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Abstrac t 

H ow muc h o f  th e meanin g o f  a  naturall y occurrin g Englis h 
passag e i s derivabl e fro m it s combinatio n o f  word s withou t 
considerin g thei r  order ? A n explorator y approac h t o thi s 
questio n wa s provide d b y askin g human s t o judg e th e 
qualit y an d quantit y o f  knowledg e conveye d b y shor t 
studen t  essay s o n scientifi c  topic s an d comparin g th e 
inter-rate r  reliabilit y an d predictiv e accurac y o f  thei r 
estimate s wit h th e performanc e o f  a  corpus-base d 
statistica l  mode l  tha t  take s n o accoun t  o f  wor d orde r  withi n 
an essay .  Ther e wa s surprisingl y littl e differenc e betwee n 
th e huma n judge s an d th e model . 

In the studies reported here, experts were asked to read short 
studen t  essay s abou t  scientifi c  topic s wit h th e goa l  o f 
determinin g h o w m u c h knowledg e wa s accuratel y reflecte d i n 
a give n essay .  W e measure d th e readers '  succes s b y h o w wel l 
thei r  rating s agree d wit h eac h othe r  an d h o w wel l  the y 
predicte d score s o n a n objectiv e tes t  o n th e sam e subject . 

Al l  curren t  account s o f  h u m a n discours e understandin g 
assum e significan t  relianc e o n syntacti c structur e withi n 
sentence s an d order-dependen t  relation s betwee n sentences . 
Therefore ,  i f  th e orde r  o f  word s i n th e inpu t  wer e randoml y 
scramble d th e abilit y  t o judg e h o w m u c h correc t  knowledg e 
i t  expresse s presumabl y woul d b e significantl y reduced . 

On th e othe r  hand ,  eve n th e bes t  curren t  method s i n 
automati c informatio n retrieva l  (IR )  us e littl e o r  n o syntacti c 
informatio n i n representin g documents ,  relyin g primaril y o n 
"bag-of-words "  method s (Harman ,  1994) .  O n e ca n conclud e 
fro m thi s eithe r  tha t  th e succes s o f  I R prove s tha t  "bags-of -
words "  ar e ordinaril y  sufficien t  t o characteriz e th e conten t  o f 
discours e o r  tha t  th e fa r  fro m perfec t  performanc e o f  suc h 
method s prove s m u c h i s los t  b y ignorin g wor d order . 

Of  course ,  i t  i s  obviou s tha t  processe s tha t  depen d o n 
wor d orde r  an d synta x ofte n pla y importan t  role s i n th e 
comprehensio n o f  sentences ,  an d tha t  sentenc e orde r  an d 
inter-sentenc e coherenc e relation s ofte n hav e importan t 
effect s o n discours e comprehension .  However ,  i t  i s difficul t 
t o k n o w jus t  h o w m u c h people' s extractio n o f  informatio n 
i n ordinar y discours e fo r  ordinar y purpose s depend s o n suc h 
processe s ove r  an d abov e wha t  i s  derive d fro m th e 
combinatio n o f  lexica l  item s alone .  Fo r  example ,  i n 
discours e abou t  a  focuse d semanti c domain ,  speaker s o r 
writer s m a y creat e fe w sentence s tha t  coul d not ,  wit h 

sufficien t  tim e an d effort ,  b e correctl y construe d i n contex t 
eve n i f  thei r  interna l  wor d orde r  wer e scrambled .  And ,  give n 
enoug h effort ,  a  h u m a n o r  machin e migh t  b e abl e t o 
properl y rearrang e o r  otherwis e proces s disordere d sentences . 

O ne wa y t o gai n insigh t  int o thi s issu e i s t o compar e th e 
performanc e o f  a  computationa l  metho d tha t  doe s no t  us e 
wor d orde r  wit h tha t  o f  human s whe n bot h ar e pose d wit h 
th e sam e comprehension-demandin g problems .  I f  th e comp -
utationa l  metho d ca n d o a s wel l  a s humans ,  it s inpu t  mus t 
be sufficient .  However ,  i f  i t  fail s  t o equa l  humans ,  i t  coul d 
be onl y becaus e it s analysi s o r  representation s ar e defective . 
Thus ,  th e exploratio n require s th e availabilit y  o f  a  comp -
utationa l  metho d tha t  doe s a  reasonabl e jo b o f  mimickin g 
human comprehension .  A s outline d next ,  th e recentl y dev -
elope d Laten t  Semanti c Analysi s techniqu e meet s thi s 
requirement .  I n addition ,  suc h a n exploratio n require s tha t 
solution s t o th e problem s pose d t o h u m a n an d machin e 
depen d o n a  significan t  leve l  o f  discours e comprehensio n an d 
tha t  th e measur e o f  succes s b e suc h tha t  an y sourc e o f  bette r 
or  mor e complet e comprehensio n i s reflected .  W e believ e 
tha t  estimate s o f  th e quantit y an d qualit y o f  knowledg e 
conveyed ,  an d thei r  correlation s wit h othe r  measure s o f 
knowledg e satisf y thi s requiremen t  adequately  fo r  th e 
purpose .  Eve n i f  suc h estimate s fai l  t o reflec t  som e product s 
of  comprehension ,  fo r  exampl e aestheti c o r  emotiona l  qual -
ities ,  the y pos e a  sufficien t  challeng e t o comprehensio n t o 
provid e a n illuminatin g tes t  o f  th e sufficienc y o f  th e input . 

Laten t  Semanti c Analysi s ( L S A )  i s  a  corpus-base d 
statistica l  metho d fo r  inducin g an d representin g aspect s o f 
th e meanin g o f  word s an d passage s reflecte d i n thei r  usag e 
(Berry ,  Dumai s &  O'Brien ,  1995 ;  Landaue r  an d Dumais , 
1996 ,  1997). !  I t  i s  relate d t o bu t  differen t  fro m som e othe r 
corpus-statisti c method s (cf .  Lun d &  Burgess ,  1995 ,  i n 
press ;  Schiitze ,  1992) .  I n L S A a  representativ e sampl e o f 
tex t  i s converte d t o a  matri x o f  word-type s b y passages .  Cel l 
entrie s ar e th e frequenc y o f  a  give n wor d i n a  give n passage . 
Afte r  a  preliminar y information-theoreti c weightin g o f  cel l 
entries ,  th e matri x i s  submitte d t o singula r  valu e 
decompositio n ( S V D )  (se e Berry ,  1992 )  an d a  100-150 0 

^LS A ca n als o b e construe d a s a  theoretica l  mode l  o f  huma n 
acquisitio n an d representatio n o f  knowledg e (Landaue r  an d 
Dumais ,  1997 )  It s  learnin g mechanis m i s  equivalen t  t o a 
particula r  kin d o f  linea r  neura l  network . 
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dimensiona l  abstrac t  "semanti c space "  i s constructe d i n 
whic h eac h origina l  wor d an d eac h origina l  (an d an y new ) 
passage s ar e represente d a s vectors .  LSA' s representatio n o f 
a passag e i s jus t  th e averag e o f  th e vector s o f  th e word s i t 
contain s independen t  o f  thei r  order . 

It  i s essentia l  t o not e tha t  th e similaritie s derive d b y L S A 
ar e no t  simpl e co-occurrenc e statistics .  Th e dimension -
reductio n ste p constitute s a  for m o f  inductio n tha t  ca n 
extrac t  a  grea t  dea l  o f  adde d informatio n fro m mutua l 
constraint s amon g a  larg e numbe r  o f  word s occurrin g i n a 
larg e numbe r  o f  contexts .  Thi s i s importan t  becaus e receive d 
wisdo m i n th e languag e science s ofte n hold s tha t  co -
occurrenc e canno t  explai n meanin g (e.g .  Chomsky ,  1965) . 
However ,  traditiona l  argument s agains t  statistica l  learnin g o f 
meanin g hav e usuall y assume d th e direc t  us e o f  surfac e co -
occurrenc e relation s rathe r  tha n thei r  us e a s inpu t  dat a fo r  a 
metho d o f  globa l  constrain t  satisfactio n suc h a s LSA . 

L SA ha s prove n abl e t o closel y mimi c severa l  propertie s 
of  huma n verba l  meaning .  It s firs t  succes s wa s i n improvin g 
"bag-of-words "  I R b y allowin g querie s t o correctl y matc h 
document s o f  simila r  meanin g wit h whic h the y share d n o 
word s an d t o rejec t  document s o f  th e wron g meanin g tha t  di d 
contai n som e quer y word s (se e Deerwester ,  Dumais ,  Furnas , 
Landaue r  &  Harshman ,  1990 ;  Dumais ,  1991 ,  1994) .  Mor e 
recen t  application s hav e addresse d LSA' s abilit y  t o represen t 
wor d an d passage  meanin g mor e directly .  Fo r  example , 
Landaue r  an d Dumai s (1996 ,  1997 )  foun d tha t  afte r  trainin g 
on a  studen t  encyclopedi a (or ,  mor e recently ,  a  corpu s o f 
newspape r  text) ,  L S A chos e th e sam e answer s o n a 
standardize d Englis h synony m tes t  a s di d successfu l  foreig n 
candidate s fo r  U .  S .  Colleges .  LSA' s vocabular y growt h pe r 
paragrap h o f  tex t  wa s simila r  t o tha t  o f  grade-schoo l 
children ,  an d it s learnin g depende d strongl y o n induction ; 
L SA wit h optima l  dimensio n reductio n wa s a t  leas t  thre e 
time s a s effectiv e a s ordinar y co-occurrenc e measures . 

LSA-base d measure s hav e als o bee n foun d t o reflec t  th e 
relation s betwee n individua l  word s an d overal l  passag e mean -
in g a s evince d i n semanti c primin g experiment s (Landaue r 
and Dumais ,  1997) ,  an d accuratel y mirrore d th e sentence-to -
sentenc e coherenc e o f  passage s an d thei r  resultin g 
comprehensibilit y  (Foltz ,  Kintsc h an d Landauer ,  1993 ,  i n 
press) .  I n addition ,  L S A measure s o f  th e similarit y betwee n 
studen t  essay s an d instructiona l  tex t  hav e bee n foun d t o pre -
dic t  ho w muc h th e studen t  wil l  lear n fro m th e tex t  (Wolfe , 
Schreiner ,  Rehder ,  Laham ,  Foltz ,  Kintsc h &  Landaue r  i n 
press ;  Rehder ,  Shreiner ,  Wolfe ,  Laham ,  Landaue r  & 
Kintsch ,  i n press) .  Thes e result s sho w tha t  L S A capture s 
significan t  portion s o f  th e meanin g no t  onl y o f  individua l 
word s bu t  als o o f  whol e passage s suc h a s sentences , 
paragraph s an d shor t  essays . 

We wil l  first  expan d somewha t  o n th e descriptio n o f  LSA , 
the n giv e detail s o f  th e experiment s an d results .  Finally , 
some ancillar y result s tha t  ten d t o substantiat e an d clarif y 
th e result s ar e presented . 

Latent Semantic Analysis. 

L S A relie s o n singula r  valu e decompositio n ( S V D )  o f  th e 
matri x o f  words-by-context s derive d fro m a  corpu s o f  natura l 
tex t  tha t  expresse s huma n knowledg e i n a  domai n o f 
interest .  Th e advantag e o f  S V D i s tha t  th e linea r 

factorizatio n o f  whic h i t  consist s ca n impos e stron g 
constraint s o n fitting  dat a t o model ,  tha t  th e degre e o f 
constraint—th e numbe r  o f  dimension s used—ca n b e 
convenientl y varied ,  an d tha t  i t  i s  computationall y feasibl e 
lo r  th e larg e dataset s sometime s neede d t o emulat e th e 
knowledg e source s relie d upo n b y huma n learners .  S V D 
als o produce s a  natura l  measur e o f  th e similarit y betwee n 
any tw o entitie s i n it s solutio n spac e a s th e cosin e o f  th e 
angl e betwee n thei r  vectors ,  an d o f  th e intensit y o f  a  singl e 
entit y a s th e lengt h o f  it s  vector . 

Exampl e o f  tex t  data :  Title s o f  Technica l  M e m os 

c 1: Human machine interface for ABC computer applications 
c2:  A  surve y o f  use r  opinio n o f  compute r  syste m respons e tim e 
c3:  Th e EP S use r  interfac e management  syste m 
c4:  Syste m an d huma n syste m engineerin g testin g o f  EP S 
c5:  Relatio n o f  use r  perceive d respons e tim e t o erro r  measuremen t 

ml: The generation of random, binary, ordered trees 
m2:  Th e intersectio n grap h o f  path s i n tree s 
m3:  Grap h minor s IV :  Width s o f  tree s an d well-quasi-orderin g 
m4:  Grap h minors :  A  surve y 

X = cl  c 2 c 3 c 4 c 5 m l  m 2 m 3 m 4 
human 
interfac e 
compute r 
user 
syste m 
respons e 
tim e 
EPS 
surve y 
tree s 
grap h 

1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
1 
0 
0 

0 
I 
0 
1 
1 
0 
0 
1 
0 
0 
0 

1 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 

0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 

minor s 0  0  0  0  0  0  0  1 1 

Figure 1: A word by passage matrix, X, formed from the 
title s o f  five  article s abou t  human-compute r  interactio n an d 
fou r  abou t  grap h theory .  Cel l  entrie s ar e th e numbe r  o f 
time s tha t  a  wor d (rows )  appeare d i n a  titl e (columns) . 

Figure s 1  an d 2  sho w a  miniatur e exampl e tha t  give s th e 
flavor  o f  th e analysi s an d demonstrate s wha t  th e techniqu e 
accomplishes .  Thi s exampl e use s a s tex t  passage s th e title s 
of  nin e technica l  memoranda ,  five  abou t  huma n compute r 
interaction ,  an d fou r  abou t  mathematica l  grap h theory , 
rathe r  disjoin t  topics .  Th e origina l  matri x ha s nin e columns , 
and w e hav e give n i t  1 2 rows ,  eac h correspondin g t o a 
conten t  wor d use d i n a t  leas t  tw o o f  th e titles .  Th e titles , 
wit h th e extracte d term s italicized ,  an d th e correspondin g 
word-by-titl e matri x  i s show n i n Figur e 1 . 

Th e linea r  decompositio n o f  thi s matri x b y S V D i s 
define d a s X  =  W S  C' ,  wher e X  i s th e origina l  matrix ,  W 
and C  ar e orthonorma l  matrice s wit h row s standin g fo r 
word s an d context s respectively ,  an d column s containin g 
derive d linearl y independen t  dimension s o f  representation .  S 
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IS a  diagona l  matri x o f  singula r  scalin g values .  I f  ther e ar e 
enoug h dimensions ,  pre-multiplicatio n o f  th e right-han d 
matrice s perfectl y reconstruct s th e origina l  data .  However ,  i f 
some o f  th e dimension s ar e omitte d th e reconstructio n i s a 
least-square s bes t  approximation .  Becaus e thi s minimizatio n 
require s th e simultaneou s accommodatio n o f  al l  th e dat a i t 
constitute s a  for m o f  induction . 

To illustrat e wha t  dimensio n reductio n doe s t o 
representation s o f  passages ,  w e compute d th e inter -
correlation s (Spearma n r )  betwee n eac h titl e an d al l  th e 
others ,  first  base d o n th e ra w co-occurrenc e data ,  the n o n th e 
correspondin g vector s i n th e two-dimensiona l  reconstruction ; 
see Figur e 2 .  I n th e tw o dimensiona l  reconstructio n th e 
topica l  grouping s ar e muc h clearer . 

wit h greate r  tha n optima l  dimensionalitie s d o no t  exploi t 
mutua l  constraint s i n th e dat a i n th e wa y tha t  human s must . 

L SA extract s onl y a  singl e globa l  relatio n betwee n word s 
and passages ,  tha t  o f  similarit y a s define d b y relativ e 
positio n i n high-dimensiona l  space .  Howeve r  th e vecto r  o f 
a give n wor d i s decomposable ,  s o varyin g component s o f  it s 
meanin g ma y projec t  differentiall y  ont o th e vector s o f  th e 
othe r  word s i n differen t  loca l  contexts .  (Thi s i s roughl y a 
continuou s analo g o f  featur e base d meanin g combination. ) 
Thus ,  a s w e wil l  illustrat e later ,  mor e specifi c 
interpretation s o f  similarit y relation s ma y emerg e i n loca l 
context s throug h recomputation . 

Experiments comparing LSA and humans 

Correlation s betwee n title s i n ra w dat a 

cl c2 c 3 c4 c5 m l  m l  m 3 
c2 -0.1 9 
c3 0.0 0 0.0 0 
c4 0.0 0 0.0 0 0.4 7 
c5 -0.3 3 0.5 8 0.0 0 -0.3 1 
ml  -0.1 7 -0.3 0 -0.2 1 -0.1 6 -0.1 7 
m2 -0.2 6 -0.4 5 -0.3 2 -0.2 4 -0.2 6 0.6 7 
m3 -0.3 3 -0.5 8 -0.4 1 -0.3 1 -0.3 3 0.5 2 0.7 7 
m4 -0.3 3 -0.1 9 -0.4 1 -0.3 1 -0.3 3 -0.1 7 0.2 6 0.5 6 

0.0 2 
-0.3 0 0.4 4 

Correlation s i n two-dimensiona l  spac e 

cl c2 c 3 c 4 c 5 m l  m l  m 3 
c2 0.9 1 
c3 1.0 0 0.9 1 
c4 1.0 0 0.8 8 1.0 0 
c5 0.8 5 0.9 9 0.8 5 0.8 1 
ml  -0.8 5 -0.5 6 -0.8 5 -0.8 8 -0.4 5 
m2 -0.8 5 -0.5 6 -0.8 5 -0.8 8 -0.4 4 
m3 -0.8 5 -0.5 6 -0.8 5 -0.8 8 -0.4 4 
m4 -0.8 1 -0.5 0 -0.8 1 -0.8 4 -0.3 7 

1.0 0 
1.0 0 1.0 0 
1.0 0 1.0 0 1.0 0 

0.9 2 
-0.7 2 1.0 0 

Figur e 2 .  Comparin g intercorrelation s amon g vector s 
representin g title s i n th e origina l  ful l  dimensiona l  sourc e 
dat a an d i n a  two-dimensiona l  reconstructio n illustrate s ho w 
L SA change s passag e representations . 

I n al l  L S A simulation s o f  huma n meanin g relation s 
attempte d s o far ,  ther e ha s bee n a  significan t  nonmonotoni c 
functio n o f  accurac y o n th e dimensionalit y o f  th e spac e use d 
t o represen t  th e wor d an d passag e vectors .  Ou r  workin g 
hypothesi s i s tha t  a  natura l  dimensionalit y i s  determine d b y 
some combinatio n o f  neura l  processin g architectur e an d 
statistica l  propertie s o f  th e inpu t  corpu s an d tha t  embeddin g 
th e dat a observation s i n space s wit h to o smal l 
dimensionalitie s cause s unnatura l  distortions ,  wherea s space s 

Experimen t  1 

I n th e mai n experiment ,  9 4 undergraduate s a t  th e Universit y 
of  Colorad o wer e aske d t o writ e essay s o f  approximatel y 25 0 
word s o n th e anatomy ,  functio n an d purpos e o f  th e huma n 
heart .  Th e essay s wer e give n t o tw o professiona l  reader s a t 
Educationa l  Testin g Service ,  Inc. ,  wh o afte r  readin g relevan t 
backgroun d materia l  an d discussin g th e knowledg e tha t  suc h 
an essa y shoul d contain ,  independentl y rea d eac h essa y an d 
assigne d a  qualit y scor e fro m 1  t o 5  t o reflec t  thei r  estimat e 
of  ho w muc h th e studen t  kne w an d correctl y conveye d abou t 
th e subject .  Th e student s wer e als o give n a  4 0 poin t  shor t 
answer  tes t  o n th e sam e topi c (Wolfe ,  e t  ai ,  i n press) . 

L SA wa s first  traine d o n a  se t  o f  2 7 article s relevan t  t o th e 
hear t  an d circulator y syste m take n fro m a  versio n o f 
Grolier' s Academi c America n Encyclopedia .  Thi s produce d a 
94-dimensiona l  vecto r  fo r  eac h o f  83 0 sentence-lengt h 
passage s an d 303 4 uniqu e words .  A  filtering  "sto p list "  wa s 
used t o exclud e 43 9 commo n word s fro m th e analysis .  Eac h 
sentenc e o f  a n articl e wa s considere d a  tex t  passag e fo r  th e 
purpos e o f  creatin g th e semanti c space .  Next ,  a  vecto r  wa s 
compute d fo r  eac h essa y b y averagin g th e vector s o f  al l  th e 
word s containe d i n i t  tha t  wer e represente d i n th e semanti c 
space .  L S A wa s the n use d t o evaluat e th e essay s b y tw o 
differen t  methods . 

Method 1. First the cosine was computed between a 
targe t  essa y vecto r  an d eac h o f  th e othe r  essays .  The n th e 
te n mos t  simila r  essay s t o th e targe t  wer e identified . 
Finally ,  th e targe t  essa y wa s give n th e cosin e weighte d 
averag e o f  th e score s tha t  th e human s reader s ha d assigne d t o 
th e closes t  ten .  Thi s provide d th e firs t  o f  tw o component s 
of  th e L S A score ,  a  componen t  w e interpre t  a s th e semanti c 
directio n o r  qualit y o f  th e essay .  Th e secon d componen t  fo r 
bot h method s wa s th e vecto r  lengt h o f  th e targe t  essay , 
whic h w e interpre t  a s th e amoun t  o f  domai n relevan t 
informatio n i t  contains .  Tabl e 1  show s th e result s fo r  th e 9 4 
undergraduat e essays .  A  combine d scor e base d o n bot h 
qualit y an d quantit y predicte d eac h o f  th e tw o huma n reader s 
estimate s a s wel l  a s the y predicte d eac h other .  Th e 
correlatio n o f  th e L S A assigne d score s wit h th e short-answe r 
tes t  score s (externa l  criterion )  wa s somewha t  bette r  tha n th e 
averag e correlatio n betwee n th e huma n graders '  score s an d 
th e short-answe r  tes t  scores . 
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Metho d 2 .  Her e instea d o f  computin g th e qualit y o f 
conten t  measur e b y similarit y t o essay s score d b y humans , 
we compute d th e cosin e betwee n th e targe t  essa y an d a  shor t 
tex t  o n th e topi c writte n b y a n expert ,  a  sectio n o n th e hear t 
fro m a  colleg e biolog y textbook .  A s show n i n Tabl e 1 ,  th e 
result s wer e jus t  abou t  a s goo d a s i n Metho d 1 .  Th e 
correlatio n o f  th e externa l  criterio n wit h th e L S A assigne d 
score s wa s agai n slightl y bette r  tha n th e correlatio n betwee n 
th e externa l  criterio n an d th e huma n grader s assigne d scores . 

Correlatio n betwee n 
Metho d 1 

T wo E T S reade r  scores : 
L S A scor e an d E T S reade r  1  score : 
L S A scor e an d E T S reade r  2  score : 
L S A scor e an d averag e E T S score : 

Averag e E T S an d externa l  criterion : 
L S A scor e an d externa l  criterion : 

Metho d 2 
L S A scor e an d E T S reade r  1  score : 
L S A scor e an d E T S reade r  2  score : 
L S A scor e an d averag e E T S score : 

L S A scor e an d externa l  criterion : 

.7 7 

.6 8 

.7 7 

.7 7 

.7 0 

.8 1 

.6 4 

.7 1 

.7 2 

.7 7 

Tabl e 1 :  Hear t  essa y results . 

Exper imen t  2 

I n anothe r  tes t  o f  th e sam e kind ,  27 3 introductor y 
psycholog y studen t  essay s wer e analyzed .  Th e student s wer e 
give n ten-minute s t o writ e th e essay s o n on e o f  thre e topic s 
i n psychology—attachmen t  i n children ,  aphasias ,  an d 
operan t  conditioning .  Essay s wer e rea d b y tw o people ,  on e 
th e professo r  o r  a  graduat e studen t  teachin g assistant ,  th e 
othe r  on e o f  tw o advance d undergraduat e psycholog y major s 
als o servin g a s teachin g assistants . 

Metho d 1  wa s use d t o evaluat e th e essay s wit h L S A , 
whic h wa s traine d o n th e textboo k use d i n th e cours e t o 
yiel d th e semanti c space .  Thi s spac e wa s develope d usin g 
490 4 paragraph s containin g 19,15 3 uniqu e terms .  Thi s 
analysi s di d no t  us e a  sto p lis t  o f  c o m m o n words .  Th e 
analysi s wa s repeate d usin g fro m 2  t o 210 0 dimensions . 
The correlatio n betwee n th e L S A Metho d 1  assigne d grad e 
and th e averag e o f  th e 2  grader s ros e steadil y wit h 
dimensionality ,  levele d ou t  aroun d 400-50 0 dimensions ,  an d 
bega n t o declin e graduall y afte r  abou t  1,500 .  Th e results , 
shown i n Tabl e 2  (a t  150 0 dimensions) ,  ar e simila r  t o thos e 
fo r  th e hear t  essays ;  th e correlatio n betwee n th e L S A 
assigne d scor e an d th e averag e huma n scor e wa s a s goo d a s 
th e agreemen t  betwee n th e tw o huma n readers .  Th e inter -
rate r  reliabilit y  fo r  th e tw o grader s i n thi s cas e wa s no t  a s 
good a s fo r  th e E T S graders .  Usin g Metho d 1 ,  th e inter-rate r 
reliabilit y  put s a  limi t  o n h o w wel l  L S A ca n d o becaus e 

L S A base s it s scor e i n par t  o n th e huma n score s o f  thos e 
essay s neares t  t o i t  i n th e semanti c space .  Th e tw o reader s 
wer e especiall y unreliabl e o n thei r  scorin g o f  th e 'attachmen t 
i n children '  essays . 

Thes e result s sho w tha t  wha t  human s extracte d b y readin g 
essay s i n orde r  t o judg e th e knowledg e o f  th e author s wa s 
not  muc h superio r  t o wha t  L S A extracte d fo r  th e sam e 
purpose .  H u m a n understandin g neithe r  produce d significantl y 
mor e agreemen t  wit h anothe r  huma n no r  bette r  predicte d a n 

Correlatio n betwee n 
Al l  Essay s ( n =  273 ) 

T wo reade r  scores :  .6 5 
L S A scor e an d averag e reade r  score :  .6 4 

Attachment in children (n - 55) 
T wo reade r  scores :  .  1 9 

L S A scor e an d averag e reade r  score :  .6 1 

Aphasias (n = 109) 
T wo reade r  scores :  .7 5 

L S A scor e an d averag e reade r  score :  .6 0 

Operant conditiQning (n = 109) 
T wo reade r  scores :  .6 8 

L S A scor e an d averag e reade r  score :  .7 1 

Table 2: Psychology essay results. 

externa l  measur e o f  students '  knowledge .  Whil e thi s doe s 
not  prov e tha t  th e huma n reader s obtaine d n o meanin g fro m 
th e essay s tha t  L S A missed ,  i t  doe s sho w tha t  the y derive d 
littl e i f  an y mor e tota l  informatio n relevan t  t o on e highl y 
meanin g dependen t  task .  Give n th e scientifi c  natur e o f  th e 
material ,  on e migh t  hav e suppose d th e extractio n o f  thi s 
much informatio n t o requir e consideratio n o f  wor d orde r  an d 
syntax ;  i t  apparentl y di d not . 

Ancillary findings 

The dat a fro m th e hear t  essa y experiment s wer e analyze d 
further .  Firs t  th e word s i n th e studen t  essay s wer e divide d 
int o technica l  an d non-technica l  sets ,  an d th e metho d 2 
procedur e repeate d o n each .  A s show n i n Tabl e 3 ,  L S A 
performanc e i s no t  base d solel y o n som e sor t  o f  coun t  o f 
relevan t  rar e words :  L S A cosin e measure s base d o n eithe r 
technica l  o r  c o m m o n genera l  vocabular y term s wer e 
significantl y correlate d wit h huma n estimate s an d objectiv e 
tes t  results .  However ,  a s t o b e expected ,  becaus e vecto r 
lengt h reflect s th e amoun t  o f  domai n specifi c  knowledge , 
and c o m m o n word s com e fro m a  completel y genera l  domai n 
wit h n o specia l  relevanc e t o th e question ,  th e onl y vecto r 
lengt h componen t  tha t  wa s usefu l  wa s on e tha t  include d 
technica l  words .  Combine d cosin e an d vecto r  lengt h scores , 
base d o n eithe r  technica l  word s onl y ( r  =  .72 )  o r  o n al l  word s 
( r  =  .77 )  wer e a s accurat e predictin g objectiv e measure s a s 
human estimates .  Recal l  fro m Tabl e 1  tha t  o n averag e th e 
human rating s correlate d .7 0 wit h th e objectiv e tes t  scores . 
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Second ,  th e quantit y measur e wa s examine d i n mor e 
detail .  I n additio n t o vecto r  length ,  w e trie d simpl y 
countin g th e numbe r  o f  word s i n th e essays ,  bot h befor e an d 
afte r  c o m m o n word s wer e remove d b y appl y m g th e sto p list . 
Tabl e 3  show s tha t  befor e stoplisting ,  ther e wa s n o 
correlatio n betwee n essa y wor d coun t  an d eithe r  th e E T S 
grade s an d th e externa l  criterion ,  an d afte r  stoplistin g th e 
correlation s wer e stil l  quit e weak .  Th e vecto r  lengt h 
howeve r  i s highl y correlate d wit h th e huma n grade s an d tes t 
results .  Thus ,  th e preweightin g an d dimensio n reductio n 
step s performe d b y L S A ar e o f  crucia l  importanc e fo r 
representin g th e huma n knowledg e containe d i n a n essay . 

Third ,  th e relation s betwee n vector s fo r  al l  th e essay s 
writte n b y student s wer e studie d b y a  supplementar y 
analysis .  Similaritie s (cosines )  betwee n ever y pai r  o f  essay s 
wer e compute d an d th e resul t  subjecte d t o a  one-dimensio n 
multi-dimensiona l  scaling .  Th e resultin g singl e dimensio n 
(se e Tabl e 3 )  ha s a  ver y clea r  interpretatio n a s th e goodnes s 
or  sophisticatio n o f  th e essay .  Indeed ,  whe n positio n alon g 
thi s dimensio n i s take n a s th e L S A qualit y measure ,  th e 
predicuon s o f  bot h huma n judgment s an d th e short-answe r 
tes t  score s ar e almos t  th e sam e a s th e measure s base d o n 
cosine s wit h a  standar d text .  W e believ e tha t  th e reaso n tha t 
th e singl e dimensio n reflect s goodnes s o f  answe r  i s simpl y 
tha t  th e goa l  o f  th e essa y questio n writer s wa s t o pos e a 
proble m tha t  woul d caus e essay s t o diffe r  primaril y i n h o w 
m u ch correc t  informatio n the y contained .  Th e analysi s thu s 
illustrate s tha t  th e component s o f  L S A vector s ca n carr y 
particular ,  contextuall y interpretabl e meaning . 

Tech .  vs .  Nontech .  Word s 
Cosin e essaystandar d 

fo r  tec h words : 
Cosin e essay'standar d 

fo r  nontech .  words : 
Cosin e essaystandar d 

fo r  al l  words : 

Essa v W o r d Coun t 
Befor e stoplisting : 

Afte r  stoplisting : 
Vecto r  length : 

Multidimensiona l  Scalin g 
One-dimensio n score : 

Cosin e wit h exper t  text : 

Correlatio n wit h 
Averag e 

E TS Scor e 

.5 9 

.4 7 

.6 3 

.0 3 

.2 5 

.6 5 

.5 9 

.6 2 

Externa l 
Criterio n 

.6 5 

.5 3 

.6 8 

-.0 1 
.1 6 
.6 5 

.6 6 

.6 8 

Tabl e 3 :  Furthe r  analyse s o f  hear t  essa y measures . 

C o n c l u s i o n s 

Thi s pape r  present s n e w evidenc e tha t  a  grea t  dea l  o f 
informatio n abou t  th e meanin g o f  passage s m a y b e carrie d 
by word s independentl y o f  thei r  order .  Student s wer e aske d t o 

writ e shor t  essay s tha t  woul d demonstrat e thei r  knowledg e o f 
scientifi c  topics .  Th e amoun t  an d correctnes s o f  topic -
relevan t  knowledg e displaye d i n th e essay s wa s determine d 
eithe r  b y judgment s o f  tw o exper t  huma n reader s o r  b y 
measure s derive d fro m th e tex t  b y L S A .  Th e principa l 
finding s wer e (1 )  tha t  LSA-base d measures—whic h tak e n o 
accoun t  o f  wor d order—wer e a s closel y relate d t o huma n 
judgment s a s th e latte r  wer e t o eac h other ,  an d (2 )  tha t  th e 
L S A measure s predicte d externa l  measure s o f  th e sam e 
knowledg e a s wel l  o r  bette r  tha n di d th e huma n judgments . 

Thes e result s an d analyse s demonstrat e tha t  mos t  o f  th e 
meanin g derive d b y peopl e i n readin g th e text s wa s als o 
extracte d b y th e L S A learnin g metho d withou t  recours e t o 
syntax .  I t  i s  importan t  t o not e tha t  LSA' s abilit y  t o d o thi s 
i s no t  a  simpl e matte r  o f  countin g an d weightin g word s o r 
co-occurrences ,  bu t  depend s o n it s derivatio n o f  a  semanti c 
spac e o f  optima l  dimensionalit y fro m th e mutua l  constraint s 
reflecte d i n th e us e o f  man y word s i n man y contexts .  Th e 
fac t  tha t  L S A ca n captur e a s m u c h o f  meanin g a s i t  doe s 
withou t  usin g wor d orde r  show s tha t  th e mer e combinatio n 
of  word s i n passage s constrain s overal l  meanin g ver y 
strongly . 

H o w ca n thi s be ? I n additio n t o th e contrar y theoretica l 
presumption s mentione d earlier ,  variou s intuitiv e an d 
rationa l  argument s sugges t  tha t  suc h representation s mus t 
fal l  fa r  shor t  o f  extractin g a s m u c h meanin g fro m tex t  a s d o 
human readers .  Fo r  instance ,  th e followin g tw o sentence s 
ar e identica l  fo r  L S A ,  bu t  hav e ver y differen t  meaning s fo r  a 
human reader :  "I t  wa s no t  th e sale s manage r  wh o hi t  th e 
bottl e tha t  day ,  bu t  th e offic e worke r  wit h th e seriou s 
drinkin g problem." ;  "Tha t  da y th e offic e manager ,  wh o wa s 
drinking ,  hi t  th e proble m sale s worke r  wit h a  bottle ,  bu t  i t 
was no t  serious. " 

Nonetheless ,  wha t  suc h example s prov e i s onl y tha t  a 
metho d tha t  ignore s wor d orde r  canno t  alway s rende r 
completel y correc t  comprehension .  The y tel l  u s almos t 
nothin g abou t  th e relativ e contributio n o f  th e combinatio n 
of  word s i n a n averag e utteranc e an d tha t  o f  thei r  orde r  t o 
what  human s usuall y understand .  Indeed ,  i t  i s  entirel y 
possibl e tha t  human s coul d fin d scramble d wor d orde r 
utterance s unacceptabl e o r  incomprehensibl e eve n i f  th e 
underlyin g proces s b y whic h the y represen t  meanin g i s 
mostl y independen t  o f  order .  Tha t  coul d happen ,  fo r 
example ,  becaus e a n obligator y inpu t  parsin g ste p act s a s a 
gat e keepe r  tha t  reject s ill-forme d sentence s eve n whe n orde r 
i s actuall y unimportan t  fo r  meaning . 

A hypothetica l  languag e exampl e illustrate s th e issu e i n 
a mor e genera l  theoretica l  manner .  Ther e woul d b e nothin g 
t o preven t  on e fro m constructin g a  languag e i n whic h al l 
significanc e i s transmitte d onl y b y th e order-fre e 
combinatio n o f  word s i n marked-of f  sets .  A n infinit e 
number  o f  differen t  message s coul d b e transmitted .  N o w 
suppos e tha t  fo r  efficienc y i n processin g th e language ,  sa y 
fo r  lookin g u p word s i n a  cod e book ,  it s user s decid e tha t 
messag e set s shoul d alway s b e ordere d alphabetically ,  an d t o 
detec t  an d avoi d transmissio n errors ,  the y decid e t o rejec t  an y 
messag e tha t  i s no t  alphabetical .  W e thu s hav e a  languag e 
wit h a  ver y stric t  an d usefu l  synta x i n whic h th e synta x ha s 
no direc t  rol e i n th e representatio n o f  meaning . 
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We d o no t  mea n t o impl y tha t  th e synta x o f  Enghs h o r 
othe r  natura l  languag e serve s onl y suc h purposes .  I t  i s 
obvious ,  fo r  example ,  tha t  wor d orde r  ha s a n importan t 
functio n i n representin g an d transmittin g mathematica l  idea s 
and thos e aspect s o f  c o m m o n knowledge—suc h a s wh o bi t 
whom—that  involv e non-commutativ e logica l  operator s an d 
bracketing .  Nonetheless ,  w e hav e n o wa y o f  knowin g t o 
what  exten t  synta x i s a  matte r  o f  conventiona l  orderin g tha t 
serve s othe r  purpose s tha n meanin g representation .  A  fe w 
among man y othe r  role s tha t  synta x ma y pla y migh t  be :  (a ) 
t o reduc e load s o n th e huma n workin g memor y an d 
processe s neede d t o extrac t  meanin g fro m wor d 
combinations ,  o r  (b )  t o eas e th e constructio n o f  sequentia l 
utteranc e productio n fro m unordere d set s o f  words ,  o r  (c )  t o 
subserv e importan t  matter s o f  aestheti c o r  socia l  style ,  o r  (d ) 
merel y t o mamtai n functionles s convention s generate d b y 
th e socia l  equivalenc e o f  geneti c drift . 

Thus ,  whil e i t  i s  obviou s tha t  comple x syntacti c 
regularit y i s wel l  mastere d an d applie d b y huma n languag e 
users ,  w e simpl y d o no t  k n o w h o w muc h o f  th e 
interpretatio n o f  difference s i n meanin g betwee n natura l 
utterance s need s synta x an d h o w muc h ca n b e recovere d 
withou t  it .  Th e poin t  i s  tha t  i t  wa s an d i s prematur e t o 
conclud e tha t  th e wor d constituenc y o f  passage s canno t  b e a n 
important ,  o r  eve n usuall y sufficient ,  beare r  o f  meaning . 

The result s reporte d her e sho w tha t  fo r  a t  leas t  on e tas k 
requirin g a  seriou s amoun t  o f  discours e comprehension , 
wor d orde r  wa s no t  neede d fo r  performanc e equalin g tha t  o f 
humans.  Apparently ,  then ,  th e discours e involve d di d no t 
contai n muc h task-relevan t  meanin g tha t  wa s i n doub t 
withou t  syntacti c interpretation .  On e reaso n tha t  thi s coul d 
be th e cas e i s tha t  i t  i s  extremel y difficul t  t o construc t 
comple x discours e i n whic h componen t  sentence s expres s 
correc t  knowledge ,  an d th e sequenc e o f  sentence s expresse s 
proportionall y more ,  withou t  s o constrainin g th e mi x o f 
specifi c  an d genera l  word s tha t  n o ver y differen t  overal l 
meanin g coul d b e expresse d wit h th e sam e se t  o f  words .  Bu t 
i f  thi s i s  so ,  the n i t  als o follow s tha t  a  properl y constructe d 
devic e coul d extrac t  th e meanin g fro m th e combinatio n o f 
word s alone . 

Alternatively ,  i t  remain s a  theoretica l  possibilit y  tha t 
humans generat e discours e fro m som e abstrac t  ideationa l 
representatio n tha t  i s  mor e lik e a  ba g o r  clou d o f  word s tha n 
a se t  o f  ordere d sentences ,  an d tha t  muc h (bu t  no t  all )  o f  th e 
orde r  i n whic h word s ar e produce d serve s othe r  purpose s tha n 
meanin g representation ,  fo r  exampl e tha t  o f  choosin g a 
minimu m path ,  m a x i m u m information ,  easil y articulate d 
strin g o f  word s t o expres s th e meanin g i n th e origina l 
representations ,  o r  t o produc e a  strin g fro m whic h receiver s 
wit h particula r  processin g system s an d limitation s ca n 
convenientl y unpac k th e original .  Conceivably ,  fo r  example , 
LSA represent s meanin g i n muc h th e sam e wa y a s humans , 
but  becaus e i t  i s  no t  limite d b y th e sam e dat a processin g 
constraints ,  i t  doe s no t  nee d wor d orde r  t o reconstruc t 
meanin g fro m input . 

I n an y event ,  th e fac t  tha t  highl y meanin g base d 
judgment s ca n b e accuratel y mad e withou t  usin g wor d orde r 
bot h provide s promisin g possibilitie s fo r  artificia l 
intelligenc e application s an d suggest s direction s i n whic h 

importan t  presumption s i n theorie s o f  huma n knowledg e 
representatio n an d processin g ough t  t o b e reconsidered . 
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