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Modelin g Students '  K n o w l e d g e Representatio n wit h Laten t  Seman t i c Analysi s 

Pete r  W .  Koh z (pfolU@nmsu.edu ) 
Amber  Well s (ainbwells@nmsu.edu ) 

Departmen t  o f  Psychology ,  Ne w Mexic o Stat e Universit y 
LasCruces.NM ,  88003-8001 ,  US A 

Laten t  Semanti c Analysi s  (LSA )  serve s a s bot h a  theor y 
and metho d fo r  representin g th e meanin g o f  word s base d o n a 
statistica l  analysi s o f  thei r  contextua l  usag e (e.g. ,  Landaue r 
& Dumais ,  i n press ;  Foltz ,  Britt ,  &  Perfett i  1996) .  Base d 
on a n analysi s o f  larg e amount s o f  textua l  information ,  L S A 
generate s a  high-dimensiona l  semanti c spac e i n whic h term s 
ar e represente d a s vector s i n th e space .  Th e spac e capture s 
effect s du e t o th e patter n o f  wor d usag e acros s man y 
contexts .  Thi s permit s a  compariso n o f  semanti c similarit y 
betwee n term s an d large r  unit s o f  text ,  eve n i f  the y ar e use d 
i n differen t  context s 

LSA ha s bee n teste d usin g severa l  differen t  approache s t o 
demonstrat e tha t  it s representatio n o f  meanin g correspond s 
wel l  t o humans '  knowledg e representations .  Thes e test s 
have included :  representin g an d evaluatin g student' s 
knowledg e o f  histor y a s expresse d i n thei r  essays ,  predictin g 
th e result s o f  lexica l  primin g an d wor d sortin g tasks ,  an d 
comparin g performanc e o n synony m test s t o thos e o f 
humans.  I n thi s paper ,  w e compare d th e representatio n o f 
readers '  knowledg e structure s o f  informatio n learne d fro m a n 
introductor y psycholog y tex t  t o th e representatio n generate d 
by LSA . 

Student s enrolle d i n a n introductor y psycholog y clas s rea d 
a textboo k chapte r  o n memory .  Afte r  readin g th e chapter , 
the y wer e give n a  lis t  o f  1 6 concept s mentione d i n th e 
chapte r  an d rate d thei r  knowledg e o f  eac h o f  th e concepts . 
They the n wer e presente d wit h al l  possibl e pair s o f  thes e 1 6 
concept s an d rate d thei r  relatednes s o n a  7  poin t  Liker t  scale . 
Student s als o too k a  Nelson-Denn y readin g comprehensio n 
tes t  an d a  tes t  fo r  knowledg e abou t  psychologica l  concept s 
relate d t o memory .  I n addition ,  graduat e students ,  wh o wer e 
highl y familia r  wit h th e domain ,  rea d th e sam e chapte r  an d 
performe d th e sam e rating s tasks .  Thi s provide d a 
compariso n betwee n novic e an d exper t  representation s o f  th e 
topic . 

The L S A representatio n o f  th e sam e knowledg e wa s 
generate d throug h a n analysi s o f  th e complet e tex t  o f  th e 
textbook .  Th e textboo k wa s separate d int o paragraph s an d 
th e matri x o f  490 3 paragraph s b y 1916 0 uniqu e term s wa s 
analyze d wit h LSA ,  retainin g 30 0 factors .  Concept-concep t 
comparison s wer e the n mad e b y calculatin g th e cosin e 
betwee n th e vector s fo r  eac h pai r  o f  concepts .  Thes e cosine s 
were the n compare d t o th e subjects '  rating s o f  relatednes s 
betwee n concepts . 

Correlation s wer e compute d betwee n th e subjects '  rating s 
and LSA' s predictions .  Overall ,  th e novic e subject s 

correlate d significantl y wit h L S A (r(119)=.27 ,  p<.01) . 
Usin g a  media n split ,  thos e scorin g lo w o n th e Nelson -
Denny comprehensio n tes t  ha d lowe r  correlation s t o th e 
L S A prediction s (r(119)=.18 ,  p<.05 )  tha n thos e w h o ha d 
hig h comprehensio n score s (r(119)=.28 ,  p<.01) .  Thi s 
indicate s tha t  L S A capture s th e effect s o f  readin g abilit y  tha t 
resul t  i n a  bette r  knowledg e representation .  Base d o n 
preliminar y dat a o f  experts '  ratings ,  L S A correlate s mor e 
strongl y t o th e expert' s  knowledg e representation , 
(r(119)=0.4 0 p<.01) .  Thus ,  th e representatio n generate d b y 
L S A i s muc h close r  t o tha t  o f  a  domai n exper t  tha n tha t  o f  a 
novice . 

Overall ,  th e result s indicat e tha t  L S A doe s provid e a n 
accurat e representatio n o f  th e semanti c distance s betwee n 
concept s tha t  ar e expresse d b y reader s o f  a  text ,  eve n whe n 
thos e concept s d o no t  co-occu r  withi n simila r  contexts . 
LSA' s representatio n i s  mor e simila r  t o tha t  o f  a  domai n 
exper t  an d i t  capture s effect s o f  th e reader' s readin g ability . 

Sinc e L S A ca n mode l  readers '  knowledg e representations , 
i t  als o ha s practica l  application s fo r  knowledg e assessment . 
For  example ,  th e metho d ca n b e use d fo r  performin g 
automati c evaluation s o f  students '  knowledg e o f  particula r 
topic s withi n a  trainin g system .  Throug h a n L S A analysi s 
of  a  tex t  o r  set s o f  texts ,  LSA' s representatio n o f  distance s 
betwee n concept s shoul d correspon d wel l  t o tha t  o f  a  domai n 
expert .  Comparison s ca n the n b e mad e betwee n huma n 
performanc e o n thes e concept s an d th e model .  Usin g thi s 
approach ,  w e ca n generat e measure s tha t  determin e th e 
overal l  comprehensio n o f  informatio n i n a  domain ,  a s wel l 
as method s fo r  diagnosin g knowledg e deficit s o n specifi c 
topic s withi n a  domain .  Thi s informatio n ca n the n b e use d 
t o determin e wha t  additiona l  specifi c  informatio n mus t  b e 
provide d t o a  studen t  i n orde r  t o improv e thei r  knowledg e o f 
th e domain . 
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