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Analys i s o f  Mul t i -d imens iona l  Cogn i t i v e Processe s 

Scot t  Slutnic k an d Sta n Klei n 
Visio n Scienc e Dcparlmenl ,  41 2 Mino r  Hal l 

Universit y o f  California ,  Berkele y 
Berkeley .  C A 9472 0 

{s lo tn ick ,k le in )@adage.berke ley .ed u 

The complexit y o f  huma n cognitio n necessitate s a 
reductio n fro m a  hig h leve l  proces s (e.g. ,  memory , 
perception ,  imagery ,  o r  attention )  usin g a  simplifie d model . 
Ideally ,  th e methodolog y employe d t o stud y a  particula r 
component  shoul d b e simpl e enoug h tha t  th e result s ca n b e 
trusted ,  ye t  comple x enoug h t o stud y th e tru e natur e o f  th e 
substrate .  Th e multinomia l  mode l  develope d b y Riefe r  an d 
Batchelde r  (1988 )  strike s thi s balanc e an d henc e i s utilize d 
extensivel y i n th e stud y o f  man y cognitiv e functions .  Thi s 
methodolog y ca n b e readil y appreciate d b y explorin g it s 
applicatio n t o th e stud y o f  huma n memory .  A  typica l 
recognitio n memor y experimen t  involve s a  stud y phas e an d 
a tes t  phase .  Th e stud y phas e ma y involv e th e presentatio n 
of  a  wor d lis t  fo r  a  subjec t  t o remembe r  an d th e tes t  phas e 
may involv e th e presentatio n o f  th e word s fro m tha t  stud y 
lis t  i n additio n t o ne w distracte r  words .  Th e subjec t  i s 
instructe d t o respon d "old "  o r  "new "  t o eac h word .  I f  a 
subjec t  say s "old "  whe n presente d wit h a  wor d fro m th e 
stud y list ,  man y question s aris e regardin g th e experienc e o f 
th e subject .  H o w stron g i s thi s memor y i n a  rang e o f  non e 
t o absolute ? Di d th e subjec t  forge t  th e wor d fro m th e stud y 
phas e an d simpl y gues s "old" ? Durin g dat a analysis ,  i t  i s 
necessar y t o separat e parameter s tha t  describ e tru e memor y 
strengt h an d guessing .  Th e multinomia l  mode l  no t  onl y 
dissociate s thes e parameters ,  bu t  enable s th e stud y o f 
multipl e dimension s involve d i n a  cognitiv e process . 

We hav e investigate d a n alternativ e mode l  whic h ca n b e 
used t o analyz e cognitiv e processing .  Thi s signa l  detectio n 
theor y (SDT )  mode l  ha s differen t  underlyin g assumption s 
tha n th e multinomia l  mode l  an d use s mor e detaile d tripl e 
judgmen t  confidenc e rating s t o quantif y th e experienc e o f  th e 
observer .  I t  i s  importan t  t o extrac t  al l  th e informatio n tha t  a 
subjec t  ha s t o offe r  abou t  a  particula r  experienc e i n th e 
interes t  o f  developin g th e mos t  accurat e mode l  o f  menta l 
function .  W e hav e develope d nove l  technique s fo r 
evaluatin g thes e multiple ,  conjoin t  ratin g scal e data .  T o 
explor e th e accurac y o f  th e S D T mode l  a s compare d t o th e 
accurac y o f  th e multinomia l  model ,  w e conducte d a  sourc e 
memory experimen t  an d analyze d th e result s usin g bot h 
models .  Thi s typ e o f  experimen t  i s appropriat e a s a  multi -
dimensiona l  proces s a s i t  involve s bot h old-ne w recognitio n 
memory an d memor y fo r  source . 

Durin g th e stud y phas e o f  th e experiment ,  w e presente d 
subject s (Ss )  wit h word s fro m tw o list s usin g differen t 
presentatio n methods .  Word s fro m th e firs t  lis t  wer e 
presente d visuall y a s anagram s whic h th e S s solve d an d 

word s fro m th e secon d lis t  wer e hear d a s wel l  a s presente d 
visually .  Durin g th e tes t  phase ,  w e presente d th e word s 
fro m th e stud y phas e i n additio n t o ne w word s an d instructe d 
Ss t o giv e a  tripl e judgmen t  correspondin g t o confidenc e 
anagram ,  confidenc e heard ,  an d confidenc e ne w fo r  eac h 
word .  Th e resultin g dat a wer e analyze d usin g th e 
multinomia l  mode l  develope d b y Batchelde r  an d Riefe r 
(1990 )  an d th e S D T mode l  develope d b y Slotnic k e t  al . 
(1996) .  Th e parameter s derive d fro m thes e model s an d th e 
assumption s underlyin g thes e model s wer e compare d an d 
contrasted .  Bot h model s resul t  i n comparabl e parameter s 
tha t  describ e memor y strengt h unde r  neutra l  bia s conditions , 
but  thes e memor y strengt h parameter s derive d usin g th e 
multinomia l  mode l  wer e no t  independen t  o f  bias .  Usin g a 
chi-squar e goodness-of-fi t  test ,  w e sho w tha t  th e S D T mode l 
i s  mor e representativ e o f  th e data .  Thes e result s indicat e tha t 
th e S D T mode l  i s a  bette r  predicto r  o f  th e dat a tha n th e 
multinomia l  mode l  an d hencefort h shoul d b e considere d i n 
th e analysi s o f  multi-dimensiona l  analysi s o f  cognitiv e 
operations . 

I n additio n t o studyin g th e result s o f  sourc e memor y 
experiments ,  thi s methodolog y ca n b e applie d t o othe r 
cognitiv e paradigm s wit h multipl e dimensions .  Fo r 
example ,  w e ar e currentl y explorin g th e applicatio n o f  th e 
S DT mode l  i n th e stud y o f  th e distinctio n betwee n explici t 
and implici t  memor y an d i n th e stud y o f  th e distinctio n 
betwee n shap e an d colo r  i n illusor y conjunctions .  Th e S D T 
model  i s  a  powerfu l  mean s wit h whic h t o quantif y th e 
multi-dimensiona l  complexitie s o f  th e huma n mind . 
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