  cue s 
fo r  th e additiona l  factor . 

Procedur e 

Subject s wer e tol d tha t  the y woul d b e aske d t o rea d an d rat e 
a serie s o f  passage s fo r  plausibility ,  meaningfulness ,  an d 
imagibility .  Subject s rate d on e attribut e o n eac h o f  thre e 
passe s throug h a  booklet .  Fo r  th e first  pass ,  subject s wer e 
give n 3 0 s  t o rea d an d rat e eac h passage ;  fo r  th e secon d an d 
thir d passe s the y wer e give n 2 0 s  fo r  each .  Afte r 
completio n o f  th e thir d pas s throug h th e booklets ,  subject s 
wer e give n a  4  mi n distracto r  task . 
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Experimen t  1 Experimen t  2 

singleton s competitor s competitor s singleton s 
targe t 

ui  0 8 -
surroun a surroun d 

o 0  4  • 

analo g dlsanalo g analo g dlsanalo g analo g dlsanalo g analo g dlsanalo g 

Figur e 1 .  Proportio n o f  Passage s Accesse d a s a  Functio n o f  Competitio n an d Analogy . 

Tab l e 2 .  M i n F  Analysi s o f  Sentence-Acces s M a i n Effect s an d Interaction s 

Expe r imen t  1 
targe t  sentenc e 
surroun d sentence s 

Exper imen t  2 
targe t  sentenc e 

surroun d sentence s 

Competitio n 
min f 

10.95* * 
10.22* * 

20.15** * 

19.99** * 

df 

34 
42 

68 
53 

Structura l  Consistenc y 
m inF '  d f 

Interactio n 
m inF ' d L 

9.27* * 
6.56 * 

3.56^ 
4.33 * 

42 
38 

54 
48 

<1 
2.5 4 

1.19 
4.87 * 

39 

39 
47 

^ p <  .0 5 fo r  bot h subjec t  an d ite m A N O V As bu t  no t  fo r 

Afte r  completio n o f  th e distracto r  task ,  subject s wer e tol d 
tha t  the y woul d n o w rea d a  grou p o f  sentences ,  som e o f 
whic h wer e simila r  t o on e o r  mor e passage s tha t  the y ha d 
rea d i n th e firs t  par t  o f  th e experiment .  The y wer e in -
structe d t o rat e eac h sentenc e fo r  plausibility ,  meaningful -
ness ,  an d imagibilit y an d writ e d o w n th e passag e o r 
passage s the y wer e reminde d o f  whil e the y mad e thes e 
ratings .  N o tim e limi t  wa s imposed ,  bu t  subject s wer e tol d 
tha t  afte r  the y turne d th e pag e o f  th e booklet ,  the y shoul d 
not  tur n bac k t o tha t  pag e eve n i f  the y wer e late r  reminde d 
of  something .  Th e entir e experimenta l  sessio n laste d 
approximatel y 3 0 min . 

Results 

The writte n remindin g protocol s wer e score d wit h respec t  t o 
whic h o f  th e studie d passage s wa s accesse d i n respons e t o a 
give n sentenc e cue .  Acces s t o th e targe t  sentenc e an d th e 
surroun d o f  eac h passag e wa s score d separately .  Fo r  eac h 
separat e attemp t  a t  recallin g a  passag e (i.e. ,  eac h attemp t  t o 
repor t  wha t  th e subjec t  considere d a  singl e passage) ,  credi t 
fo r  acces s wa s give n t o whicheve r  studie d passag e ha d 
conten t  word s recalled ;  i f  conten t  word s fro m tw o passage s 
wer e included ,  credi t  wa s give n t o th e passag e tha t  con -
tribute d th e greate r  numbe r  o f  conten t  words .  I f  subject s 
wrot e dow n conten t  word s fro m tw o passage s i n separat e 
retrieva l  attempt s i n respons e t o a  singl e cue ,  acces s credi t 
was give n fo r  each .  Becaus e synony m substitution s coul d 
be confuse d wit h interchange s o f  hyponym s acros s paire d 
passages ,  a  criterio n o f  litera l  recal l  wa s use d i n scorin g 
conten t  words .  A n importan t  featur e o f  thi s acces s measur e 

mi n F; '  p < .05 ,  "  p < .01 ,  " *  p < .00 1 

i s tha t  i t  i s no t  itsel f  sensitiv e t o th e structur e o f  th e accesse d 
passage ,  thu s providin g a  stron g tes t  o f  th e hypothesi s tha t 
structura l  consistenc y actuall y facilitate s acces s t o passages , 
regardles s o f  whethe r  th e relationa l  structur e o f  th e accesse d 
passag e ca n b e reporte d correctly . 

Summarie s o f  th e mai n effect s an d interaction s i n th e re -
trieva l  probabilitie s ar e a s follows : 

Competition :  A s ca n b e see n i n Figur e 1  an d Tabl e 2 ,  fo r 
a give n cu e sentenc e th e probabilit y o f  retrievin g a  targe t 
passag e greatl y decrease d whe n ther e wa s mor e tha n on e 
lexically-relate d targe t  passag e i n memory . 

Structura l  Consistency :  Analogously-cue d targe t  pas -
sage s wer e recalle d mor e ofte n tha n disanalogously-cue d 
targe t  passages .  I n Experimen t  2 ,  ther e wa s a  reliabl e 
competitio n b y analog y interactio n fo r  surroun d sentences . 
I n th e competitio n condition ,  analogously-cue d surroun d 
sentence s wer e recalle d significantl y mor e ofte n tha n 
disanalogously-cue d passages ,  mi n F '  (1 ,  43 )  =  6.60 ,  p  < 
.05 . 

Choice Model 

Each pane l  o f  Tabl e 3  present s a  4  x  4  matri x o f  acces s 
proportion s fo r  eac h respons e typ e (e.g ,  consistent ,  incon -
sistent ,  unrelated ,  an d n o recall )  tha t  ca n occu r  i n eac h ex -
perimenta l  conditio n (e.g. ,  competition ,  consistent ,  in -
consistent ,  an d unrelated) .  Onl y 1 2 o f  th e combination s ar e 
possible .  Fo r  example ,  a n inconsisten t  passag e canno t  b e 
recalle d i n respons e t o a  consisten t  cu e i n th e singleto n 
condition ,  becaus e n o suc h inconsisten t  passag e wa s pre -
sente d t o th e subject .  T o fi t  th e choic e model ,  i t  i s assume d 
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Tabl e 3 .  Observe d an d Predicte d Proportion s o f  Recalle d Sentence s b y Experimenta l  Conditio n 
Respons e typ e Competitio n 
Experimen t  1  targe t  sentence s 

Consisten t  .5 5 J 6 
Inconsisten t  .3 0 .2 8 
Unrelate d .0 1 .0 3 
No recal l  .1 3 .1 4 

Experimen t  1  surroun d sentence s 
Consisten t  .4 8 .4 6 
Inconsisten t  .1 8 .26 * 
Unrelate d .0 1 .04 * 
No recal l  .3 2 .2 5 

Experimen t  2  targe t  sentence s 
Consisten t  .4 7 .4 8 
Inconsisten t  .2 2 .2 8 
Unrelate d .0 0 .05 * 
No recal l  .3 0 .20 * 

Experimen t  2  surroun d sentence s 
Consisten t  .5 4 J O 
Inconsisten t  .2 1 .29 * 
Unrelate d .0 0 .04 * 
No recal l  .2 5 .17 * 

Note. Italicized values are expected proportions, non-italicized values are observed proportions. 
*  Differenc e betwee n observe d an d expecte d cel l  frequenc y i s >  1  standardize d cel l  deviatio n 

Consisten t 

.7 8 
— 

.0 3 

.1 9 

.5 9 
— 
.0 4 
.3 7 

.6 7 
— 
.0 1 
.3 2 

.6 6 
— 
.0 1 
.3 2 

.7 8 
— 
.0 4 
.1 9 

.6 1 
— 
.0 5 
.3 3 

.6 6 
— 
.06 * 
.2 8 

.7 1 
— 
.06 * 
.23 * 

Inconsisten t 

_ 

.6 0 

.0 7 

.3 3 

.5 5 

.0 7 

.3 8 

.6 0 

.0 7 

.3 3 

.6 6 

.0 7 

.2 6 

_ 

.6 3 

.0 6 

.3 1 

_̂_ 

.4 7 

.0 7 

.4 6 

J 4 
.0 8 
.3 8 

J 5 
.0 8 
.33 * 

Unrelate d 

^ 
— 
.1 7 
.8 3 

_ 
— 
.1 6 
.8 4 

_ 
— 
.2 1 
.7 9 

_ 
_ 
.2 3 
.7 7 

^ 
— 
.1 6 
.8 4 

_ 
-
.1 4 
.8 6 

_ 
-
.1 8 
.8 2 

-
.2 0 
.8 0 

Stre i 

1.0 0 
.4 9 
.0 5 
.2 4 

1.0 0 
.5 6 
.0 9 
.5 4 

1.0 0 
.5 9 
.0 9 
.4 1 

1.0 0 
.5 8 
.0 8 
.3 3 

tha t  eac h o f  th e 4  possibl e respons e type s ha s a  certai n 
"strength "  an d tha t  al l  1 2 respons e outcome s ca n b e 
predicte d b y thes e strength s a s a  functio n o f  th e choic e rule . 

The italicize d value s i n Tabl e 3  ar e th e predicte d acces s 
proportion s derive d b y fitting  th e choic e model ,  an d th e 
rightmost  colum n i n th e tabl e report s th e strengt h parame -
ter s fo r  th e fou r  respons e types .  (Th e statistic s reporte d her e 
wer e obtaine d fro m T W O W A Y:  Wickens ,  1989b ;  se e pp . 
109-116 ,  Wickens ,  1989a) .  A s ca n b e see n ,  th e choic e 
model  accuratel y describe s ou r  data ;  92-99 % o f  varianc e i s 
accounte d fo r  relativ e t o a  mode l  i n whic h al l  respons e 
type s hav e equa l  strength .  Corroboratin g A R C S,  th e 
estimate d strengt h parameter s fo r  inconsistently-cue d 
passage s ar e almos t  hal f  o f  thos e fo r  consistently-cue d 
passages . 

General Discussion 

We hav e show n tha t  remindin g ca n b e describe d a s a  com -
petitiv e selectio n amon g alternative s a s represente d b y th e 
choic e model.  Further ,  th e presen t  finding s clarif y a 
number  o f  basi c constraint s o n th e mechanism s o f  analog -
ica l  remindin g an d suppor t  severa l  prediction s fro m ARCS 
(Thagar d e t  al. ,  1990) .  W e foun d tha t  varyin g th e structura l 
consistenc y o f  singl e sentenc e cue s influence d acces s t o 
semantically-relate d passage s store d i n memory .  Thi s 
effec t  o n acces s wa s no t  onl y observe d fo r  th e targe t  sen -
tenc e tha t  wa s semanticall y linke d t o th e cue ,  bu t  i t  als o 
extende d t o th e indirectly-relate d surroun d portio n o f  th e 
passage .  Thes e result s wer e obtaine d unde r  condition s i n 
whic h similarit y o f  individua l  concept s wa s equate d 
(becaus e th e sam e word s wer e use d i n bot h th e consisten t 
and inconsisten t  cues) ,  an d surfac e correspondence s a t  th e 
leve l  o f  wor d orde r  wer e controlle d (b y rando m assignmen t 

of  activ e versu s passiv e voic e t o cue s an d targe t  sentences) . 
Our  measur e o f  acces s t o passage s di d no t  depen d o n 
successfu l  completio n o f  post-acces s processe s suc h a s 
proble m solvin g o r  explanation ,  thu s localizin g th e impac t 
of  consistenc y a t  th e initia l  acces s stag e itself .  Finally ,  th e 
observe d effec t  o f  configura l  overla p manifeste d itsel f  i n a n 
acces s measur e base d o n recover y o f  conten t  word s fro m 
th e passage ,  rathe r  tha n recover y o f  relationa l  structur e 
(althoug h subject s di d accuratel y recal l  th e case-rol e struc -
ture) .  Ou r  result s therefor e suppor t  th e conclusio n tha t 
structura l  relation s betwee n a  cu e an d store d memor y rep -
resentation s constitut e on e o f  th e basi c constraint s o n initia l 
access . 

The presen t  stud y als o provide d clea r  evidenc e tha t  mem-
or y acces s i s fundamentall y competitive ,  a s th e ARCS 
model  postulates .  W e foun d tha t  th e presenc e i n memor y o f 
tw o representation s containin g a  targe t  sentenc e seman -
tically-relate d t o th e cu e impaire d acces s t o eithe r  o f  th e 
competitors .  Acces s suffere d eve n thoug h instruction s t o 
subject s stresse d tha t  the y shoul d repor t  al l  passage s o f 
whic h the y wer e reminded . 

As predicte d b y th e ARCS model ,  th e effec t  o f  stnicmra l 
consistenc y o n memor y acces s i s greate r  whe n competin g 
representation s ar e activate d b y th e cue .  Th e fac t  tha t  pre -
viou s studie s o f  analogica l  remindin g onl y examine d th e 
equivalen t  o f  ou r  singleto n conditions ,  fo r  whic h th e in -
fluenc e o f  structura l  consistenc y tende d t o b e weake r  tha n 
i n ou r  competito r  condition s (se e Tabl e 3) ,  ma y hav e con -
tribute d t o som e o f  th e failure s t o fin d robus t  effect s o f 
configura l  overla p o n remindin g (e.g. ,  Seifer t  e t  al. ,  1986 ; 
Ratterma n &  Centner ,  1987) .  A s analogica l  remindin g i n 
everyda y lif e presumabl y take s plac e i n th e contex t  o f 
competitio n amon g multipl e partially-activate d memor y 
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representations ,  i t  woul d see m tha t  laborator y studie s o f 
remindin g hav e probabl y tende d t o understat e th e influenc e 
of  analogica l  similarit y o n memor y retrieval .  Also ,  th e 
insignifican t  differenc e (A /  =  .02 )  betwee n recal l  o f  anal -
ogou s an d disanalogou s singleto n surroun d sentence s ha s 
importan t  implication s fo r  artificia l  intelligenc e model s o f 
reminding — simpl e recal l  scheme s tha t  rank-orde r  indexe d 
target s b y thei r  degre e o f  similarit y an d selec t  th e "best " 
one wil l  likel y no t  mak e accurat e model s o f  huma n re -
minding . 

Futur e wor k need s t o addres s th e rol e o f  comprehensio n 
and inferenc e processe s i n reminding .  A R C S,  whic h use s 
onl y taxonomi c relation s betwee n individua l  concept s a s 
retrieva l  paths ,  lack s an y capacit y t o infer ,  fo r  example ,  tha t 
th e overal l  them e o f  a  passag e i s "retaliation" .  A s a  result , 
th e mode l  i s unabl e t o us e suc h implici t  abstraction s t o 
guid e retrieva l  b y indexin g episode s wit h simila r  abstrac t 
themes .  W e hav e attempte d t o addres s thi s proble m wit h 
S A A R CS (Lange ,  Melz ,  Wharton ,  &  Holyoak ,  1990) ,  a 
hybri d connectionis t  mode l  tha t  integrate s tex t  inferencin g 
and analogica l  reminding . 

Studie s o n th e rol e o f  comprehensio n an d inferenc e 
processe s i n remindin g shoul d als o hel p determin e exactl y 
why structura l  consistenc y i s a  facto r  i n recall .  I t  i s  possibl e 
tha t  th e mai n benefi t  o f  structura l  consistenc y betwee n a 
cue an d a  targe t  i s tha t  simila r  cue/targe t  structure s guid e 
th e inference s mad e an d thereb y resul t  i n mor e matchin g o f 
abstrac t  concepts .  Fo r  example ,  th e inference s neede d t o 
full y  comprehen d th e sentence s Th e pries t  calme d th e 
chairma n an d Th e chairma n calme d th e pries t  coul d b e 
ver y differen t  (e.g. ,  religiou s vs .  financia l  counseling) . 
Whil e th e presen t  stud y ha s demonstrate d tha t  th e structura l 
difference s betwee n cue s suc h a s th e priest/chairma n d o 
indee d affec t  reminding ,  i t  ha s no t  determine d whethe r  tha t 
effec t  i s  du e t o th e structura l  difference s pe r  se ,  th e differen t 

inference s th e structura l  difference s engender ,  o r  a 
combinatio n o f  th e two . 
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