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Abstrac t 
Model s o f  huma n memor y an d compute r  informatio n 
retrieva l  hav e man y similaritie s i n th e method s the y us e fo r 
representin g an d accessin g information .  Thi s articl e 
examine s th e method s an d representation s use d i n bot h 
human memor y modelin g an d compute r  informatio n 
retrieva l  an d discusse s similaritie s an d difference s Fro m 
thes e similaritie s an d differences ,  th e feature s tha t  lea d t o 
successfu l  retrieva l  i n bot h huma n memor y an d compute r 
informatio n retrieva l  domain s ca n b e determined .  A n 
analysi s o f  thes e feature s ca n the n hel p i n th e futur e desig n 
of  bot h huma n an d compute r  retrieva l  models . 

Introduction 

A recen t  estimat e put s th e amoun t  o f  informatio n 
accumulate d b y a n adul t  ove r  a  lifetim e t o b e o n th e orde r  o f 
10 ^  bit s (Landauer ,  1986) .  M o d e m computer s ar e als o abl e 
t o stor e abou t  thi s sam e amoun t  o f  information .  Whil e thi s 
grea t  capacit y permit s human s an d computer s t o stor e muc h 
information ,  on e o f  th e key s t o th e flexibilit y o f  bot h th e 
human brai n an d th e compute r  i s th e abilit y t o retriev e th e 
relevan t  informatio n quickl y an d accurately .  Withou t  fas t 
acces s t o information ,  bot h human s an d computer s coul d no t 
make th e almos t  instantaneou s action s fo r  whic h the y ar e 
bot h known .  Thus ,  a  primar y issu e i n bot h compute r  an d 
human informatio n retrieva l  i s  h o w t o acces s th e correc t 
informatio n i n a n efficien t  manner . 

H u m an an d compute r  memorie s diffe r  i n man y ways . 
Whil e huma n m e m o r y i s  neurall y base d an d ha s evolve d 
ove r  million s o f  years ,  compute r  m e m o r y i s silico n base d 
and ha s existe d fo r  onl y hal f  a  century .  Th e approache s t o 
th e stud y o f  th e tw o als o differ .  I n huma n memor y reffieval , 
th e primar y approac h ha s bee n t o predic t  memor y retrieva l 
phenomen a throug h developmen t  o f  psychologica l  model s 
of  m e m o r y an d t o tes t  thes e model s vi a laborator y 
experiments .  However ,  i n compute r  retrieval ,  rathe r  tha n 
concern s o f  tryin g t o explai n h o w th e retrieva l  works ,  th e 
primar y issue s involv e designin g th e mos t  efficien t  manne r 
t o stor e an d retriev e th e information . 

^Thi s researc h wa s supporte d b y th e Arm y Researc h Institute , 
projec t  M D A 903-86-CO143 .  Th e autho r  thank s Walte r  Kintsch , 
Ander s Ericsson ,  Rei d Hastie ,  Gerhar d Fischer ,  Pete r  Poison , 
Adrieim e Lee ,  Susa n Dumais ,  an d Thoma s Landaue r  fo r  helpfu l 
discussion s an d comment s o n version s o f  thi s paper . 

Whil e bot h field s hav e differen t  goal s an d wor k o n 
differen t  type s o f  storage ,  the y hav e similaritie s i n th e 
method s use d fo r  representin g an d accessin g information . 
Thi s articl e examine s method s an d representation s use d i n 
bot h huma n m e m o r y modelin g an d compute r  informatio n 
retrieva l  Fro m thei r  similaritie s an d differences ,  th e feature s 
tha t  lea d t o successfu l  retrieva l  i n bot h domain s ca n b e 
determined .  A n analysi s o f  thes e feature s ca n ai d i n th e 
desig n o f  bot h huma n an d compute r  retrieva l  models .  Thi s 
articl e i s a  summar y o f  finding s fro m Folt z (1991) . 

Stages of Retrieval 

Th e retrieva l  o f  informatio n fro m bot h h u m a n m e m o r y 
an d computer s occur s i n thre e stages :  generatin g th e 
retrieva l  cues ,  usin g th e cue s t o retriev e information ,  an d 
verifyin g tha t  th e retrieve d informatio n i s wha t  i s desired . 
Thes e stage s diffe r  i n th e typ e o f  cognitiv e activit y used .  T o 
retriev e information ,  cue s firs t  nee d t o b e generated .  Thi s 
proces s i s  strategic ,  involvin g controlle d processing .  A 
perso n develop s cue s tha t  describ e th e informatio n desire d 
base d o n th e curren t  context .  Th e generate d cue s ar e the n 
use d fo r  th e reu-ieval .  I n th e cas e o f  informatio n retrieval , 
th e cue s ar e transmitte d t o th e computer ,  whil e i n huma n 
retrieval ,  th e cue s ar e use d automatically .  I n bot h cases ,  th e 
actua l  retrieva l  proces s i s automatic ,  i.e .  no t  unde r  a  person' s 
strategi c control .  Onc e informatio n ha s bee n returne d fro m 
th e retrieva l  process ,  i t  i s  agai n unde r  th e contro l  o f  a 
strategi c proces s whic h evaluate s th e informatio n t o 
determin e i f  i t  i s  wha t  wa s desired .  T h e retrieva l  o f 
informatio n m a y no t  b e jus t  a  singl e cycl e o f  thes e thre e 
stages ,  bu t  m a y involv e severa l  iterations .  Informatio n 
retrieve d i n a  previou s iteratio n m a y b e adde d a s additiona l 
cue s fo r  th e nex t  retrieval .  I n man y h u m a n an d compute r 
retrieva l  models ,  th e automati c an d th e strategi c component s 
ar e ofte n treate d separately .  I n thi s article ,  th e model s ar e 
organize d base d o n whethe r  a n automati c o r  strategi c 
componen t  o f  retrieva l  i s bein g examined . 

Psychological approaches to retrieval 

H u m an m e m o r y model s ar e develope d wit h th e primar y 
goa l  o f  tryin g t o explai n h o w ou r  m e m o r y works .  Th e 
approac h trie s t o answe r  question s abou t  h o w w e store , 
retriev e an d represen t  information ,  an d w h y w e m a y fai l  a t 
retrieval .  Whil e ther e hav e bee n man y model s o f  memor y 
retrieval ,  thi s sectio n focuse s o n thre e differen t  classe s o f 
model s o f  automati c retrieva l  fro m lon g ter m memory . 
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Automat i c m e m o r y mode l s 

C o m p o u nd cue .  Th e compoun d cu e mode l  o f  memor y 
(Raaijmaker s &  Shiffrin ,  1981 ;  Ratclif f  &  M c K o o n .  1988) . 
assume s associativ e connection s betwee n retrieva l  cue s an d 
item s i n memory .  Th e model s serv e a s a  genera l  theor y o f 
retrieva l  fro m long-ter m m e m o r y an d ha s bee n use d t o 
predic t  suc h phenomen a a s th e recal l  o f  wor d list s an d th e 
rang e an d deca y o f  priming .  I n th e model ,  eac h ite m i n 
m e m o ry ha s a  probabilit y  o f  bein g sample d tha t  i s 
dependen t  o n th e associativ e strengt h o f  tha t  ite m t o a  se t  o f 
prob e cue s i n compariso n t o th e strength s o f  al l  othe r  item s 
t o th e sam e se t  o f  prob e cues .  Whil e cue s ar e connecte d t o 
memory items ,  ther e ar e n o connection s betwee n th e item s 
i n memory .  Thus ,  connection s betwee n memor y item s ar e 
onl y mediate d throug h connection s fro m tw o memor y item s 
t o ih e sam e cue .  Retrieva l  o f  informatio n i s treate d a s a n 
iterativ e process ,  addin g retrieve d memor y item s a s ne w 
retrieva l  cue s unti l  a  certai n numbe r  o f  failure s t o retriev e 
any ne w item s occurs .  Thus ,  retrieva l  i n th e compoun d cu e 
model  i s entirel y dependen t  o n th e cue s used . 
Spreadin g Activation .  Th e concep t  o f  spreadin g activatio n 
has bee n widel y use d a s a  searc h mechanis m o f  semanti c 
network s (e.g .  Anderson ,  1983) .  Spreadin g activatio n 
model s o f  retrieva l  us e a  semanti c networ k o f  interconnecte d 
m e m o ry items ,  wit h connection s representin g semanti c 
relationships .  A s i n th e compoun d cu e model ,  initia l  item s 
ar e activate d b y th e cue s given .  Th e activatio n o f  thes e item s 
the n spread s alon g th e connection s t o activat e othe r 
associate d items .  Th e amoun t  o f  sprea d fro m on e ite m t o 
anothe r  i s typicall y base d o n th e amoun t  o f  activatio n 
receive d b y th e first  item ,  th e numbe r  o f  connection s ou t  o f 
th e first  ite m an d th e connectio n strengt h betwee n th e items . 

I n term s o f  retrieval ,  compoun d cu e an d spreadin g 
activatio n model s diffe r  primaril y o n th e rang e o f  activate d 
nodes .  I n compoun d cu e retrieval ,  th e onl y activate d node s 
woul d b e thos e directl y associate d wit h th e cues .  I n 
spreadin g activation ,  retrieva l  i s no t  onl y cue-dependent ,  bu t 
als o dependen t  o n th e connection s betwee n memor y items . 
Distribute d models .  Distribute d model s o f  m e m o r y 
(Murdock ,  1983 ;  Hintzman ,  1986) ,  diffe r  fro m th e previou s 
model s i n term s o f  thei r  representatio n o f  informatio n i n 
memory.  I n thes e models ,  informatio n i s represente d a s a 
vecto r  o f  feature s rathe r  tha n discret e node s i n whic h a 
concep t  i s stored .  I n retrieval ,  a  vecto r  representin g th e cue s 
and contex t  i s  compare d t o th e store d vectors .  Th e resul t 
represent s th e bes t  matc h betwee n th e cue s an d th e store d 
informatio n whil e als o capturin g som e o f  th e similaritie s 
betwee n th e informatio n tha t  ha s bee n previousl y stored .  I n 
thi s manner ,  give n a  se t  o f  features ,  th e retrieva l  proces s 
return s item s tha t  bes t  matc h th e se t  o f  features ,  althoug h th e 
item s ar e slightl y abstracte d fro m whe n the y wer e encode d 
du e t o thei r  association s t o othe r  memor y items . 

O ne primar y differenc e fro m th e previou s model s i s tha t 
th e distribute d model s matc h base d o n feature s o f  th e ite m 
an d o n th e association s m a d e wit h othe r  encode d items . 
Whil e th e compoun d cu e an d spreadin g activatio n model s 
hav e association s betwee n simila r  items ,  the y d o no t  directl y 
matc h base d o n th e encode d features .  However ,  th e model s 
al l  encod e informatio n item s usin g s o m e for m o f 

association s betwee n th e item s an d othe r  informatio n 
encode d wit h the m an d therefor e al l  exhibi t  contex t 
dependence .  The y als o al l  displa y cue-dependenc e i n tha t 
th e retrieva l  o f  informatio n i s primaril y dependen t  o n th e 
cue s given ,  althoug h i t  ca n b e mediate d b y th e pattern s o f 
association s o f  othe r  store d information . 

Strategic retrieval 

Whil e th e model s describe d abov e addres s retrieva l  issue s 
onc e th e cue s hav e bee n provided ,  the y d o no t  addres s man y 
of  th e issue s o f  huma n strategi c contro l  o f  retrieval .  W h e n 
we nee d t o retriev e information ,  w e mus t  decid e wha t  ar e 
th e bes t  cue s t o us e fo r  th e retrieva l  an d evaluat e wha t  i s 
returne d t o determin e i f  i t  i s  wha t  w e want .  I n a  protoco l 
stud y o f  peopl e recallin g th e name s o f  thei r  hig h schoo l 
classmates ,  William s (1978 )  identifie d som e o f  th e strategie s 
use d i n retrieval .  H e foun d tha t  peopl e initiall y  identifie d a 
contex t  i n whic h t o search ,  the n searche d thei r  memory ,  an d 
the n verifie d wha t  wa s retrieved .  Th e proces s wa s applie d 
recursively ,  wit h peopl e usin g th e whol e cycl e t o retriev e 
context s fo r  anothe r  retrieval .  Th e William s stud y 
highlight s th e nee d fo r  a n appropriat e contex t  fo r  reu-ieval . 
Contex t  effect s hav e bee n widel y researche d i n connectio n 
wit h Tulving' s encodin g specificit y principl e (Tulvin g & 
Thompson ,  1973) .  Thus ,  informatio n ca n onl y b e retrieve d 
give n th e appropriat e contex t  wit h whic h i t  wa s stored . 

I n additio n t o context ,  encodin g strategie s als o pla y a 
majo r  rol e i n retrieval .  Chas e an d Ericsson' s (1981 )  studie s 
on exper t  memor y sho w tha t  retrieva l  i s no t  onl y dependen t 
on effectiv e retrieva l  strategies ,  bu t  als o o n effectiv e 
encodin g strategies .  Thus ,  specifi c  strategie s ar e develope d 
fo r  bot h encodin g an d retrievin g information ,  wit h thes e 
strategie s bein g highl y perso n an d domai n specific . 

The strategi c aspect s o f  retrieva l  describe d i n thi s sectio n 
poin t  t o th e fac t  tha t  retrieva l  i s  no t  jus t  th e proces s o f 
searchin g a  serie s o f  memor y item s give n certai n cue s t o se e 
whic h item s bes t  matc h th e cues .  Instead ,  a  contex t  fo r  th e 
retrieva l  mus t  b e established .  Individua l  cues ,  suc h a s th e 
fe w word s use d i n memor y model s fo r  cue d recall ,  ar e 
seldo m th e onl y item s use d fo r  retrieval .  A  perso n no t  onl y 
use s th e wor d cu e tha t  wa s provided ,  bu t  als o th e additiona l 
contex t  o f  th e situatio n whe n th e origina l  wor d wa s encode d 
fo r  th e retrieval .  A s informatio n i s retrieved ,  i t  to o serve s a s 
a contex t  fo r  retrievin g additiona l  information .  Specifi c 
strategie s ar e similarl y use d whe n initiall y  encodin g th e 
information ,  thereb y facilitatin g th e us e o f  contex t  t o hel p 
retriev e it . 

Computer information retrieval 

The goa l  o f  Informatio n Retrieva l  (ER )  i s t o retriev e wha t 
i s wante d whil e minimizin g th e retrieva l  o f  undesire d 
information .  Ther e ar e again ,  th e tw o interactin g sub -
processe s o f  retrieval .  Ther e i s a  controlle d proces s i n 
whic h human s mus t  decid e wha t  cue s t o provid e t o th e I R 
syste m an d evaluat e wha t  i s returned .  Onc e the y hav e 
decide d o n th e cue s t o use ,  the y provid e th e cue s t o th e 
automati c proces s o f  th e syste m t o retriev e th e information . 
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Automat i c retrieva l  m o d e l s 

As i n huma n m e m o r y retrieval ,  retrieva l  o f  a n ite m i s 
dependen t  o n th e similarit y betwee n tha t  ite m an d th e cue s 
given .  Th e variet y o f  informatio n retrieva l  model s represen t 
differen t  method s o f  calculatin g an d representin g thes e 
similaritie s i n orde r  t o maximiz e th e effectivenes s o f  th e 
retrieva l  give n th e task s an d environment .  I n th e retrieva l  o f 
textua l  information ,  eac h documen t  i s treate d a s a  se t  o f 
features ,  i n whic h eac h featur e correspond s t o a  ter m use d i n 
th e document .  A  standar d metho d o f  retrieva l  i s t o represen t 
eac h ter m a s a  vecto r  wit h eac h vecto r  elemen t  representin g 
whethe r  a  particula r  documen t  contain s th e term .  Give n a 
quer y consistin g o f  terms ,  th e bes t  matchin g document s ca n 
be retrieve d throug h Boolea n operations . 

I n th e vecto r  spac e mode l  (Salto n &  McGill ,  1983) ,  eac h 
documen t  i s represente d a s a  vecto r  o f  term s i n a  hig h 
dimensiona l  spac e base d o n th e indexin g terms .  An y quer y 
can als o b e represente d a s a  vecto r  i n th e space .  Th e 
similarit y betwee n a  quer y vecto r  an d documen t  vector s ca n 
the n b e measure d b y th e distanc e betwee n th e tw o vectors . 
Lik e th e distribute d huma n memor y models ,  thi s similarit y 
i s  calculate d usin g th e su m o f  th e product s o f  th e vectors . 

Anothe r  retrieva l  metho d use d i s probabilisti c  retrieva l 
(Bookstei n &  Swanson ,  1975) .  Document s ar e ranke d base d 
on tw o probabilisti c  relation s betwee n term s an d documents , 
th e probabilit y  tha t  a  give n ter m occur s i n th e relevan t  se t  o f 
document s an d th e probabilit y  tha t  a  ter m occur s i n th e non -
relevan t  se t  o f  documents .  B y estimatin g probabilitie s fro m 
a collectio n o f  documents ,  th e probabilit y  o f  th e relevanc e o f 
each documen t  give n th e term s ca n b e calculated . 

The fac t  tha t  m a n y I R method s requir e usin g th e exac t 
word s fro m th e documen t  t o retriev e i t  highlight s on e o f  th e 
deficiencie s i n curren t  techniques .  Peopl e seldo m k n o w 
whic h word s wil l  describ e a  documen t  an d ther e i s a  grea t 
variabilit y  i n th e choic e o f  word s betwee n people .  Thus , 
keywor d matchin g ca n fai l  du e t o polysem y (multipl e 
meaning s fo r  a  word )  an d synonym y (multipl e way s o f 
referin g t o on e concept) . 

Whil e th e model s describe d abov e ar e base d o n relation s 
betwee n individua l  document s an d th e cue s give n t o retriev e 
them ,  som e retrieva l  model s ar e mor e networ k based ,  i n tha t 
the y emphasiz e th e connection s betwee n th e documents .  I n 
thi s way ,  th e document s for m a  semanti c networ k o f 
informatio n i n whic h document s o n simila r  topic s ten d t o 
cluster .  A  variet y o f  method s hav e bee n use d fo r  creatin g 
networ k representation s usin g th e term s t o determin e featur e 
similarit y suc h a s clusterin g an d facto r  analyti c methods . 
Retrieva l  o f  informatio n ca n the n b e don e b y returnin g 
informatio n occurin g i n region s o f  th e semanti c space .  Th e 
problem s o f  exac t  wor d usag e ar e avoide d sinc e 
semanticall y simila r  document s ca n b e retrieve d together . 

Strategic retrieval 

I n retrieva l  i t  i s  ofte n no t  clea r  t o th e use r  h o w o r  wha t 
can b e retrieved .  User s m a y no t  k n o w whic h term s t o us e 
due t o problem s o f  synonym y an d becaus e the y ar e no t 
familia r  wit h wha t  typ e o f  informatio n the y ca n retriev e 
fro m th e database .  Ther e ar e als o problem s wit h th e actua l 
interactio n wit h th e system ;  user s m a y no t  k n o w h o w t o 

for m a  quer y o r  us e th e quer y language .  Thus ,  a  use r 
interactin g wit h a  retrieva l  syste m m a y nee d t o us e som e 
consciou s strategies .  T o eas e thes e strategi c problems ,  I R 
use s method s fo r  interpretin g wha t  a  use r  want s an d way s o f 
lettin g th e use r  brows e throug h th e information . 

I n relevanc e feedback ,  (Salto n &  Buckley ,  1990 )  th e I R 
syste m return s a  lis t  o f  document s afte r  a n initia l  query .  A 
use r  ca n the n rat e th e relevanc e o f  th e retrieve d documents . 
Thi s informatio n i s the n use d t o perfor m additiona l 
retrievals .  Sinc e th e n e w quer y contain s mor e refine d 
informatio n abou t  wha t  th e use r  consider s relevant ,  i t  tend s 
t o retur n mor e relevan t  items .  User s thus ,  ar e n o longe r 
dependen t  o n providin g accurat e term s fo r  thei r  queries ,  bu t 
ca n jus t  indicat e document s tha t  appea r  relevan t  t o thei r 
interests .  Thi s reduce s th e effor t  o f  havin g t o k n o w wha t  i s 
i n th e databas e an d allow s user s t o hav e a  lo t  mor e contro l 
of  th e iterativ e searc h process . 

Relevanc e feedbac k i s als o simila r  t o informatio n 
browser s an d hyptertexts .  Informatio n browser s us e a  se t  o f 
ric h connection s betwee n document s t o allo w a  use r  t o 
navigat e throug h th e spac e o f  information .  Throug h 
navigation ,  a  use r  ca n se e th e relationship s betwee n item s i n 
th e semanti c networ k an d m o v e t o area s wher e th e mos t 
relevan t  item s ar e located .  Thus ,  a s i n h u m a n retrieval , 
strategie s ca n b e use d fo r  findin g th e desire d information . 

Hybrid models 

Wit h th e man y similaritie s betwee n huma n retrieva l  an d 
compute r  informatio n retrieval ,  ther e ar e som e model s an d 
system s tha t  hav e incorporate d feature s o f  both .  Thes e 
model s coul d b e considere d hybrid s i n tha t  the y d o 
informatio n retrieval ,  bu t  appl y psychologica l  model s o f 
retrieval .  Thes e model s cros s th e boundarie s o f  bein g jus t 
an informatio n retrieva l  o r  a  huma n memor y model ,  bu t  us e 
feature s fro m bot h field s i n orde r  t o b e a n effectiv e retrieva l 
system .  The y therefor e illustrat e th e complementar y natur e 
of  huma n an d compute r  retrieva l  models . 

O ne o f  th e primar y idea s fro m th e h u m a n m e m o r y 
literatur e tha t  ha s bee n use d i n informatio n retrieva l  i s  th e 
concep t  o f  differentia l  associativ e connection s betwee n 
item s o f  information .  Fo r  thi s reason ,  ther e hav e bee n a 
variet y o f  retrieva l  model s usin g spreadin g activatio n o r 
connectionis t  model s (Jones ,  1986 ;  Ros e &  Belew ,  1989) . 
I n thes e systems ,  a  use r  ca n activat e certai n term s fo r  thei r 
query .  Activatio n the n flow s fro m thes e term s t o th e 
document s an d othe r  term s unti l  th e networ k settles .  Th e 
highes t  activate d document s woul d the n b e retrieved . 

S o me informatio n retrieva l  system s incorporat e 
psychologica l  model s o f  users '  retrieva l  strategies .  O n e suc h 
syste m wa s Williams '  (1984 )  R A B B I T system ,  base d o n hi s 
researc h o n memor y retrieval ,  strategies .  Wit h R A B B I T , 
peopl e use d a n iterativ e proces s o f  givin g a  partia l 
descriptio n o f  wha t  the y wanted ,  relieve d a  genera l  contex t 
and the n use d th e informatio n t o narro w th e cue s t o ge t  th e 
information .  Thus ,  th e syste m allowe d user s t o d o compute r 
retrieva l  usin g familia r  memor y retrieva l  strategies . 

A ver y differen t  hybri d approac h i s Anderson' s (1990 ) 
rationa l  mode l  o f  huma n retrieval ,  whic h combine s feature s 
of  bot h informatio n retrieva l  wit h th e constraint s o f  huma n 
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memory.  I t  serve s a s a  mode l  o f  huma n retrieval ,  althoug h 
i t  i s  buil t  usin g feature s o f  a  probabilisti c  mode l  o f  librar y 
borrowing .  Incorporatin g histor y o f  usag e an d contex t 
factors ,  hi s mode l  use s som e o f  th e environmenta l  feature s 
tha t  hav e typicall y no t  bee n considere d i n othe r 
psychologica l  models .  Thi s differ s fro m th e othe r  hybri d 
models ,  whic h applie d psychologica l  principle s t o desig n a n 
informatio n retrieva l  mode l  becaus e i t  applie s som e o f  th e 
principle s fro m informatio n retrieva l  t o hel p constrai n th e 
desig n o f  a  psychologica l  mode l  o f  huma n retrieval . 

Conclusions 

Models and representation of information 

Th e retrieva l  model s describe d i n thi s articl e us e a  limite d 
number  o f  method s fo r  creatin g th e connection s betwee n 
cue s an d m e m o r y items ,  matchin g th e informatio n an d 
representin g th e memor y items .  Thes e feature s ar e outline d 
fo r  som e o f  th e model s i n Tabl e 1 . 

For  m e m o r y item s t o b e retrievable ,  ther e mus t  b e 
connection s fro m th e item s t o th e al l  th e cue s tha t  coul d b e 
use d t o retriev e i t  A s see n i n Tabl e 1 ,  th e origi n o f  thes e 
connection s fo r  al l  o f  th e model s deriv e fro m eithe r 
similarit y o f  th e feature s i n th e cue s an d item s o r  base d o n 
th e co-occurrenc e o f  cue s an d item s durin g encoding .  I n 
thi s manner ,  th e connection s i n al l  model s ar e base d o n 
tempora l  o r  featura l  co-occurence .  Onc e thes e connection s 
ar e created ,  th e model s us e matchin g method s t o retriev e 
item s give n cues .  I n som e models ,  th e matchin g method s 
us e th e connection s directl y a s th e retrieva l  metho d (e.g . 
compoun d cu e model) .  Howeve r  i n mos t  models ,  th e 
retrieva l  i s  als o base d o n wha t  othe r  informatio n i s encode d 
i n memory .  I n spreadin g activation ,  retrieva l  i s  base d bot h 
on th e cu e connection s an d th e inter-ite m connections . 
Similarl y i n distribute d model s wit h a  composit e associativ e 
trace ,  retrieva l  i s  base d no t  onl y o n featur e similarit y 
betwee n a  cu e an d informatio n items ,  bu t  als o o n 
relationship s betwee n item s adde d t o th e composit e 
associativ e trace . 

Base d o n th e model s discussed ,  ther e ar e tw o way s o f 
representin g th e m e m o r y information ,  a s a  network ,  o r  a s a 
set  o f  features .  I n a  networ k representation ,  th e informatio n 
i s represente d a s discret e items .  Thes e item s ar e connecte d 
t o eac h othe r  throug h representin g activation s betwee n th e 
items .  I n th e featur e representation ,  informatio n i s 
represente d a s a  se t  o f  feature s rathe r  tha n discret e elements . 
Rathe r  tha n representin g ite m A  a s strongl y connecte d t o B 
an d weakl y connecte d t o C ,  i t  coul d b e represente d a s 
sharin g man y feature s o f  B  an d fe w feature s o f  C .  I n thi s 
manner ,  connection s betwee n informatio n i n networ k 
representation s ar e typicall y m a d e throug h examinin g 
featur e overlap .  Therefor e a  networ k representatio n ca n b e 
derive d fro m a  featur e representation ,  a s i s typicall y don e 
fo r  spreadin g activatio n models . 

Strategic retrieval 

H u m a ns ar e expert s a t  usin g strategie s t o stor e an d 
retriev e informatio n fro m thei r  o w n memory .  The y ar e 
familia r  wit h th e structur e o f  th e informatio n store d an d th e 
retrieva l  cue s tha t  ca n b e use d sinc e the y di d th e initia l 

encoding .  Thi s i s no t  th e cas e i n compute r  retrieval .  User s 
ar e seldo m familia r  wit h wha t  informatio n i s availabl e an d 
h o w i t  i s  organized .  Thi s unfamiliarit y hinder s thei r  abilit y 
t o develo p goo d retrieva l  cue s t o giv e t o th e system .  User s 
ar e als o no t  familia r  wit h th e way s o f  specifyin g th e cues . 
Sinc e mos t  retrieva l  system s ar e ter m based ,  th e exac t  term s 
must  b e specifie d t o ge t  th e desire d information . 

Informatio n retrieva l  system s ar e currentl y addin g 
feature s t o ai d strategi c retrieval .  Iterativ e retrieva l  allow s 
user s t o refin e thei r  quer y interactivel y a s the y becom e mor e 
familia r  wit h th e structur e an d semantic s o f  th e store d 
information .  Relevanc e feedbac k similarl y let s user s narro w 
th e contex t  t o wher e the y wan t  t o searc h b y providin g 
additiona l  contex t  cue s fo r  th e search .  Browsin g als o 
permit s user s t o navigat e throug h a  se t  o f  information , 
typicall y stayin g withi n th e sam e context .  Thus ,  a  use r  i s i n 
contro l  o f  th e searc h process ,  makin g th e decision s o n whic h 
directio n t o g o t o fin d a  relevan t  piec e o f  information . 

Implications for the two fields 

The similaritie s betwee n huma n an d compute r  retrieva l 
indicat e th e complementar y natur e o f  th e tw o systems . 
Informatio n retrieva l  system s functio n a s extension s o f  ou r 
o wn memory .  Fo r  thi s reason ,  ther e shoul d b e som e 
similaritie s i n h o w informatio n retrieva l  system s ar e use d 
and designed .  O n e suc h featur e i s t o allo w user s t o emplo y 
familia r  retrieva l  strategie s whe n usin g th e system .  A s 
describe d above ,  som e system s hav e implemente d thes e 
strategi c aids .  Nevertheless ,  compute r  retrieva l  system s d o 
not  m a k e th e larg e numbe r  o f  association s betwee n 
informatio n item s a s d o humans .  Thi s i s du e t o th e fac t  tha t 
system s hav e minima l  encodin g skill s  an d mus t  rel y o n ter m 
base d encodin g a s oppose d t o th e human' s semanti c 
encoding .  Th e system s als o d o no t  us e m u c h contex t  i n 
retrieval .  Typically ,  retrieva l  i s  performe d usin g jus t  a  se t  o f 
word s provide d b y a  user ,  wherea s huma n retrieva l  use s 
m a ny additiona l  contextua l  cue s suc h a s tempora l  an d 
locationa l  information .  Thus ,  improvemen t  i n informatio n 
retrieva l  model s ca n b e mad e throug h tailorin g th e system s 
t o incorporat e semanti c relationship s i n encodin g an d t o us e 
contextua l  informatio n fo r  retrieva l  suc h a s use r  profiles . 
Psychologica l  model s o f  memor y an d o f  retrieva l  strategie s 
highligh t  th e curren t  abilitie s o f  th e huma n retrieva l  syste m 
and ca n provid e direction s fo r  informatio n retrieva l  system s 
t o augmen t  th e human' s abilit y  t o find  information . 

Conversely ,  huma n memor y retrieva l  ca n lear n from  th e 
insight s int o compute r  informatio n retrieval .  Informatio n 
retrieva l  researcher s hav e develope d efficen t  systems ,  takin g 
int o accoun t  suc h feature s a s th e frequenc y o f  occurrenc e o f 
information ,  associativ e an d featur e base d representations , 
and huma n retrieva l  strategies .  Thes e model s hav e becom e 
fairl y simila r  t o thos e use d i n psychologica l  m e m o r y 
modeling .  Thi s suggest s tha t  bot h field s ar e searchin g fo r 
analogou s solutions .  Development s o f  efficien t  informatio n 
retrieva l  model s ca n provid e guidanc e fo r  psychologist s a s 
t o type s o f  representation s an d algorithm s t o b e use d t o 
model  efficien t  memor y retrieval .  Th e improvement s i n 
retrieva l  whe n usin g relevanc e feedbac k suggest s tha t  th e 
automati c proces s o f  retrieva l  nee d no t  b e entirel y efficien t 
fo r  huma n memory .  Wit h strategi c interventio n o f  relevanc e 
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feedback ,  a  quer y ca n b e quckl y narrowe d dow n t o Ih e 
relevan t  information .  Thi s ma y b e th e cas e to o i n huma n 
memory.  Th e actua l  automati c retrieva l  proces s nee d no t  b e 
entirel y efficient ,  sinc e w e hav e stratet̂ i c  skill s  fo r 
developin g th e contex t  an d revisin g th e cue s t o narro w dow n 
on th e desire d information .  Ther e ar e fe w memor y model s 
tha t  incorporat e bot h th e automati c retrieva l  componen t  an d 
th e wealt h o f  strategie s use d t o develo p an d revis e th e cues . 

I n informatio n retrieval ,  on e o f  th e ke y method s t o 
developin g a  retrieva l  syste m i s base d o n knowledg e o f  tas k 
and environmenta l  factors .  A s suggeste d b y Anderson' s 
(1990 )  wor k an d fro m th e ecologica l  approache s t o huma n 
memory,  huma n memor y model s i n th e futur e ma y examin e 
more o f  wha t  type s o f  task s huma n memor y i s designe d t o 
do,  an d wha t  ar e som e o f  th e environmenta l  constraint s i n 
whic h th e memor y mus t  operate . 

The insight s fro m th e tw o field s ca n provid e guideline s t o 
ai d developmen t  o f  bette r  retrieva l  models .  Thes e model s 
wil l  mor e likel y fal l  unde r  th e categor y o f  hybrid s 
incorporatin g th e bes t  feature s an d constraint s o f  th e tw o 
type s o f  retrieval .  I n th e lon g run ,  thes e insight s ca n provid e 
bot h a  bette r  understandin g o f  ho w ou r  ow n retrieva l  syste m 
work s an d ho w t o develo p bette r  externa l  retrieva l  systems . 
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Retrieva l  Mode l 

Compound Cu e 

Distribute d 

Spreadin g 
Activatio n 
Rationa l  Memor y 
model 
Inverte d inde x 

Vecto r  Spac e 

Probabilisti c 

Spreadin g 
Activatio n 
Conneclionis t 

Exampl e 

S AM Gillun d & 
Shiffri n (1984 ) 
T O D AM Murdoc k 
(1982 ) 
A C T*  Anderso n 
(1983 ) 
Anderso n (1990 ) 

Salto n &  McGil l 
(1983 ) 
S M A RT Salto n & 
McGil l  (1983 ) 
Bookstei n & 
Swanson (1975 ) 
Memory Extende r 
Jone s (1986 ) 
Rose &  Bele w 
(1989 ) 

Domain 

Human 

Human 

Human 

Human 

IR 

IR 

IR 

IR 

IR 

Matchin g Metho d 

Activatio n o f  item s associate d 
wit h cue s 
Correlatio n o f  ite m featur e 
vector s t o cu e vecto r 
Activatio n o f  item s sprea d fro m 
cues an d othe r  item s 
Based o n probabilitie s o f  histor y 
and contex t 
Boolea n operation s o n featur e 
vector s 
Distanc e betwee n ite m an d cu e 
vector s 
Prob .  a  cu e i s i n a  relevan t  ite m 
vs.  prob .  i n a  no n relevan t  ite m 
Activatio n o f  cue s spread s t o 
cues an d othe r  item s 
Activatio n o f  cue s spread s t o 
othe r  cue s an d item s 

Ongi n o f  connection s 

Cues t o ite m strengt h base d o n 
S TM co-occurrenc e 
Featur e similarit y 

Based o n degre e o f  associatio n 
betwee n item s 
Based o n probabilitie s o f  histor y 
and contex t 
Featur e similarit y (ter m overlap ) 

Featur e similarit y (ter m overlap ) 

Featur e similarit y (ter m overlap ) 

Semanti c networ k base d o n featu r 
(term )  similarit y 
Featur e (term )  similarit y an d use r 
feedbac k 

Representatio n 

Networ k 

Featur e 

Networ k 

Networ k 

Featur e 

Featur e 

Featur e 

Network / 
Featur e 
Network / 
Featur e 

Tabl e 1 .  Representation s an d method s use d fo r  h u m a n an d compute r  retrieva l  models . 
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