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Abstrac t 

In reading multiple texts, a reader must integrate 
informatio n fro m th e text s wit h hi s o r  he r  backgroun d 
knowledge .  Th e resultin g situatio n mode l  represent s a  ric h 
elaborate d structur e o f  events ,  actions ,  objects ,  an d peopl e 
involve d i n th e tex t  organize d i n a  manne r  consisten t  wit h 
th e reader' s knowledge .  I n orde r  t o evaluat e a  reader' s 
situatio n model ,  a  reader' s summar y mus t  b e analyze d i n 
relatio n t o text s th e subjec t  ha s rea d a s wel l  a s t o mor e 
genera l  knowledg e suc h a s a n expert' s  knowledge . 
However ,  thi s analysi s ca n b e bot h time-consumin g an d 
difficult .  I n thi s paper ,  w e us e a n automati c approac h 
calle d Laten t  Semanti c Analysi s (LSA )  fo r  evaluatin g th e 
sinjatio n mode l  o f  reader s o f  multipl e documents .  L S A i s a 
statistica l  mode l  o f  wor d usag e tha t  generate s a  high -
dimensiona l  semanti c spac e tha t  model s th e semantic s o f 
th e text .  Thi s pape r  describe s thre e experiments .  Th e first 
tw o describ e method s fo r  analyzin g a  subject' s essa y t o 
determin e fro m wha t  tex t  a  subjec t  learne d th e informatio n 
and fo r  gradin g th e qualit y o f  informatio n cite d i n th e 
essay .  Th e thir d experimen t  analyze s th e knowledg e 
structure s o f  novic e an d exper t  reader s an d compare s the m 
t o th e knowledg e structure s generate d b y th e model .  Th e 
experiment s illustrat e a  genera l  approac h t o modelin g an d 
evaluatin g readers '  situatio n models . 

Introduction 

I n orde r  t o comprehen d a  text ,  a  reade r  mus t  integrat e th e 
informatio n containe d i n th e tex t  wit h hi s o r  he r  backgroun d 
knowledg e o f  th e world .  Thi s integration ,  o r  situatio n 
model  (e.g. ,  va n Dij k &  Kintsch ,  1984) ,  i s a  ric h elaborate d 
structur e o f  events ,  actions ,  objects ,  an d peopl e involve d i n 
th e tex t  organize d i n a  manne r  consisten t  wit h th e reader' s 
knowledg e o f  th e domain .  I n th e domai n o f  history ,  a  reade r 
wil l  typicall y rea d multipl e account s o f  th e sam e historica l 
even t  i n orde r  t o generat e a n understandin g o f  th e event . 
Thes e text s ca n includ e primar y sources ,  participant' s an d 
historian' s accounts ,  an d textbooks .  Th e tas k fo r  th e reade r  i s 
t o the n integrat e thi s informatio n int o a  coheren t  cognitiv e 
representation . 

Studyin g reasonin g fro m histor y text s provide s a  realisti c 
approac h t o examinin g learnin g fro m texts .  I n th e rea l 
world ,  text s w e rea d wil l  b e relate d t o othe r  text s w e hav e 

read ,  a s wel l  a s t o experience s an d knowledg e w e hav e 
acquire d earlier .  Nevertheless ,  th e researc h approac h raise s a 
hos t  o f  discours e processin g issue s tha t  ar e no t  typicall y 
foun d i n studie s o f  learnin g from  individua l  texts .  Thes e 
issue s include :  D o reader s for m a n integrate d situatio n mode l 
of  th e text s o r  ar e text s represente d separately ? D o certai n 
text s hav e mor e influenc e o n th e reader' s situatio n mode l 
tha n others ? W h a t  feature s o f  text s ar e th e majo r  source s o f 
influence ? H o w d o expert s an d novic e situatio n model s o f 
differ ? Althoug h w e ca n no t  answe r  thes e question s 
decisivel y i n thi s paper ,  w e demonstrat e som e approache s t o 
thes e question s throug h evaluatin g readers '  situatio n models . 

T o evaluat e a  reader' s situatio n model ,  i t  i s  necessar y t o 
deriv e a  representatio n o f  th e reader' s knowledge .  Typically , 
a reade r  provide s writte n summaries ,  take s test s assessin g 
thei r  knowledge ,  o r  i s aske d t o judg e relationship s betwee n 
concepts .  T h e primar y theoretica l  approac h ha s bee n t o 
develo p cognitiv e model s o f  th e reader' s representatio n o f  th e 
tex t  (e.g. ,  va n Dij k &  Kintsch ,  1983 ;  Kintsch ,  1988) .  I n 
suc h a  model ,  semanti c informatio n from  bot h th e tex t  an d 
th e reader' s summar y ca n b e represente d a s propositions . 
Thi s permit s th e experimente r  t o m a k e a  compariso n o f  th e 
semanti c conten t  containe d i n th e tex t  t o tha t  i n th e 
subject' s s u m m a r y .  Th e advantag e o f  mak in g th e 
compariso n a t  th e semanti c leve l  i s  tha t  th e compariso n i s 
not  dependen t  o n surfac e features ,  suc h a s th e choic e o f 
words .  Nevertheless ,  propositionalizin g text s ca n b e ver y 
tim e consumin g an d requir e a  lo t  o f  effort ,  ofte n limitin g th e 
siz e o f  text s tha t  ar e analyzed . 

I n thi s paper ,  w e describ e a n automati c metho d tha t 
analyze s text s an d generate s a  semanti c spac e tha t  capture s 
m a ny o f  th e semanti c association s foun d i n a  reader' s 
situatio n model .  Th e method .  Laten t  Semanti c Analysi s 
( L S A )  ca n b e applie d i n th e fiel d o f  tex t  comprehensio n t o 
evaluat e a  reader' s situatio n model ,  providin g result s simila r 
t o prepositiona l  analyses .  Thi s pape r  describe s som e 
approache s t o analyzin g th e essay s o f  reader s o f  multipl e 
text s a s wel l  a s demonstratin g tha t  th e representatio n o f 
L S A i s simila r  t o tha t  generate d b y reader s o f  th e texts . 

Laten t  Semanti c Analysi s ( LSA )  i s a  statistica l  mode l  o f 
wor d usag e tha t  model s semanti c relationship s betwee n 
piece s o f  textua l  information .  A  brie f  technica l  overvie w o f 
L S A wil l  b e provide d here ,  whil e m o r e complet e 
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description s o f  L S A ma y b e foun d i n Deerweste r  Dumais , 
Furnas ,  Landaue r  &  Harshma n (1990 )  an d Fol U (I n press) . 
The primar y assumptio n o f  L S A i s tha t  ther e i s  som e 
underlyin g o r  "latent "  structur e i n th e patter n o f  wor d usag e 
acros s documents ,  an d tha t  statistica l  technique s ca n b e use d 
t o estimat e thi s laten t  structure .  Th e ter m "documents "  i n 
thi s case ,  ca n b e though t  o f  a s context s i n whic h word s 
occu r  an d coul d b e considere d als o t o b e smalle r  tex t 
segment s suc h a s individua l  paragraph s o r  sentences . 
Throug h a n analysi s o f  th e association s amon g word s an d 
documents ,  th e metho d produce s a  representatio n i n whic h 
word s tha t  ar e use d i n simila r  context s wil l  b e mor e 
semanticall y associated . 

I n orde r  t o analyz e a  text ,  L S A firs t  generate s a  matri x o f 
occurrence s o f  eac h wor d i n eac h documen t  (sentence s o r 
paragraphs) .  L S A the n decompose s th e matri x usin g 
singular-valu e decompositio n (SVD) ,  a  techniqu e closel y 
relate d t o eigenvecto r  decompositio n an d facto r  analysis . 
The S V D decompose s th e wor d b y documen t  matri x int o a 
set  o f  k ,  typicall y 10 0 t o 300 ,  orthogona l  factor s fro m 
whic h th e origina l  matri x ca n b e approximate d b y linea r 
combination .  Instea d o f  representin g document s an d term s 
directl y a s vector s o f  independen t  words ,  L S A represent s 
the m a s continuou s value s o n eac h o f  th e i t  orthogona l 
indexin g dimension s derive d fro m th e S V D analysis .  Sinc e 
th e numbe r  o f  factor s o r  dimension s i s muc h smalle r  tha n 
th e numbe r  o f  uniqu e terms ,  word s wil l  no t  b e independent . 
For  example ,  i f  tw o term s ar e use d i n simila r  context s 
(documents) ,  the y wil l  hav e simila r  vector s i n th e reduced -
dimensiona l  L S A representation .  A n advantag e o f  th e 
approac h i s tha t  matchin g ca n b e performe d betwee n tw o 
piece s o f  textua l  information ,  eve n i f  the y hav e n o word s i n 
common.  T o illustrate ,  i f  L S A wer e traine d o n a  larg e 
number  o f  documents ,  including : 

1)  Th e U.S.S .  Nashvill e arrive d i n Colo n harbo r 
wit h 4 2 marine s 

2)  Wit h th e warshi p i n Colo n harbor ,  th e 
Colombia n troop s withdrew . 

The vecto r  fo r  th e wor d "warship "  woul d b e simila r  t o tha t 
of  th e wor d "Nashville "  becaus e bot h word s occu r  i n th e 
same contex t  o f  othe r  word s suc h a s "Colon "  an d "harbor" . 
Thus ,  L S A automaticall y capture s a  deepe r  associativ e 
structur e tha n simpl e term-ter m correlation s an d clusters . 

One ca n interpre t  th e analysi s performe d b y S V D 
geometrically .  Th e resul t  o f  th e S V D i s a  <:-dimensiona l 
vecto r  spac e containin g a  vecto r  fo r  eac h ter m an d eac h 
document .  Th e locatio n o f  ter m vector s reflect s th e 
correlation s i n thei r  usag e acros s documents .  Similarly ,  th e 
locatio n o f  documen t  vector s reflect s correlation s i n th e 
term s use d i n th e documents .  I n thi s spac e th e cosin e o r  do t 
produc t  betwee n vector s correspond s t o thei r  estimate d 
semanti c similarity .  Thus ,  b y determinin g th e vector s o f 
tw o set s o f  textua l  information ,  w e ca n determin e th e 
semanti c similarit y betwee n them . 

I n recen t  years ,  a  variet y o f  researc h approache s t o 
generatin g high-dimensiona l  semanti c space s hav e develope d 
model s tha t  captur e semanti c meanin g base d o n analyzin g 
larg e amount s o f  textua l  informatio n (e.g. ,  Landaue r  & 
Dumais ,  1994 ;  Lund ,  Burges s &  Atchley ,  1995 ;  Schutze , 
1992) .  L S A ha s bee n use d i n a  variet y o f  application s fo r 

representin g semanti c knowledgebase s fo r  modelin g result s 
fro m tex t  an d memor y experiments .  Landaue r  an d Dumai s 
applie d L S A fo r  modelin g th e semanti c association s 
necessar y fo r  takin g vocabular y test s an d fo r  predictin g 
result s fro m studie s o f  semanti c primin g (Se e als o Lund , 
Burges s &  Atchle y fo r  a  relate d approach) .  Foltz ,  Kintsc h 
& Landaue r  (1993 )  an d Folt z (I n press )  modele d th e 
coherenc e o f  text s wit h L S A t o mak e prediction s o f  reader' s 
comprehension .  Thi s pape r  describe s result s fro m thre e 
experiment s tha t  us e L S A t o evaluat e readers '  situatio n 
models .  Th e first  tw o experiment s analyz e subjects '  essay s 
t o determin e fro m wha t  tex t  a  subjec t  learne d th e 
informatio n an d t o grad e ho w muc h relevan t  informatio n i s 
cite d i n th e essay .  Th e thir d experimen t  analyze s th e 
knowledg e structure s o f  subject s an d compare s the m t o th e 
knowledg e structure s generate d b y LSA . 

Predicting the source of the subjects' 
k n o w l e d g e 

I n researc h o n th e subject' s reasonin g afte r  readin g 
multipl e documents ,  i t  i s  importan t  t o kno w whic h 
document s hav e th e mos t  influenc e o n th e subject' s recall . 
Recent  studie s o f  learnin g fro m histor y document s hav e 
shown tha t  differen t  type s o f  document s hav e differin g 
amount s o f  influenc e o n a  subjects '  reasonin g an d recal l 
(Britt ,  Rouet ,  Georg i  &  Perfetti ,  1994 ;  Perfetti ,  Britt , 
Rouet ,  Georgi ,  &  Mason ,  1994).  A s par t  o f  on e o f  th e 
experiment s describe d b y Brit t  e t  al. ,  2 4 colleg e student s rea d 
21 text s relate d t o th e event s leadin g u p t o th e buildin g o f 
th e Panam a Canal .  Th e text s include d excerpt s fro m 
textbooks ,  historians '  an d participants '  accounts ,  an d primar y 
document s suc h a s treatie s an d telegrams .  Th e tota l  lengt h 
of  tex t  wa s 609 7 words .  Afte r  readin g th e texts ,  subject s 
wrot e a n essa y o n "T o wha t  exten t  wa s th e U.S . 
interventio n i n Panam a justified? "  I n th e origina l  analysi s 
describe d b y Brit t  e t  al. ,  th e essay s wer e propositionalize d 
and proposition s fro m th e essa y wer e matche d agains t  thos e 
i n th e origina l  text s i n orde r  t o determin e whic h text s 
showe d th e mos t  influenc e i n th e subjects '  essays .  I n thi s 
experiment ,  w e reanalyze d th e essays ,  usin g L S A t o predic t 
whic h text s influence d th e subjects '  essays .  Th e goa l  wa s t o 
matc h individua l  sentence s fro m th e subjects '  essay s agains t 
th e sentence s i n th e origina l  text s rea d b y th e subjects . 
Sentence s i n th e essay s tha t  wer e highl y semanticall y 
simila r  t o thos e i n th e origina l  text s woul d likel y indicat e 
th e sourc e o f  th e subject' s knowledge . 

To perfor m th e L S A analysis ,  th e text s wer e first  ru n 
throug h th e S V D scalin g t o generat e a  semanti c spac e o n th e 
topi c o f  th e Panam a canal .  Th e 2 1 text s th e subject s rea d 
(609 7 words) ,  alon g wit h paragraph s fro m 8  encyclopedi a 
article s o n th e Panam a Cana l  (-480 0 words )  an d excerpt s 
fro m 2  book s (-1700 0 words )  wer e include d i n th e scaling . 
Becaus e th e semanti c spac e derive d b y L S A i s dependen t  o n 
havin g man y example s o f  th e co-occurrence s o f  words ,  th e 
additio n o f  thes e othe r  textua l  material s helpe d t o provid e th e 
L S A analysi s wit h additiona l  example s o f  Panam a Cana l 
relate d word s t o hel p bette r  defin e th e semantic s o f  th e 
domain .  Th e L S A analysi s resulte d i n a  10 0 dimensiona l 
spac e mad e u p o f  60 7 tex t  unit s b y 482 9 uniqu e words . 

Il l 



For  th e analysi s o f  th e essays ,  th e vecto r  fo r  eac h sentenc e 
fro m eac h subject' s essa y wa s compare d agains t  th e vector s 
fo r  eac h o f  th e sentence s fro m th e origina l  text s rea d i n th e 
derive d semanti c space .  Fo r  eac h sentence ,  th e analysi s 
returne d a  ran k ordere d lis t  o f  th e sentence s tha t  bes t  matche d 
alon g wit h a  cosin e indicatin g th e degre e o f  similarit y o n a 
scal e o f  0  t o 1 .  Fo r  example ,  performin g a n analysi s o f  th e 
sentenc e fro m on e o f  th e subject' s  essays :  "Onl y 4 2 marine s 
wer e o n th e U.S.S .  Nashville." ,  th e bes t  tw o matche s 
returne d woul d b e th e followin g tw o sentences : 

MF.2. 1 Nov .  2 .  5:3 0 P.M. :  U.S.S. .  Nashvill e arrive s i n 
Colo n Harbo r  wit h 4 2 marines ,  {cosine :  0.640 ) 

PI.2.1 .  T o Hubbard ,  commande r  o f  th e U.S.S. . 
Nashville ,  fro m th e Secretar y o f  th e Nav y (Nov .  2 ,  1903) : 
Maintai n fre e an d uninterrupte d transit ,  (cosine :  0.556 ) 

Th e code s a t  th e beginnin g o f  returne d sentence s (MF.2. 1 
an d PI.2.1 )  indicat e whic h documen t  an d whic h sentenc e 
withi n th e documen t  wa s matched ,  whil e th e cosine s indicat e 
th e degre e o f  semanti c similarity .  A s ca n b e seen ,  th e firs t 
documen t  ( M F )  contain s m u c h o f  th e sam e semanti c 
informatio n a s expresse d i n th e sentenc e fro m th e subject' s 
sentence ,  an d i t  i s  highl y likel y tha t  thi s documen t  wa s th e 
sourc e o f  th e subject' s knowledg e expresse d i n tha t  sentence . 

I n orde r  t o determin e th e effectivenes s o f  L S A ' s 
prediction s abou t  th e sourc e o f  eac h subject' s knowledge , 
the y wer e compare d agains t  th e prediction s m a d e b y tw o 
h u m an raters .  Th e raters ,  w h o wer e highl y familia r  wit h th e 
topi c o f  th e P a n a m a Cana l  an d wit h th e 2 1 texts , 
independentl y rea d throug h th e essay s an d fo r  eac h sentence , 
the y identifie d whic h o f  th e 2 1 text s wa s th e likel y sourc e o f 
th e informatio n expresse d i n th e sentence .  Becaus e 
sentence s i n th e essay s wer e complex ,  ofte n expressin g 
multipl e piece s o f  information ,  th e experimenter s coul d 
identif y multipl e text s a s th e source s fo r  an y sentence .  O n 
average ,  th e rater s identifie d th e sourc e o f  informatio n a s 
comin g fro m 2. 1 documents ,  wit h a  rang e o f  0  t o 8 .  Th e 
percen t  o f  agreemen t  betwee n th e rater s wa s calculate d b y 
usin g a  criterio n tha t  fo r  eac h sentence ,  i f  an y o f  th e 
document s chose n b y on e o f  th e rater s agree d wit h an y o f  th e 
document s chose n b y th e secon d rater ,  the n i t  wa s considere d 
tha t  th e tw o rater s agree d o n th e source .  Usin g thi s method , 
th e agreemen t  betwee n th e rater s wa s 6 3 percent .  Th e fac t 
tha t  th e agreemen t  betwee n tw o human s wa s no t  tha t  hig h i s 
not  surprising .  M a n y o f  th e document s containe d simila r 
piece s o f  information ,  sinc e al l  wer e o n th e sam e topi c bu t 
ofte n jus t  differe d o n thei r  interpretatio n o f  th e sam e 
historica l  events . 

Sinc e th e rater s picke d o n averag e tw o document s fo r  eac h 
sentence ,  th e bes t  tw o matche s b y L S A fo r  eac h sentenc e 
wer e use d fo r  makin g predictions .  Th e percen t  agreemen t 
betwee n th e raters '  prediction s an d LSA' s prediction s wa s 
calculate d i n th e sam e manne r  a s betwee n th e tw o raters . 
Th e agreemen t  betwee n eac h rate r  an d L S A wa s 5 6 percen t 
an d 4 9 percent .  Whil e no t  a s hig h a s th e inter-rate r 
agreement ,  th e fac t  tha t  th e L S A prediction s ca n ge t  withi n 
7 percen t  o f  th e agreemen t  betwee n rater s indicate s tha t  L S A 
i s abl e t o mak e man y o f  th e sam e prediction s a s thos e o f  th e 
raters . 

By analyzin g th e sentence s from  subjects '  s u m m a r y o f 
knowledg e gaine d from a  se t  o f  texts ,  L S A ca n predic t  whic h 

document s ar e reflecte d i n thei r  sentences .  Thes e prediction s 
ar e clos e t o thos e mad e b y h u m a n raters .  Thi s permit s a 
characterizatio n o f  whic h text s ar e havin g th e greates t 
influenc e o n a  subject' s situatio n mode l  a s reflecte d i n thei r 
summary . 

Characterizing the quality of essays 

Gradin g ca n b e characterize d a s a  proces s o f  determinin g 
whethe r  a  reader' s situatio n mode l  i s  appropriat e compare d t o 
a tex t  tha t  wa s rea d o r  compare d t o th e situatio n mode l  o f  a 
grader .  Fo r  characterizin g th e qualit y o f  essays ,  on e ca n 
thin k o f  th e degre e o f  semanti c similarit y betwee n wha t  wa s 
rea d i n th e text s an d wha t  wa s writte n i n th e essa y a s a 
measur e o f  h o w m u c h informatio n wa s learne d from  th e 
texts .  Thus ,  subject s w h o writ e highe r  qualit y essay s 
shoul d hav e capture d mor e o f  th e semanti c informatio n from 
th e texts . 

Unlik e th e first  experimen t  whic h jus t  use d th e 
informatio n o n whic h tex t  wa s th e mos t  similar ,  thi s 
experimen t  use d informatio n o n h o w semanticall y simila r  i s 
what  a  subjec t  wrot e i n a n essa y t o wha t  th e subjec t  read . 
For  gradin g essays ,  th e cosine s betwee n a  subject' s sentence s 
an d sentence s i n th e origina l  text s wer e use d a s a 
characterizatio n o f  qualit y o f  th e essay .  Th e mor e simila r 
sentence s i n a n essa y ar e t o th e origina l  texts ,  th e highe r  th e 
score .  Thus ,  thi s approac h ca n b e though t  o f  a s a  measur e 
of  retentio n o f  information .  I t  shoul d reflec t  th e degre e t o 
whic h subject s ca n recal l  an d us e th e semanti c informatio n 
from  th e text s the y rea d i n thei r  essay . 

The sam e 2 4 essay s a s i n th e previou s experimen t  wer e 
used .  Fou r  graduat e student s i n histor y w h o ha d al l  serve d 
as insunctor s an d teachin g assistant s wer e recruited .  Afte r 
becomin g familiarize d wit h th e 2 1 text s tha t  th e subject s ha d 
read ,  the y grade d th e essay s base d o n wha t  informatio n wa s 
cite d an d th e qualit y o f  th e informatio n cited ,  usin g a  10 0 
poin t  scale .  The y wer e instructe d t o trea t  th e gradin g o f  th e 
essay s m u c h i n th e sam e w a y a s the y woul d fo r 
undergraduat e classe s the y ha d taught .  I n addition ,  th e 
grader s rea d throug h th e origina l  2 1 text s an d choos e th e te n 
most  importan t  sentence s tha t  wer e i n th e text s tha t  woul d 
be helpfu l  i n writin g th e essay . 

T wo measure s o f  th e qualit y o f  th e essay s wer e compute d 
usin g L S A .  Th e firs t  examine d th e amoun t  o f  semanti c 
overla p o f  th e essay s wit h th e origina l  texts .  Eac h sentenc e 
i n eac h essa y wa s compare d agains t  al l  sentence s i n th e 
origina l  text s an d a  scor e wa s assigne d base d o n th e cosin e 
betwee n th e essa y sentenc e an d th e closes t  sentenc e i n th e 
origina l  texts .  Thus ,  i f  a  subjec t  wrot e a  sentenc e tha t  wa s 
exactl y th e sam e a s a  sentenc e i n th e origina l  text ,  the y 
woul d receiv e a  cosin e o f  1.0 ,  whil e a  sentenc e tha t  ha d n o 
semanti c overla p wit h anythin g i n th e origina l  text s woul d 
receiv e a  cosin e o f  0.0 .  A  grad e wa s assigne d t o th e 
subject' s essa y base d o n th e mean s o f  th e cosine s fo r  al l  th e 
sentence s i n th e essay .  Whil e thi s measur e capture s di e 
degre e t o whic h th e semanti c informatio n i n th e subject' s 
essa y i s simila r  t o tha t  o f  th e origina l  texts ,  i t  ca n b e 
though t  o f  a s a  measur e o f  plagiaris m o r  rot e recall .  I f  a 
subjec t  wrot e sentence s tha t  wer e exactl y th e sam e a s th e 
origina l  texts ,  th e assigne d grad e woul d b e ver y high . 
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Th e secon d measur e determine d th e semanti c similarit y 
betwee n wha t  a  subjec t  wrot e an d th e te n sentence s th e 
exper t  grade r  though t  wer e mos t  important .  I n thi s way .  i t 
capture s th e degre e o f  overla p wit h a n expert' s  mode l  o f  wha t 
i s importan t  i n th e origina l  texts .  Fo r  thi s analysis ,  a  grad e 
was assigne d t o eac h essa y base d o n th e mea n o f  th e cosine s 
betwee n eac h sentenc e i n th e essa y an d th e closes t  o f  th e te n 
sentence s chose n b y th e exper t  grader . 

The grade s assigne d fo r  th e essay s b y th e grader s wer e 
correlate d betwee n th e grader s an d als o wit h th e tw o 
measure s o f  th e qualit y o f  th e essays .  Th e correlation s ar e 
show n i n Tabl e 1 . 

Grader 2 
Grader 3 
Grader 4 
L S A overla p 
wit h text s 
L S A exper t 
model  matc h 

Grade r  1 

.57 5 * * 

.76 8 « * 

.38 1 

.41 8 * 

.58 9 * * 

Grader 2 

.58 2 • * 

.412 * 

.55 2 * * 

.62 6 * * 

Grade r  3 

.36 7 

.31 7 

.38 4 t 

Grader 4 

.11 7 

.24 0 
*p<.0 1 *  p<.0 5 T  p<.0 6 

Tabl e 1 .  Correlatio n o f  grade s betwee n exper t  grader s an d 
th e L S A method s 

The correlation s betwee n grader s range s fro m .36 7 t o 
.768 ,  indicatin g som e variabilit y  i n th e consistenc y o f  th e 
grade s assigne d b y th e graders .  Th e grade s assigne d b y th e 
firs t  L S A measure ,  whic h examine d th e amoun t  o f  overla p 
wit h texts ,  correlate d significantl y wit h tw o o f  th e fou r 
graders .  Thi s indicate s tha t  th e grade s assigne d b y huma n 
grader s depen d greatl y o n whethe r  th e essa y capture s a  lo t  o f 
th e semanti c informatio n o f  th e origina l  texts .  Th e grade s 
assigne d b y th e secon d L S A measure ,  whic h capture s th e 
similarit y betwee n wha t  a  subjec t  wrot e an d th e sentence s 
tha t  th e exper t  grade r  though t  wer e mos t  important , 
correlate d wel l  wit h thre e o f  th e fou r  grader s and ,  overal l  th e 
correlation s wer e stronge r  tha n th e firs t  L S A measure .  Thi s 
indicate s tha t  th e quaUt y o f  a n essa y ca n b e characterize d a s a 
matc h betwee n th e expert' s  mode l  o f  th e domai n an d wha t 
was writte n i n th e essay .  Indeed ,  th e graders '  correlation s 
wit h L S A exper t  mode l  ar e wel l  withi n th e rang e o f  th e 
correlation s betwee n th e graders ,  demonstratin g tha t  th e 
automati c gradin g don e b y L S A wa s abou t  a s reliabl e a s tha t 
of  th e graders .  Additiona l  analyse s usin g a  weighte d mea n 
grad e o f  th e expert s ca n improv e LSA' s correlatio n o f  grade s 
t o expert s t o 0.68 ,  whic h i s a s good ,  i f  no t  bette r  tha n th e 
grader s correlatio n wit h eac h other . 

The result s indicat e tha t  th e represenutio n generate d b y 
L S A i s sufficientl y simila r  t o th e readers '  situatio n mode l  t o 
be abl e t o characteriz e th e qualit y o f  thei r  essays . 
Calculatin g th e amoun t  o f  similarit y betwee n wha t  wa s rea d 
and wha t  wa s writte n provide s a  goo d measur e o f  th e amoun t 
of  learnin g b y th e subject .  Th e result s als o hav e 
implication s fo r  understandin g wha t  i s involve d i n gradin g 
essays .  Th e L S A exper t  mode l  result s indicate d tha t  u p t o 
abou t  4 0 percen t  o f  th e varianc e i n subjects '  essay s ca n b e 
explaine d b y jus t  th e amoun t  semanti c overla p o f  sentence s 
i n th e essay s wit h 1 0 sentence s i n th e text s tha t  a  grade r 
think s ar e important .  Thus ,  grader s ma y b e lookin g t o se e 
i f  th e essa y cite s jus t  a  fe w importan t  piece s o f  information . 

Whil e L S A characterize s th e degre e t o whic h th e subjects ' 
situatio n mode !  matche s tha t  o f  th e tex t  o f  a n expert ,  ther e 
stil l  remai n question s a s t o th e degre e t o whic h othe r  factor s 
suc h a s th e qualit y o f  th e writin g an d th e abilit y  t o writ e a 
coheren t  essa y ar e correlate d wit h o r  ar e independen t  o f  th e 
subjects '  situatio n model . 

Comparing reader's knowledge structures 
t o L S A ' s s e m a n t i c d i s t a n c e s 

O ne o f  th e assumption s o f  usin g L S A t o mode l  subjects ' 
situatio n model s i s tha t  th e semanti c structure s generate d b y 
LSA' s analysi s o f  th e tex t  correspon d t o th e knowledg e 
structure s o f  th e reader s o f  th e text .  Th e successfu l  result s 
fro m th e firs t  tw o experiment s indicat e tha t  thes e semanti c 
structure s d o captur e usefu l  feature s o f  th e reader' s 
representation .  Th e thir d experimen t  provide s a  mor e direc t 
investigatio n o f  thes e knowledg e structure s b y havin g 
subject s m a k e explici t  rating s o f  th e semanti c similarit y 
betwee n concept s mentione d i n th e text s an d comparin g 
the m t o th e semanti c similarit y predicte d b y L S A . 

Ninetee n undergraduate s rea d th e sam e text s o n th e 
Panama cana l  a s i n th e abov e experiments .  Afte r  readin g th e 
texts ,  the y wer e presente d wit h a  lis t  o f  1 6 concept s 
mentione d i n th e texts .  Th e concept s covere d a  wid e rang e 
of  issue s fro m th e text ,  includin g peopl e (Presiden t 
Roosevelt ,  U.S .  Marines) ,  event s (U.S .  recognize s Panama) , 
and ke y object s an d concept s fro m th e stor y (Th e righ t  o f 
transit .  Th e Bidlac k Treaty) .  Th e subject s rate d al l  12 0 
possibl e pair s o f  th e concept s a s t o h o w relate d th e tw o 
concept s wer e o n a  7  poin t  scale .  I n addition ,  th e tw o 
expert s from  Experimen t  1  bot h performe d th e ratin g task . 
Eac h exper t  performe d th e tas k twice ,  separate d b y a  on e 
mont h interval ,  i n orde r  t o characteriz e h o w stabl e thei r 
knowledg e o f  th e domai n was .  Prediction s o f  th e 
similaritie s betwee n concept s wer e als o m a d e b y L S A b y 
determinin g th e cosin e betwee n eac h pai r  o f  concepts . 

To determin e th e similarit y i n knowledg e structures ,  th e 
similarit y rating s betwee n concept s wer e correlate d betwee n 
th e experts ,  th e novic e subject s an d LSA .  Th e tw o expert s 
ha d correlation s wit h themselve s o f  0.8 6 an d 0.63 , 
indicatin g s o m e variabilit y  i n eve n th e experts ' 
characterizatio n o f  th e relationshi p betwee n concepts .  (Fo r 
al l  analyses ,  an y correlatio n abov e 0.1 8 i s significan t  a t  th e 
.0 1 level. )  Th e correlation s o f  rating s betwee n th e expert s 
range d fro m 0.3 9 t o 0.62 ,  whil e th e novice s correlate d wit h 
themselve s wit h a n averag e o f  0.2 6 an d a  rang e from  -0.1 2 
t o 0.48 . 

Becaus e o f  th e variabilit y  i n bot h th e experts '  an d th e 
novices '  ratings ,  tw o set s o f  rating s wer e derived ,  on e 
representin g a  genera l  expert' s  knowledg e structures ,  b y 
averagin g th e experts '  ratings ,  th e othe r  representin g a 
genera l  novices '  knowledg e structure s b y averagin g th e 
novices '  ratings .  Th e correlatio n o f  th e averag e exper t  ratin g 
wit h th e averag e novic e ratin g wa s 0.75 ,  whil e th e 
correlatio n o f  L S A wit h th e averag e exper t  ratin g wa s 0.4 1 
and wit h th e averag e novic e ratin g wa s 0.36 .  Th e fac t  tha t 
th e correlatio n o f  L S A t o th e human s i s no t  a s hig h a s th e 
correlatio n betwee n th e expert s an d novice s i s no t 
surprising .  Averagin g th e huma n judgment s remove s a  lo t 
of  th e variabilit y  i n thei r  data ,  bu t  sinc e th e L S A prediction s 
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wer e base d o n a  singl e se t  o f  judgments ,  n o averagin g coul d 
be done .  Thus ,  ther e woul d likel y b e mor e variabilit y  i n th e 
L S A predictions ,  resultin g i n lowe r  correlation s wit h 
humans tha n th e correlation s betwee n th e average d humans . 
Whil e th e L S A correlatio n i s no t  a s stron g a s th e correlatio n 
betwee n th e expert s an d novices ,  L S A manage s t o captur e 
many o f  th e sam e semanti c relationship s a s thos e identifie d 
by bot h th e expert s an d th e novices .  Th e abov e correlation s 
als o indicat e tha t  LSA' s representatio n i s somewha t  close r  t o 
tha t  o f  a n exper t  i n th e domai n tha n tha t  o f  a  novice . 

I n additio n t o calculatin g correlation s betwee n th e L S A 
and th e exper t  an d novic e ratings ,  Pathfinde r  analyse s 
(Schvaneveldt ,  1990 )  wer e performe d o n th e similarit y 
matrice s fo r  th e experts ,  novice s an d LSA .  Th e Pathfinde r 
analyse s derive s a  networ k structur e whic h represent s 
concept s a s node s an d distance s betwee n concept s a s th e 
number  o f  intervenin g link s betwee n th e nodes .  Networ k 
similarit y scores ,  whic h indicat e th e degre e t o whic h tw o 
network s shar e simila r  link s o n a  scal e o f  0  t o 1 ,  wer e 
computed .  Th e compariso n o f  pair s o f  network s indicate d 
tha t  th e exper t  an d novic e network s wer e mor e simila r  tha n 
expecte d b y chanc e (SIM=0.48 ,  ExpectedSIM=0.14 ,  p<.01 ) 
as wel l  a s th e exper t  an d L S A network s (SIM=0.32 , 
ExpectedSIM=0.14 ,  p<.01) .  However ,  th e L S A networ k 
w as no t  significantl y simila r  t o th e novic e networ k 
(SIM=0.21 ,  ExpectedSIM=0.14 ,  p>.l) .  A s i n th e 
correlatio n results ,  thes e result s indicat e tha t  th e structure s 
produce d b y L S A wer e simila r  t o thos e produce d b y th e 
experts . 

Sinc e th e correlatio n an d networ k similarit y score s 
betwee n L S A an d th e expert s wer e lowe r  dia n thos e betwee n 
expert s an d novices ,  a n analysi s o f  th e pair s o f  concept s wa s 
don e i n orde r  t o determin e o n whic h pair s L S A wa s makin g 
prediction s tha t  differe d greatl y fro m th e experts .  Th e 
experts '  average d rating s an d th e L S A cosine s wer e converte d 
t o Z-score s an d th e difference s betwee n Z-score s wa s 
computed .  Thi s permitte d a  characterizatio n o f 
overpredictions ,  wher e th e mode l  predicte d tha t  relationshi p 
betwee n tw o concept s wa s close r  tha n th e actua l  prediction s 
made b y th e experts ,  an d underpredictions ,  wher e th e mode l 
predicte d tha t  relationshi p betwee n tw o concept s wa s no t  a s 
clos e a s th e prediction s mad e b y th e experts . 

T h e Z-scor e analyse s indicate d tha t  L S A tende d t o 
overpredic t  th e relationshi p betwee n pair s o f  concept s whe n 
th e tw o concept s occurre d exclusivel y togethe r  i n th e text s 
or  i n case s whe n th e tw o concept s share d term s (e.g. ,  "U.S . 
Marines "  an d "U.S .  recognize s Panama") .  Thi s indicate s 
tha t  LSA' s representatio n o f  th e text s wa s sometime s overl y 
contextuall y based .  Give n tha t  th e L S A scalin g wa s base d 
on onl y a  smal l  sampl e o f  tex t  (60 7 tex t  units) ,  ther e woul d 
be certai n word s tha t  woul d occu r  i n onl y on e contex t  an d 
thu s woul d no t  hav e a s rich a  semanti c representation .  Thi s 
proble m coul d b e alleviate d b y providin g a  large r  trainin g se t 
fo r  L S A ,  suc h a s usin g mor e encyclopedi a articles ,  whic h 
woul d provid e mor e context s fo r  word s t o occur . 

The underprediction s mad e b y L S A occurre d i n case s whe n 
th e concept s represente d mor e globa l  event s an d player s suc h 
as "Presiden t  Roosevelt "  an d "U.S .  recognize s Panama "  a s 
wel l  a s "Presiden t  Roosevelt "  an d "U.S .  Marines" .  Thes e 
pair s wer e neve r  describe d togethe r  i n th e text ,  ye t  thei r 

relationship s ca n b e inferre d i f  a  reade r  ha s enoug h genera l 
knowledg e abou t  th e rol e o f  president s i n fomentin g 
revolution s o r  havin g c o m m a n d ove r  th e Marines .  Sinc e 
L S A wa s onl y traine d o n semanti c association s abou t 
Panama,  i t  lacke d m u c h o f  thi s deepe r  situationa l 
knowledge .  Thus ,  i n thi s case ,  L S A ha d a  somewha t 
limite d situatio n mode l  i n tha t  i t  wa s effectiv e a t 
representin g semanti c relationship s abou t  th e Panam a cana l 
situation ,  bu t  di d no t  hav e mor e domai n genera !  histor y 
knowledg e a s d o bot h th e expert s an d novices .  Again ,  thi s 
proble m coul d b e remedie d b y providin g a  large r  trainin g se t 
fo r  L S A ,  suc h a s usin g mor e encyclopedi a article s coverin g 
a wid e rang e o f  topic s i n history . 

Discussion 

W h en readin g multipl e text s a  reade r  mus t  integrat e th e 
informatio n acros s th e text s a s wel l  a s combin e i t  wit h thei r 
previou s knowledge .  L S A capture s thi s integratio n o f 
information ,  representin g concept s i n a  semanti c spac e i n 
whic h vecto r  similarit y betwee n concepts  represent s a 
characterizatio n o f  semanti c relatedness .  Th e primar y 
propertie s o f  L S A tha t  permi t  thi s representatio n i s throug h 
performin g a n analysi s o f  co-occurrenc e o f  word s an d the n a 
statistica l  reductio n o f  th e analysi s t o captur e hig h leve l 
association s betwee n term s an d documents .  Thus ,  L S A 
capture s a  featur e inheren t  i n textua l  information :  word s tha t 
ten d t o co-occu r  togethe r  o r  ten d t o occu r  i n th e sam e 
context s wil l  b e mor e semanticall y related .  Base d o n th e 
result s o f  thes e studies ,  th e statistica l  approximatio n o f 
semanti c relatednes s generate d b y L S A correspond s t o th e 
knowledg e structure s generate d b y reader s o f  multipl e texts . 
I n thi s manner ,  L S A ha s simila r  propertie s t o tha t  o f  a 
reader' s situatio n model .  I t  generate s a  semanti c 
representatio n o f  textua l  informatio n tha t  integrate s th e 
informatio n acros s texts .  I n addition ,  i t  ca n als o integrat e 
tha t  informatio n wit h outsid e informatio n (e.g. ,  previou s 
knowledge )  a s lon g a s th e mode l  ha s bee n traine d o n tha t 
information .  Base d o n thi s representation ,  L S A ca n b e use d 
as a  too l  fo r  evaluatin g readers '  summarie s an d a s a  wa y o f 
modelin g readers '  knowledg e structures . 

Th e firs t  tw o experiment s demonstrat e tha t  L S A provide s 
a representatio n i n whic h comparison s ca n b e mad e betwee n 
readers '  summarie s o f  thei r  knowledg e an d th e origina l  text s 
the y hav e read .  Thes e comparison s permi t  a  variet y o f 
characterization s o f  a  reader' s situatio n model .  B y 
comparin g sentence s i n a  reader' s summar y t o sentence s 
fro m th e text s tha t  wer e read ,  L S A provide s a  measur e a s t o 
whic h text s ha d th e greates t  influenc e o n th e reader .  I n 
addition ,  th e degre e o f  semanti c similarit y betwee n th e 
reader' s summar y an d th e origina l  text s provide s a  measur e 
of  th e amoun t  o f  informatio n th e reade r  learne d fro m th e 
texts .  B y comparin g th e reader' s summar y t o sentence s tha t 
an exper t  though t  wa s important .  L S A provide s a  measur e 
of  th e degre e t o whic h th e reader' s situatio n mode l  matche s 
tha t  o f  th e expert .  Sinc e essay s provid e a  rich  sourc e o f 
information  abou t  a  reader' s knowledge ,  bu t  ar e ofte n 
difficul t  t o analyze ,  thi s approac h permit s automati c 
analyse s o f  th e reader' s knowledge . 

Becaus e th e derivatio n o f  th e semanti c spac e i s base d o n 
an analyse s o f  multipl e texts ,  L S A generate s a  rich  semanti c 
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representation .  I n th e cas e o f  th e abov e experiments ,  th e 
spac e wa s derive d base d o n abou t  2300 0 words ,  althoug h th e 
same metho d ha s bee n applie d t o corpor a wit h million s o f 
word s (e.g. ,  Landaue r  &  Dumais ,  1994) .  Th e thir d 
experimen t  demonstrate s tha t  distance s betwee n concept s i n 
th e semanti c spac e correspon d t o conceptua l  distance s i n th e 
readers '  representatio n o f  th e texts .  Thi s indicate s tha t  L S A 
capture s a  dee p associationa l  structur e betwee n concept s tha t 
i s  simila r  t o th e reader' s situatio n mode l  o f  th e texts .  Th e 
type s o f  error s tha t  LS A mad e i n it s prediction s o f  concep t 
similaritie s sho w tha t  bot h novice s an d expert s ar e 
incorporatin g informatio n i n th e tex t  wit h thei r  globa l 
knowledg e o f  politica l  roles .  Sinc e L S A wa s no t  traine d 
wit h text s tha t  provid e thi s information ,  i t  lacke d a s globa l  a 
situationa l  representatio n compare d t o humans .  Thu s L S A 
i s dependen t  o n th e typ e o f  text s provide d i n orde r  t o 
successfull y mimi c a  huma n situatio n model .  Fo r  th e 
presen t  experiments ,  th e situatio n mode l  generate d wa s 
limite d onl y t o knowledg e abou t  th e Panam a Cana l 
situation .  Wit h a  large r  corpus ,  suc h a s tha t  use d i n th e 
Landaue r  an d Dumai s research ,  L S A woul d hav e a  mor e 
genera l  representation ,  capturin g mor e globa l  association s 
tha t  ar e mad e b y human s whe n integratin g informatio n from 
th e tex t  wit h thei r  backgroun d knowledge .  Futur e researc h 
wil l  addres s thes e issue s as ,  wel l  a s continu e t o evaluat e th e 
boundarie s o f  wher e th e representatio n generate d b y L S A 
successfull y capture s o r  differ s fro m th e reader' s 
representation . 

I n summary ,  LS A ca n serv e bot h a s a  too l  an d a s a 
modelin g techniqu e fo r  tex t  researchers .  A s a  too l  i t  ca n b e 
applie d a s a  metho d t o analyz e readers '  summarie s an d 
characteriz e bot h th e sourc e an d qualit y o f  a  reader' s 
knowledge .  A s a  mode l  o f  readers '  comprehension ,  i t  ca n b e 
used t o generat e a  semanti c representatio n tha t  capture s 
imponan t  feature s o f  a  reader' s simatio n model . 
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