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A Funct iona l  Perspectiv e o n R e m i n d i n g * 
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and 
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Departmen t  o f  Compute r  Scienc e 
Universit y  o f  Chicag o 

1100 E .  58t h Stree t 

Chicago ,  I L 6063 7 

Col lee n Seifer t 

Departmen t  o f  Psycholog y 

Universit y o f  Michiga n 

330 Packar d Roa d 

A n n Arbor ,  M I  4810 4 

Abstrac t 
Thi s pape r  explore s th e relationshi p betwee n huma n 
activit y an d remindings .  W e argu e tha t  th e typ e o f 
activit y i n whic h a  perso n i s engage d influence s th e 
kind s o f  feature s tha t  trigge r  remindings ,  and , 
conversely ,  tha t  reminding s ca n chang e situate d 
behavio r  ove r  time .  W e argu e furthe r  tha t  th e type s o f 
indice s use d i n memor y ar e no t  uniform ,  bu t  depen d 
upo n th e natur e o f  th e tas k tha t  a  perso n i s engage d i n 
as wel l  a s hi s histor y o f  interactio n wit h th e world . 

Introduction 

A rif t  currentl y divide s th e fiel d o f  analogica l 

reasoning ,  wit h researcher s i n psycholog y o n on e sid e 

and thos e i n Artificia l  Intelligenc e o n th e other .  Thi s 

rif t  come s fro m a  basi c differenc e i n researc h 

philosophie s withi n th e tw o camps .  Researcher s i n A I 

generall y tr y t o solv e problems ;  the y determin e th e 

functionalit y the y need ,  develo p theorie s o f  behavio r 

t o provid e tha t  functionality ,  an d the n correlat e thos e 

theorie s wit h h u m a n behavior .  Researcher s i n 

psychology ,  wor k i n th e othe r  direction .  The y tr y t o 

progres s fro m observe d h u m a n behavio r  t o a 

functiona l  theory . 

Specifically ,  a  debat e ha s lon g brewe d wit h regar d 

t o people' s abilit y  t o b e reminde d o n th e basi s o f 

abstrac t  features .  Th e A I  functionalist s hav e 

constantl y promote d th e nee d t o fin d a  "bes t  match " 

Thi s wor k wa s supporte d i n par t  b y th e Defens e 
Advance d Researc h Project s Agency ,  monitore d b y th e Ai r 
Forc e Offic e o f  Scientifi c  Researc h unde r  contrac t  F49620-88 -
C-0058 ,  an d th e Offic e o f  Nava l  Researc h unde r  contrac t 
N0014-85-K-010 . 

betwee n a  ne w proble m descriptio n an d a n existin g 

exampl e i n m e m o r y (Kolodne r  &  Simpso n 1989 , 

H a m m o nd 1989 ,  Bareis s 1989) .  The y hav e concen -

trate d o n example s tha t  pus h th e limit s o f  thei r  abilit y 

t o represen t  relevan t  features ,  le t  alon e organiz e 

memory aroun d the m (Bimbau m an d Collin s 1989 , 

Schan k 1982) . 

Conversely ,  th e empiricist s i n psycholog y clai m 

tha t  th e experimenta l  dat a show s tha t  retrieva l  occur s 

onl y o n th e basi s o f  surfac e feature s (Centne r  & 

Lander s 1985 ,  Ros s 1987 ,  Gic k &  Holyoa k 1983 , 

Holyoa k &  Thagar d 1985) . 

Thi s either/o r  debat e hide s th e diversit y o f 

remindings .  Memor y serve s man y masters ,  an d thu s 

we shoul d expec t  i t  t o b e sensitiv e t o th e activit y i n 

whic h th e agen t  i s engaged .  Sometime s reminding s 

occu r  o n th e basi s o f  surfac e features ,  sometime s o n 

th e basi s o f  dee p structure .  Evidenc e exist s fo r  each , 

and eac h ha s it s uniqu e functionality .  Likewise , 

learnin g fro m reminding s i s no t  alway s th e one-sho t 

dea l  ofte n postulate d b y thos e i n case-base d 

reasoning ,  bu t  ca n aris e fro m a  dynami c interactio n 

betwee n repeate d reminding s an d activit y i n th e 

world . 

I n thi s paper ,  w e wil l  presen t  severa l  example s o f 

reminding s i n differen t  contexts ,  examinin g eac h i n 

detai l  t o se e wha t  functiona l  rol e th e reminding s play , 

and wha t  the y tel l  u s abou t  th e structur e an d dynami c 

of  memory .  Ou r  argumen t  wil l  b e that ,  whil e 

memory i s drive n b y a  singl e process ,  th e differen t 

function s i t  serve s caus e i t  t o exhibi t  differen t 

behaviors . 
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T w o E x a m p l e s o f  R e m i n d i n g s 

We begi n wit h tw o example s whic h addres s th e 

abstrac t  feature/surfac e featur e dispute ,  wit h 

implication s fo r  planning .  Bot h ar e o f  naturall y 

occurrin g reminding s o f  th e sor t  studie d b y Schan k i n 

Dynami c Memor y (Schan k 1982) . 

Flight of the Phoenix 

X wa s workin g lat e o n a  projec t  tha t  wa s du e i n a 

matte r  o f  days .  A s h e sa w th e deadlin e approach , 

he considere d th e followin g tw o plans :  eithe r 

continu e t o wor k straigh t  throug h th e nigh t  (an d 

th e nex t  day )  o r  ge t  a  goo d night' s slee p an d 

come bac k t o th e offic e refreshed .  Th e firs t  pla n 

allow s th e us e o f  al l  o f  th e tim e fo r  wor k o n th e 

project .  Th e secon d provide s les s time ,  bu t  th e 

tim e i t  doe s provid e i s o f  a  bette r  quality . 

Whil e thinkin g abou t  hi s problem ,  X  wa s 

reminde d o f  a  scen e fro m th e movi e "Fligh t  o f  th e 

Phoenix "  i n whic h a  characte r  playe d b y Jimm y 

Stewar t  ha d t o star t  a  damage d plan e i n th e 

desert .  Th e plane' s ignitio n use d explosiv e 

cartridge s an d Stewar t  ha d onl y seve n left .  Th e 

plane' s exhaus t  tube s wer e fille d wit h sand — 

whic h coul d b e blaste d ou t  usin g th e sam e 

explosiv e cartridges . 

Jimmy Stewart' s characte r  wa s face d wit h a 

choice :  eithe r  tr y t o star t  th e plan e usin g th e 

cartridge s directly ,  o r  us e som e o f  the m t o clea r 

th e exhaus t  tube s thu s enhancin g th e overal l 

utilit y  o f  th e othe r  cartridges . 

This is a classic problem-solving situation involving 

resourc e conflicts .  Th e remindin g i s o f  a  proble m 

analogicall y simila r  t o th e proble m facin g X ,  an d i t 

carrie s wit h i t  informatio n abou t  h o w t o mak e th e 

decision .  I n th e nex t  example ,  th e remindin g i s muc h 

more concretel y relate d t o th e tas k a t  hand . 

Misse d Exi t 

Y wa s drivin g alon g a n expresswa y i n th e lef t 

lane ,  becaus e traffi c  wa s movin g faste r  there .  H e 

spotte d th e exi t  wher e h e wante d t o ge t  off . 

Unfortunately ,  b y th e tim e h e worke d hi s wa y 

int o th e right-han d lane ,  h e ha d misse d th e exit . 

The nex t  tim e Y  wa s drivin g o n th e sam e 

expresswa y i n th e lef t  lane ,  intendin g t o ge t  of f  a t 

th e sam e exit ,  h e remembere d th e exi t  earlie r  tha n 

before ,  bu t  stil l  to o lat e t o mak e th e exit . 

The thir d time ,  Y  mad e th e exit . 

This example, due to Phil Agre (1990, personal 

communication) ,  demonstrate s th e rol e tha t  remin -

ding s ca n pla y i n repeate d situate d activity .  B y 

rememberin g earlie r  failures ,  Y  i s abl e t o modif y hi s 

behavio r  incrementall y unti l  h e reache s a n optima l 

solutio n fo r  balancin g th e conflictin g subgoal s o f 

drivin g fas t  an d catchin g th e exit . 

I n additio n t o thei r  relevanc e t o th e abstrac t  versu s 

surfac e featur e dispute ,  thes e tw o example s represen t 

opposit e end s o f  th e plannin g spectru m i n AI . 

Together ,  the y challeng e u s t o devis e a  coheren t 

model  o f  memor y tha t  support s bot h behaviors . 

Analysis 

Althoug h w e us e th e word s "remember "  an d 

"reminding "  t o describ e th e action s o f  m e m o r y i n 

eac h o f  th e abov e examples ,  th e dynamic s whic h giv e 

ris e t o th e reminding s ar e ver y different ,  an d th e 

reminding s themselve s pla y differen t  functiona l  roles . 

Thes e difference s hav e imf)ortan t  implication s fo r  th e 

feature s use d fo r  memor y indexin g an d th e mech -

anism s b y whic h memor y functions . 

I n th e Fligh t  o f  th e Phoeni x example ,  X  face s a 

choic e betwee n tw o plan s t o satisf y a  singl e goal .  Th e 

remindin g fro m th e movi e come s abou t  a s a  by -

produc t  o f  contemplatin g th e tw o choices ,  an d 

uncoverin g th e natur e o f  th e sleep^then-wor k plan . 

The situatio n face d b y J imm y Stewar t  share s n o 

surfac e feature s wit h th e write-or-slee p decision .  O n 

th e leve l  o f  abstrac t  problem-solving ,  however ,  th e 

tw o situation s matc h exactly .  Eac h protagonis t  ha s a 

goal  an d a  limite d resource .  Th e protagonist s mus t 

decid e betwee n tw o plan s fo r  usin g th e resource ;  on e 

pla n use s th e resourc e directl y i n servic e o f  th e goal , 

whil e th e othe r  split s th e resourc e betwee n a n 

optimizatio n ste p an d a  direct-us e step . 

The remindin g play s a  valuabl e functiona l  rol e i n 

tha t  i t  give s X  a  differen t  perspectiv e o n th e proble m 

at  hand .  I n th e movie ,  Jimm y Stewar t  wen t  wit h th e 

clear-and-star t  pla n ove r  th e objection s o f  hi s com -

panions ,  bu t  fro m X' s poin t  o f  vie w th e importan t 

informatio n come s fro m th e debat e ove r  whethe r  th e 

charge s tha t  remaine d afte r  clearin g th e exhaus t 

woul d b e sufficien t  t o star t  th e plane .  Thi s debat e fo -

cuse s X' s attentio n o n th e questio n o f  whethe r  sleep -

in g woul d leav e enoug h tim e t o complet e th e project . 

I n th e Misse d Exi t  example ,  reminding s pla y a 

differen t  functiona l  role ,  contributin g t o a  chang e i n 

behavio r  withi n a  repeate d activity .  Structurally ,  th e 

proble m i s t o optimiz e ove r  tw o goals :  driv e fas t 

(henc e driv e i n th e lef t  lane) ,  an d ge t  of f  a t  th e righ t 

place .  However ,  Y  ca n ac t  onl y o n th e basi s o f 

immediat e environmenta l  cue s an d memory . 

The classica l  plannin g approac h t o thi s problem , 

th e kin d o f  approac h use d successfull y i n th e Fligh t  o f 

th e Phoeni x example ,  woul d requir e a n uncoverin g o f 
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th e dee p structur e o f  th e problem .  However ,  th e 

structur e i s minima l  i n thi s case ;  a  structure-leve l 

"solution "  v^oul d b e loo k lik e "Mov e int o th e right -

han d lan e onl y whe n yo u nee d to/ '  whic h i s clearl y 

no solutio n a t  all . 

Failin g a  solutio n o n th e abstrac t  level ,  th e classica l 

plannin g approac h woul d us e projection .  Fo r 

projection ,  a  planne r  woul d requir e knowledg e o f  th e 

spee d o f  traffi c  i n eac h lane .  I t  woul d requir e 

knowledg e o f  th e traffi c  density ,  sinc e tha t  affect s 

h o w quickl y on e ca n chang e lanes .  I t  woul d requir e 

exac t  knowledg e o f  distance s betwee n landmarks . 

Yet  distanc e betwee n landmark s i s no t  commonl y 

k n o w n wit h an y precision ,  an d traffi c  change s 

chaotically ,  makin g precis e measurement s an d 

prediction s impossible .  A  classica l  planne r  canno t 

hop e t o decid e a  prior i  wher e t o begi n changin g lanes , 

becaus e th e necessar y informatio n jus t  isn' t  available . 

No usefu l  solutio n t o thi s proble m ca n b e define d i n 

term s o f  th e structur e o f  th e situation .  Th e solutio n 

must  necessaril y  b e define d i n term s o f  th e surfac e 

feature s tha t  defin e th e activity .  Thos e feature s ar e 

detectabl e onl y a t  th e tim e o f  execution ,  an d imper -

fectl y eve n then ,  renderin g projectio n impossible . 

Runtim e trial-and-erro r  base d o n immediatel y 

perceptibl e environmenta l  cue s i s th e onl y practica l 

w ay t o solv e thi s problem .  W e nee d t o remembe r 

wher e w e bega n ou r  mov e las t  time ,  wha t  happened , 

an d h o w traffi c  toda y compare s t o traffi c  las t  time . 

That  kin d o f  informatio n i s exactl y wha t  th e 

reminding s i n thi s exampl e provide . 

Implications for Memory 

The Fligh t  o f  th e Phoeni x an d th e Misse d Exi t 

example s tel l  u s tha t  memor y respond s t o th e func -

tiona l  need s o f  th e situation .  Th e functiona l  need s o f 

th e tw o example s plac e differen t  vocabular y an d 

structura l  demand s o n memory .  Thi s sectio n define s 

what  thos e demand s are . 

As h e remember s "Fligh t  o f  th e Phoenix, "  X  i s abl e 

t o recal l  man y surface-leve l  details .  Thes e includ e th e 

leadin g actor ,  th e setting ,  th e plane ,  th e mean s fo r 

startin g th e plane ,  th e tw o plan s fo r  startin g th e plane . 

Fro m thi s w e dra w th e uncontroversia l  conclusio n 

tha t  th e vocabular y o f  memor y include s th e c o m m o n 

semanti c vocabular y o f  f>eople ,  planes ,  an d deserts . 

Additionally ,  X  remembere d mor e comple x aspject s 

of  th e particula r  scene .  H e remembere d th e rational e 

fo r  th e clear-and-star t  pla n an d th e concer n that ,  afte r 

clearin g th e exhausts ,  th e remainin g cartridge s woul d 

be insufficient .  Thu s memor y include s a  vocabular y 

associate d wit h planning ,  includin g notion s o f 

resourc e limitation s an d o f  optimization . 

We shoul d poin t  ou t  tha t  dee p knowledg e o f  th e 

situatio n ca n reduc e th e overhea d i n storin g som e o f 

th e details .  Fo r  example ,  th e relationshi p betwee n th e 

settin g (th e desert )  an d th e proble m (san d i n th e 

exhaust )  make s i t  eas y t o reconstruc t  eithe r  detai l  i f 

one ca n remembe r  th e other . 

By wha t  feature s i s th e scen e fro m "Fligh t  o f  th e 

Phoenix "  indexed ? X  coul d probabl y recal l  tha t 

movi e i n th e contex t  o f  movie s starrin g J imm y 

Stewart ,  o r  se t  i n th e desert ,  o r  involvin g damage d 

planes .  However ,  wha t  make s th e Fligh t  o f  th e 

Phoeni x exampl e interestin g i s tha t  X' s curren t 

dilemm a (whethe r  t o writ e o r  sleep )  contain s non e o f 

thes e surfac e details ,  bu t  matche s th e movi e perfectl y 

on th e abstrac t  plannin g level .  W e ca n onl y conclud e 

tha t  th e movi e scen e i s als o indexe d b y an d retrieve d 

on th e basi s o f  thos e abstrac t  plannin g characteristics . 

Unfortunately ,  empirica l  psychologist s hav e bee n 

unsuccessfu l  a t  obtainin g deep-structur e reminding s 

i n a  controlle d settin g (Centne r  an d Lander s 1985 , 

Ratterma n an d Centne r  1987 ,  Ros s 1987 ,  Cic k an d 

Holyoa k 1980 ,  1983 ,  Holyoa k an d Thagar d 1985 , 

Holyoa k an d K o h 1987) .  Thei r  experienc e i s tha t 

memory retrieva l  occur s primaril y o n th e basi s o f 

surfac e features ;  retrieva l  o n th e basi s o f  abstrac t 

structur e i s rar e an d har d t o reproduce . 

One possibl e explanatio n fo r  thei r  result s  i s tha t  th e 

structur e an d functionin g o f  memor y itsel f  limit s ou r 

abilit y  t o hav e suc h remindings .  However ,  th e Righ t 

of  th e Phoeni x exampl e contradict s thi s explanation . 

We believ e tha t  memor y i s equall y well-equippe d fo r 

dee p reminding s an d surface-featur e remindings ;  an y 

limitatio n arise s fro m th e tas k a t  hand . 

We fin d tha t  muc h o f  th e psychologists '  dat a come s 

fro m shallo w stor y understandin g an d problem -

solvin g tasks .  I n (Centne r  an d Lander s 1985) ,  th e tas k 

was t o rea d storie s generall y tw o paragraph s i n 

length ,  an d t o writ e d o w n an y reminding s th e 

subject s ha d o f  a n earlie r  grou p o f  stories .  Th e storie s 

themselve s wer e no t  difficul t  t o read ,  an d fro m th e 

subjects '  poin t  o f  view ,  an y remindin g wa s sufficient . 

The predominanc e o f  surface-featur e reminding s i n 

thi s contex t  doe s no t  surpris e us .  Seifer t  e t  a l  (1986 ) 

als o observe d th e absenc e o f  primin g effect s (implici t 

activation )  durin g stor y processin g o n th e basi s o f 

themati c structur e similarity .  However ,  whe n th e 

subject s wer e instructe d t o atten d t o themati c 

structure ,  primin g effect s wer e discovered . 

I n (Cic k an d Holyoa k 1983) ,  subject s wer e give n a 

story ,  referre d t o a s "Th e Ceneral, "  i n th e contex t  o f  a 

recal l  task .  Late r  the y wer e presente d wit h a  proble m 

t o solve ,  know n a s th e "radiatio n problem. " 

I n th e story ,  a  genera l  wishe s t o overthro w a  dic -

tator .  Th e dictato r  occupie s a  fortres s i n th e country . 
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Severa l  road s lea d int o th e fortress ;  however ,  al l  o f 

the m hav e bee n mine d suc h tha t  whil e smal l  group s 

can pas s safely ,  an y larg e forc e wil l  detonat e th e 

mines .  Th e general' s  solutio n i s t o partitio n hi s arm y 

among th e roads ,  s o tha t  eac h grou p i s smal l  enoug h 

t o pas s safely ,  ye t  whe n the y converg e o n th e fortres s 

the y wil l  b e stron g enoug h t o captur e it . 

The "radiatio n problem "  posit s a n inoperabl e 

tumo r  whic h mus t  b e kille d wit h radiation .  An y 

radiatio n stron g enoug h t o damag e th e tumo r  wil l 

als o damag e th e surroundin g tissue .  Th e proble m i s 

t o destro y th e tumo r  wit h radiatio n whil e preservin g 

th e surroundin g tissue ;  th e solutio n i s t o radiate d th e 

tumo r  fro m severa l  direction s wit h ray s wea k enoug h 

tha t  the y d o no t  damag e th e health y tissue . 

Convergin g o n th e tumor ,  however ,  the y s u m 

togethe r  t o kil l  th e tumor . 

The "radiatio n problem "  bear s littl e surfac e simi -

larit y t o th e stor y o f  th e general ,  ye t  i t  wa s intende d t o 

be structurall y analogous .  Subject s foun d i t  difficul t 

enoug h tha t  fe w o f  the m wer e abl e t o solv e i t  withou t 

a hin t  directin g the m t o us e th e solutio n i n th e story . 

Our  proble m wit h thi s stud y i s tha t  althoug h th e 

solutio n t o th e radiatio n proble m an d th e solutio n 

use d b y th e genera l  ar e beautifull y  analogous ,  th e 

problem s ar e not .  Th e goa l  i n th e stor y i s t o upse t  th e 

statu s quo .  Th e goa l  i n th e proble m i s t o remov e a n 

invasiv e entit y t o restor e th e statu s quo .  Seifer t  an d 

Gra y (1990 )  change d th e Genera l  stor y s o tha t  th e 

fortres s i s occupie d b y terrorist s instea d o f  b y th e 

dictator ,  spontaneou s analogica l  recal l  wa s doubled . 

I n thei r  conclusion ,  Seifer t  an d Gra y note d tha t  th e 

abilit y  t o b e reminde d base d o n abstrac t  feature s 

require s tha t  bot h episode s b e encode d th e sam e way . 

The abstrac t  feature s mus t  b e availabl e a t  bot h storag e 

and retrieva l  times .  Wha t  make s th e Fligh t  o f  th e 

Phoeni x remindin g possibl e i s tha t  th e structur e o f  th e 

situatio n i s explicitl y  state d i n th e movie ,  allowin g 

tha t  structur e t o b e use d a s a n storag e index ,  an d th e 

structur e i s uncovere d b y X  a s h e pander s hi s dilem -

ma,  allowin g i t  t o b e use d a s a  retrieva l  index .  Simpl e 

processin g task s wil l  no t  evok e a n encodin g suffi -

cientl y ric h fo r  deep-structur e analogica l  retrieval . 

The remindings in the Missed Exit example key off 

of  surfac e features ,  an d w e hav e see n tha t  ther e ar e 

goo d functiona l  reason s fo r  that .  Wha t  i s peculia r 

abou t  thi s example ,  however ,  i s  th e chang e i n 

behavio r  ove r  time .  H o w doe s th e remindin g occu r 

farthe r  bac k alon g th e expresswa y eac h time ? 

As explaine d above ,  th e circumstance s ar e to o 

complicate d t o determin e a n exac t  poin t  a t  whic h t o 

begi n changin g lanes .  Thi s i s tru e a  posterior i  a s wel l 

as a  priori ,  an d fo r  th e sam e reasons .  W e hypothesize . 

therefore ,  tha t  whe n th e failur e occur s i t  get s indexe d 

by associate d landmarks .  "Associate d landmarks " 

woul d includ e landmark s nea r  th e exit ,  an d probabl y 

landmark s nea r  wher e Y  bega n t o chang e lanes .  A 

consciou s versio n o f  thi s indexin g woul d b e 

somethin g lik e "Th e bridg e wasn' t  soo n enough . 

Next  tim e I  nee d t o star t  movin g earlier. " 

H o w doe s thi s hel p nex t  time ? W e not e tha t  a  goo d 

drive r  doe s no t  focu s hi s attentio n directl y i n fron t  o f 

her  car ,  bu t  scan s th e roa d fa r  ahead .  I n situation s 

wher e hi s vie w o f  a  familia r  roa d i s blocked ,  a s 

aroun d a  corne r  o r  i n fog ,  th e goo d drive r  doe s a 

smal l  amoun t  o f  projection ,  anticipatin g wha t  wil l 

come next .  Thus ,  befor e h e get s there ,  Y  wil l  eithe r 

see th e landmar k wit h whic h th e failur e i s associated , 

or  wil l  imagin e it .  Seein g i t  o r  imaginin g i t  i s  enoug h 

t o trigge r  th e reminding .  I f  th e remindin g occur s fa r 

enoug h bac k alon g th e expressway ,  Y  wil l  catc h th e 

exit .  Otherwise ,  h e ha s anothe r  episod e t o remembe r 

nex t  time ,  indexe d b y a  landmar k farthe r  back . 

More Examples, More Fimctionalities 

The peopl e involve d i n th e Fligh t  o f  th e Phoeni x an d 

th e Misse d Exi t  example s ha d differen t  functiona l 

requirements :  X  ha d t o decid e betwee n tw o 

alternativ e course s o f  action ;  Y  ha d t o remembe r  t o 

begi n movin g towar d th e right-han d lin e earlier . 

Thos e differen t  functiona l  requirement s cause d 

cause d memor y t o behav e i n differen t  ways .  Nex t  w e 

conside r  tw o example s whic h see m t o plac e th e sam e 

functiona l  requirement s o n memory ,  bu t  yiel d 

differen t  behavior .  Thes e behavior s revea l  additiona l 

subtletie s i n th e organizatio n o f  memory . 

Milk 

J ra n ou t  o f  mil k durin g breakfast .  H e couldn' t 

bu y an y the n becaus e h e ha d t o g o t o work . 

Whil e runnin g a n erran d late r  tha t  day ,  J 

passe d a  grocer y store .  H e remembere d tha t  h e 

neede d milk .  Decidin g tha t  th e mil k woul d kee p 

unti l  h e wen t  home ,  h e steppe d int o th e store . 

J has a goal to get milk. He remembers the goal at the 

bes t  possibl e m o m e nt  fo r  satisfyin g it ,  w h e n th e 

condition s i n th e worl d ar e rip e fo r  buyin g milk . 

The nex t  exampl e show s tha t  w e can' t  alway s 

recogniz e eve n th e mos t  obviou s o f  opportunities . 

Steve's Loan 

Stev e loane d hi s goo d frien d T o m $2 0 on e Frida y 

night .  Th e nex t  morning ,  T o m foun d th e $2 0 bill , 

unspent ,  an d tol d himsel f  t o giv e i t  t o Stev e whe n 

he sa w hi m next .  Later ,  T o m wen t  t o Steve' s 

apartmen t  t o watc h a  bal l  game ,  bu t  didn' t 
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remember  th e mone y unti l  Stev e happene d t o 

tak e som e dolla r  bill s  ou t  o f  hi s pocket . 

Tom knew in advance the conditions of a good oppor-

tunit y t o giv e Stev e th e money :  seein g Steve .  Fo r 

some reaso n th e effor t  t o remembe r  a t  th e righ t  tim e 

failed ,  however ,  an d h e remembere d thank s onl y t o 

an unexpecte d event . 

Analysis 

Th e reminding s i n thes e tw o storie s shar e th e 

c o m m on them e o f  rememberin g t o d o something . 

The interestin g differenc e betwee n the m i s that ,  i n th e 

firs t  case ,  th e renundin g cam e a t  a  "good "  time ;  i n th e 

second ,  th e remindin g wa s triggere d b y a  causall y 

unrelate d an d unpredictabl e event . 

Runnin g ou t  o f  mil k gav e J  th e goa l  t o ge t  milk ,  bu t 

he couldn' t  couldn' t  pursu e th e goa l  immediately . 

What  happene d t o tha t  goal ? W e coul d imagin e hi m 

forgettin g abou t  it ,  no t  rememberin g tha t  h e wa s ou t 

of  mil k unti l  th e nex t  tim e h e neede d some .  Or ,  w e 

coul d imagin e hi m plannin g t o bu y mil k a t  a  specifi c 

tim e o f  day ,  suc h a s durin g lunch ,  o r  perhap s 

anticipatin g th e errand .  Th e forme r  i s a n unfortunat e 

laps e whic h happen s t o al l  o f  u s sometimes ;  th e latte r 

require s projection ,  whic h ha s bee n prove d intractabl e 

i n th e genera l  cas e (Chapma n 1985) . 

I n thi s case ,  however ,  J  mad e n o effor t  t o pla n h o w 

a tri p t o th e grocer y stor e migh t  fi t  int o th e tumul -

tuou s event s o f  th e day ,  no r  wa s th e goa l  t o ge t  mil k 

forgotten .  Instead ,  i t  remaine d i n memor y indexe d b y 

feature s whic h woul d indicat e a  goo d opportunit y t o 

bu y milk ,  i.e .  th e imag e o f  a  grocer y store .  Thi s i s a n 

exampl e o f  opportunisti c memory ,  a n ide a examine d i n 

(Converse ,  H a m m o n d,  an d Martin ,  1990) . 

Accordin g t o th e opportunisti c m e m o r y theory , 

goal s an d plan s ar e governe d b y policie s (McDermot t 

1978) .  A  polic y describe s a  stat e o f  th e worl d which , 

whil e desirabl e t o a n agent ,  doe s no t  requir e constan t 

attention .  Havin g mil k  i s a  typica l  policy .  W e don' t 

spen d ou r  day s askin g i f  w e hav e milk ,  bu t  i f  w e ru n 

out ,  w e notic e i t  an d mak e som e effor t  t o ge t  more . 

Well-wor n goal s lik e obtainin g mil k hav e well -

wor n plan s indexe d unde r  them .  I n opportunisti c 

memory,  whe n th e agen t  decide s tha t  h e canno t  im -

mediatel y pursu e th e goal ,  th e goa l  i s  suspended ,  o r 

save d i n memory .  Th e precondition s o f  th e plan s fo r 

satisfyin g i t  ar e use d a s indices ,  s o tha t  i f  th e worl d 

present s a  situatio n i n whic h man y o f  th e precondi -

tion s ar e satisfied ,  th e agen t  ca n tak e advantag e o f  th e 

opportunity . 

Gettin g mil k  i s a  c o m m o n tas k whic h J  ha s accom -

plishe d m a n y times ,  an d almos t  alway s a t  a  grocer y 

store .  Th e preconditio n o f  bein g a t  a  stor e ar e well -

know n an d easil y recognized .  Thu s whe n th e goa l  o f 

gettin g mil k i s suspended ,  J  know s unde r  whic h th e 

feature s t o inde x it .  W h e n th e opportunit y arise s t o 

bu y milk ,  J  ca n recogniz e i t  an d tak e advantag e o f  it . 

The example of Steve's Loan provides an 

interestin g counterpoin t  t o th e firs t  becaus e i t  seem s 

t o betra y th e opportunisti c memor y theory .  T o m ha d 

a goa l  t o retur n th e money .  H e m a d e a n explicit , 

consciou s attemp t  t o inde x tha t  goa l  unde r  th e 

condition s tha t  woul d mak e i t  eas y t o satisfy :  seein g 

Steve .  Yet ,  th e goa l  wa s no t  triggere d whe n thos e 

condition s wer e met ,  bu t  onl y o n th e basi s o f  surfac e 

feature s whic h coul d no t  hav e bee n anticipated . 

The troubl e arise s ou t  o f  a  nee d t o avoi d spuriou s 

remindings .  S o m e feature s ar e to o c o m m o n t o b e 

use d a s reliabl e indices ,  unles s ther e i s a  clos e two -

way correlatio n betwee n th e featur e an d wha t  i s t o b e 

remembered .  Fo r  Tom ,  th e sigh t  o f  Stev e i s associate d 

wit h to o man y thing s t o b e a  goo d featur e o n whic h t o 

inde x anything .  The y commut e t o work ,  coo k dinner , 

pla y p)ool ,  an d watc h T V together .  Grocer y stores ,  o n 

th e othe r  hand ,  hav e a  uniqu e associatio n wit h 

purchasin g food .  Althoug h th e sigh t  o f  a  grocer y 

stor e i s c o m m o n ,  th e rol e grocer y store s fil l  i n ou r 

live s i s narrowl y enoug h define d tha t  the y mak e a 

goo d featur e fo r  reminding s abou t  purchasin g food . 

Simple Remindings 

I n contras t  t o th e complex ,  structure-ric h remindin g 

i n th e Fligh t  o f  th e Phoeni x example ,  many ,  probabl y 

most  o f  ou r  reminding s ar e extremel y simple . 

H a w ks 

X say s t o Y ,  " I  sa w a  haw k yesterday. "  Y  says , 

"Oh ,  I  wa s jus t  readin g abou t  hawks .  D o yo u 

kno w wha t  kin d i t  was? " 

Here is a surface-level reminding with no apparent 

functionality .  Conside r  th e task ,  however :  Y  ha s onl y 

t o understan d wha t  X  ha s sai d t o hi m an d reac t  t o i t  i n 

an appropriat e way .  Th e subjec t  o f  th e utteranc e i s a 

hawk-sighting ;  th e contex t  o f  th e utteranc e i s informa l 

conversatio n abou t  recen t  persona l  event s i n one' s 

life .  Henc e th e remindin g i s doubl y appropriate .  I n 

th e proces s o f  relatin g th e utteranc e t o hi s relevan t 

knowledg e o f  hawks ,  Y  i s reminde d o f  a  recen t 

activit y suitabl e fo r  conversation .  Simpl e reminding s 

of  thi s kin d ar e a  par t  o f  basi c huma n understanding . 
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Summary 

Thi s pape r  presente d fiv e remindin g examples .  First , 

a problem-solvin g situatio n generate d a n remindin g 

which ,  whil e sharin g n o importan t  surfac e features , 

provide d insigh t  int o th e natur e o f  th e problem .  I n 

th e secon d example ,  reminding s occurre d i n th e mids t 

of  repeated ,  situate d activit y o n th e basi s o f  perceptu -

all y eviden t  features .  Th e reminding s helpe d th e 

agent  avoi d failur e an d optimiz e ove r  conflictin g sub -

goals .  Third ,  a  goa l  tha t  coul d no t  b e pursue d imme -

diatel y wa s suspende d an d indexe d i n memor y b y th e 

feature s tha t  woul d indicat e a  goo d opportunit y fo r 

it s  satisfaction .  Th e fourt h exampl e reveale d a  limita -

tio n o f  thi s functionality :  goal s canno t  b e indexe d b y 

feature s whic h ar e extremel y c o m m o n an d associate d 

wit h man y othe r  goals .  Finally ,  informa l  conversatio n 

provoke d a  simpl e remindin g nonetheles s well-suite d 

t o th e tas k o f  understandin g a n utteranc e an d gener -

atin g a n appropriat e reply . 

Thes e fiv e example s revea l  th e diversit y o f  situ -

ation s i n whic h reminding s occur ,  an d th e divers e 

role s the y play .  Reminding s hel p u s solv e problems , 

the y hel p u s optimiz e betwee n conflictin g goals ,  the y 

hel p u s notic e opportunities ,  the y hel p u s d o wha t  w e 

inten d t o do ,  an d the y mak e i t  possibl e fo r  u s t o relat e 

ne w informatio n t o wha t  w e alread y know . 

I n respons e t o th e debat e ove r  whethe r  reminding s 

occu r  o n th e basi s o f  surfac e feature s o r  dee p struc -

ture ,  w e hav e argue d tha t  th e contex t  an d typ e o f 

activit y i s  th e importan t  factor ,  rathe r  tha n an y inher -

ent  limitatio n o f  memory .  Task s requirin g abstrac t 

analysi s yiel d abstrac t  remindings ;  task s tha t  depen d 

on feature s i n th e worl d inde x o n th e basi s o f  readily -

identifiabl e surfac e features .  Finally ,  w e hav e argue d 

tha t  thi s influenc e o f  activit y o n memor y i s function -

all y significant :  abstrac t  reminding s ar e mor e likel y t o 

carr y th e kin d o f  informatio n w e nee d t o solv e 

comple x problems ;  surface-leve l  reminding s ar e mor e 

likel y t o hel p u s reac t  quickl y t o ou r  environment . 
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