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How Do Psychologists Think Anyhow? 

John Black and Arthur Graesser 

Yale University and California State University at Fullerton 

What do psychologists know and how do they use that knowledge to answer questions?* These are 

tw o o f  th e issue s w e hav e ha d t o addres s a s par t  o f  a  projec t  t o desig n a n intelligen t  compute r  assiste d 

instructio n (ICAI )  syste m tha t  wil l  hel p peopl e lear n abou t  psychology .  Question s lik e thes e ar c critica l 

fo r  an y ICA I  system ,  becaus e centra l  t o th e desig n o f  suc h system s i s determinin g ho w knowledg e o f  th e 

domai n i s t o b e represented ,  determinin g wha t  tha t  knowledg e is ,  an d determinin g ho w tha t  knowledg e 

i s t o b e use d t o interac t  wit h th e student s (e.g. ,  t o answe r  studen t  questions) . 

Several ICAI systems address these issues for rule-based domains like electronics (e.g., Brown and 

IJurton ,  1975) ,  arithmeti c (Brow n an d Burton ,  1978) ,  algebr a (Sleeman ,  1982) ,  an d compute r 

programmin g (Soloway ,  Rubin ,  Woolf ,  Bona r  an d Johnson ,  1982) ;  bu t  ho w t o addres s the m i s  les s clea r 

fo r  non-rule-base d domain s lik e psychology ,  history ,  literar y studies ,  law ,  an d managemen t  o f 

organizations .  I n fact ,  domain s lik e medica l  diagnosi s ar e probabl y les s rule-base d tha n curren t  exper t 

system s (e.g. ,  Shortliffe ,  1976 )  mak e the m appear ,  an d ar e thu s mor e lik e psychology '  tha n algebra .  W e 

hav e approache d thes e issue s o f  ho w t o represen t  exper t  knowedg e i n non-rule-base d domain s b y tryin g 

t o devis e a n ICA I  syste m tha t  contain s knowledg e abou t  psycholog y i n a  for m tha t  allow s i t  t o 

intelligentl y answe r  studen t  question s a s a  huma n exper t  woul d (o r  perhap s better) . 

Psychological Thinking 

Th e kind s o f  knowledg e an d reasonin g use d b y psychologist s t o answe r  question s i s  illustrate d b y 

th e followin g "thin k aloud "  protoco l  o f  a  cognitiv e psychologis t  (wh o i s a  facult y member  a t  a  researc h 

university )  determinin g ho w t o answe r  a  studen t  question .  Th e psychologis t  wa s give n th e backgroun d 

and studen t  question ,  the n gav e th e followin g verba l  repor t  o f  hi s  thought s (whic h w e hav e edite d 

slightly )  a s h e figure d ou t  ho w t o answe r  th e student : 

B a c k g r o u n d :  Th e studen t  askin g th e questio n i s i n a  clas s tha t  ha s jus t  learne d 

abou t  dept h o f  processin g an d elaboratio n theorie s o f  memory . 

Student Question: I'm taking Spanish and I was wondering if using imagery is a 

goo d wa y t o lear n th e vocabulary ? 

Paychologist'a Reasoning: Well, imagery is a deep processing task, so by depth 

of  processin g theory ,  imagcrj '  shoul d giv e goo d memories.. .  Ah ,  I' m rememberin g tha t 

ther e i s a n experimen t  abou t  thi s b y Atkinso n an d Raugh .  The y foun d tha t  interactin g 

image s i s th e critica l  thing .  Tha t  is ,  th e subject s ha d t o for m image s o f  th e Englis h 

words ,  the n for m image s o f  th e Spanis h words '  sounds ,  an d the n sho w th e image s 

interacting .  Jus t  formin g image s b y themselve s wa s no t  goo d enoug h the y ha d t o b e 

interactin g .. .  Th e exampl e I  remembe r  (I' m no t  sur e it' s  right )  i s  "hors e — caballo. "  Her e 

th e imag e i s o f  a  hors e kickin g a n ey e becaus e "caballo "  sor t  o f  sound s lik e "eye. "  S o I 

need t o tel l  th e studen t  abou t  thi s stud y an d tha t  the y mus t  u.s e interactin g images.. .  Ah , 

I  ca n explai n thi s usin g elaboration ,  becaus e th e interactin g image s provid e elaborativ e 

connection s betwee n th e words.. . 

So wha t  i s goin g o n here ? Ou r  psychologis t  start s ou t  b y tryin g t o relat e th e quer y t o th e dept h o f 

Thi s researc h wa s supporte d b y a  gran t  fro m th e I B M Corporation .  However ,  th e view s expresse d i n thi s pape r  ar e thos e o f 
th e author s an d ar e no t  necessaril y  endorse d b y IBM . 
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processing theory of memory (probably because he has been told that the student knows that theory), 

the n realize s tha t  h e know s o f  a n experimen t  (ha t  directl y addresse s th e strateg y o f  usin g image s t o lear n 

vocabulary .  H e retrieve s fro m memor y th e detail s o f  th e relevan t  experimen t  an d realize s tha t  th e 

result s provid e mor e specifi c  informatio n abou t  exactl y ho w t o us e image s t o lear n vocabular y - -  namely , 

use interactin g images .  Bu t  ho w i s h e t o exjilni n thi s t o th e student ? Th e dept h o f  processin g theor y 

(ioc s no t  hav e a  clea r  wa y o f  explainin g wh y interactin g image s woul d b e bette r  tha n image s alone ,  s o h e 

retrieve s wha t  h e know s abou t  th e elaboratio n theor y o f  memor y (th e othe r  theor y h e ha s bee n tol d th e 

studen t  knows )  an d realize s tha t  tha t  theor y provide s a n explanation .  Hi s eventua l  answe r  t o th e 

studen t  i s t o describ e th e specifi c  experimenta l  resul t  an d rationaliz e i t  usin g th e elaboratio n theor y o f 

memory. 

Note that the crucial information for the answer is provided by the memory for a specific expert, 

not  b y th e models .  Thu s th e importan t  reasonin g her e i s case-base d reasonin g rathe r  tha n rule-base d 

reasoning ,  becaus e th e experimen t  i s a  specifi c  cas e o r  observatio n an d th e neede d specifi c  rul e i s store d 

as par t  o f  th e memor y fo r  tha t  case .  I f  thi s ha d bee n a  rule-base d domain ,  the n th e exper t  woul d hav e 

merel y derive d th e answe r  usin g th e rule s store d a s par t  o f  th e knowledg e representatio n o f  th e mode l 

"  perhap s citin g a  cas e t o illustrat e th e rule .  However ,  suc h complet e model s ar e rar e i n field s lik e 

psychology ,  s o case-base d reasonin g seem s t o dominate .  Thu s expert s i n field s lik e psycholog y see m t o 

hav e a  menta l  representatio n compose d o f  case s (memorie s fo r  specifi c  experiments )  tha t  ar e organize d s o 

tha t  the y ca n b e accesse d directl y t o answe r  queries .  Thes e specifi c  case s als o see m t o hav e link s t o 

variou s explanator y framework s (e.g. ,  th e dept h o f  processin g an d elaboratio n theorie s o f  memory )  tha t 

ca n provid e explanation s fo r  th e result s o f  th e experiments . 

The ECALP System 

We have been working on an ICAI system that we call ECALP, for Expert Computer Assisted 

Learnin g o f  Psychology .  Whil e i t  i s  fa r  fro m adequat e t o d o th e kind s o f  reasonin g show n i n ou r 

protocol s o f  actua l  reasonin g b y psychologists ,  i t  doe s sho w a  fe w o f  th e neede d feature s i n rudimentar y 

form .  E C A L P I S implemente d a s a  P R O L OG progra m tha t  use s tw o level s o f  representatio n t o embod y 

psychologica l  knowledg e ~  a  conceptua l  packe t  leve l  an d a n explanator y packe t  level . 

The conceptual packet level contains interrelated packets of information each using conceptual 

grap h structure s (Graesser ,  1981 )  t o represen t  experimenta l  result s (e.g. ,  Byrn e an d Nelso n foun d tha t 

th e proportio n o f  simila r  attitude s wa s mor e importan t  i n causin g attractio n tha n wa s th e numbe r  o f 

simila r  attitudes )  an d genera l  fact s (e.g. ,  perso n X  familia r  wit h perso n Y  cause s X  t o b e attracte d t o Y) . 

Eac h conceptua l  packe t  ha s si x informatio n slots :  on e tha t  contain s a  patter n describin g whe n th e packe t 

wil l  b e relevant ,  anothe r  slo t  tha t  contain s a  uniqu e identifier ,  a  thir d slo t  tha t  i s  th e categor y o f  th e 

packe t  (e.g. ,  even t  o r  state) ,  a  fourt h slo t  i s  a  lis t  o f  link s fro m othe r  packet s (e.g. ,  i s  a  consequenc e of ,  i s 

an implicatio n of) ,  a  fift h slo t  i s  a  lis t  o f  link s t o othe r  packet s (e.g. ,  causes ,  implies) ,  an d th e sixt h slo t 

provide s alternativ e way s o f  expressin g th e packe t  informatio n t o th e student .  Th e firs t  slo t  provide s th e 

mechanis m neede d t o acces s th e conceptua l  packe t  directl y whe n relevan t  querie s aris e an d th e fift h slo t 

provide s acces s t o othe r  relevan t  conceptua l  an d explanator y packets . 

The explanatory packet level contains interrelated packets of information that organize the 

informatio n a t  th e conceptua l  packe t  leve l  tha t  relate s t o th e variou s relevan t  explanator y frameworks . 

Th e explanator y packet s contai n si x informatio n slots :  on e slo t  containin g th e name s use d t o describ e 

th e explanator y framewor k (e.g. ,  dept h o f  processing ,  level s o f  processing) ,  anothe r  slo t  describin g th e 

genera l  phenomen a addresse d b y th e framewor k (e.g. ,  h u m a n memory) ,  a  thir d slo t  describin g th e typ e 

of  explanator y framewor k (e.g. .  theory ,  model ,  hypothesis ,  o r  folklore) ,  a  fourt h slo t  containin g indexin g 

link s t o th e conceptua l  packet s tha t  describ e th e mechanism s o f  th e framework ,  a  fifth  slo t  containin g 

indexin g link s t o conceptua l  packet s tha t  describ e th e prediction s o f  th e framework ,  an d a  sixt h slo t  tha t 

provide s indexin g link s t o conceptua l  packet s tha t  describ e experimenta l  result s providin g evidenc e 

relate d t o th e explanator y framework . 
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Using this two level representation, the question-answering procedures given in Graesser and 

Murachve r  (i n press) ,  an d a  simpl e deHnit e claus e gramma r  (Pereir a an d Warren ,  1980 ;  McCord ,  1982) , 

we hav e bee n abl e t o ge t  E C A L P t o flexibly  answe r  question s o f  th e followin g kinds : 

1.  Wha t  doe s X  mean ! 

2.  I s th e answe r  t o X  YE S o r  NO ? 

3.  Ho w doe s X  occur ! 

4.  W h y doe s X  occu r  (o r  X  exist) ! 

5.  Wha t  ar e th e consequence s o f  X  occurin g (o r  existing) ! 

6.  Wha t  i s th e evidenc e fo r  X ! 

7.  Accordin g t o theor y T ,  <question> ! 

With these capabilities ECALP can serve as an expert consultant on psychology (to a limited 

exten t  a t  thi s time )  tha t  th e studen t  ca n tr y ou t  idea s o n an d us e t o see k furthe r  information .  Whe n th e 

studen t  firs t  broache s a  topi c (e.g. ,  huma n memor y o r  interpersona l  attraction) ,  E C A L P give s th e 

studen t  a  fe w ke y concept s tha t  th e studen t  ca n the n us e t o guid e fiirthe r  querie s (e.g. ,  askin g wha t 

variou s term s mean )  an d t o deriv e idea s o f  thei r  ow n whic h E C A L P ca n evaluat e (e.g. .  I s semanti c 

encodin g remembere d bette r  tha n acousti c encoding!) .  Th e teachin g strateg y use d i n E C A L P i s t o tr y 

t o establis h a  learnin g environmen t  | n whic h th e student s ca n themselve s generat e mos t  o f  th e idea s 

about  a  topic .  Th e reaso n fo r  thi s i s tha t  i f  student s ca n generat e idea s themselves ,  the n the y wil l  kno w 

and remembe r  thos e idea s bete r  tha n i f  the y wer e merel y tol d th e idea s (Jacoby ,  1978 ;  Blac k an d 

McGuigan ,  1983 ;  Carrol l  an d Carrithers ,  1983) .  W e believ e tha t  ICA I  system s tha t  exploi t  th e 

potentiall y  powerfu l  learnin g mechanism s o f  suc h generatio n effect s wil l  b e mor e effectiv e tha n othe r 

ICAI  systems ,  bu t  thi s i s a n hypothesi s tha t  need s t o b e empiricall y evaluated . 

Conclusions 

I n ou r  investigatio n o f  psychology ,  w e hav e foun d tha t  ICA I  system s fo r  suc h non-rule-base d field s 

need knowledg e representation s o f  specifi c  case s i n additio n t o th e rule s represente d i n curren t  rule-base d 

ICAI  systems .  W e hav e implemente d a  prototyp e o f  on e suc h syste m ( E C A L P )  tha t  use s case s an d 

rule s t o answe r  studen t  querie s abou t  psychology .  Thi s syste m als o embodie s th e teachin g strateg y tha t 
we thin k i s potentiall y  th e mos t  powerful :  namely ,  presentin g th e studen t  wit h a  fe w ke y idea s an d the n 

havin g the m generat e th e rest . 
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