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H o w Laten t  S e m a n t i c Analysi s ( L S A )  Represent s Essa y S e m a n t i c Con ten t : 

Technica l  Issue s a n d Analyse s 

M. E. Schreiner, Bob Rehder, Thomas K. Landauer, and Darrell Laham 
Departmen t  o f  Psycholog y &  Institut e o f  Cognitiv e Scienc e 

Universit y o f  Colorado ,  Boulde r 
Boulder ,  C O 80309-034 5 

{missy ,  r ehde r ,  landauer ,  d l a h a m } © p s y c h . c o l o r a d o . e d u 

LSA i s a  metho d fo r  extractin g th e meanin g o f  word s an d 
passage s base d o n statistica l  analysi s o f  larg e tex t  corpor a 
and thei r  representatio n a s vector s i n a  high-dimensio n 
semanti c space "  (Landaue r  &  Dumais ,  i n press) .  Th e 

representatio n i s  accomplishe d wit h Singula r  Valu e 
Decompositio n followe d b y optima l  dimensio n reduction . 
Recent  researc h (Wolfe ,  Schreiner ,  Rehder ,  Laham ,  Foltz , 
Kintsch ,  &  Landauer ,  i n press ;  Rehder ,  Schreiner ,  Wolfe , 
Laham,  Landaue r  an d Kintsch ,  i n press )  ha s show n tha t  th e 
LSA vecto r  o f  a n individual' s essa y o n a  technica l  domai n i s 
a veridica l  summar y representatio n o f  th e individual' s 
knowledg e i n tha t  domain .  Ninety-fou r  undergraduate s a t  th e 
Universit y o f  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. , 
who assigne d a  qualit y scor e fro m 1  t o 5  reflectin g ho w 
much th e studen t  kne w abou t  th e subject .  Th e student s wer e 
als o give n a  4 0 poin t  shor t  answe r  tes t  o n th e sam e topic . 

L SA wa s traine d o n a  se t  o f  2 7 article s relevan t  t o th e 
hear t  take n fro m Grolier' s Academi c America n Encyclopedia . 
A vecto r  wa s compute d fo r  eac h studen t  essa y b y averagin g 
th e vector s o f  th e word s containe d i n it .  W e evaluate d th e 
tw o component s o f  a n essay' s L S A vector ,  it s  lengt h an d 
direction ,  a s potentia l  measure s o f  domai n knowledge .  Th e 
vecto r  lengt h an d th e cosin e betwee n th e vecto r  an d a  shor t 
exper t  tex t  ( a sectio n o n th e hear t  fro m a  hig h schoo l 
biolog y textbook )  wer e eac h correlate d wit h th e short-answe r 
tes t  score s an d th e score s assigne d b y th e E T S graders .  Th e 
result s ar e presente d i n Tabl e 1 . 

Correlatio n wit h 
Averag e 

E TS Scor e 
Shor t  Answe r 

Test  Scor e 
Vecto r  Length : 

Cosin e betwee n Vecto r 
and Exper t  Text : 

.6 2 

.6 5 

.6 8 

.6 5 

Tabl e 1 :  Hear t  essa y results . 

Note that the vector length and cosine measures are 
correlate d wit h on e anothe r  (r=.48 ,  p<.0001) ,  s o t o som e 
exten t  ar e explainin g th e sam e varianc e i n th e externa l 
scores .  However ,  a  multipl e regressio n usin g th e vecto r 
lengt h an d cosin e a s predictor s reveale d tha t  bot h ar e highl y 

significan t  abov e an d beyon d eac h othe r  (partia l  correlation s 
of  .5 1 an d .58 ,  respectively) ,  an d the y d o no t  interact .  Thus , 
vecto r  lengt h an d cosin e ar e bot h unique ,  independen t 
predictor s o f  domai n knowledge . 

The cosin e betwee n th e essa y vecto r  an d exper t  tex t 
reflect s th e directio n o f  a n essay' s vecto r  i n th e high -
dimensiona l  L S A space ,  an d i s interprete d a s th e qualit y o f 
th e semanti c conten t  o f  th e essa y relativ e t o th e exper t  text . 
Vecto r  length ,  o n th e othe r  hand ,  ma y b e interprete d a s th e 
quantit y o f  genera l  hear t  knowledg e i n th e essa y relativ e t o 
th e genera l  hear t  knowledg e embedde d i n th e encyclopedi a 
articles . 

To wha t  exten t  doe s th e fac t  tha t  essa y vecto r  lengt h 
predict s domai n knowledg e merel y reflec t  th e numbe r  o f 
word s i n th e essay ? I n th e Wolfe ,  e t  al .  (i n press )  study , 
essa y wor d coun t  wa s no t  significantl y correlate d wit h eithe r 
th e short-answe r  tes t  score s o r  th e score s assigne d b y huma n 
grader s (r=.0 2 an d =.01 ,  respectively) .  W h e n non-conten t 
word s suc h a s "the "  an d "although "  wer e remove d fro m th e 
essays ,  essa y wor d coun t  wa s stil l  onl y weakl y correlate d 
wit h th e externa l  score s (r=.25 ,  p<.0 5 fo r  th e short-answe r 
test ,  an d r=.16 ,  p<.1 5 fo r  th e essa y grades) .  Thus ,  thos e 
subject s tha t  wrot e longe r  essay s di d no t  necessaril y  posses s 
mor e hear t  knowledge ,  an d ou r  us e o f  L S A wa s abl e t o 
detec t  tha t  fact .  W e conclud e tha t  th e combinatio n o f  th e 
weightin g o f  word s an d dimensio n reductio n performe d b y 
L S A ar e o f  crucia l  importanc e fo r  representin g th e 
knowledg e containe d i n a n essay . 
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