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Goal  o f  Symposiu m 

The intent of this symposium is to provide a forum for 
discussio n abou t  wha t  i t  i s  lik e t o tr y t o "do "  cognitiv e 
scienc e i n setting s involvin g rea l  products ,  rea l  customers , 
and othe r  constraint s i n whic h th e botto m lin e i s no t 
necessaril y  t o produc e a  pristin e tes t  o f  a  theor y bu t  rather , 
t o compet e i n th e marketplac e o r  perhap s sav e a  life . 
Cognitiv e scienc e i s ful l  o f  interestin g an d comple x 
theories .  Thes e theorie s thoug h ar e ofte n difficul t  t o 
translat e int o actio n i n setting s tha t  requir e rapi d response s 
t o desig n an d implementatio n questions .  Thus ,  i n th e fac e 
of  real-worl d constraints ,  cognitiv e scienc e ca n see m o f  littl e 
use. 

Cognitive scientists have to overcome the resistance to 
thei r  idea s fel t  b y interfac e designers ,  engineers ,  an d othe r 
peopl e wh o creat e artifact s upo n whic h cognitiv e scienc e 
coul d potentiall y  hav e a  larg e impac t  durin g variou s stage s 
of  development .  I n orde r  t o overcom e thi s resistance ,  ther e 
must  b e demonstration s tha t  cognitiv e scientist s ca n b e 
productiv e tea m members ,  tha t  cognitiv e scienc e ca n b e use d 
successfull y unde r  workplac e constraints ,  an d tha t  i t  ca n 
develo p tool s tha t  ca n b e use d b y peopl e wh o ar e no t 
cognitiv e scientists . 

Despite the challenging picture and daunting tasks 
outline d above ,  cognitiv e scienc e ha s bee n successfull y 
applie d i n wor k setting s an d th e example s belo w sho w tha t 
i t  ca n mak e usefu l  contributions . 
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Retrievin g Informatio n f ro m 

Externa l  Source s 

Susan T. Dumais 
Bellcor e 

People have surprising difficulty in retrieving relevant 
informatio n fro m externa l  sources .  Anyon e wh o ha s looke d 
fo r  somethin g i n th e inde x o f  a  book ,  th e Yello w Pages ,  o r 
i n compute r  database s ha s experience d thi s problem .  Yo u 
kno w tha t  th e informatio n i s there ,  bu t  yo u can' t  thin k o f 
th e righ t  word s t o find  it !  Althoug h muc h researc h i n 
cognitiv e psycholog y ha s bee n devote d t o detaile d 
description s o f  ho w peopl e retriev e informatio n from  thei r 
own memories ,  muc h les s wor k ha s addresse d th e questio n 
of  retrievin g informatio n from  externa l  source s suc h a s othe r 
people ,  books ,  o r  compute r  databases .  On e proble m tha t  i s 
immediatel y eviden t  i n attemptin g t o retriev e informatio n 
from  externa l  source s i s th e tremendou s mismatc h betwee n 
th e searcher' s languag e an d tha t  o f  th e targe t  information . 

We call this the "vocabulary mismatch" problem. In 
brief ,  th e word s tha t  a  searche r  use s t o find  a n objec t  ar e 
ofte n differen t  tha n th e word s use d b y th e autho r  o r  indexe r 
t o describ e tha t  object .  Fo r  a  wid e variet y o f  domains ,  w e 
foun d tha t  tw o peopl e (e.g. ,  a  searche r  an d a n indexer ) 
generate d th e sam e mai n descripto r  fo r  object s onl y 10-20 % 
of  th e tim e (Furnas ,  Landauer ,  Gomez &  Dumais ,  1987) . 
Comparabl e poo r  agreemen t  ha s bee n foun d i n studie s o f 
interindexe r  consistenc y (Tar r  &  Borko ,  1974 )  an d i n th e 
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generatio n o f  searc h term s b y exper t  searcher s (Fidel ,  1985) . 
Thi s proble m i s no t  eviden t  i n traditiona l  model s o f  huma n 
memory becaus e memoi y probe s ar e i n th e sam e languag e a s 
th e memor y representatio n -  thus ,  b y definition ,  ther e i s n o 
mismatch . 

Vocabulary mismatch is a major barrier to the effective 
use o f  compute r  database s becaus e mos t  informatio n 
retrieva l  tool s ar e "wor d based. "  Tha t  is ,  the y depen d o n 
matchin g word s i n users '  querie s wit h word s i n th e object s 
of  interest .  Becaus e o f  th e tremendou s diversit y i n th e word s 
tha t  peopl e us e t o describ e essentiall y  th e sam e ide a o r 
concep t  (synonymy) ,  relevan t  object s wil l  b e missed .  Blai r 
and Maro n (1985) ,  fo r  example ,  foun d tha t  u p t o 8 0 % o f 
know n relevan t  material s wer e misse d eve n b y exper t 
searchers .  On e wa y o f  thinkin g abou t  th e retrieva l  failure s 
of  word-base d system s i s tha t  word s ar e assume d t o b e 
independent .  A  quer y abou t  "cars "  i s n o mor e likel y t o 
retriev e a n articl e abou t  "automobiles "  tha n i t  i s  on e abou t 
"elephants, "  i f  neithe r  autho r  use d precisel y th e ter m "cars. " 
Thi s i s clearl y untru e o f  huma n memor y an d seem s 
undesirabl e i n compute r  systems . 

We have developed an automatic statistical method called 
Laten t  Semanti c Indexin g (LSI )  whic h model s th e inter -
relationship s amon g term s an d exploit s the m t o improv e 
retrieval .  W e us e singular-valu e decompositio n (SVD) ,  a 
techniqu e closel y relate d t o eigenvecto r  decompositio n an d 
facto r  analysis ,  t o mode l  associativ e structur e (se e 
Deerwester ,  Dumais ,  Landauer ,  Furna s &  Harshman ,  199 0 
fo r  details) .  A  larg e matri x o f  term s t o documen t 
associatio n dat a i s decompose d int o a  se t  o f  k=100-30 0 
orthogona l  factor s tha t  bes t  approximat e th e origina l  matrix . 
The ide a i s tha t  thes e k  larges t  independen t  linea r 

component s captur e th e majo r  associationa l  structur e i n th e 
matri x an d remov e th e nois e o r  variabilit y  i n wor d usage . 
The resul t  o f  th e analysi s i s a  k-dimensiona l  "semanti c 
space "  i n whic h eac h ter m an d documen t  i s represented . 
Terms whic h ar e use d i n simila r  context s wil l  b e nea r  eac h 
othe r  i n thi s spac e eve n i f  the y neve r  co-occu r  i n a 
document .  Wha t  thi s mean s fro m a  user' s perspectiv e i s tha t 
document s ca n b e simila r  t o a  quer y eve n i f  the y shar e n o 
term s i n common . 

For a wide range of test databases LSI was 20-30% better 
tha n comparabl e word-base d retrieva l  metho d i n 
discriminatin g relevan t  fro m irrelevan t  document s 
(Deerweste r  e t  al. ,  1990 ;  Dumais ,  1991) .  Retrieva l 
performanc e ca n b e furthe r  improve d b y iterativ e retrieva l 
and successiv e refinemen t  o f  th e origina l  quer y throug h 
method s lik e relevanc e feedback .  W e hav e recentl y extende d 
th e LS I  analysi s t o larg e divers e corpor a (thre e gigabyte s o f 
text ,  on e millio n article s fro m new s wires ,  newspapers , 
compute r  scienc e articles ,  U.S .  patents ,  technica l  memos , 
etc. )  wit h comparabl y positiv e results .  Th e computationa l 
tractabilit y  o f  LS I  wa s critica l  fo r  succes s i n thi s problem . 
Unlik e manua l  thesauru s constructio n o r  mos t  A I 
knowledge-base d methods ,  th e LS I  statistica l  approac h i s 
completel y automati c an d thu s widel y applicabl e eve n t o 
large ,  divers e collections .  I n addition ,  LS I  ha s bee n 
successfull y applie d fo r  a  variet y o f  othe r  problem s 

including :  informatio n filtering ,  cros s languag e retrieval , 
retrievin g nois y pe n input ,  wor d sens e disambiguation , 
findin g synonyms ,  an d tex t  coherenc e analyses . 

An analysis of the difficulties people have in retrieving 
informatio n fro m externa l  source s pointe d t o a  "vocabular y 
mismatch "  proble m tha t  ha s receive d littl e attentio n i n 
cognitiv e science .  W e develope d a n associativ e learnin g 
model  (LSI )  whic h take s advantag e o f  th e inter-relationshi p 
among term s t o allo w peopl e t o mor e effectiv e retrievin g 
informatio n fro m compute r  databases .  W e hop e t o examin e 
th e questio n o f  whic h "contexts "  ar e mos t  usefu l  fo r 
learning ,  an d t o incorporat e informatio n abou t  prio r 
probabilitie s t o furthe r  improv e people' s abilit y  t o retriev e 
informatio n fro m externa l  sources . 
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