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CONSTRAINT,  CONSTRUAL,  AND COGNITIV E SCIENCE 
Rober t  P .  Abe l  so n 

Yal e Universit y 

Cognitiv e scienc e ha s barel y emerge d a s a 
disciplin e - -  o r  a n interdiscipline ,  o r  whateve r  i t 
i s  - -  an d alread y i t  i s  havin g a n identit y crisis . 

Within us and among us we have many competing 
identities .  Tw o particula r  prototypi c identitie s 
caus e a  ver y seriou s clash ,  an d I  woul d lik e t o 
explicat e thi s conflic t  an d the n explor e som e area s 
i n whic h a  fusio n o f  identitie s seem s possible . 
Conside r  th e two-wor d nam e "cognitiv e science" . 
I t  represent s a  hybridizatio n o f  tw o differen t 
impulses .  On th e on e hand,  w e wan t  t o stud y huma n 
and artificia l  cognition ,  th e structur e o f  menta l 
representatives ,  th e natur e o f  mind .  On th e othe r 
hand,  w e wan t  t o b e scientific ,  b e principled , 
be exact .  Thes e tw o impulse s ar e no t  necessaril y 
incompatible ,  bu t  give n fre e rei n the y ca n develo p 
what  seem s t o b e a  diametri c opposition . 

The study of the knowledge in a mental system 
tend s towar d bot h naturalis m an d phenomenology . 
The min d need s t o represen t  wha t  i s ou t  ther e 
i n th e rea l  world ,  an d i t  need s t o manipulat e i t 
fo r  particula r  purposes .  Bu t  th e worl d i s messy , 
and purpose s ar e manifold .  Model s o f  mind , 
therefore ,  ca n becom e garrulou s an d intractabl e 
as the y becom e mor e an d mor e realistic .  I f  one' s 
emphasi s i s o n scienc e mor e tha n o n cognition , 
however ,  th e canon s o f  har d scienc e dictat e a  strateg y 
of  th e isolatio n o f  idealize d subsystem s whic h ca n 
be modele d wit h elegan t  productiv e formalisms . 
Clarit y an d precisio n ar e highl y prized ,  eve n a t 
th e expens e o f  common sens e realism .  T o caricatur e 
thi s tendenc y wit h a  phras e fro m Joh n Tuke y (1959) , 
th e mott o o f  th e narro w har d scientis t  is ,  "B e 
exactl y wrong ,  rathe r  tha n approximatel y right" . 

The one tendency points inside the mind, to see 
what  migh t  b e there .  Th e othe r  point s outsid e th e 
mind ,  t o som e forma l  syste m whic h ca n b e logicall y 
manipulate d (Kintsc h e t  al. ,  1981) .  Neithe r  cam p 
grant s th e othe r  a  legitimat e clai m o n cognitiv e 
science .  On e sid e says ,  "Wha t  you'r e doin g may see m 
t o b e science ,  bu t  it' s  go t  nothin g t o d o wit h 
cognition. "  Th e othe r  sid e says ,  "Wha t  you'r e 
doin g may see m t o b e abou t  cognition ,  bu t  it' s 
got  nothin g t o d o wit h science. " 

Superficially, it may seem that the trouble 
arise s primaril y becaus e o f  th e two-heade d nam e 
cognitiv e science .  I  wel l  remembe r  th e discussion s 
of  possibl e names ,  eve n thoug h I  neve r  like d 
"cognitiv e science" ,  th e alternative s wer e worse ; 
abomination s lik e "epistology "  o r  "representonomy" . 

But in any case, the conflict goes far deeper 
tha n th e nam e itself .  Indeed ,  th e stylisti c  divisio n 
i s th e sam e polarizatio n tha n arise s i n al l  field s 
of  science ,  a s wel l  a s i n art ,  i n politics ,  i n 
religion ,  i n chil d rearin g - -  an d i n al l  sphere s 
of  huma n endeavor .  Psychologis t  Silva n Tomkin s 
(1965 )  characterize s thi s overridin g conflic t  a s 
tha t  betwee n characterologicall y left-win g an d 
right-win g worl d views .  Th e left-win g personalit y 
find s th e source s o f  valu e an d trut h t o li e withi n 
individuals ,  whos e reaction s t o th e worl d defin e 
what  i s important .  Th e right-win g personalit y 
assert s tha t  al l  huma n behavio r  i s t o b e under -
stoo d an d judge d accordin g t o rule s o r  norm s whic h 
exis t  independen t  o f  huma n reaction .  A  simila r 

distinctio n ha s bee n mad e b y a n unname d bu t  easil y 
guessabl e colleagu e o f  mine ,  wh o claim s tha t  th e 
majo r  clashe s i n huma n affair s ar e betwee n th e "neats " 
and th e "scruffies" .  Th e primar y concer n o f  th e 
nea t  i s tha t  thing s shoul d b e orderl y an d predictabl e 
whil e th e scruff y seek s th e rough-and-tumbl e o f 
lif e a s i t  comes . 

I am exaggerating slightly, but only slightly, 
i n sayin g tha t  th e majo r  disagreement s withi n 
cognitiv e scienc e ar e instantiation s o f  a  ubiquitou s 
divisio n betwee n nea t  right-win g analysi s an d scruff y 
left-win g ideation .  I n trut h ther e ar e som e sign s 
of  a n attemp t  t o fus e o r  t o compromis e thes e tw o 
tendencies .  Indeed ,  on e coul d vie w th e succes s o f 
cognitiv e scienc e a s primaril y dependen t  no t  upo n 
th e cooperatio n o f  linguistics,AI ,  psychology ,  etc. , 
but  rather ,  upo n th e unio n o f  clashin g worl d view s 
abou t  th e fundamenta l  natur e o f  mentation .  Hopefully , 
we ca n b e ope n minde d an d realisti c  abou t  th e 
importan t  content s o f  though t  a t  th e sam e tim e w e 
ar e principled ,  eve n elegant ,  i n ou r  characteriza -
tion s o f  th e form s o f  thought . 

The fusion task is not easy. It is hard to 
neate n u p a  scruff y o r  scruff y u p a  neat .  I t  i s 
difficul t  t o formaliz e aspect s o f  huma n though t 
whic h ar e variable ,  disorderly ,  an d seemingl y 
irrational ,  o r  t o buil d tightl y principle d model s 
of  realisti c languag e processin g i n mess y natura l 
domains .  Writing s abou t  cognitiv e scienc e ar e 
beginnin g t o sho w a  recognitio n o f  th e nee d fo r 
world-vie w unification ,  bu t  th e sign s o f  strai n ar e 
clear .  Conside r  th e followin g passag e fro m a 
recen t  articl e b y Fran k Kei l  (1981 )  i n Pscyhologica l 
Review ,  givin g backgroun d fo r  a  discussio n o f  hi s 
formalisti c analysi s o f  th e concep t  o f  constraint : 

"Constraints will be defined...as formal 
restriction s tha t  limi t  th e clas s o f  logicall y 
possibl e knowledg e structure s tha t  ca n normall y 
be use d i n a  give n cognitiv e domain. "  (p .  198) . 

Now, what is the word "normally" doing in a 
statemen t  abou t  logica l  possibility ? Doe s i t  mea n 
tha t  somethin g whic h i s logicall y impossibl e ca n b e 
use d i f  condition s ar e no t  normal ? Thi s seem s t o 
requir e a  cognitiv e hyperspac e wher e th e impossibl e 
i s possible . 

It is not my intention to disparage an author 
on th e basi s o f  a  singl e statemen t  infelicitousl y 
put .  I  thin k h e wa s genuinel y tryin g t o com e t o 
grip s wit h th e realit y tha t  ther e i s som e boundar y 
somewher e t o th e penetratio n o f  hi s forma l  constrain t 
analysi s int o th e viscissitude s o f  huma n affairs . 
But  I  us e th e exampl e a s symptomati c o f  on e kin d o f 
approac h t o th e cognitiv e scienc e fusio n problem : 
yo u star t  fro m a  neat ,  right-win g poin t  o f  view ,  bu t 
acknowledg e som e limite d rol e fo r  scruffy ,  left-win g 
orientations .  Th e othe r  typ e o f  approac h i s th e 
obviou s mirror :  yo u star t  fro m th e disorderl y left -
win g sid e an d struggl e t o b e neate r  abou t  wha t  yo u 
ar e doing .  I  prefe r  th e latte r  approac h t o th e 
former .  I  wil l  tel l  yo u why ,  an d the n la y ou t  th e 
beginning s o f  suc h a n approach . 

The strategy of trying to move leftward from 
th e righ t  suffer s fro m a  seemingl y permanen t  limita -
tio n o n th e kind s o f  conten t  an d proces s yo u ar e 



willin g t o consider .  I f  wha t  reall y matter s t o yo u 
i s th e forma l  tractabilit y  o f  th e domai n o f  investi -
gation ,  the n you r  step s ar e likel y t o b e smal l  an d timid . 
Recent  histor y i n severa l  socia l  an d behaviora l 
scienc e area s make s thi s quit e clear . 

In cognitive anthropology, there was a great deal 
of  fascinatio n 2 5 year s ag o wit h th e orderlines s 
of  system s fo r  kinshi p terminology .  Ki n term s i n 
differen t  societie s wer e foun d t o b e precisel y de -
scribabl e b y concatenation s o f  th e value s o n a  handfu l 
of  well-specifie d component s suc h a s se x an d genera -
tion .  Forma l  mini-model s capture d thes e regularitie s 
elegantly .  Originall y i t  wa s though t  tha t  thi s 
kin d o f  componentia l  semantic s hel d grea t  promis e fo r 
th e analysi s o f  cultur e an d languag e i n general ,  bu t 
graduall y i t  wa s realize d tha t  outsid e o f  kinshi p 
term s an d pronou n systems ,  preciou s littl e els e i n 
th e languag e o f  an y societ y wa s ordere d s o neatly . 
Fait h i n tigh t  componentia l  analysi s ha s largel y bee n 
abandoned . 

Rational decision theory has until recently had 
a tigh t  hol d o n th e view s o f  economist s an d som e 
psychologist s o f  th e wa y peopl e made decisions . 
The typica l  rationa l  decisio n mode l  specifie s a  se t 
of  uncertai n outcomes ,  wit h eac h o f  whic h i s asso -
ciate d a  probabilit y  an d a  utility .  Choice s amon g 
ensemble s o t  outcome s ar e the n sai d t o b e predictabl e 
on th e basi s o f  a  stric t  compositio n rul e o n th e 
probabilitie s an d utilities .  Th e onl y troubl e is , 
th e behavio r  o f  huma n subject s overwhelmingl y 
disobey s th e prediction s o f  th e models ,  n o matte r 
how har d th e axiom s try .  Ther e hav e bee n numerou s 
attempt s t o rescu e th e genera l  framework ,  includin g 
th e cleve r  strateg y o f  trainin g subject s t o obe y 
th e rationa l  mode l  followin g initia l  demonstration s 
of  deviatio n fro m it .  I  woul d recommen d thi s devic e 
als o t o peopl e promotin g competenc e model s o f  synta x 
i n th e fac e o f  incompeten t  performers ,  excep t  tha t 
I  canno t  a s a  psychologis t  brin g mysel f  t o believ e 
tha t  i t  tell s  u s anythin g abou t  huma n psychology . 
I n an y case ,  ther e ar e som e many violation s o f  rationa l 
decisio n theor y tha t  i t  i s  a  clea r  failur e a s a 
descriptiv e o r  explanator y psychologica l  model . 
Onl y a n approac h tha t  deal s directl y wit h observe d 
decisio n phenomen a (fo r  example ,  th e wor k o f  Tversk y 
and Kahnema n (1980) )  ha s a  chanc e o f  success .  (Fo r 
fulle r  review s o f  thi s field ,  se e Einhor n an d Hogart h 
(1981) ,  Marc h (1978) ,  an d Abelso n &  Lev i  (Not e 1)) . 

Other examples of excessive faith in the unaided 
power  o f  formalism s t o subdu e th e beas t  o f  psycho -
logica l  explanatio n coul d b e adduce d fro m withi n 
experimenta l  psycholog y itself .  A  goo d cas e fro m 
some year s bac k i s provide d b y stochasti c learnin g 
model s (Bus h &  Mosteller ,  1955) ,  whic h wer e extremel y 
ric h a s mathematica l  objects,bu t  turne d ou t  t o hav e 
applicabilit y  t o a  ver y smal l  rang e o f  problems , 
indeed .  Model s lik e thi s wer e par t  o f  th e "botto m 
up"  traditio n o f  doin g scienc e withi n experimenta l 
psychology ,  th e belie f  tha t  b y startin g wit h ver y 
tightl y controlled ,  limited ,  an d isolate d laborator y 
phenomena,  on e coul d graduall y explicat e th e operatio n 
of  th e whol e organism .  Thi s traditio n i s o f  cours e 
stil l  strongl y honore d b y many experimenta l  pscyholo -
gists ,  bu t  I  thin k tha t  thos e psychologist s intereste d 
i n cognitiv e scienc e hav e largel y departe d fro m tha t 
tradition ,  a t  leas t  i n it s mos t  extrem e form .  I n 
th e servic e o f  studyin g mor e importan t  an d mor e genera l 
phenomena tha n thos e fallin g withi n th e forma l 

boundarie s o f  mini-models ,  cognitiv e scienc e 
psychologist s hav e bee n willin g t o us e messie r  stimulu s 
material s an d a t  leas t  contemplat e non-laborator y 
methodologies .  Th e wa y i s no t  easy ,  an d ther e i s 
much anguishing .  That ,  I  claim ,  i s th e pric e o f 
tryin g t o mov e leftwar d fro m a  right-win g startin g 
point . 

Linguists, by and large, are farther away from a 
cognitiv e scienc e fusio n tha n ar e cognitiv e psycholo -
gists .  Th e belie f  tha t  forma l  semanti c analysi s wil l 
prov e centra l  t o th e stud y o f  human cognitio n suffer s 
fro m th e touchin g self-delusio n tha t  wha t  i s elegan t 
must  perforc e b e tru e an d general .  Intens e stud y 
of  quantificatio n an d trut h condition s becaus e the y 
provid e a  convenien t  intersectio n o f  logi c an d 
languag e wil l  no t  prov e an y mor e generall y informativ e 
about  th e hug e rang e o f  potentia l  use s o f  languag e 
tha n th e anthropologica l  analysi s o f  kinshi p term s 
tol d u s abou t  cultur e an d language .  On to p o f 
that ,  ther e i s th e highl y restrictiv e traditio n o f 
definin g th e use r  o f  languag e a s a  redundan t  i f  no t 
defectiv e transduce r  o f  th e informatio n t o b e foun d 
i n th e linguisti c corpu s itself .  Ther e i s n o roo m 
i n thi s traditio n fo r  th e huma n a s invento r  an d change r 
and socia l  transmitte r  o f  linguisti c forms ,  an d o f 
content s t o whic h thos e form s refer .  T o tr y t o under -
stan d cognitio n b y a  forma l  analysi s o f  languag e 
seems t o me lik e tryin g t o understan d basebal l  b y 
an analysi s o f  th e physic s o f  wha t  happen s whe n a n 
idealize d ba t  strike s a n idealize d baseball .  One 
migh t  lear n a  lo t  abou t  possibl e trajectorie s o f 
th e ball ,  bu t  ther e i s n o wa y i n th e worl d on e coul d 
eve r  understan d wha t  i s mean t  b y a  doubl e pla y o r  a 
ru n o r  a n inning ,  muc h les s th e concep t  o f  winnin g 
th e Worl d Series .  Thes e ar e huma n rul e system s 
invente d o n to p o f  th e physica l  possibilitie s o f 
th e batte d ball ,  jus t  a s ther e ar e huma n rul e system s 
invente d o n to p o f  th e structura l  possibilitie s 
of  linguisti c forms .  One ca n neve r  infe r  th e rul e 
system s fro m a  stud y o f  th e form s alone . 

Well, not I have stated a strong preference 
agains t  tryin g t o mov e leftwar d fro m th e right . 
What  abou t  th e other ? What  ar e th e difficultie s 
i n startin g fro m th e scruff y sid e an d movin g towar d 
th e neat ? Th e obviou s advantag e i s tha t  on e ha s 
th e optio n o f  lettin g th e proble m are a itself ,  rathe r 
tha n th e availabl e methodology ,  guid e u s abou t  wha t 
i s important .  Th e obstacle ,  o f  course ,  i s tha t  w e 
may no t  kno w ho w t o attac k th e importan t  problems . 
More likely ,  w e may thin k w e kno w ho w t o proceed , 
but  othe r  peopl e may fin d ou r  method s sloppy .  We 
may hav e t o fac e accusation s o f  bein g £ d hoc ,  an d 
scientificall y unprincipled ,  an d othe r  awfu l  things . 

Sometimes we worry about such matters ourselves. 
Ther e i s a  nea t  perso n strugglin g t o ge t  int o ever y 
scruff y perso n (jus t  a s ther e i s a  scruff y perso n 
strugglin g t o ge t  ou t  o f  ever y nea t  person) .  What 
i s require d i s tha t  w e ac t  o n ou r  worries ,  tha t  we 
tr y t o tak e th e criticism s seriousl y an d se e wha t 
can b e don e abou t  them .  Th e mess y intuition s an d 
theories ,  albei t  the y concer n ver y genera l  an d 
importan t  problem s (Go d bles s 'em) ,  nee d t o b e 
articulatue d an d develope d i n a  mor e orderl y way . 

I will take the work of the Yale Artificial 
Intelligenc e Project ,  an d a n particular ,  th e 
programmati c statement s i n th e Schan k an d Abelso n 
(1977 )  boo k a s poin t  o f  departure .  Th e Yal e poin t 



of  vie w i s quintessential1 y scruffy ,  an d ha s bee n 
criticize d accordingly .  N o matte r  tha t  scrip s an d 
plan s an d goal s an d themes e ar e psychologicall y 
reasonable ,  an d tha t  compute r  program s usin g suc h 
concept s ar e operationa l  a t  th e frontie r  o f  realisti c 
processin g o f  natura l  language ,  nevertheless ,  i t  i s 
sai d tha t  th e syste m o f  concept s i s no t  forma l  enough . 

The make a system more formal is to define its 
concept s mor e precisely ,  an d t o hav e the m ente r  int o 
genera l  prediction s an d explanation s accordin g t o a 
se t  o f  principles ,  preferabl e a  smal l  elegan t  set . 
Let  me firs t  addres s th e questio n o f  th e definitio n 
of  concepts .  The  Yal e grou p deal s wit h knowledg e 
structure s suc h a s script s an d plans ,  i t  may see m 
at  firs t  tha t  thes e ar e prett y amorphou s entities . 
What counts ,  say ,  a s a  scrip t  o r  a s clearl y no t  a 
script ? Ho w ca n yo u tell ? When w e gav e example s 
suc h a s th e restauran t  script ,  an d cognitiv e psycho -
logica l  experiment s (e.g. ,  Bower ,  Blac k &  Turner , 
1979 ;  Galambo s &  Rips ,  1979 ;  Graesser ,  1981 ) 
forthwit h use d verba l  stimul i  fro m th e restauran t 
situation ,  alon g wit h docto r  visit s an d laundroma t 
activitie s an d s o on ,  i t  may hav e produce d misleadin g 
impression s tha t  th e intentio n wa s t o defin e script s 
solel y b y wavin g a t  passin g examples ,  o r  perhap s 
by writin g dow n a  definitiv e lis t  o f  11 1 o f  them , 
or  worse ,  b y allowin g an y dam n thin g t o b e a  scrip t 
jus t  b y callin g i t  that . 

I say that these impressions are misleading 
becaus e i n fac t  w e hav e becom e acutel y awar e 
(Schank ,  Not e 2 )  tha t  script s hav e bee n loosel y 
used .  Th e origina l  intentio n wa s no t  a t  al l  t o 
creat e a  have n fo r  loos e concepts ;  i n fact ,  script s 
(among othe r  knowledg e structures )  wer e ver y 
tightl y defined ,  b y a  se t  o f  interdependen t  con -
straints .  Indeed ,  i f  a  knowledg e structur e i s propose d 
as crucia l  i n th e top-dow n processin g o f  certai n 
inputs ,  the n clearl y i t  mus t  embod y o f  u s t o leav e 
thes e constraint s largel y implicit ,  rathe r  tha n 
spellin g the m ou t  systematically . 

It is not my main intention today to remedy 
thi s neglec t  fo r  script s o r  an y othe r  specifi c  typ e 
of  knowledg e structure ,  bu t  rathe r  t o mak e clea r  my 
genera l  vie w o f  th e rol e tha t  constraint s pla y i n 
th e proces s o f  understandin g text .  However ,  havin g 
raise d th e issue ,  i t  i s  usefu l  t o begi n b y indicatin g 
what  constrain s scrip t  structures .  Relate d remark s 
appl y t o relate d type s o f  structure s suc h a s MOPs 
(Schank ,  1980 )  an d metascript s (Abelson ,  1981) . 

The casual definition of a script is "a stereo-
type d sequenc e o f  event s familia r  t o th e individual" . 
Implici t  i n thi s definitio n ar e tw o powerfu l  source s 
of  constraint .  On e i s th e notio n o f  a n even t 
sequence ,  whic h implie s th e causa l  chainin g o f 
enablement s an d result s fo r  physica l  event s an d o f 
initiation s an d reason s fo r  menta l  events .  Causa l 
chain s ar e highl y ruleful ,  an d man y o f  thos e rule s 
hav e bee n spelle d ou t  explicitl y  (Schank ,  1975 ; 
Schank an d Abelson ,  1977 .  Ch.2) .  Th e othe r  constrain t 
generato r  come s fro m th e idea s o f  stereotyp y an d 
familiarity .  Tha t  a n even t  sequenc e i s stereotype d 
implie s th e absenc e o f  fortuitou s events .  Also ,  fo r 
event s t o b e ofte n repeate d implie s tha t  ther e i s som e 
set  o f  standar d individua l  an d institutiona l  goal s 
whic h give s ris e t o th e repetition .  Furthermore , 

ther e ar e almos t  certainl y subgoals ,  eac h o f  whic h 
define s a  scen e involvin g a  transactio n betwee n 
particula r  rol e player s i n a  certai n physica l  setting , 
usin g give n props . 

At the scene level of a script, therefore, there 
ru n i n paralle l  fou r  network s o f  coherences :  Thos e 
governin g th e transactions ,  th e rol e players ,  th e 
physica l  settings ,  an d th e props .  Non e o f  thes e 
entitie s ca n ente r  int o sequence s arbitrarily . 
Scene transition s betwee n on e physica l  settin g an d 
another ,  fo r  example ,  follo w th e topographica l 
rule s o f  familia r  environments .  On e doe s no t  ste p 
of f  th e airplan e directl y int o a  swimmin g pool , 
or  g o fro m th e doctor' s waitin g roo m int o th e kitchen . 
Rol e player s remai n fro m scen e t o scen e excep t 
when somebod y make s a  purposiv e an d expecte d entr y 
or  exit .  I t  doe s no t  requir e belaborin g thes e 
coherence s i n ful l  detai l  t o realiz e th e enormou s 
degre e o f  constrain t  thu s impose d o n inpu t  relevan t 
t o an y give n script . 

Perhaps on of the things that disguised the high 
orde r  o f  systematicit y o f  script s wa s tha t  som e o f 
th e compute r  program s tha t  use d them ,  suc h a s SA M 
(Cullingford ,  Not e 3 ) ,  wer e writte n i n a  wa y tha t 
di d no t  insur e agains t  a d ho c violation s o f  som e o f 
th e constraints .  A  prankis h programme r  coul d perfectl y 
wel l  prepar e a n expecte d even t  sequenc e wherei n 
th e custome r  at e th e chec k an d gav e th e foo d t o th e 
cashier ,  thu s thwartin g thei r  mutua l  goals ,  an d 
nothin g i n th e Scrip t  Applie r  woul d protes t  illegi -
timac y o f  suc h expectations .  Of  cours e the y woul d 
tur n ou t  b y experienc e t o b e useles s i n matchin g 
realisti c inputs ,  bu t  tha t  i s  a  ver y wea k wa y t o 
recogniz e absurdity .  (An d i t  i s  stil l  vulnerabl e 
t o th e possibilit y  o f  prankis h inputs) .  Late r  program s 
suc h a s POLITIC S (Carbonell ,  1978 )  di d not ,  b y th e 
way,  suffe r  th e sam e degre e o f  vulnerability ,  bu t 
thi s whol e issu e ha s no t  bee n treate d a s explicitl y 
as i t  migh t  be . 

Why is any of this important? Well, there may 
be som e peopl e wh o fee l  i t  i s  no t  important ,  that 
ther e ar e mor e compellin g issue s fo r  languag e A I  t o 
worr y about .  Bu t  i t  bother s me tha t  th e concep t  o f 
structura l  constrain t  seem s t o hav e bee n coopte d b y 
th e neats ,  whe n al l  th e whil e th e scruff y Yal e program s 
ar e base d ver y heavil y o n a  whol e serie s o f  implici t 
constraints . 

Let us look more closely at some general issues 
pertainin g t o th e ide a o f  constraint .  I n th e origina l 
formulatio n o f  informatio n theor y an d communicatio n 
theory ,  th e structura l  constraint s o n th e communicativ e 
element s wer e presume d mutuall y accessibl e t o th e sende r 
and receive r  o f  messages .  The y eac h kne w th e redun -
dancie s o f  lette r  string s o r  phonem e strings ,  an d thi s 
consensu s wa s th e basi s fo r  a n analysi s o f  th e 
informatio n conten t  o f  messages .  I n effect ,  on e coul d 
ignor e mos t  o f  th e propertie s o f  th e receiver ,  an d 
concentrat e th e analysi s o n th e propertie s o f  th e 
stimulu s ensemble . 

Nowadays the emphasis in cognitive science is on 
chunk s o f  meaning ,  an d on e canno t  generat e meanin g 
simpl y b y higher-orde r  approximation s t o th e structur e 
of  low-leve l  stimulu s elements .  Th e ide a tha t  th e se t 
of  possibl e message s i s ver y muc h constraine d i s stil l 
a powerfu l  idea ,  bu t  a t  leas t  tw o drasti c change s are 
necessar y i n applyin g a n informatio n theoreti c typ e 
of  analysi s t o higher-leve l  meanin g elements ,  say . 



sentences ,  rathe r  tha n t o low-leve l  stimulu s element s 
suc h a s letters .  Fo r  on e thing ,  th e numbe r  o f 
possibl e element s i s infinit e rathe r  tha n finite . 
For  another ,  ther e i s n o guarante e a t  al l  tha t  th e 
receive r  o f  message s adequatel y comprehend s th e 
structur e o f  contingencie s betwee n sentence s tha t 
can possibl e b e generate d b y th e messag e source . 

People in the Chomskyan tradition writing 
about  constraint s i n knowledg e structure s d o no t  usuall y 
distinguis h betwee n structura l  constrain t  intrinsi c 
t o th e stimulu s ensembl e an d structura l  contrain t 
characterizin g th e receiver' s construa l  o f  th e 
stimulu s possibilities .  Th e forme r  focuse s th e 
analysi s structur e strictl y o n analysi s o f  language , 
completel y definin g th e psycholog y o f  th e receive r 
out  o f  independen t  existence .  Thi s i s a  ver y right -
win g attitude ,  i n th e sens e I  hav e previousl y dis -
cussed .  Peopl e ar e sai d t o b e th e wa y the y ar e 
becaus e o f  immutabl e externa l  regularities .  Ther e 
i s littl e interes t  i n studyin g learning ,  o r  huma n 
error ,  o r  individua l  difference s i n intelligence . 

Furthermore, there is total disregard of 
cultura l  shapin g o f  knowledg e structures .  Tha t  is , 
eve n i n case s wher e ther e i s a  structura l  matc h 
betwee n th e semantic s o f  th e languag e an d th e 
correspondin g menta l  representatio n i n a  particula r 
domain ,  thi s matc h may hav e bee n produce d b y a  proces s 
of  cultura l  inventio n rathe r  tha n b y th e inevitabl e 
emergenc e o f  a  natura l  truth .  Muc h socia l  knowledg e 
pertain s t o wha t  anthropologist s (cf .  D'Andrade , 
Not e 4 )  cal l  constitutiv e rul e systems ,  extensiv e 
network s o f  ho w t o construe ,  ho w t o behav e in ,  an d 
even ho w t o fee l  abou t  culturall y define d situations . 
The nexu s o f  rule s definin g th e meain g o f  marriag e 
i s on e example .  Othe r  example s o f  cultura l  rul e 
system s ar e menta l  illness ,  senio r  citizenship , 
golf ,  an d sexua l  harassment .  I t  seem s t o me perfectl y 
obviou s tha t  ther e i s n o foreordaine d meanin g fo r 
any o f  thes e domains ,  o r  a  thousan d others ,  rather , 
a meanin g whic h evolve s unde r  th e pressur e o f  social , 
politica l  an d economi c motive s an d experiences . 
I  belabo r  th e bana l  her e becaus e o f  recentl y renewe d 
claim s tha t  t o kno w knowledge ,  on e onl y nee d kno w 
semantics . 

Having thus gored the one-horned ox, let me try 
t o la y ou t  a  balance d vie w o f  on e aspec t  o f  th e inter -
pla y betwee n menta l  representative s an d stimulu s 
structures .  I  wil l  plac e th e argumen t  i n th e contex t 
of  tex t  understanding . 

Consider an individual who is exposed to a string 
of  language ,  presente d on e chun k a t  a  time ,  say , 
sentenc e b y sentence .  Considerabl e constrain t 
wil l  b e impose d b y th e genera l  contex t  surroundin g 
th e presentatio n o f  th e string ,  say ,  whethe r  i t  i s 
a stor y o r  a  piec e o f  conversation ,  an d wha t  natur e 
of  th e topi c an d styl e o f  presentation .  Th e loca l 
contex t  operativ e a t  a  particula r  plac e withi n th e 
strin g wil l  exercis e furthe r  constraint .  I s ther e 
a wa y t o conceptualiz e a  measur e o f  th e degre e o f 
structurednes s a t  an y give n plac e i n th e presentatio n 
of  th e string ? Further ,  i s  ther e a  wa y t o thin k 
abou t  structur e suc h tha t  i t  i s  a  join t  propert y 
of  th e stimulu s strin g an d th e interpretiv e machiner y 
of  th e understander ? 

I  propos e a  characterizatio n relatin g th e struc -
turednes s o f  a  contex t  t o th e constrain t  i n th e 
stimulu s strin g an d somethin g I  wil l  cal l  th e construa l 
functio n o n th e par t  o f  th e understander .  Th e con -
strain t  i n th e stimulu s strin g ca n b e expresse d b y th e 
distributio n o f  probabilitie s P(i )  o f  occurrenc e ove r 
al l  potentia l  nex t  stimulu s chunks .  I f  a  fe w input s 
ar e moderatel y likel y an d al l  other s ar e o f  ver y lo w 
probability ,  th e stimulu s contain s mor e structur e tha n 
i f  likelihoo d i s fairl y  evenl y distribute d ove r  a 
larg e se t  o f  possibilities .  Thi s i s a s i n standar d 
informatio n theory . 

But the understander may not extract from the 
stimulu s th e availabl e structure .  Th e individua l 
has expectation s o f  wha t  sort s o f  thing s may occu r 
next .  I f  somethin g whic h i s highl y expecte d occurs , 
i t  i s  difficul t  t o process .  I n general ,  w e may 
imagin e tha t  ther e i s a  distributio n o f  measure s 
of  processin g facilit y  F(i )  ove r  al l  possibl e nex t 
stimulu s chunks .  Unde r  variou s differen t  construal s 
of  wha t  th e stimulu s strin g i s about ,  thu s wha t 
expectation s ar e appropriate ,  th e distributio n o f 
facilit y  measure s wil l  b e different .  Perhap s 
processin g facilit y  coul d b e operationalize d a s th e 
spee d wit h whic h a  give n chun k ca n b e comprehended , 
or  perhap s i n som e mor e subtl e way ,  bu t  i n an y 
cas e th e understande r  i s conceptualize d a s havin g 
th e capacit y t o prepar e fo r  comin g input s b y makin g 
a differentia l  allocatio n o f  facilit y  measure s F(i) . 
Thi s i s a  muc h mor e realisti c  vie w o f  th e understande r 
tha n assumin g tha t  h e ha s n o expectation s a t 
all ,  thu s relativel y equa l  facilit y  i n acceptin g al l 
inputs ,  o r  onl y a  singl e dominan t  expectation . 
Artificia l  intelligenc e program s tha t  wor k heavil y 
top-dow n alway s i n effec t  smea r  thei r  expectation s 
over  a  domai n o f  relate d possibilities .  A  goo d 
imag e fo r  thi s emarin g tendenc y i s Chuc k Reiger' s 
concep t  o f  th e "expectanc y cloud" . 

The average value of processing facility is the 
sum o f  cross-product s o f  stimulu s probabilit y  P(i ) 
and facilit y  measur e F(i )  ove r  al l  possibl e inpu t 
chunks .  Thi s averag e facilit y  wil l  b e hig h o r 
lo w dependin g o n fou r  things :  (1 )  th e genera l 
simplicit y o f  th e context ;  (2 )  th e genera l  facilit y 
of  th e understander ;  (thes e tw o factor s ca n jointl y 
be characterize d b y th e mean o f  th e F' s unweighte d 
by stimulu s probability) :  (3 )  th e degre e o f  pre -
dictabilit y  inheren t  i n th e stimulu s strin g 
(whic h coul d b e indexe d b y a n uncertaint y measur e 
on th e P's) ;  an d (4 )  th e matc h betwee n th e F' s an d 
th e P' s tha t  is ,  th e exten t  t o whic h th e construa l 
by th e understande r  appropriatel y allocate s he r 
preparation s i n th e directio n o f  input s whic h ar e 
relativel y likel y t o occur .  Unde r  a n assumptio n o f 
a fixe d unweighte d varianc e o f  th e F's ,  i t  i s  eas y 
t o sho w tha t  th e averag e proportionalit y relation -
shi p betwee n th e P' s an d th e F's ,  hig h facilit y 
attachin g t o relativel y hig h likelihood ,  an d lo w 
facilit y  attachin g t o relativel y lo w likelihood . 

The match between what is expected and what might 
occu r  shoul d no t  automaticall y b e presumed ,  eithe r 
accordin g t o som e cosmi c principl e o f  innat e resonanc e 
betwee n th e individua l  an d th e environment ,  o r  o n 
th e basi s o f  a  gradua l  learnin g of ,  an d accomodatio n 
t o contextua l  contingencies .  Ther e ar e a t  leas t 
fou r  reason s fo r  this .  First ,  i t  i s  ver y possible , 
indee d frequent ,  fo r  peopl e t o misconstru e situation s 
and hav e a  whol e serie s o f  misguide d expectations . 



Misconstrua l  tendencie s ar e ver y interestin g t o socia l 
psychologist s an d ther e ha s bee n a  goo d dea l  o f 
recen t  researc h o n stereotyping ,  o n misleadin g firs t 
impressions ,  o n th e effect s o f  inappropriat e bu t 
salien t  schemata ,  an d o n th e insensitivit y o f  fals e 
construction s t o empirica l  evidenc e (cf .  Nisber t  & 
Ross ,  1980) . 

A second reason not to presume that construals 
reflec t  stimulu s constraint s i s tha t  peopl e ar e 
generall y extremel y slo w t o pic k u p th e contingenc y 
structur e i n nove l  inpu t  materials ,  i f  the y eve r  ge t 
i t  a t  all .  Contingencie s ar e especiall y problemati c 
when multidimensiona l  dependencie s ar e involved .  I t 
i s  clea r  fro m classica l  two-alternativ e guessin g 
situation s tha t  peopl e ar e ver y goo d a t  learnin g 
th e simples t  zero-orde r  structure ,  tha t  is ,  th e 
relativ e frequencie s o f  two'differen t  alternatives . 
Althoug h appropriat e dat a d o no t  t o my knowledg e 
exist ,  ther e i s littl e reason ,  however ,  t o suppos e 
tha t  peopl e ar e adep t  a t  learnin g th e zero-orde r 
structur e withi n larg e number s o f  alternatives . 
And i t  i s  ver y clea r  fro m so-calle d "cu e validity " 
studie s (e.g.,Hammon d &  Summers ,  1965 )  tha t  ther e 
ar e shar p limitation s o n th e learnin g o f  higher -
orde r  structures .  When man y independen t  cue s ar e 
modest  predictor s o f  a n outcom e variable ,  peopl e 
ar e unabl e t o us e al l  th e cues ,  bu t  settl e instea d 
fo r  (somewha t  fallible )  us e o f  thre e o r  fou r  o f 
them .  I n realisti c stimulu s domain s wher e i t  i s 
not  a t  al l  clea r  ho w man y cue s o f  wha t  sor t  ther e 
migh t  be ,  th e situatio n ca n b e eve n worse .  Fo r 
example ,  i n studie s o f  ho w peopl e judg e whethe r 
someone els e i s lyin g o r  no t  (Kraus s e t  al. ,  1976 ; 
Kraut ,  1978) ,  th e facial ,  gestura l  an d speec h cue s 
tha t  judge s emplo y t o diagnos e th e lia r  overla p 
hardl y a t  al l  wit h th e se t  o f  cue s tha t  actuall y 
predic t  lying . 

A third reason, related to the second, is that 
stimulu s structur e i s usuall y dependen t  o n th e 
sourc e o f  th e strin g bein g communicated .  Differen t 
communicator s hav e differen t  style s an d differen t 
angle s o n wha t  t o sa y o r  writ e abou t  a  give n topic . 
The understande r  usuall y wil l  no t  hav e lon g enoug h 
experienc e wit h particula r  communicator s t o pic k 
up thei r  individua l  contingenc y structures ,  eve n 
i f  learnin g wer e ver y rapid . 

Fourth, the construal function must be flexible. 
i n operation ,  s o tha t  whe n ther e i s a  shif t  i n th e 
topi c o f  th e stimulu s string ,  th e understande r  ca n 
establis h a  ne w se t  o f  expectations .  A  lac k o f 
matchin g coul d com e abou t  i f  adjustment s i n construa l 
wer e sluggish ,  laggin g behin d th e stimulus .  I t 
i s  intuitivel y clea r  tha t  ther e ar e bot h individua l 
and situationa l  difference s i n th e rat e o f  adjustmen t 
of  construals .  Par t  o f  th e ordinar y concep t  o f 
intelligence ,  o r  perhap s quick-mindedness ,  i s th e 
abilit y  o t  a n individua l  t o kee p u p wit h wha t  i s 
bein g rea d o r  said ,  especiall y i f  th e poin t  i s  rapidA y 
shifting .  Situations ,  too ,  may hel p o r  hinde r 
quic k reconstrual .  Ther e i s a  goo d dea l  o f  psychologica l 
literatur e o n th e phenomeno n o f  perserverance ,  wherei n 
a person' s analysi s o f  a  proble m are a continue s i n 
a vei n whic h ha s previousl y bee n successful ,  despit e 
th e introductio n o f  ne w material s whic h mak e th e ol d 
analysi s outmode d (Luchins ,  1942) ,  o r  th e presentatio n 
of  evidenc e tha t  pas t  succes s wa s spuriou s (Ross , 
Lepper ,  &  Hubbard ,  1975) . 

I n short ,  th e structur e i n persona l  construal s 
need no t  matc h th e structur e o f  stimulu s constraints , 
fo r  severa l  reasons .  When ther e i s a  match ,  however , 
understandin g i s considerabl e facilitated .  Th e 
exampl e o f  script  processin g provide s a n especiall y 
clea r  case .  A n accoun t  o f  a  highl y scripte d activit y 
suc h a s a  visi t  t o a  docto r  introduce s ver y hig h 
stimulu s constraint ,  becaus e onl y a  limite d numbe r 
of  event s hav e hig h probabilit y  o f  occurrenc e i n 
th e account .  I f  th e understande r  construe s th e accoun t 
as indee d concernin g a  docto r  visi t  (a s opposed ,  say , 
t o a  cha t  wit h a  professiona l  colleague) ,  the n hi s 
relevan t  knowledg e structur e wil l  highl y constrai n hi s 
expectation s t o a  smal l  se t  o f  events .  Give n a 
sufficien t  consensu s o n wha t  sort s o f  thing s transpir e 
i n account s o f  docto r  visits ,  understandin g wil l 
(o n average )  b e ver y facile . 

My discussion to this point has concealed an 
importan t  aspect  o f  th e concept s o f  constrain t 
and construa l  i n tex t  processing .  Ther e ar e reall y 
thre e differen t  type s o f  structura l  limitatio n o n 
coheren t  stimul i  an d coheren t  expectations .  Recal l 
tha t  w e ar e supposin g tha t  th e inpu t  strin g i s 
receive d a  chun k a t  a  time ,  an d tha t  w e ar e inter -
este d i n th e probabilit y  o f  occurrenc e an d th e 
processin g facilit y  associate d wit h ever y possibl e 
chunk .  Fo r  tangibilit y  w e may suppos e tha t  th e 
chunk s ar e sentences .  Tw o somewha t  differen t  kind s 
of  constraint s ar e thos e applyin g withi n chunks , 
and thos e applyin g betwee n chunks .  Le t  u s desig -
nat e thes e respectivel y a s combinatoria l  constrain t 
and sequentia l  constraint .  A  thir d kin d I  wil l 
cal l  functiona l  equivalenc e constraint ,  t o whic h 
I  wil l  retur n shortly . 

By within chunk, or combinatorial constraint, 
I  refe r  t o tendencie s o r  rule s fo r  wha t  linguisti c 
component s g o wit h what .  Thi s woul d includ e al l 
of  syntax ,  semanti c rule s o r  "selectio n restric -
tions "  abou t  sensibl e meanin g combinations ,  suc h a s 
what  action s requir e animat e actor s an d wha t  attri -
bute s ar e pertinen t  fo r  wha t  object  classes ,  an d als o 
fragment s o f  pragmati c knowledg e tha t  tel l  u s wha t 
combination s ar e unlikel y i n th e rea l  worl d eve n thoug h 
semanticall y possible ,  suc h a s th e Quee n usin g 
obscenit y o r  coa l  miner s curtsying .  I n thi s 
categor y o f  constrint ,  i t  seem s quit e likel y tha t 
rule s characterizin g stimulu s structur e woul d b e 
generall y wel l  matche d b y rule s characterizin g con -
struals .  Thes e aspect s o f  constrain t  ar e widel y 
appreciate d an d shared ,  an d th e reason s give n abov e 
i n suppor t  o f  mismatc h tendencie s ar e leas t  likel y 
t o apply . 
By between chunk, or sequential constraint, I 
mean tendencie s fo r  certai n cV\unV.s ,  t o ^QA\Qv t  a  <̂ \m̂ t \ 
chunV.  o r  sequenc e o ^  c\\unV.s. .  Vtdt o a  ^o'̂ wa ^  v^ f̂̂ ^ 
of  viev) ,  on e mi<jh t  sviw^^ e tV\a t  betv^ee n cVwinVs . 
constrain t  i s  jus t  anotVxe r  t̂ unA^ e o ^  'iê ect̂ O' n 
restrictions. ,  o r  se t  o ^  ruAes .  a^ou t  v»\\a t  qoe ^  vrtSV n 
vthat ,  an d t\\u s i s jus t  AiV e v̂ itViv v cVwiVvV .  coT\s.tTa.\T\t , 
but  operatin g o n large r  units .  I n th e fiel d o f 
stor y understanding ,  th e suppositio n ha s sometime s 
been mad e tha t  a  kin d o f  synta x exist s linkin g 
successiv e units ,  an d s o w e hav e th e notio n o f 
"stor y grammars "  (cf .  Rumelhart ,  1977 ;  Mandle r  & 
Johnson ,  1977) . 

Story grammars may have some use as rough tools 
i n restricte d stor y domains ,  bu t  the y hav e I  thin k 
rightl y bee n criticize d (e.g. .  Blac k &  Wilensky , 
1979 )  whe n the y mak e overl y stron g claims .  Storie s 
ar e simpl y no t  grammatica l  i n quit e th e sam e sens e 
tha t  sentence s are .  No r  ar e othe r  bodie s o f  text . 



When a  literat e reade r  assert s tha t  a  shor t  strin g o f 
writin g withi n a  perio d a t  th e en d i s no t  a  sentence , 
th e literat e observ e wil l  almos t  alway s agree .  Bu t 
who i s t o sa y tha t  a  longe r  strin g o f  writin g i s no t 
a paragraph ,  o r  no t  a  story .  Judgement s her e ar e 
somewhat  fuzzy ,  a s w e ar e dealin g no t  wit h inviolat e 
rule s bu t  wit h genera l  coherenc e tendencies .  Prag -
matic s an d stylistie s becom e muc h mor e important ,  an d 
th e rol e o f  synta x dwindles .  Construal s ca n mor e 
readil y b e ou t  o f  sync h wit h stimulu s constraints . 
To thin k otherwise,an d t o regar d sequentia l  constrain t 
as merel y a n extensio n o f  combinatoria l  constraint , 
i s  t o fal l  to o muc h unde r  th e thral l  o f  th e bottom-up , 
star t  small ,  scientifi c  strateg y o f  th e neats . 

The third category, that I have called "func-
tiona l  equivalence "  constraint ,  i s  rathe r  differen t 
i n nature .  I n th e genera l  conceptio n I  hav e sketche d 
of  th e construa l  process ,  ther e i s th e clea r  unrealis m 
of  supposin g tha t  th e organis m allocate s preparator y 
provision s amon g a n infinit e numbe r  o f  possibl e 
stimuli .  Muc h mor e reasonabl e i s th e suppositio n 
tha t  th e understande r  prepare s differentiall y  fo r 
differen t  categorie s o f  inpu t  content ,  i n effec t 
groupin g stimul i  int o equivalenc e classe s accordin g 
t o th e function s the y serve .  Withi n eac h class , 
processin g facilit y  woul d b e roughy l  constraint . 
Thi s i s a  fairl y  stron g for m o f  subjectivel y impose d 
constraint ,  fo r  i t  say s tha t  such-and-suc h stimul i 
ar e t o b e regarde d a s equivalent ,  an d al l  processe d 
wit h ease ,  wherea s such-and-suc h othe r  stimuli , 
constitutin g anothe r  equivalenc e class ,  wil l  b e 
processe d wit h les s facility ,  an d s o on .  No w ther e 
i s grea t  opportunit y fo r  mismatching ,  dependin g o n 
whethe r  th e understande r  doe s o r  doe s no t  carv e th e 
possibilitie s a t  differen t  joint s tha n th e probabilit y 
structur e o f  th e stimul i  would .  T o maintai n matching , 
i t  woul d b e necessar y fo r  ever y stimulu s withi n a n 
equivalenc e clas s t o b e approximatel y equall y 
probable .  Th e understander ,  however ,  may lum p 
possibilitie s togethe r  becaus e the y hav e comparabl e 
persona l  concer n o r  affectiv e significance ,  no t  becaus e 
the y ar e necessaril y  objectivel y substitutable . 

These ideas may become clearer if I recapitulate 
and the n amplif y th e mode l  I  a m outlining .  We ar e 
supposin g a n understande r  expose d t o a  stimulu s strin g 
one chun k a t  a  time .  Stron g structura l  constraint s 
characteriz e th e ensembl e o f  stimulu s string s whic h th e 
give n strin g instantiates ,  bu t  w e d o no t  presuppos e 
tha t  th e understande r  necessaril y  perfectl y appreciate s 
thos e constraints .  Instead ,  th e understander ,  i n a 
construa l  process ,  o r  genera l  expectationa l  policy , 
impose s constraint s o f  he r  own .  Construal s ar e fro m 
tim e t o tim e altere d a s th e stimulu s strin g unfolds , 
but  whil e i n force ,  eac h give n construa l  i s  a 
processin g allocatio n whic h determine s th e particula r 
degre e o f  facilit y  wit h whic h differen t  possibl e input s 
and sequence s o f  input s woul d b e processed .  A 
construa l  define s functiona l  equivalenc e classe s o f 
stimuli ,  suc h tha t  stimulu s possibilitie s withi n 
clas s ar e processe d alike . 

The average facility of processing is maximized 
when ther e i s a  matc h betwee n th e probabilit y  struc -
tur e o f  th e stimulu s ensembl e an d th e facilit y 
structur e o f  th e construal .  Furthermore ,  give n som e 
degre e o f  match ,  th e averag e facilit y  increase s wit h 
increasin g structuredness .  Ther e ar e reall y thre e 
aspect s o f  bot h type s o f  structure :  th e zero-orde r 
structur e partitionin g th e possibilitie s accordin g 

t o ho w likel y o r  expecte d the y are ,  an d th e contingenc y 
structur e limitin g wha t  goe s wit h what ,  bot h withi n 
chunk s an d acros s chunks . 

I have argued that matching between construal 
structur e an d stimulu s constrain t  structur e shoul d no t 
i n genera l  b e presupposed ,  bu t  tha t  i t  i s  likel y t o 
occu r  i n certai n contexts .  Withi n chunks ,  i t  i s 
likel y tha t  syntacti c constraint s wil l  b e wel l 
matched .  Acros s chunks ,  certai n type s o f  knowledg e 
structure s permi t  read y construal s o f  well-structure d 
realities .  I  hav e alread y mentione d script s 
as on e example . 

Another between-chunk example has to do with the 
rol e tha t  knowledg e o f  intentionalit y play s i n stor y 
understanding .  Storie s ten d t o b e summarize d i n 
term s o f  goal s an d plan s o f  th e mai n characters . 
Goal s an d successfu l  plan s ten d t o b e wel l  remembered . 
AI  model s o f  stor y understandin g mak e a  bi g poin t  o f 
trackin g goal s an d goa l  fates .  Thi s wa s th e cas e i n 
Schank an d Abe l  so n (1977) ,  an d i n othe r  Yal e model s 
suc h a s thos e o f  Wilensk y (1978 (  an d Carbonel l 
(1978) ,  an d i n a  grea t  many non-Yal e model s a s well . 
Why i s this ? What  i s ther e abou t  goal s tha t  make s 
the m s o important ? Fro m a  scruff y common sens e 
poin t  o f  view ,  thi s questio n may no t  see m wort h 
askin g becaus e th e answe r  seem s obvious .  Goal s 
underl y mos t  o f  th e activitie s o f  people ,  an d wha t 
interest s peopl e i s hearin g abou t  thing s tha t  othe r 
peopl e do .  One migh t  amplif y thi s intuitio n wit h 
th e observatio n tha t  intentionalit y i s no t  obser -
vable ,  bu t  mus t  b e inferred ,  an d ther e i s somethin g 
especiall y intriguin g i n makin g inference s abou t 
peopl e t o explai n wh y the y d o wha t  the y do . 
Anothe r  angl e i s tha t  goal s relat e t o emotions , 
as I  wil l  discus s later ,  an d emotion s ar e especiall y 
interesting . 

A formalist would not be especially happy with 
suc h explanations .  The y essentiall y  sa y tha t  goal s 
ar e interestin g becaus e everybod y know s the y ar e 
interesting ;  bu t  n o principle d accoun t  i s given . 
Well ,  i t  seem s t o me clea r  tha t  a  principle d accoun t 
can b e given ,  an d indeed ,  i t  i s  implici t  i n almos t  al l 
analyse s o f  th e rol e o f  goal s an d plans ,  bu t  i t  i s 
usuall y no t  spelle d out .  Simpl y put ,  i t  i s  tha t 
intentionalit y i s "inferenc e rich"--i t  provide s a 
hig h degre e o f  stimulu s constraint .  Construal s 
structure d t o matc h wil l  confe r  grea t  advantag e t o 
th e understander .  Intentiona l  actio n introduce s 
constraint s o f  al l  thre e kinds :  combinatorial , 
sequentia l  an d functiona l  equivalence .  Especiall y 
noteworth y i s th e possibilit y  o f  remot e sequentia l 
constraint ,  tha t  is ,  th e influenc e o f  somebod y 
havin g a  goa l  o n hi s action s muc h late r  i n time . 
I n a  stor y o r  a  novel- -  o r  i n life- -  i t  coul d b e 
dozen s o r  hundred s o f  pages- -  o r  days- -  befor e th e 
majo r  goal s o f  individual s ar e actualized ,  ye t  tha t 
laten t  potentialit y  i s  presen t  al l  th e while .  Thi s 
constrain t  demo n tha t  goal s unleas h i s a  kin d o f 
inferentia l  tim e bomb se t  t o g o of f  on e know s 
not  when .  No Marko v proces s behave s lik e this . 

It is clear, therefore, that knowledge structures 
concernin g goal s ar e highl y constraining ,  thu s ver y 
importan t  i n th e understandin g process .  Whethe r  goal s 
ar e th e mos t  constrainin g concep t  i n text s abou t 
human activitie s i s ver y har d t o say ,  becaus e w e hav e 
no comparativ e constrain t  measure s o n differen t 
inference-r'ic h concepts ,  average d ove r  al l  possible , 
or  al l  available ,  o r  al l  experience d text s o f  a  give n 
type .  I  wan t  t o poin t  out ,  however ,  tha t  a  goo d 
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Thus fa r  i n my account ,  I  hav e give n mainl y a 
way t o tal k carefull y  abou t  th e rol e o f  structura l 
constrain t  i n th e proces s o f  understanding ,  wit h 
ver y littl e i n th e wa y o f  predictiv e principle s 
or  substantiv e claims .  Le t  me no w attemp t  som e 
claim s base d o n th e construa l  concept . 

I have said that construals are from time to time 
altered  o r  updated  durin g th e cours e o f  understanding . 
I  believ e tha t  wha t  i s remembere d abou t  a  stimulu s 
strin g i s no t  th e strin g itself ,  bu t  th e se t  o f 
construal s an d reconstrual s use d i n interpretin g 
it .  When a  construa l  i s  activ e an d input s arriv e 
whic h ar e no t  readil y processed ,  tha t  is ,  ar e un -
expecte d i n term s o f  th e construal ,  the n reconstrua l 
becomes necessary .  Memor y fo r  one' s ow n construa l 
structures ,  therefore ,  woul d includ e bot h th e origina l 
construa l  an d th e reconstrua l  compelle d b y unfore -
see n stimulu s events .  Thu s my proposa l  her e i s 
simila r  t o Schan k &  Abelson' s (1977 )  scrip t  pointe r 
plu s "weir d list "  idea ,  an d t o Graesser' s (1981 ) 
"scrip t  pointe r  plu s tag "  hypothesis ,  excep t  tha t 
i t  i s  mor e genera l  i n tha t  th e knowledg e structur e 
involve d nee d no t  b e a  script ,  bu t  coul d b e anything . 
Indeed ,  i t  coul d b e an y combinatio n o f  knowledg e 
structure s implicate d i n a  construa l  whic h partiall y 
succeed s an d the n need s correction .  (Amon g othe r 
recen t  treatment s containin g simila r  idea s ar e thos e 
of  Lehner t  (1979 )  an d o f  Schan k (Not e 2)) . 

There are some memory data which fit nicely with 
thi s Construa l  Principl e (e.g. ,  Hastile ,  1980 ; 
Spir o &  Eposito ,  1977 ;  Graesser ,  1981) .  Bu t  I  a m 
als o awar e tha t  ther e ar e othe r  dat a whic h ar e har d 
t o explai n b y i t  (e.g. ,  Anderso n &  Pichert ,  1978) , 
and tha t  ther e ar e complication s i n applyin g i t  t o 
dat a i n general .  Le t  tha t  b e a  stor y fo r  anothe r 
occasion ,  however . 

Reconstrual seems to me to be an especially 
interestin g phenomenon .  On e clas s I  woul d lik e t o 
pursu e arise s whe n tw o incompatibl e construal s 
compete  wit h on e anothe r  fo r  processin g dominance . 
By incompatibl e construals ,  I  mea n set s o f  expec -
tation s base d o n th e othe r  set .  Th e mor e massiv e th e 
preparations ,  th e mor e seriou s th e incompatibility . 
I n cognitiv e terms ,  th e massive  preparator y par t 
of  a  construa l  i s  th e establishmen t  o f  sequentia l 
constraints ;  thu s incompatibl e construal s involv e 
opposin g sequentia l  constraints . 

Characteristically associated with incompatible 
construals ,  unde r  certai n conditions ,  ar e affectiv e 
experience .  Ther e ar e differen t  type s o f  incom -
patibility ,  a s I  shal l  spel l  out ,  an d wit h eac h o f 
thes e i s associate d a  differen t  variet y o f  affect . 
Thes e connection s ar e compellin g enoug h t o serv e 
as th e basi s fo r  a  theor y o f  affect .  Recently ,  ther e 
hav e arise n i n psycholog y a  numbe r  o f  systemati c 

taxonomie s o f  affectiv e state s (deRivera ,  1977 ; 
Roseman,  1979 ;  Wilensky ,  Orton y &  Collins ,  1980 ) 
whic h se t  fort h a  numbe r  o f  disposin g factor s 
sai d t o generat e on e o r  anothe r  affec t  Whil e 
highl y evocative ,  th e variou s scheme s see m t o lac k 
a unifyin g principl e conmo n t o thei r  set s o f  affects , 
thi s I  believ e t o b e provide d b y th e ide a o f 
incompatibl e construals . 

My analysi s owe s 
by Rosema n (1979) ,  bu t 
orde r  t o ge t  th e bene f 
principle .  I n convey i 
of  my theory ,  I  wil l  c 
construals ,  bu t  I  wil l 
understandin g pradig m 
situatio n paradig m wh e 
event s migh t  happe n o r 
involved ,  rathe r  tha n 
occurrenc e fo r  th e ch a 

much t o th e schem e devise d 
i s differentl y organize d i n 

i t  o f  th e incompatibilit y 
ng a  preliminar y versio n 
ontinu e t o tal k abou t 

depar t  freel y fro m th e tex t 
t o refe r  als o t o a  behaviora l 
r e th e prospectiv e an d actua l 

do happe n t o th e individua l 
hi s jus t  imaginin g thei r 
racter s i n a  story . 

To avoi d confuction ,  I  shoul d sa y wha t  th e 
theor y i s no t  about .  I t  i s  no t  primaril y abou t  th e 
pleasure s an d pain s associate d directl y wit h physica l 
sensations ,  eithe r  innatel y o r  thoroug h conditioning . 
Thus i t  i s  no t  primaril y abou t  sexua l  pleasure ,  o r 
pleasurabl e tastes ,  o r  abou t  fright ,  pai n o r  disgust , 
or  abou t  th e lov e o r  aversio n fo r  th e peopl e o r 
object s associate d wit h thos e pleasure s o r  pains . 
Secondarily ,  however ,  i t  may implicat e pleasure s 
or  pain s o r  othe r  goa l  states ,  a s wil l  b e explained . 
The theor y i s als o no t  abou t  th e semantic s o f  affec t 
as code d i n word s o r  phrase s capabl e o f  evokin g 
associate d emotions ,  suc h a  pejorativ e adjective s 
applie d t o anothe r  perso n s o a s t o stimulat e dislik e 
or  th e sunn y lyric s o f  a  lov e song .  Rather ,  i t 
concern s th e emergenc e o f  a n affecgiv e stat e a s a 
consequenc e o f  th e structura l  relationship s i n a n 
ongoin g situation :  i t  i s  a  structura l  theor y o f 
"on-lin e affect. " 

In analyzing incompatible construals, we have to 
ask wh y mor e tha n on e construa l  woul d eve r  b e 
necessary .  A n obviou s answe r  i s tha t  th e ongoin g 
construa l  lead s t o poo r  understanding ,  an d mus t 
be changed .  A  mor e direc t  wa y t o sa y thi s i s tha t 
anticipatio n doe s no t  correspon d t o reality .  What 
yo u imagin e wil l  happe n doe s no t  i n fac t  happen , 
and yo u mus t  updat e you r  imaginings .  I f  th e updat e 
i s incompatibl e wit h th e previou s construal ,  the n 
an affectiv e proces s wil l  occu r  whic h i s bot h a 
signa l  an d a  sympto m o f  th e activit y o f  reconstrua l 
(an d which ,  incidentally ,  wil l  b e associate d wit h hig h 
memorabilit y  fo r  th e even t  whic h precipitate d th e 
reconstrual) . 

Two conditions seem basic to the degree of 
incompatibilit y  o f  construals .  On e i s th e rang e o f 
possibl e cognitiv e chunk s implicate d b y th e tw o 
construals ,  th e secon d i s th e discrepanc y i n th e 
hedoni c impor t  o f  th e tw o construals ,  whereb y on e 
i s highl y pleasurabl e o r  painfu l  an d th e othe r  i s 
not .  Inference-richnes s an d hedoni c impor t  woul d 
see m i n practic e t o cooccur ,  becaus e on e mainl y 
makes extensiv e inference s abou t  tha t  whic h i s 
personall y consequential .  Bu t  th e tw o concept s 
ar e conceptuall y separable . 

In any case, not every reconstrual involves 
compatibility ,  an d man y incompatibilitie s ar e quit e 
trivia l  i n exten t  an d significance .  Thu s 
structura l  affec t  i s  no t  freel y evoke d b y mino r 
alteration s fro m previou s expectations .  Thu s i f 
yo u mistoo k someon e t o sa y the y wer e fro m Stanfor d 



and i t  turne d ou t  the y mean t  Stamford ,  (Connecticut) , 
or  i f  yo u though t  tha t  a  sessio n o f  th e conferenc e 
was i n Roo m A  an d i t  turne d ou t  t o b e i n Roo m B , 
thos e change s woul d no t  provok e affec t  (unles s you r 
mistak e le d t o com e commitmen t  o r  consequenc e 
difficult y t o undo) . 

It is instructive to consider systematically 
how th e inference-richnes s o f  consequentia l  alternativ e 
construal s migh t  var y an d giv e ris e t o differin g 
affectiv e states .  A  usefu l  rubri c i s th e intentiona l 
actio n sequence ,  wher e a  positiv e o r  negativ e outcom e 
stat e i s cognize d b y th e individua l  alon g wit h a n 
alternativ e outcom e o f  opposit e import .  What  i s 
of  interes t  i s  th e poin t  i n th e sequenc e a t  whic h 
th e alternativit y arises ,  thereb y determinin g th e 
dept h o f  reconstrua l  whic h i s necessary .  Ther e ar e 
differen t  classe s o f  cases ,  dependin g o n whethe r 
two alternativ e construal s ar e presen t  onl y i n 
imagination ,  o r  whethe r  on e i s imagine d an d th e othe r 
represent s reality ,  o r  ther e ar e representation s 
of  tw o disparat e realitie s becaus e realit y ha s 
changed . 

Let us suppose a sequence in which a goal 
lead s t o som e planne d actio n whic h throug h som e 
causa l  instrumentalit y  determine s a n outcome . 
Conside r  firs t  th e cas e i n whic h thi s sequenc e ha s 
progresse d u p t o a  certai n poin t  i n reality ,  an d 
the n ther e ar e alternativ e imagine d construals ,  on e 
hedonicall y positive ,  th e othe r  negative ,  o f  th e 
uncertai n futur e cours e o f  th e sequence .  I f  goal , 
action ,  an d causa l  instrumentalit y ar e fixed ,  bu t 
onl y th e outcom e i s uncertain ,  ther e i s a  minima l 
rang e o f  conten t  fo r  th e alternativ e construal s t o 
deal  with .  Th e associate d affectiv e experienc e ca n 
be characterize d a s SUSPENSE.  I f  goa l  an d actio n 
ar e fixed ,  bu t  ther e ar e alternativ e causa l  instru -
mentalitie s eac h potentiall y  controllin g th e outcome , 
th e alternativ e construal s ar e inferentiall y  riche r 
and th e affec t  i n genera l  wil l  b e mor e elaborate . 
Perhap s ther e ar e alternativ e authoritie s wh o may 
become responsibl e fo r  th e outcome ,  a s 
fo r  exampl e tw o judge s wh o migh t  b e assigne d t o you r 
lega l  case ,  on e probabl y sympathetic ,  th e othe r 
probal y unsympathetic .  Th e affec t  her e i s on e o f 
th e pai r  o f  HOPE/FEAR,  dependin g o n whethe r  th e 
favorabl e o r  unfavorabl e construa l  i s  emphasized . 

When only the goal is fixed, but two (or more) 
wel l  define d an d distinc t  actio n plan s ar e construable , 
each wit h uncertai n connectio n t o th e importan t 
outcome ,  th e associate d affectiv e stat e may b e 
characterize d a s AGONIZING.  The n no t  eve n th e goa l 
i s  fixed ,  bu t  incompatibl e possibl e goal s ca n 
be clearl y construed ,  th e affectiv e stat e i s on e 
of  CONFLICT. 

Consider next the case in which a particular 
sequenc e leadin g t o a  favorabl e outcom e i s construe d 
i n imagination ,  bu t  realit y force s a n alternativ e 
construa l  i n whic h th e outcom e i s i n fac t  negative . 
I f  goal.action ,  an d causa l  instrumentalit y ar e 
fixed ,  bu t  th e rea l  negativ e outcom e differ s fro m 
th e imagine d positiv e outcome ,  th e stat e i s on e o f 
DISAPPOINTMENT.  I f  goa l  an d actio n ar e fixed ,  bu t  th e 
rea l  causa l  instrumentalit y producin g a  positiv e 
outcom e differ s fro m th e imagine d causa l  instrumentalit y 
producin g a  positiv e outcome ,  th e affectiv e stat e 
i s on e o f  FRUSTRATION o r  ANGER.  I n relatio n t o 

previousl y outline d cases ,  i t  ca n b e see n tha t 
FRUSTRATION represent s dashe d HOPE,  an d DISAPPOINTMENT 
i s negativel y resolve d SUSPENSE. 

In a slightly different type of subcase, the neg-
ativ e realit y ha s alread y occured ,  bu t  th e individua l 
imagine s wha t  migh t  hav e been ,  b y reconstruin g 
th e sequenc e startin g a t  a  particula r  poin t  o f 
departure .  Th e ide a " I  shouldn' t  hav e don e wha t  I 
did ;  i f  onl y I  ha d acte d differently ,  thing s woul d 
have bee n different" ,  correspond s t o a  stat e o f 
EMBARASSMENT o r  MORTIFICATION .  I f  th e recriminatio n 
goes al l  th e wa y bac k t o believin g tha t  on e ha s pur -
sued th e wron g goal ,  the n th e affectiv e stat e i s on e 
of  GUILT . 

Another set of subcases arises when there is an 
imagine d negativ e outcome ,  bu t  th e actua l  outcom e i s 
positive .  Withou t  goin g throug h al l  th e details , 
suffic e t o sa y tha t  dependin g o n th e sequentia l 
poin t  a t  whic h alternativit y occurs ,  th e respectiv e 
affectiv e state s o f  LUCKINESS.  GRATITUDE,  PRIDE , 
AND RECTITUDE ca n b e generated . 

Finally, there is the case of incompatible 
construal s whic h aris e becaus e on e realit y i s suddenl y 
replace d b y anothe r  reality .  Thi s nee d hav e nothin g 
t o d o wit h a n intentiona l  actio n sequence ,  becaus e 
i t  ca n b e outsid e o f  th e individual' s control . 
I f  th e ol d realit y wa s positive ,  an d th e ne w realit y 
i s n o longe r  positive ,  th e affec t  i s  SORROW.  I f  th e 
ol d realit y wa s no t  negative ,  bu t  th e ne w realit y 
i s negative ,  th e affec t  i s  DISTRESS.  I f  th e ol d 
realit y wa s no t  positive ,  bu t  th e ne w realit y i s 
replace d b y on e whic h i s no t  negative ,  a  stat e o f 
RELIEF i s produced . 

I have been perhaps somewhat scruffy in my 
presentatio n o f  thi s syste m o f  1 6 affect s (albei t 
I  ha d earlie r  implie d I  woul d tr y t o b e neat) . 
I t  wa s no t  my intentio n here ,  however ,  t o b e 
complet e an d well-disciplined ,  bu t  onl y t o la y ou t 
a particula r  directio n o f  theor y an d researc h 
involvin g th e rol e o f  construal s i n understanding , 
memory,  an d affectiv e experience .  Th e conceptio n 
of  a  construa l  functio n a s a  syste m o f  subjectiv e 
constraint s whic h may o r  may no t  matc h objectiv e 
stimulu s constraint s is ,  i t  seem s t o me ,  a  ver y 
importan t  conception .  Ther e i s n o reaso n wh y th e 
ide a o f  system s o f  constrain t  shoul d b e abandone d 
t o cooptio n b y th e righ t  win g withi n cognitiv e 
science ,  whic h presume s t o investigat e Min d withou t 
referenc e t o minds .  Instead ,  w e nee d i n cognitiv e 
scienc e a  fusio n o f  lef t  an d righ t  wings ,  o f  sub -
jectiv e an d objective ,  o f  conten t  an d o f  formalism . 
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1.  Introductio n -  Fou r  Tenet s fo r  a  Theor y o f  Plannin g 

Much previou s wor k o n plannin g an d proble m solv -
in g ha s bee n concerne d wit h eithe r  ver y specialize d sys -
tem s o r  wit h highl y artificia l  domain s (e .  g. .  conside r 
Fike s an d Nilsso n (1971) .  Newel l  an d Simo n (1972) ,  Suss -
m an (1975) ,  Shortlifl e (1976)) .  Mor e recently ,  ther e ha s 
bee n a n increas e i n attentio n give n t o plannin g i n com -
monplac e situations .  Fo r  example ,  Riege r  (1975 )  ha s 
propose d a  se t  o f  " c o m m o n sens e algorithms "  fo r  rea -
sonin g abou t  everyda y physica l  situations ;  Hayes-Rot h 
and Hayes-Rot h (1979 )  ar e concerne d wit h ho w a  perso n 
migh t  schedul e a  day' s activities ;  an d Carbonel l  (1980 ) 
POLITIC S progra m reason s dogmaticall y abou t  politica l 
decisions .  O n anothe r  front ,  Sacerdot i  (1977 )  an d 
McDermot t  (1978) ,  whil e operatin g perhap s i n th e mor e 
traditiona l  proble m solvin g context ,  hav e propose d som e 
powerfu l  approache s t o proble m solvin g i n general . 

1.1. Everyday Planning is Reasoning about Interactions 
Betwee n Goal s 

We hav e bee n developin g a  theor y o f  plannin g tha t  i s 
concerne d wit h reasonin g abou t  everyda y situations .  A 
centra l  tene t  o f  thi s theor y i s tha t  mos t  o f  th e plannin g 
involve d i n everyda y situation s i s  primaril y concerne d 
wit h th e interaction s betwee n goals .  Tha t  is ,  plannin g fo r 
individua l  goal s i s assume d t o b e a  fairl y simpl e matter , 
consistin g primaril y o f  th e straightforwar d applicatio n o f 
rathe r  larg e quantitie s o f  worl d knowledge .  Th e com -
plexit y o f  plannin g i s  attribute d t o th e fac t  tha t  mos t 
situation s involv e numerou s goal s tha t  interac t  i n com -
plicate d ways . 

Thus whil e traditiona l  proble m solvin g researc h ha s 
bee n concerne d wit h findin g th e solutio n t o a  single , 
difficul t  proble m (e .  g. .  findin g th e winnin g ches s move) , 
most  everyda y proble m solvin g consist s o f  synthesizin g 
solution s t o fairl y  simple ,  interactin e oroblems .  Fo r 
example ,  a  typica l  everyda y situatio n tha t  involve s th e 
sor t  o f  plannin g w e ar e intereste d i n migh t  b e t o obtai n 
some nails ,  an d als o bu y a  hammer .  Th e pla n fo r  eac h 
goal  i s  straightforward :  On e simpl y goe s t o th e hardwar e 
store ,  buy s th e desire d item ,  an d returns .  Th e proble m 
lie s i n recognizin g tha t  i t  i s  a  terribl e ide a t o execut e 
thes e plan s independently .  Rather ,  th e seemingl y simpl e 
c o m m on sens e pla n i s t o combin e th e tw o individua l 
plans ,  resultin g i n th e pla n o f  goin g t o th e hardwar e 
store ,  buyin g bot h items ,  an d the n returning . 

Simpl e a s thi s situatio n m a y be ,  mos t  conventiona l 
planner s ar e ill-equippe d t o handl e it .  Althoug h som e 
plannin g program s hav e mechanism s fo r  removin g 
redundancie s fro m a  plan ,  the y generall y lac k a  mechan -
is m fo r  eve n noticin g thi s sor t  o f  interactio n i f  thes e 
plan s ar e derive d fro m heretofor e unrelate d goals . 
Perhap s mor e importantly ,  th e interactio n betwee n 
plan s m a y hav e mor e comple x ramifications .  Fo r  exam -
ple ,  i f  enoug h item s ar e t o b e purchase d a t  th e hardwar e 
store ,  the n a  bette r  pla n migh t  b e t o tak e one' s car , 
whil e walkin g m a y d o otherwise .  Thu s a  goo d par t  o f 

plannin g involve s detectin g th e interaction s betwee n 
goals ,  figurin g ou t  thei r  implications ,  an d the n decidin g 
what  t o d o abou t  them . 

1.2. Planning Knowledge Should be Equally Available for 
Understandin g 

The secon d tene t  o f  ou r  theor y o f  plannin g i s tha t  i t 
shoul d b e equall y usabl e b y bot h a  planne r  an d a n under -
stander .  Tha t  is ,  whil e a  planne r  use s it s  plannin g 
knowledg e t o brin g abou t  a  desire d stat e o f  atTairs .  a n 
understande r  m a y nee d t o us e thi s sam e knowledg e t o 
comprehen d th e action s o f  a  perso n i t  i s  watchin g o r  o f  a 
characte r  abou t  w h o m i t  i s  reading .  Fo r  example ,  a 
planne r  wit h th e goa l  o f  keepin g fi t  migh t  tak e u p jog -
ging ;  a n understande r  migh t  us e th e sam e knowledg e t o 
infe r  tha t  someon e wh o ha s take n u p joggin g m a y hav e 
don e s o becaus e h e ha d th e goa l  o f  stayin g i n shape . 
Plannin g an d understandin g ar e rathe r  differen t 
processes ,  an d thi a wil l  o f  cours e b e reflecte d i n ou r 
plannin g an d understandin g mechanisms .  However ,  ou r 
theor y o f  plannin g specifie s tha t  knowledg e shoul d b e 
represente d i n a  fashio n s o tha t  i t  i s  usabl e b y eithe r 
mechanism . 

1.3. Meta-PIanning is Used as the Driving Principle 

The thir d salien t  featur e o f  ou r  theor y i s  tha t  i t  i s 
base d o n meta^lanning .  B y thi s I  m e a n tha t  th e prob -
lem s a  planne r  encounter s i n producin g a  pla n fo r  a 
give n situatio n m a y themselve s b e formulate d a s goals . 
Thes e "meta-goals "  ca n the n b e submitte d t o th e plan -
nin g mechanism ,  whic h treat s the m jus t  lik e an y othe r 
goals .  Tha t  is ,  th e planne r  attempt s t o fin d a  "meta -
plan "  fo r  thi s meta-goal ;  th e resul t  o f  successfu l 
applicatio n o f  thi s pla n wil l  b e th e solutio n t o th e origina l 
plannin g problem . 

A typica l  exampl e o f  a  meta-goa l  i s  th e goa l 
RESOLVE-GOAL-CONFLICT.  A  planne r  woul d presumabl y 
hav e a n instanc e o f  thi s goa l  wheneve r  i t  detect s tha t 
some o f  it s  "ordinary "  goal s ar e i n conflic t  wit h on e 
another .  Th e meta-plan s fo r  thi s goa l  ar e th e variou s 
goal  conflic t  resolutio n strategie s availabl e t o th e 
planner . 

Meta-plannin g i s  describe d i n mor e detai l  i n Wilen -
sk y (1980) .  Here ,  w e giv e onl y a  brie f  characterizatio n o f 
it s mai n feature s an d advantages . 

Meta-goal s ar e organize d b y meta-themes .  Thes e 
ar e ver y genera l  principle s o f  plannin g tha t  describ e 
situation s i n whic h meta-goal s com e int o being .  W e sum -
mariz e thes e briefly : 

Meta-themes 

1) DON'T WASTE RESOURCES 

2)  ACHIEV E A S M A NY GOALS A S POSSIBL E 

3)  MAXIMIZ E TH E VALU E O F TH E GOALS ACHIEVE D 

4)  AVOI D IMPOSSIBL E GOALS 

•Researc h sponsore d i n pa n b y th e Nationa l  Scienc e Foundatio n unde r  gran t  HCS79-0654 3 
and b y th e Offic e o f  Nava l  Researc h unde r  contrac t  N00014-60-C-073 2 
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As a n exampl e o f  ho w thes e function ,  th e meta -
them e "ACHIEV E A S M A NY GOALS A S POSSIBLE "  i s 
responsibl e fo r  detectin g goa l  conflicts .  Tha t  is ,  i f  th e 
planne r  intend s t o perfor m a  se t  o f  action s tha t  wil l 
negativel y interac t  wit h on e another ,  thi s meta-them e 
cause s th e planne r  t o hav e th e goa l  o f  resolvin g th e 
conflict .  I f  thi s meta-goa l  fails ,  i .  e. ,  th e planne r  coul d 
not  fin d a  wa y t o resolv e th e conflict ,  the n th e meta -
them e "MAXIMIZ E TH E VALU E O F TH E GOALS ACHIEVED" 
spring s int o action .  Thi s meta-them e set s u p th e goa l  o f 
arrivin g a t  a  scenari o i n whic h th e les s valuabl e goal s ar e 
abandone d i n orde r  t o fulfil l  th e mos t  valuabl e ones .  Th e 
detail s o f  th e meta-plan s involve d i n thes e processe s ar e 
describe d i n lengt h i n th e las t  tw o section s o f  thi s paper . 

Meta-plannin g ha s a  numbe r  o f  advantage s ove r 
othe r  approache s t o planning ;  thes e advantage s ar e 
summarize d below : 

1.3.1. Meta-planning knowledge can be used for both 
plannin g an d understandin g 

As meta-goal s an d meta-plan s ar e declarativ e struc -
ture s i n th e sam e sens e a s ar e ordinar y goal s an d plans , 
the y m a y b e use d t o understan d situation s a s wel l  a s 
pla n i n them .  Thu s a n understande r  wit h acces s t o thi s 
knowledg e woul d b e abl e t o interpre t  someone' s actio n 
as a n attemp t  t o resolv e a  goa l  conflict ,  fo r  example .  I n 
contrast ,  plannin g program s tha t  hav e th e equivalen t 
knowledg e embedde d procedurall y woul d no t  b e abl e t o 

convenientl y us e i t  t o explai n someon e else' s actions . 

1.3.2. The same planning mechanism can apply to 
m o r e difficul t  tasks . 

Meta-plannin g knowledg e generall y embodie s a  se t 
of  strategie s fo r  complicate d pla n interactions .  B y for -
mulatin g thi s knowledg e i n term s o f  goal s an d plans ,  th e 
same plannin g architectur e tha t  alread y exist s fo r 
simple r  plannin g ca n b e use d t o implemen t  mor e compli -
cate d plannin g involvin g multipl e goals ,  etc . 

1.3.3. More general resolution of traditional planning 
problem s 

Traditiona l  planner s usuall y tiea t  problem s suc h a s 
goal  conflict s b y specia l  purpos e mean s b y th e intro -
ductio n o f  critics ,  fo r  exampl e (Sussma n 1975 ,  Sacerdot i 
1977) .  Thi s i s equivalen t  t o havin g th e genera l  proble m 
solve r  consul t  a n exper t  whe n i t  get s i n trouble .  Th e 
meta-plannin g allow s th e genera l  proble m solve r  t o cal l  a 
genera l  proble m solve r  (itself )  instead .  Thu s al l  th e 
power  o f  suc h a  syste m ca n b e focusse d o n plannin g 
problems ,  rathe r  tha n jus t  relyin g o n a  fe w exper t  lac -
tics .  Of  course ,  al l  th e specifi c  knowledg e usuall y embo -
die d i n critic s woul d stil l  b e availabl e t o th e genera l 
proble m solver .  Bu t  th e meta-plannin g mode l  allow s thi s 
knowledg e t o interac t  wit h al l  othe r  knowledg e a s i t  no w 
tak e tak e par t  i n genera l  reasonin g processes . 

1.3.4. Representational advantages 

The meta-plannin g mode l  als o provide s mor e fiexi-
bilit y  whe n n o solutio n ca n b e found .  Sinc e a  meta-goa l 
represent s th e formulatio n o f  a  problem ,  th e existenc e 
of  th e proble m m a y b e deal t  othe r  tha n it s bein g full y 
resolved .  Fo r  example ,  th e proble m solve r  m a y simpl y 
decid e t o accep t  a  flawed  pla n i f  th e violatio n i s viewe d 
as no t  bein g to o important ,  o r  decid e t o abando n on e o f 
th e goal s tha t  i t  can' t  satisfy .  B y separatin g solvin g th e 
proble m fro m formulatin g th e problem ,  th e proble m 
m ay b e accesse d a s oppose d t o treated ,  a n optio n tha t 
most  othe r  proble m solvin g model s d o no t  allow . 

1.4 .  Projectio n i s Use d t o Infe r  Goal s an d Debu g Plan a 

The fourt h signiflcan t  featur e o f  ou r  plannin g mode l 
i s tha t  i t  i s  base d o n projection .  Tha t  is ,  a s th e planne r 
formulate s a  pla n fo r  a  goal ,  th e executio n o f  thi s pla n i s 
simulate d i n a  hypothetica l  worl d model .  Problem s wit h 
propose d plan s ma y b e detecte d b y examinin g thes e 
hypothetica l  worlds . 

Projectio n no t  onl y enable s th e planne r  t o flnd  prob -
lem s wit h it s ow n plans ,  bu t  i t  als o enable s i t  t o deter -
min e tha t  a  situatio n merit s havin g a  ne w goal .  Fo r 
example ,  sensin g a n impendin g dange r  require s th e 
planne r  t o projec t  fro m th e curren t  stat e o f  aflfair s int o a 

hypothetica l  worl d whic h i t  find s les s desirable .  Havin g 
don e thi s projection ,  th e planne r  ca n infe r  tha t  i t  shoul d 
hav e th e goa l  o f  preventin g th e undesirabl e stat e o f 
aflfair s fro m comin g int o being . 

Projectin g hypothetica l  realitie s als o allow s a  gen -
era l  "goa l  detection "  mechanis m t o wor k fo r  meta-goal s 
as wel l  a s fo r  "ordinary "  goals .  Whe n propose d plan s fo r 
goal s ar e projected ,  interaction s wil l  appea r  i n th e 
hypothetica l  world .  Sinc e suc h interaction s generall y 
indicat e tha t  som e importan t  plannin g principl e i s no t 
bein g adhere d to ,  th e occurrenc e o f  thi s hypothetica l 
negativ e interactio n i s usuall y a  signa l  t o th e planne r  t o 
achiev e som e particula r  meta-goal . 

Workin g wit h projecte d universe s entail s som e liabil -
itie s a s well ,  a s doe s th e notio n o f  meta-plannin g an d o f 
usin g highl y declarativ e representations .  However ,  ou r 
clai m i s tha t  th e price s associate d wit h thes e idea s ar e 
price s tha t  mus t  b e pai d anyway .  B y puttin g the m 
togethe r  i n th e manne r  describe d here ,  a  dea l  o f  powe r 
i s obtaine d fo r  n o additiona l  cost . 

I n th e nex t  section ,  I  discus s th e genera l  structur e 
of  a  plannin g mechanis m base d o n thes e assumptions . 
Thi s i s th e structur e use d i n PANDORA (Pla n ANalysi s 
wit h Dynami c Organization ,  Revision ,  an d Application) ,  a 
plannin g syste m no w unde r  constructio n a t  Berkeley . 
The section s followin g sho w ho w thes e mechanism s func -
tio n togethe r  i n reasonin g abou t  goa l  conflic t  situations . 
As w e hav e noted ,  w e inten d thes e idea s t o b e applicabl e 
t o understandin g a s wel l  a s planning ,  an d i n fact ,  the y 
ar e bein g use d i n a  ne w implementatio n o f  PAM,  a  plan -
base d stor y understandin g system .  Whil e w e d o no t  dis -
cus s th e structur e o f  PA M here ,  th e analysi s o f  goa l 
conflict s i s presente d i n a  for m i n whic h it s us e i n under -
standin g a s wel l  a s plannin g m a y b e seen . 

2. The Design of a Planner Based on Ueta-planning 

Thi s sectio n describe d th e overal l  architectur e o f  a 
planne r  base d o n th e fou r  tenet s jus t  considered .  Th e 
planne r  i s compose d o f  th e followin g majo r  components : 

1) The Goal Detector 

Thi s mechanis m i s responsibl e fo r  determinin g tha t 
th e planne r  ha s a  goal .  Th e goa l  detecto r  ha s acces s t o 
th e planner' s like s an d dislikes ,  t o th e stal e o f  th e worl d 
and an y ciiaiige s tha t  m a y befal l  it ,  an d t o th e planner' s 
own interna l  plannin g structure s an d hypothetica l  worl d 
models .  Th e goa l  detecto r  ca n therefor e establis h a  ne w 
goal  becaus e o f  som e chang e i n th e environment , 
becaus e suc h a  goa l  i s  instrumenta l  t o anothe r  goal ,  o r 
i n orde r  t o resolv e a  proble m i n a  plannin g structur e 
tha t  arise s i n a  hypothetica l  worl d model . 
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2)  Th e Pla n Generato r 

The pla n generato r  propose s plan s fo r  th e goal s 
alread y detected .  I t  m a y dredg e u p stereotype d solu -
tions ,  i t  m a y edi t  previousl y know n plan s t o fit  th e 
curren t  situation ,  o r  i t  m a y creat e fairl y  nove l  solutions . 
The pla n generato r  i s als o rfcsponsibl e fo r  expandin g 
high-leve l  plan s int o thei r  primitiv e component s t o allo w 
execution . 

3) The Executor 

The executo r  simpl y carrie s ou t  th e pla n step s a s 
propose d b y th e pla n generator .  I t  i s  responsibl e fo r  th e 
detectio n o f  errors ,  althoug h no t  wit h thei r  correction . 

The importance of the goal detector should be 
emphasized .  Mos t  plannin g system s d o no t  worr y abou t 
wher e thei r  goal s com e from ;  high-leve l  goal s ar e gen -
erall y hande d t o th e plarme r  i n th e for m o f  a  proble m t o 
be solved .  However ,  a  plannin g syste m need s t o infe r  it s 
own goal s fo r  a  numbe r  o f  reasons :  a n autonomou s 
planne r  need s t o kno w whe n i t  shoul d g o int o action ;  fo r 
example ,  i t  shoul d b e abl e t o recogniz e tha t  i t  i s  hungr y 
or  tha t  it s  powe r  suppl y i s lo w an d wha t  goa l  i t  shoul d 
therefor e have .  I t  shoul d b e abl e t o tak e advantag e o f 
opportunitie s tha t  presen t  themselves ,  eve n i f  i t  doesn' t 
hav e a  particula r  goa l  i n min d a t  th e time .  I t  shoul d b e 
abl e t o protec t  itsel f  fro m danger s fro m it s environment , 
fro m othe r  planners ,  o r  fro m consequence s o f  it s  ow n 
plans . 

The goa l  detecto r  operate s throug h th e us e o f  a 
mechanis m calle d th e Notice r  Th e Notice r  i s a  genera l 
facilit y  i n charg e o f  recognizin g tha t  somethin g ha s 
occurre d tha t  i s o f  interes t  t o som e par t  o f  th e system . 
The Notice r  monitor s change s i n th e externa l  environ -
ment  an d i n th e interna l  state s o f  th e system .  Whe n i t 
detect s th e presenc e o f  somethin g tha t  i t  wa s previousl y 
instructe d t o monitor ,  i t  report s thi s occurrenc e t o th e 
sourc e tha t  originall y tol d i t  t o loo k fo r  tha t  thing .  Th e 
Notice r  ca n b e though t  o f  a s a  collectio n o f  IF-ADDE D 
demons whos e onl y actio n i s t o repor t  som e occurrenc e 
t o som e othe r  mechanism . 

Goal s ar e detected  b y havin g theme s an d meta -
theme s asserte d int o th e Notice r  wit h order s t o repor t  t o 
th e goa l  detector .  Them e i s a  ter m use d b y Schan k an d 
Abelso n (1975 )  t o m e a n somethin g tha t  give s ris e t o a 
goal ;  a  meta-theme ,  similarly ,  i s  responsibl e fo r  generat-
in g meta-goals .  Fo r  example ,  w e ca n asser t  t o th e not -
ice r  tha t  whe n i t  get s hungr y (i .  e. ,  whe n th e valu e o f 
some interna l  stat e reache s a  certai n point) ,  th e planne r 
shoul d hav e th e goa l  o f  bein g no t  hungr y (i .  e. ,  o f  chang -
in g thi s value) ,  o r  tha t  i f  someon e i s threatenin g t o kil l 
th e planner ,  tha t  th e planne r  shoul d hav e th e goa l  o f 
protectin g it s life .  O n th e meta-level ,  w e migh t  asser t 
tha t  i f  a  goa l  conflic t  come s int o existence ,  the n th e 
planne r  shoul d hav e th e meta-goa l  o f  resolvin g thi s 
conflict . 

Not e tha t  th e presumptio n o f  a  goa l  detecto r  cou -
ple d wit h meta-plannin g create s a  syste m o f  consider -
abl e power .  Fo r  example ,  n o separat e mechanis m i s 
require d fo r  detectin g goa l  conflict s o r  fo r  noticin g tha t 
a se t  o f  propose d plan s wil l  squande r  a  resource .  Th e 
nee d t o resolv e conflict s o r  conserv e resource s i s 
expresse d b y formulatin g description s o f  th e variou s 
situation s i n whic h thi s m a y occur ,  an d th e appropriat e 
meta-goa l  t o hav e whe n i t  does .  B y assertin g thes e 
description s int o th e Notice r  t o detec t  meta-goals ,  goa l 
conflict s an d othe r  importan t  goa l  interaction s ar e han -
dle d automatically . 

The planne r  componen t  o f  ou r  mode l  itsel f  consist s 
of  thre e components ; 

1)  Th e Proposer , 
whic h suggest s plausibl e plan s t o tr y 

2)  Th e Projector , 
whic h test s plan s b y buildin g hypothetica l  worl d 
model s o f  wha t  i t  woul d b e lik e t o execut e thes e 
plan s 

3)  Th e Revisor , 
whic h ca n edi t  an d remov e part s o f  a  propose d plan -
nin g structur e 

The Propose r  begin s b y suggestin g th e mos t  specifi c 
pla n i t  know s o f  tha t  i s  applicabl e t o th e goal .  I f  thi s pla n 
i s rejecte d o r  fails ,  th e Propose r  wil l  propos e succes -
sivel y mor e genera l  an d "creative "  solutions .  Onc e th e 
Propose r  ha s suggeste d a  plan ,  th e Projecto r  start s com -
putin g wha t  wil l  happe n t o th e worl d a s th e pla n i s exe -
cuted .  Th e difficul t  problem s i n conductin g a  simulatio n 
involv e reasonin g abou t  "possibl e world "  typ e situation s 
whic h ar e no t  amenabl e t o standar d tempora l  logi c 
(McCarth y an d Hayes ,  1969) .  However ,  w e finess e thi s 
issu e b y definin g hypothetica l  state s i n term s o f  wha t  th e 
planne r  think s o f  i n th e cours e o f  pla n construction .  I n 
othe r  words ,  ou r  solutio n i s t o le t  th e syste m asser t  th e 
change s tha t  woul d b e mad e int o a  hypothetica l  dat a 
base ,  i n th e meantim e lettin g th e goa l  detecto r  hav e 
acces s t o thes e states .  Thu s i f  th e pla n bein g simulate d 
woul d resul t  i n th e planne r  dying ,  say ,  thi s woul d consti -
tut e a  hypothetica l  undesirabl e state ,  whic h migh t 
trigge r  furthe r  goals ,  etc . 

As the Projector hypothetically carries out the plan, 
and othe r  goal s an d meta-goal s ar e detecte d b y th e goa l 

detector ,  th e origina l  pla n m a y hav e t o b e modified .  Thi s 
i s don e b y explici t  call s t o th e Revisor ,  whic h know s th e 
pla n structur e an d ca n m a k e edit s o r  deletion s upo n 
request .  Th e modifie d pla n structur e i s simulate d agai n 
unti l  i t  i s  eithe r  foun d satisfactor y o r  th e entir e pla n i s 
give n u p an d a  ne w on e suggeste d b y th e Proposer . 

Actually ,  th e functio n o f  th e Projecto r  i s somewha t 
mor e pervasiv e tha n ha s s o fa r  bee n described .  Th e Pro -
jecto r  mus t  b e capabl e o f  projectin g curren t  event s int o 
futur e possibilitie s base d bot h o n th e intention s o f  th e 
planne r  an d o n it s analysi s o f  thos e event s themselves . 
For  example ,  i f  th e planne r  see s a  boulde r  rollin g dow n 
th e mountain ,  i t  i s  th e jo b o f  th e Projecto r  t o projec t  th e 
futur e pat h tha t  th e boulde r  wil l  traverse .  I f  th e pro -
jecte d pat h crosse s tha t  o f  th e planner ,  fo r  example ,  a 
preservatio n goa l  shoul d b e detected .  Thu s th e Projec -
to r  i s a  quit e powerfu l  an d genera l  devic e tha t  i s  capabl e 
of  predictin g plausibl e futures . 
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3.  Reasonin g abou t  Goa l  Conflict s 

I n th e nex t  tw o section s w e giv e a  mor e detaile d 
analysi s o f  on e particula r  par t  o f  ou r  plannin g model , 
namely ,  th e resolutio n o f  goa l  conflicts .  Th e proble m i s 
importan t  i n it s ow n right ;  however ,  th e presentatio n 
tha t  follow s i s aime d a t  demonstratin g th e kin d o f  "stra -
teg y architecture "  t o whic h th e mode l  i s conducive .  I n 
particular ,  th e sectio n illustrate s a  numbe r  o f  importan t 
meta-goal s an d th e meta-plan s fo r  them ,  an d describe s 
ho w the y woul d b e invoke d an d utilize d b y th e model . 
The sectio n als o emphasize s th e utilit y  o f  meta-plannin g 
fo r  th e applicatio n o f  plannin g knowledg e t o understand -
in g goa l  conflict s a s wel l  a s t o plannin g fo r  them . 

Sinc e i t  i s  desirabl e t o achiev e al l  o f  one' s goals ,  a 
planne r  face d wit h a  goa l  conflic t  wil l  probabl y attemp t 
t o resolv e tha t  conflict .  We expres s thi s b y sayin g tha t 
th e stat e o f  havin g a  goa l  conflic t  i s  a  situatio n tha t 
cause s th e meta-them e "ACHIEV E A S M A NY GOALS A S 
POSSIBLE"  t o becom e active .  I n suc h a  situation ,  thi s 
meta-them e create s th e meta-goa l  RESOLVE-GOAL-
CONFLICT.  Thi s i s a  meta-goa l  becaus e resolvin g th e 
conflic t  ca n b e viewe d a s a  plannin g proble m tha t  need s 
t o b e solve d b y th e creatio n o f  a  bette r  plan .  I n thi s for -
mulation ,  th e resolutio n o f  th e goa l  conflic t  i s  performe d 
by th e executio n o f  a  meta-plan ,  th e resul t  o f  whiî h wil l 
be a  se t  o f  altere d plan s whos e executio n wil l  no t  inter -
fer e wit h on e another . 

The knowledg e neede d t o repla n aroun d a  goa l 
conflic t  i s  quit e diverse ,  an d m a y depen d upo n th e par -
ticula r  goal s i n questio n an d o n th e natur e o f  th e 
conflict .  However ,  th e meta-plan s wit h whic h thi s 
knowledg e i s applie d ar e rathe r  general .  T o se e why .  i t  i s 
necessar y t o as k ho w i t  i s  possibl e fo r  goa l  conflict s t o b e 
resolve d a t  all .  Ther e appea r  t o b e tw o way s i n whic h 

goa l  conflict s ca n c o m e abou t  tha t  determin e ho w the y 
m ay b e resolved : 

1)  Th e conflic t  detecte d i s base d o n th e plan s fo r  one' s 
goals ,  rathe r  tha n o n th e goal s themselves .  I n thi s 
case ,  i t  m a y b e possibl e t o achiev e th e goal s b y 
other ,  non-conflictin g plans . 

2)  Th e conflic t  depend s upo n som e additiona l  cir -
cumstanc e o r  conditio n beyon d th e state d goal s o r 
plans .  Th e conflic t  migh t  therefor e b e resolve d i f 
thi s circumstanc e i s changed . 

We therefore define two very general meta-plans, 
RE-PLAN an d CHANGE-CIRCUMSTANCE.  Of  course ,  t o b e 
efTective ,  w e nee d t o suppl y thes e meta-plan s wit h mor e 
information ;  i f  w e us e RE-PLA N blindly ,  fo r  example ,  w e 
migh t  en d u p enumeratin g al l  possibl e plan s fo r  eac h 
conflictin g goal ,  althoug h m a n y o f  thes e pla n combina -
tion s wil l  presen t  th e sam e proble m tha t  cause d th e ori -
gina l  goa l  conflict . 

3.1. RE-PLAN 

Ther e ar e a  numbe r  o f  differen t  re-plannin g stra -
tegie s applicabl e t o goa l  conflic t  situations .  The y ar c 
give n her e i n orde r  o f  decreasin g specificity .  Thi s i s i n 
accordanc e wit h ou r  belie f  abou t  th e orde r  i n whic h suc h 
plan s woul d actuall y b e used ,  i .  .e ,  th e mos t  specifi c  on e 
first,  the n progressivel y mor e genera l  ones ,  unti l  a  satis -
factor y se t  o f  plan s i s found .  I n thi s respect ,  meta-plan s 
ar e enli.-el y analogou s t o ordinar y plan s insofa r  a s th e 
plannin g proces s i s conct'rned . 

The orde r  o f  pla n applicatio n i s jus t  a  corollar y o f 
th e Firs t  La w o f  Knowledg e Applicatio n "Alway s us e th e 
most  specifi c  piec e o f  knowledg e applicable " 

3.1.1 .  USE-NORUAL-PLAN applie d t o resolvin « goa l 
conflict s 

The mos t  specifi c  re-plannin g strateg y i s likewis e 
analogou s t o th e plannin g strateg y fo r  ordinar y goals , 
namely ,  find a  norma l  plan .  A  norma l  pla n i n th e cas e o f 
goal  conflic t  i s  t o find a  store d pla n specificall y designe d 
fo r  us e i n a  goa l  conflic t  betwee n th e kind s o f  goal s foun d 
i n th e curren t  situation .  Fo r  example ,  conside r  th e fol -
lowin g situation : 

(1 )  Mar y wa s ver y hungry ,  bu t  sh e wa s tryin g t o los e 
some weight .  Sh e decide d t o tak e a  die t  pill . 

I n (1) ,  ther e i s a  conflic t  betwee n th e goa l  o f  losin g 
weigh t  an d satisfyin g hunger ,  a s th e norma l  pla n fo r  th e 
latte r  goa l  involve s eating .  Th e RE-PLA N meta-pla n i s 
used ,  an d th e USE-NORMAL-PLAN strateg y applied .  Th e 
norma l  pla n foun d tha t  i s applicabl e t o bot h goal s i s t o 
tak e a  die t  pill . 

Jus t  a s m a n y object s ar e functionall y define d b y th e 
rol e the y pla y i n ordinar y plans ,  s o som e object s ar e 
functionall y define d b y th e rol e the y pla y i n plan s aime d 
at  resolvin g specifi c  goa l  conflicts .  Thu s a  die t  pil l  i s  a n 
objec t  functionall y define d b y it s abilit y  t o resolv e th e 
conflic t  betwee n hunge r  an d weigh t  loss ;  a  raincoa t  i s 
define d b y th e rol e i t  play s i n preventin g wetnes s whe n 
one mus t  g o outside .  I n fact ,  a  grea t  dea l  o f  mundan e 
plannin g knowledg e appear s t o consis t  o f  plan s fo r 
resolvin g specifi c  type s o f  goa l  conflicts . 

3.1 2. Intelligent use of TRY-ALTERNATE-PLAN to find 
non-conflictin g se t 

A genera l  plannin g strateg y tha t  i s  applicabl e whe n 
a pla n canno t  b e m a d e t o wor k i s t o tr y anothe r  pla n fo r 
tha t  goal .  I n th e cas e o f  resolvin g goa l  conflicts ,  thi s 
means tha t  alternativ e plan s fo r  eac h conflictin g goa l 
ca n b e propose d unti l  a  se t  i s  foun d tha t  ar e no t  i n 
conflict .  A s note d above ,  thi s m a y b e costly ,  bu t  i t  wil l 
onl y b e trie d whe n n o canne d conflic t  resolutio n pla n ha s 
bee n found .  Moreover ,  th e pla n ca n provid e som e intelli -
gen t  way s o f  proposin g ne w alternative s tha t  m a y hel p 
kee p cost s down . 

For  example ,  conside r  th e followin g situation : 

(2 )  Joh n wa s goin g outsid e t o pic k u p th e pape r  whe n h e 
notice d i t  wa s raining .  H e looke d fo r  hi s raincoat , 
but  h e couldn' t  find  it .  H e decide d t o ge t  Fid o t o 
fetc h th e pape r  fo r  him . 

Here ,  Joh n first  though t  t o wal k outside ,  bu t  the n foun d 
tha t  thi s woul d caus e a  conflict .  A s hi s norma l  pla n fo r 
resolvin g thi s conflic t  failed ,  Joh n trie d proposin g othe r 
plans ,  lookin g fo r  one s tha t  wouldn' t  entai l  hi s gettin g 
wet .  Sinc e gettin g th e do g t o fetc h th e pape r  i s suc h a 
plan ,  an d sinc e Joh n presumabl y doesn' t  car e i f  Fid o get s 
wet ,  thi s pla n i s adopted . 

The metd-plannin g strateg y use d her e i s calle d 
TRY-ALTERNATIVE-PLAN.  Th e differenc e betwee n I'sin g 
thi s metj-pla n an d blin d generat e an d tes t  strategic s i s 
tha t  som e contro l  ca n b e exerte d her e ove r  exactl y wha t 
i s undon e an d an d wha t  i s looke d fo r  a s a  replacement . 
For  example ,  th e backtrackin g her e nee d no t  b e cluotio -
logica l  o r  dependency-directed ,  bu t  ca n b e knau.le.dje -
directed .  Tha t  is ,  rathe r  tha n und o th e las t  plannin g 
decision ,  a  plannin g decisio n relate d t o eithe r  goa l  ca n 
be undone ,  possibl y base d o n a n informe d guess . 

I n rtddition,  whe n fetchin g a  ne w plnn ,  i t  m a y b e pos -
sibl e t o specif y i n th e fetc h som e condition s tha t  th e 
fetche d pla n m a y hav e t o mee t  withou t  actuall y testin g 
tha t  pla n fo r  a  conflict .  Fo r  example ,  i n th e cas e o f  get -
tin g th e newspape r  whe n i t  i s  raining ,  w e ca n as k fo r  a 
pla n fo r  gfttin g somethin g tha i  doesn' t  involv e goin g out -
side .  Tha t  is ,  w e ca n loo k fo r  a  pla n fo r  on e goa l  tha t 
doe s no t  contai n a n actio n tha t  le d t o th e origina l 
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conflict .  I f  ou r  m e m o r y mechanis m ca n handl e suc h 
requests ,  the n w e ca n retriev e onl y thos e plan s tha t  d o 
not  conflic t  i n th e sam e wa y tha t  th e origina l  pla n does . 

I n orde r  fo r  thi s t o work ,  TRY-ALTERNATIVK-PU N 
need s t o kno w wha t  par t  o f  a  pla n contribute d t o th e gori l 
conflic t  s o i t  ca n loo k fo r  a  pla n withou t  thi s action .  Thi s 
generall y depend s upo n th e kin d o f  conflict .  We Cdr i  for -
mulat e thi s withi n th e meta-plannin g framewor k b y 
definin g a  meta-pla n calle d MAKE-ATTRIBUTION.  Here , 
MAKE-ATTRIBUTION i s use d a s a  subpla n o f  th e TRY -
ALTERNATIVE-PUN meta-plan,  althoug h w e shal l  mak e 
othe r  use s o f  i t  below .  TRY-ALTERNATIVE-PU N first  ask s 
MAKE-ATTRIBUTION t o specif y a  caus e o f  th e problem . 
and the n fetche s a  ne w pla n withou t  th e objectiona l  ele -
ment  i n it . 

TRY-ALTERNATIVE-PLAN ca n als o contro l  ho w fa r  u p 
th e propose d goal-subgoa l  structur e i t  shoul d g o t o und o 
a decision .  Thus ,  i f  n o alternativ e pla n fo r  a  goa l  ca n b e 
found ,  th e goa l  itsel f  ca n b e questione d i f  i t  i s  a  subgoa l 
of  som e othe r  plan .  Fo r  example ,  conside r  th e followin g 
scenario : 

(3 )  Joh n wa s goin g t o ge t  th e newspape r  whe n h e 
notice d i t  wa s raining .  H e decide d t o liste n t o th e 
radi o instead . 

Her e th e entir e subgoa l  o f  gettin g th e newspape r  wa s 
eliminated .  Sinc e thi s wa s apparentl y a  subgoa l  o f 
finding  ou t  th e news ,  th e alternativ e pla n o f  listenin g t o 
th e radi o ca n b e substituted .  Onc e again ,  MAKE-
ATTRIBUTION i s use d t o propos e a  pla n tha t  doesn' t 
involv e a n unwante d step .  Th e difTerenc e betwee n thi s 
and th e las t  cas e i s tha t  her e a  pla n lyin g abov e th e 
conflictin g goa l  i s  re-planned . 

3.2. CHANGE-CIRCUMSTANCE 

I n additio n t o th e RE-PLA N meta-plan ,  th e othe r 
genera l  goa l  conflic t  resolutio n strateg y i s t o chang e th e 
circumstanc e tha t  contribute s t o th e conflict .  Thi s i s 
actuall y mor e genera l  tha n RE-PLAN ,  becaus e i t  m a y b e 
applicabl e t o conflict s wher e th e goal s themselve s 
exclud e on e another ,  wherea s RE-PLA N require s th e 
conflic t  t o b e plan-based . 

CHANGE-CIRCUMSTANCE ca n resolv e a  goa l  conflic t 
by alterin g a  stat e o f  th e worl d tha t  i s  responsibl e fo r  th e 
goal s conflictin g wit h on e another .  Onc e thi s ha s bee n 
achieved ,  th e origina l  se t  o f  plan s m a y b e use d withou t 
encounterin g th e origina l  problem . 

For  example ,  conside r  th e followin g situations : 

(4 )  Joh n ha d a  meetin g wit h hi s bos s i n th e morning . 
but  h e wa s feelin g il l  an d wante d t o sta y i n bed .  H e 
decide d t o cal l  hi s bos s an d tr y t o postpon e th e 
meetin g unti l  h e fel t  better . 

(5 )  Joh n wante d t o liv e i n Sa n Francisco ,  bu t  h e als o 
wante d t o liv e nea r  Mary ,  an d sh e live d i n Ne w York . 
Joh n trie d t o persuad e Mar y t o mov e t o Sa n Fran -
cisc o wit h him . 
I n (4) ,  John' s conflic t  i s  cause d b y hi s pla n t o atten d 

th e meetin g an d hi s pla n t o sta y hom e an d rest .  Thes e 
plan s conflic t  becaus e o f  th e tim e constraint s o n John' s 
meeting ,  whic h forc e th e plan s t o overlap ;  th e plan s 
requir e Joh n t o b e i n tw o place s a t  once ,  s o the y canno t 
be execute d simultaneously .  I f  th e tim e constrain t  o n 
attendin g th e meetin g wer e relaxed ,  however ,  the n th e 
conflic t  woul d ceas e t o exist .  Thu s rathe r  tha n alte r  hi s 
plans ,  Joh n ca n see k t o chang e th e circumstance s tha t 
caus e hi s plan s t o conflic t  b y attemptin g t o remov e th e 
tim e constrain t  tha t  ar e a  caus e o f  th e difTiculty . 

I n (5) ,  th e conflic t  i s  betwee n livin g i n Sa n Francisc o 
and bein g nea r  Mary ,  wh o i s i n Ne w York .  Th e basi s fo r 
thi s exclusio n involve s th e locatio n o f  Sa n Francisc o an d 
of  Mary .  However ,  i f  on e o f  thes e location s wer e change d 
so tha t  th e distanc e betwee n the m wer e reduced ,  the m 
th e stat e woul d n o longe r  exclud e on e another .  Thu s 
Joh n ca n attemp t  t o chang e Mary' s location ,  whil e stil l 
maintainin g hi s origina l  goals . 

To decid e wha t  circumstanc e t o change ,  a  planne r 
onc e agai n need s t o analyz e th e caus e o f  th e conflic t 
Thus CHANGE-CIRCUMSTANCE first  require s th e us e o f 
MAKE-A>TTR1BUTI0N t o propos e a  candidat e fo r  alteration . 
As wa s th e cas e fo r  RE-PLAN ,  MAKE-ATTRIBUTIO N 
require s acces s t o detaile d knowledg e abou t  th e natur e 
of  negativ e goa l  interaction s i n orde r  t o find a  particula r 
circumstanc e wit h whic h t o meddle .  A n analysi s o f  suc h 
interaction s appear s i n Wilensk y (197B) . 

4. Goal AbandoDment 

When attempt s t o resolv e a  goa l  conflic t  ar e unsuc -
cessful ,  a  planne r  mus t  mak e a  decisio n abou t  wha t 
shoul d b e salvaged .  I n term s o f  meta-planning .  w e ca n 
describ e thes e "goa l  abandonmen t  "  situation s a s follows . 
The inabilit y  t o achiev e a  RESOLVE-GOAL-CONFLICT 
meta-goa l  result s i n th e planne r  havin g thi s faile d meta -
goal .  Havin g a  faile d RESOLVE-GOAL-CONFLICT meta-goa l 
i s  a  conditio n tha t  trigger s th e meta-them e MAXIMIZ E 
THE VALU E O F TH E GOALS ACHIEVED.  Thi s triggerin g 
conditio n cause s thi s meta-them e t o invok e a  ne w meta -
goal .  calle d CHOOSE-MOST-VALUABLE-SCENARIO.  Thi s 
goal  i s  satisfie d whe n th e relativ e wort h o f  variou s 
achievabl e subset s o f  th e conflictin g goal s i s assessed . 
and th e subse t  offerin g th e greates t  potentia l  yiel d 
determined . 

To achiev e thi s meta-goal .  w e postulat e a 
SIMULATE-AND-SELECT meta-plan .  Thi s pla n propose s 
variou s combination s o f  goal s t o try .  an d compute s th e 
wort h o f  eac h combination .  Th e mos t  valuabl e se t  o f 
goal s i s returne d a s th e scenari o mos t  wort h pursuing . 

4.1. The SIMULATE-AND-SELECT meta-plan 

The SIMULATE-AND-SELECT meta-pla n ha s a  ric h 
structure .  T o begi n with ,  i t  make s a  numbe r  o f 
presumption s abou t  evaluatin g th e cos t  an d wort h o f 
goal s an d o f  comparin g the m t o on e another .  We 
presum e tha t  value s ca n b e attribute d t o individua l 
state s i n isolatio n ceteri s parihiis ,  an d tha t  th e valu e o f  a 
set  ca n b e compute d fro m it s parts .  Thi s doe s no t 
presum e tha t  th e computatio n i s simple :  indeed ,  i t  m a y 
involv e th e consultatio n o f  larg e amount s o f  worl d 
knowledge .  However ,  w e d o assum e tha t  al l  value s ca n 
be m a d e commeasurable .  Th e genera l  issue s involvin g 
attributin g value s t o goal s ar e discusse d (althoug h b y n o 
means resolved )  i n Wilensk y (1980) . 

The SIMULATE-AND-SELECT meta-pla n ha s i n efTec t 
tw o distinc t  options .  Th e first  i s  quit e straightforward . 
I t  simpl y involve s constructin g maxima l  achievabl e (i .  e. , 
non-conflicting )  subset s fro m amon g th e conflictin g 
goals ,  an d evaluatin g th e ne t  wort h o f  eac h one .  Sinc e 
we ar e generall y dealin g wit h tw o goal s i n a  conflict ,  thi s 
means jus t  evaluatin g th e wort h o f  on e goa l  an d compar -
in g i t  t o th e valu e o f  th e other .  Thu s i f  havin g th e news -
pape r  i s deeme d mor e valuabl e tha n gettin g wet ,  the n 
th e planne r  walk s outsid e t o ge t  th e newspape r  an d 
allow s hJmsei /  t o ge t  soaked .  Alternatively ,  a  reade r  try -
in g t o understan d someon e else' s behavio r  woul d us e 
knowledg e abou t  thi s meta-pla n t o m a k e inference s 
abou t  thei r  valu e system .  I f  w e observ e Joh n riskin g get -
tin g we t  int o t o ge t  hi s mornin g paper ,  the n w e conclud e 
tha t  havin g hi s pape r  i s wort h mor e t o hi m tha n gettin g 
wet . 

However ,  ther e i s anothe r  se t  o f  alternative s tha t 
nee d t o b e considered .  Conside r  onc e agai n th e exampl e 
of  fetchin g th e newspape r  i n fro m th e rain ,  i n whic h th e 
origina l  goal s ar e t o ge t  th e newspape r  an d t o remai n 
dry .  Rathe r  tha n abando n eithe r  goa l  completely ,  a  rea -
sonabl e alternativ e i s t o tr y t o reduc e th e degre e t o 
whic h on e get s we t  a s m u c h a s possible .  A  pla n fo r 
remainin g a s dr y a s possibl e whil e movin g throug h th e 
rai n i s t o ru n a s fas t  a s on e can .  Thi s pla n satisfie s on e 
goal  entirely ,  an d anothe r  t o a  degree .  Th e tota l  valu e o f 
thi s scenari o i s likel y t o b e greate r  tha n th e valu e o f 
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stayin g dr y bu t  no t  gettin g th e paper ,  an d sinc e th e 
othe r  abandonmen t  possibilit y  (gettin g th e pape r  bu t 
gettin g soaked )  i s clearl y wors e tha n thi s (i .  e. ,  gettin g 
th e pape r  bu t  gettin g les s soaked) ,  th e scenari o involvin g 
partia l  fulflUmen t  i s likel y t o b e adopted . 

Partia l  goa l  fulfillmen t  i s a  genera l  principl e that ,  i s 
applicabl e t o al l  goal s tha i  involv e scala r  values .  I t 
allow s th e SIMULATE-AND-SELECT mela-pla n t o propos e 
option s i n whic h th e partia l  fulfillmen t  o f  on e goa l 
enable s th e (possibl y partial )  fulfillmen t  o f  th e other . 
Thi s proces s i s illustrate d b y th e "newspape r  i n th e rain " 
example :  MAKE-ATTRIBUTIO N determine s tha t  th e prob -
le m wit h th e "sta y dry "  goa l  abov e i s tha t  i t  require s no t 
goin g outside .  Thu s a  partia l  versio n o f  thi s goa l  i s 
sough t  tha t  doesn' t  involv e thi s condition .  I n th e cas e o f 
not  gettin g we t  above ,  th e "sta y a s dr y a s possible "  alter -
nativ e i s selecte d becaus e thi s doesn' t  requir e no t  goin g 
outside .  Thi s scenari o i s therefor e hypothesize d an d 
evaluate d alon g wit h th e stric t  abandonmen t  options , 
and th e on e wit h th e highes t  valu e chosen . 

5. Summary and Projections 

We hav e propose d a  theor y o f  plannin g base d o n fou r 
tenets :  (l )  Commonsens e plannin g i s essentiall y  th e 
consideratio n o f  interaction s o f  otherwis e simpl e plans , 
(2 )  knowledg e abou t  plannin g shoul d b e usabl e bot h b y a 
planne r  an d a n understander ,  (3 )  plannin g problem s 
shoul d b e formulate d a s meta-goals ,  an d solve d b y th e 
same plannin g mechanis m responsibl e fo r  th e fulfillmen t 
of  ordinar y goals ,  an d (4 )  t o accomplis h m u c h o f  it s  man -
date ,  Lh e planne r  make s projection s o f  th e futur e base d 
on it s curren t  knowledg e o f  th e worl d an d it s ow n tenta -
tiv e plans . 

Thes e tenet s for m th e basi s fo r  a  mode l  o f  plannin g 
whose mos t  salien t  feature s ar e a  goa l  detecto r  an d a 
projector .  Th e goa l  detecto r  i s use d t o infe r  goals , 
includin g meta-goals ,  base d o n th e situation s i n whic h 
th e planne r  finds  itself ;  th e projecto r  i s use d t o gues s 
what  th e futur e wil l  brin g base d o n th e planner' s curren t 
belief s an d plans .  A s th e goa l  detecto r  ha s acces s t o th e 
hypothetica l  situation s simulate d b y th e projector ,  i t  ca n 
delec t  problem s wit h currentl y intende d plan s b y notic -
in g thei r  consequence s i n hypothetica l  realities .  Thes e 
problem s ar e deal t  wit h b y settin g u p meta-goal s t o tr y 
t o assur e a  mor e desirabl e futur e stat e o f  affairs . 

We examine d thi s tiiode l  o f  plannin g i n th e particu -
la r  domai n o f  goa l  conflic t  resolution .  Her e w e foun d us e 
fo r  th e mela-plan s RE-PLA N (consistin g o f  U3E-N0RMAL-
PI,A \  an d USE-AlT^RXATfi-Pl.AN )  an d CHANGE-
CIKCUMSTA.NCE fo r  th e mcta-goa l  RRS0I,VE-G0A1., -
CONFLICT.  Bot h mela-plan s mak e us e o f  th e powerfu l 
sub-pla n .MAKE-ATTRIBUTION .  Fo r  th e relate d goa l  o f 
CF00i;t;-.V10ST-VAl.UABM:-SCENARI0 ,  th e SIMUI,ATE-A\'D -
SEI.EC T mela-pla n i s use d t o creat e alternative s involv -
in g goa l  abandonmen t  an d partia l  goa l  fulfillment . 
.MAKE-ATTRIBI;T10. \  wa s foun d t o b e usefu l  her e a s well . 

We ar e cuirentl y attemptin g t o tes t  thes e idea s i n 
Lv\ o programs .  PAM,  a  ?!or y understandin g system ,  use s 
kno-rtifdg e abou t  goa l  in !  L-raction s t o understan d stonr s 
involvin g multipl e goals .  Tha t  is ,  PA M ca n detec t  situa -
tion s lik e goa l  conflic t  an d goa l  competilinn ,  and ,  realiz -
in g tha t  thes e tlireate n CPi'tai n meta-goals ,  PA M wil l 
interpre t  a  character' s subsequen t  behavio r  a s a  meta -
pla n t o addres s th e negativ e consequence s o f  Ihes e 
interaction s Thu s PA M make s us e o f  th e knowledg e 
structure s describe d above ,  bu t  o f  course ,  i t  doe s no t 
les t  th e mode l  o f  plannin g pe r  sc . 

Bot h th e mode l  o f  plannin g knowledg e an d o f  plan -
nin g i s bein g use d i n th e developmen t  o f  I'ANDOR A (Plar j 
ANaly/.e r  wit h Dynami c Orgarn/ation ,  Revisio n an d Appli -
cation) .  PANDORA i s give n a  descriptio n o f  a  situatio n 
and determine s i f  i t  ha s an y goal s i t  slioul d ac t  upon .  I t 
the n c;r»;atr; s plan s fo r  thes e goals ,  usin g projectio n t o 
les t  them .  Ne w goals ,  includin g meta-goals ,  ma y b e 
inferre d i n l.li e process ,  possibl y causin g PANDORA t o 
revis e it s [)reviou s plan s 

The followin g i s a n exampl e o f  th e kin d o f  plannin g 
situatio n tha t  PANDORA ca n handle .  PANDORA i s 
presente d wit h a  tas k tha t  require s i t  t o ge t  som e nail s 
and l o ge t  a  hammer .  PANDORA propose s th e norma l 
plan s fo r  thes e goals ,  whic h requir e i t  l o g o l o th e store , 
buy th e desire d item ,  an d return .  A s th e plan s involv e 
some c o m m o n preconditions ,  th e mela-them e "DON' T 
WASTE RESOURCES"  cause s PANDORA l o hav e th e meta -
goal  COMBINE-PLANS.  A  mela-pla n associate d wit h thi s 
goal  synthesize s a  ne w pla n tha t  involve s goin g t o th e 
store ,  buyin g bot h objects ,  an d returning . 

PANDORA ca n als o detec t  an d resolv e a  numbe r  o f 
goal  conflict-bas e situations .  I n addition ,  PANDORA i s 
bein g use d l o mode l  th e plannin g processe s o f  a  huma n 
who need s l o coo k dinne r  durin g a  powe r  failure ,  i n 
whic h mos t  o f  th e norma l  plan s fo r  one' s goal s wil l  no t  b e 
eflective . 
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Abstrac t 

In this paper we present a framework for describing cooperative work in informal domains such as an office. We argue that 
standar d model s o f  suc h wor k ar e inadequat e fo r  describin g th e adaptibilit y  an d variabilit y  tha t  i s  observe d i n offices ,  an d ar e 
fiindamentall y misleadin g a s metaphor s fo r  understandin g th e skill s  an d knowledg e neede d b y computer s o r  peopl e t o d o th e work . 
Th e basi c clai m i n ou r  alternativ e framewor k i s tlia t  a n agent' s wor k i s define d i n term s o f  makin g an d fijlfilling  commiunent s t o 
othe r  agents .  Th e task s describe d i n thos e commitment s ar e merel y agree d upo n mean s fo r  fulfillin g th e commitments ,  an d th e 
agent s involve d i n th e agreemen t  decid e i n an y give n situatio n h o w an d whethe r  a  gi\e n commitmen t  ha s bee n ftjlfilled.  W e als o 
clai m tha t  i n informa l  domains ,  description s o f  tasks ,  functions ,  an d procedure s ar e necessaril y  incomplet e an d imprecise .  The y 
resul t  fro m negotiation s amon g th e agent s an d serv e a s agree d upo n specification s o f  wha t  i s  t o b e done .  Th e description s evolv e 
durin g thei r  us e i n continuin g negotiation s a s situation s an d question s aris e i n whic h thei r  meanin g i s unclear .  Thes e claim s impl y 
tha t  fo r  a  give n situatio n a n agen t  usin g suc h description s mus t  b e capabl e o f  interpretin g imprecis e descriptions ,  dctcmiinin g 
effectiv e method s fo r  performin g tasks ,  an d negotiatin g wit h othe r  agent s t o determin e tas k requirements . 

Introductio n 

In Uiis paper we present a framework for describing cooperative work in 
domain s wher e ther e i s n o agree d upo n forma l  mode l  o f  th e task s an d 
function s l o b e done ,  no r  o f  th e procedure s fo r  doin g the m (i.e. ,  i n 
informa l  tas k domains) .  Mos t  o f  th e wor k peopl e d o i s i n suc h informa l 
domain s wher e i t  i s  no t  feasibl e l o creat e precis e statement s o f  th e task s 
t o b e done ,  th e situatiim s i n whic h the y ar c l o b e done ,  th e resource s 
available ,  no r  th e capabilitie s o f  th e processor s doin g them .  Fo r 
example ,  peopl e ,ir c regularl y confronte d wit h tas k description s suc h a s 

writ e a  progres s repor t  o n th e projecl" .  "describ e tJi e item s t o b e 
purchased" ,  "yiel d right  o f  way" ,  "kee p you r  ey e o n th e ball" ,  o r  "slic e 
chicke n breast s ver y thinl y int o julienn e strips " 
Tlic project that produced this framework has been focused on the 
problem s o f  automatin g offic e wor k involvin g th e us e o f  prespccifie d 
prtxredures ,  an d ou r  experience s wit h thos e problem s motivat e an d 
proMd c example s fo r  th e discussion s i n thi s pape r  However ,  th e result s 
reporte d her e ar c intende d t o b e generall y applicabl e i n an y tas k domai n 
wher e task s an d procedure s ar c infomiall y specified ,  an d agent s enlis t 
eac h other' s hel p t o achiev e thei r  individua l  goals . 
We began our office amomation efforts by attempting to develop a 
model  o f  th e wor k bein g automate d tha t  woul d provid e a  basi s fo r  ou r 
syste m desig n efforts .  W e wer e parliculari y intereste d i n describin g th ( 
skill s  an d informatio n neede d t o d o th e work ,  an d i n accountin g fo r  th ( 
iidaplibilil y  an d variabilit y  o f  method s use d b y peopl e i n pcrformin f 
thei r  tasks . 
Our initial thesis was that office prixcdures arc like computer programs 
and the y ar e "executed "  b y a  collectio n o f  offic e worker s i n a  mannc : 
an.ilcigoii s t o a  collectio n o f  computer s executin g a  program .  I t  seeme d ; 
simpl e ni,iltc r  l o aiitomal c offic e procedure s b y  storin g thci n i n ; 
compiucri/e d dat a bas e a s i f  the y wer e programs ,  fhen ,  a t  eac h ste p i i 
th e cvc(uiio n o f  tli e procedure s i n a n offic e th e compute r  coul d d o th ^ 
ste p itself ,  o r  tel l  th e perso n doin g th e ste p wha t  operatio n l o d o a m 
the n monito r  th e results . 
As »c prixccdcd, fundamcnl.il problems arose tliat led us lo questioi 
our  thesi s [like s an d Henderson) .  O n e suc h proble m wa s tha t  o u 
model  di d no t  accoun t  fo r  th e variabilit y i n th e wa y task s a r 
accomplished ,  t-o r  example ,  a n offic e worke r  ha s mor e option s i i 
followin g a  procedur e tha n ou r  mode l  described .  H e ca n choos e I 
Ignor e som e o f  th e requirement s o f  a  tas k (e.g. .  leav e som e fields  o f 

fon n blank) ,  renegotiat e th e requirement s o f  a  Uis k (e.g. ,  reques t 
extensio n o f  a  deadline) ,  o r  us e som e metho d othe r  tha n th e standar d 
procedur e fo r  performin g a  task . 

A second problem was that our model did not account for the 
difficultie s relate d l o workin g wit h informall y specifie d tasks ,  functions , 
an d procedures .  Fo r  example ,  di e infomialil y  o f  offic e wor k make s 
infeasibl c di e spccific.itioi i  o f  precis e algorithm s fo r  performin g tasks . 
Situation s occu r  i n whic h th e availabl e procedure s d o no t  indicat e wha t 
t o d o (eg. ,  a  vendo r  claim s dia l  good s wer e delivered ,  bu t  n o recor d o f 
thei r  arriva l  ca n b e found) ,  wha t  i s indicate d canno t  b e don e (e.g. ,  a 
deadlin e ha s alread y past) ,  o r  wha t  i s indicate d i s no t  th e preferre d 
metho d fo r  perfomiin g di e tas k (e.g. ,  becaus e a n unexpecte d resourc e i s 
available) .  Hence ,  th e wor k involve d i n usin g offic e procedure s i s 
qualitativel y differen t  fro m th e wor k involve d i n executin g a  forma l 
algoridim . 
We concluded, then, that modeling procedural office work as simple 
progra m executio n i s a n inadequat e basi s fo r  automatin g i t  an d i s 
misleadin g a s a  metapho r  fo r  understandin g di e skill s  an d knowledg e 
neede d b y computer s o r  peopl e l o d o th e work .  Tha t  conclusio n le d u s 
t o searc h fo r  alternativ e way s o f  modelin g cooperativ e wor k tha t  woul d 
accoun t  fo r  th e wa y offic e task s ar c actuall y performed ,  an d woul d 
infor m u s regardin g th e require d skill s  an d knowledge .  Thi s pape r 
present s th e initia l  result s o f  tha t  search ,  a n alternativ e base d o n tli e 
agreement s mad e b y agent s performin g di e wor k an d agent s fo r  w h o m 
Di e wor k i s don e (se e j l  lore s an d ludlow )  fo r  anothe r  analysi s o f  orPic e 
wor k base d o n suc h agreements) . 

Aniilyzing Cooperative Iiirormal Work 

the Social Nature of Tasks and Functions 

Tasks 

Wc begin by an.ilyzing a simple work situation in which an agent has a 
tas k tha t  h e want s done .  Fo r  th e purpose s o f  thi s discussio n w e wil l 
conside r  a  tas k t o b e define d a s a  se t  o f  goal s t o b e achieve d whil e 
maini.iimn g a  se t  o f  constraints .  Th e basi c tene t  o f  ou r  mode l  i s tha t 
task s ar e essentiall y  s(x:ia l  i n natur e i n Uia t  the y ar e don e b y on e agen t 
( a contr.ictor )  fo r  som e othe r  agen t  ( a client) .  Th e situatio n wher e a n 
agen t  doe s a  tas k fo r  himsel f  i s  th e specia l  cas e i n whic h di e clien t  an d 
contracto r  ar e Ui e sam e agent . 
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A clicn l  (i.e. ,  a n agen t  w h o w.iiil s  a  tas k done )  ca n choos e l o enlis t  som e 
othe r  agen t  t o b e th e contracto r  fo r  a  task .  M k clien t  accomplishe s tha t 
cnlistinen t  b y establishin g a  "tas k contract "  witl i  th e contracto r  (se c th e 
wor k o n contrac t  net s |l)avi s an d Smith ]  |Siiiith ]  fo r  a  detaile d nmde l  o f 
h o w suc h contract s ar e established )  W c mode l  a  contrac t  a s consistin g 
of  a  collectio n o f  commitmcnLs .  eac h m a d e b y on e o f  th e contractin g 
agent s t o anotlic r  o f  th e contractin g agents .  A  tas k contrac t  i s  a n 
agreemen t  betwee n tw o agent s containin g a  commitmen t  b y on e o f  th e 
agent s (th e contractor )  t o d o a  tas k fo r  a  secon d agen t  (th e clicnl) .  Ch e 
contrac t  m a y als o contai n othe r  commitments ,  suc h a s a  commitmen t  b y 
th e clien t  t o remunerat e ( i  e. .  achiev e som e goa l  for )  th e contracto r  i n 
retur n fo r  accomplishin g ih c task . 
In order for -i task contr.ict to be established, the client and contractor 
must  agre e o n th e tas k tha t  i s t o b e performed .  ITiei r  negotiation s wil l 
produc e a n agree d upo n dcscripiio n o f  th e task ,  an d th e coinmiuncn t  wil l 
be a  statemen t  o f  inten t  t o d o th e describe d task ,  nicrcfore ,  w e conside r 
cooperativ e Uisk s a s bein g define d b y a  soci.i l  process ,  an d a s 
representin g a  negotiate d agreemen t  betwee n th e clien t  an d contractor . 

Note that a task contract establishes a goal for the contractor of fulfilling 
hi s commi tmen t  t o th e client ,  an d pcrfonnin g di e describe d tas k i s onl y 
a mean s fo r  achievin g dia t  goal .  Tha t  obser v Jtio n i s on e o f  th e base s fo r 
ou r  explanation s o f  th e behavio r  variation s observe d i n h u m a n 
cooperativ e wor k situations ,  llia l  is ,  th e agree d upo n tas k descriptio n 
provide s th e contracto r  wit h a  se t  o f  sufficien t  condition s fo r  fulfillin g 
hi s comniitmenl ,  an d therefor e represent s on e metho d o f  achievin g hi s 
goal .  However ,  an y action s b y th e contracto r  tha t  resul t  i n th e clien t 
agreein g tha t  Ih c commitmen t  ha s bee n fulfille d wil l  achiev e Ih c 
contractor' s goal .  Fo r  example .  Di e contracto r  ma y choos e t o achiev e 
some variatio n o f  th e task' s goal ,  ignor e som e o f  tli e constraints , 
convinc e th e clien t  tha t  di e tas k shouldn' t  b e done ,  etc .  H e i s fre e t o 
us e whateve r  metho d h e think s wil l  succee d an d i s mos t  desirabl e fo r 
h i m i n th e contex t  o f  hi s othe r  goal s an d constraints . 
In order for a contractor to make use of the flexibility available to him 
i n fulfillin g hi s commitment ,  h e mus t  k n o w w h o th e clien t  is ,  th e clien t 
must  b e accessibl e t o hi m fo r  negotiation ,  an d th e contracto r  mus t  b e 
capabl e o f  plannin g an d performin g alternativ e course s o f  actio n t o thos e 
describe d i n th e us k contrac t 

Function s 

Often in human work situations, a person will agree to perform a given 
typ e o f  t.is k wheneve r  a  give n se t  o f  condition s occur ;  Uia t  is ,  h e wil l 
agre e t o perfor m a  "function "  Ko r  example ,  a  buye r  i n a  corporat e 
prwurenicn t  departmen t  ma y agre e t o issu e a  purchas e orde r  wheneve r  a 
profKrrl y execute d purch.is c reques t  i s received .  Also ,  procedure s ar e 
typicall y designe d a s method s fo r  performin g function s rathe r  tha n 
individua l  task s an d ar e use d wheneve r  th e function' s tas k i s t o b e don e 
(e.g. .  th e procedur e fo r  issuin g purch.is c orders) .  Hence ,  i n orde r  t o 
describ e Uios e situations ,  w e wil l  gcncrali/ e ou r  discussio n t o includ e 
function s a s wel l  a s tasks . 
As with tasks, one method available to a client for pcrfonning'a function 
i s t o csi.iblis h a n agreemen t  ( a "functio n contract" )  wit h a  contracto r  i n 
whic h th e coniracio r  commit s t o d o th e functio n fo r  di e clien t  ["h e 
contrac t  *il l  cimliii n a n agree d upo n descriptio n o f  Ih c functio n t o b e 
performe d b > th e contractor .  Ko r  ou r  discussion ,  w c wil l  conside r  a 
functio n descriptio n t o consis t  o f  a  parametenze d tas k descriptio n an d 
paraincten/c d se t  o f  prccimdition s suc h tha t  an y give n instanc e o f  Ui c 
precondiiioii s  define s a n instanc e o f  th e task .  Wheneve r  a n instanc e o f 
th e precondition s become s true ,  th e contracto r  agree s t o perfor m th e 
correspondin g instantiate d task . 
As with tasks, the contr^ictnr's goal is to fulfill his commitment and the 
agree d upo n functio n descriptio n provide s hi m wit h a  se t  o f  sufficien t 
condition s fo r  achievin g tha t  goal .  r.ac h tim e th e ftinction's 
precondition s becom e tni c th e contracto r  ca n choos e t o d o whateve r 
action s h e think s wil l  satisf y th e clien t 

Note that in the transition from task to fiinction a new subtask has been 
introduced ;  namely ,  recognitio n o f  th e occurrenc e o f  th e preconditions . 
Hence ,  a n agen t  w h o ha s committe d t o perfor m a  functio n mus t 

establis h monitor s tha t  recogni/. c situation s i n whic h a n instanc e o f  th e 
function' s tas k i s t o b e pcrfonncd . 

Tasks and Functions in Infunnal Domains 

An agent performing a function depends on the function description to 
specif y eac h situatio n i n whic h h e i s t o d o somethin g an d i n eac h o f 
thos e situation s Ui c tas k tha i  h e i s l o perfor m I n informa l  domains ,  us e 
of  thos e description s become s problemati c becaus e o f  thei r  inprccisio n 
an d incompletenes s (Wha t  i s a  "pioperl y execute d purchas e request"? ) 
|Suchinan| .  hiencc ,  Ih e contracto r  i s  confronte d wit h th e ne w subtask s i n 
eac h situatio n o f  interpretin g th e functio n descriptio n t o delennin c 
whethe r  a  tas k i s t o b e done ,  wha t  th e tas k woul d be ,  an d the n afte r 
doin g somethin g whethe r  th e las k ha s bee n accomplished . 

We claim in our model that the sole criteria for an acceptable 
intcipretatio n o f  thes e dcscriplion s i s agreeincn t  b y th e contracto r  an d 
clien t  I'ha l  is ,  th e functio n an d tas k description s ar c par t  o f  th e contrac t 
betwee n di e contracto r  an d client ,  an d thos e agent s ar e Ui c final 
audiont y a s l o wha t  thos e description s mea n an d whethe r  the y hav e 
bee n satisfied .  Fo r  example ,  di e meanin g o f  "describ e th e item s t o b e 
purchased "  o n a  purchas e requisitio n for m i s worke d ou t  i n eac h cas e b y 
tli e rcquisitione r  an d th e procuremen t  departmen t  buyer ,  fo r  w h o m th e 
descriptio n i s bein g created . 
The interpretation of task and fiinction dcscriplions in any given 
situatio n i s therefor e a  subjec t  fo r  negotiatio n betwee n clien t  an d 
contractor .  I'ha l  is .  i f  a  commitmen t  descriptio n i s no t  sufficiend y 
precis e o r  complet e fo r  th e contracto r  t o dclemiin e wha t  h e shoul d d o i n 
a give n situation ,  Uic n additiona l  negotialion s wit h di e clien t  ar e 
necessary .  Hence ,  i n infomia l  domains ,  Ui e negotiatio n processe s dia t 
produc e commitmen t  description s continu e durin g th e fulfillincn t  o f 
thos e commiunent s an d becom e a n integra l  par t  o f  di e wor k require d t o 
ftilfill  them . 
Agents performing functions in informal domains must be capable of 
determinin g appropriat e interpretation s o f  imprecis e description s an d o f 
recognizin g whe n th e descriptio n i s sufficientl y inadequat e t o warran t 
renegotiatio n wit h di e clien t  W h e n agent s ar e skille d i n thos e 
capabilities ,  di e difficul t  an d tim e consumin g proces s o f  creatin g 
comprehensiv e functio n an d procedur e description s ca n b e avoided . 
Description s ca n b e allowe d t o buil d u p incrementall y b y generalizin g 
di e experience s gaine d i n particula r  situations . 

Function s a s Operator s fo r  Plannin g 

Functions play the same role as operators in standard Artificial 
Intelligenc e plannin g an d proble m solvin g framework s (fo r  example . 
Il-ikc s an d Nilsson) )  i n tha t  the y ca n b e use d b y agent s t o achiev e goals . 
We sai d earlie r  iha t  a n agen t  w h o want s a  las k don e ca n cnlis i  a  secon d 
agen t  t o d o th e las k b y establishin g a  las k .ngreemcn l  wit h th e secon d 
agent .  I'unction s provid e a n alternativ e metho d o f  enlistin g a  secon d 
agen t  t o d o a  task .  I'ha l  is .  i f  th e secon d agen t  i s a  contracto r  w h o ha s 
m a de a  commituncn t  (i t  doesn' t  matte r  t o w h o m )  t o provid e a  function , 
and di e tas k tha t  di e first  agen t  ("th e consumer" )  want s don e i s a n 
instanc e o f  tha t  function' s lask .  the n Ih c consume r  ca n caus e Ih e 
contracto r  l o d o th e las k b y persuadin g hi m tha t  di e appropriat e insuinc e 
of  th e function' s precondition s ar c true .  I f  th e contracto r  refuse s l o d o 
th e task ,  the n di e consume r  ca n appea l  l o th e function' s client , 
attemptin g t o convinc e hi m dia l  th e precondition s wer e satisfie d an d dia t 
di e contracto r  di d no t  fulfil l  hi s cominilinen t  l o accomplis h th e task . 
For example, if an employee of a small company wants to obtain some 
equipmen t  fo r  us e i n hi s work ,  the n h e ta n achiev e dia l  goa l  b y 
obtainin g Ih e appropriat e audiorization s an d submiuin p di e appropriat e 
form s l o th e company' s procuremen t  dcparutient .  Ili e procuremen t 
departmen t  ha s m a d e a  commitmen t  t o th e compan y presiden t  t o b e th e 
contracto r  fo r  th e functio n o f  purchasin g cquipniciu .  an d receip t  o f  th e 
appropriat e form s an d authorization s i s th e preconditio n fo r  tha t 
function .  Ih e employe e become s a  consume r  o f  tha t  funcdo n b y 
convincin g th e contracto r  dia l  a n instanc e o f  it s  precondition s hav e 
become true .  I f  th e procuremen t  dcparlincn t  refuse s t o provid e th e 
advance ,  th e employe e ca n complai n l o th e compan y presiden t  dia l  the y 
ar e no t  performin g thei r  l\inction . 
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I n decidin g t o us e a  funclion .  th e consume r  li.i s  reprice d hi s orieinn l  las k 
MJi h Ji c nc A tas k o f  persuadin g th e conirjclu r  t o d o Ui e nrigiiwi l  l.isk . 
Notic e th.i l  th e metho d fo r  accomplishin g th e nc » tas k i s t o con\mc c lli c 
conlr.iclo r  tha t  a n instanc e o f  th e precondition s hav e bee n s.ilisned , 
rathe r  tha n simpl y t o mak e a n instanc e o f  th e precondition s inic .  ITi c 
consume r  i s fre e t o negotiat e wit h th e contracto r  a s t o wha t  h e wil l 
accep t  a s satisfactor y evidenc e tha t  th e precondition s ar e true .  Fo r 
example ,  th e employe e requestin g a n equipmen t  purchas e migh t 
convince  th e procuremen t  depanmen l  tha t  a  phon e cal l  fro m th e 
employee' s manage r  i s sufficien t  i n tha i  cas e t o authoriz e th e purchase . 
I f  tli e precondition s ar c informal! )  described ,  the n ther e i s tli e additiona l 
issu e t o h e resolve d i n thos e negotiation s o f  determinin g a n agree d upo n 
interpretatio n o f  th e description s i n th e situation .  Fo r  example ,  th e 
employe e migh t  as k th e procuremen t  departmen t  t o accep t  a  m e m o 
requestin g th e purchas e rathe r  tha n th e standar d form .  ITii s i s anothe r 
cas e wher e negotiation s durin g th e performanc e o f  a  tas k ar c vita l  t o it s 
completio n an d wher e variabilit y  i s  introduce d b y th e one-tim e 
agreement s tha t  resul t  fro m thos e negotiations . 

Subcontracting to Perform Tasks and Functions 

Consider again the basic situation in which a client wants a task done 
and lia s obtaine d a  commitmen t  fro m a  contracto r  t o d o th e task .  W e 
coul d the n describ e th e comractor s situatio n a s on e i n whic h h e want s a 
las k done ,  an d tha t  h e ha s th e optio n o f  persuadin g ye t  a  thir d agen t  ( a 
"subcontracior" )  t o d o som e o r  al l  o f  th e tas k fo r  him .  ITi e 

subcontracto r  the n i s i n th e sam e situatio n an d ha s a n optio n t o enlis t  a 
fourt h agent ,  etc .  ITi c sam e descriptio n hold s fo r  function s a s wel l  a s 
tasks . 
We are interested here in examining the role that the contractor's client 
play s i n th e wor k o f  a  subcontractor .  Fo r  tha t  purpos e i t  i s  sufficien t  t o 
conside r  di e thre e agen t  cas e wher e a  contracto r  an d clien t  hav e a n 
agrcciiicii l  i n whic h th e contracto r  commit s t o pcrfon n a  function ,  an d 
i)i c  coiuracto r  instea d o f  performin g th e Functio n himsel f  establishe s a n 
agreemen t  witl i  a  subcontracto r  i n whic h th e subcontracto r  commit s t o 
perfori n th e function .  I n iha t  case ,  th e contractor' s clien t  the n become s 
tli c  consume r  fo r  th e subcontractor' s funclion . 
We can augment our purchasing example by considering the funclion 
contrac t  betwee n th e compan y presiden t  an d tli e employee .  I n tha t 
coniract .  th e presiden t  commit s t o purchas e equipmen t  fo r  di e employe e 
wheneve r  h e submit s a n aiidiorize d request .  Instea d o f  doin g th e 
puruhasm g himsel f  tli e presiden t  contract s wit h th e procuremen t 
dcp.iilincn l  t o d o il .  Hence ,  a  subcontractin g relationshi p exist s i n whic h 
tli c  employe e i s th e consumer ,  th e compan y presiden t  i s th e contractor , 
.in d th e pnxrurcmcn i  departmen t  i s tli c  subcontractor .  Figur e 1  indicate s 
tli e structur e o f  th e tw o contract s tha t  establis h thos e relationships . 

Mai n luiiclin n Contract : 

Client: The employee 
Contractor :  T h e compan y presiden t 
Funclio n Description :  Purchas e equipmen t  fo r  th e employe e 

wheneve r  h e submit s a n aulliori/c d reques t 

I'unclion Subcontract: 

( licnl: llie company president 
(  onlraclor :  lli e procuremen t  departmen t 
(  oiisuiiu r  I'h e employe e 
l-uiHiio n Di'scriplion :  Purchas e equipmen t  fo r  th e employe e 

wheneve r  h e subniii s  a n authorize d reques t 

l-i(jurc I: Fxampic subcontracting situation in an oflicc 

Ili e contracto r  want s th e functio n don e i n orde r  t o fulfil l  hi s 
cdinmilnK'M l  t o th e consumer .  Ili c  commiUiien l  o f  th e subcontracto r  t o 
perloiii i  th e functio n ca n therefor e b e considere d a s bein g t o fulfil l  th e 
conlr.icior' s commitmen t  t o th e consumer .  Satisfactio n o f  th e consume r 

i s a  suffKien t  conditio n an d impiman t  metho d fo r  th e siibcoiilracto r  t o 
fulfil l  hi s commiUiien L (h e siilKontniclo r  ca n therefor e d o whateve r  h e 
think s vvil l  convinc e th e consume r  tha t  th e contractor' s commitmen t  t o 
hi m h.i s bee n fulfilled . 

The consumer therefore plays an important role in the subcontaclor's 
wor k an d i s a n additiona l  agen t  wii h w h o m th e subcontracto r  ca n 
negotiat e t o determin e wha t  i s require d o f  hi m i n a  give n situation .  A s 
before ,  i f  th e wor k i s bein g don e i n a n infonna l  domain ,  the n 
determinin g agree d upo n inicrpreution s o f  th e description s i n particula r 
silualion s i s a n additiona l  issu e fo r  negotiation .  I f  th e subcontracto r  an d 
th e consume r  agre e i m wha t  i s l o b e dime ,  the n th e contracto r  nee d no t 
ente r  int o th e negotiation s o r  eve n kno w wha t  wa s agree d o n becaus e hi s 
commitmen t  t o th e consume r  i s bein g fulfille d an d di e commitmen t  t o 
hi m b y th e subcontracui r  i s  bein g fulfilled . 
If i:i a given situation, the suhconiracior and consumer cannot agree on 
di e tas k t o b e done ,  dic n die y bot h ca n appea l  t o th e contracto r  fo r  help . 
Th e subcontracto r  ca n argu e tha t  hi s commitmen t  l o th e contracto r  doe s 
not  includ e wha t  th e consume r  i s askin g for .  an d di e consume r  ca n 
argu e tha t  di e contractor' s commitmen t  t o hi m i s no t  bein g fulfilled . 
Hence ,  th e contracto r  need s l o ente r  int o di e negotiation s onl y whe n th e 
subcontracto r  an d th e consume r  canno t  agree . 
For example, when die employee requests the equipment purchase, die 
procuremen t  departmen t  buye r  ma y atieinp t  t o satisf y di e employe e b y 
convincin g hi m Uia t  h e shoul d us e previousl y purchase d equipmen t  o r 
Uia t  h e shoul d ren t  equipmen t  H e m a y persuad e th e employe e t o hel p 
find  a n appropriat e vendor ,  an d i n retur n agre e t o obtai n di e 
authorization s fiir  di e purchas e tha t  ar e normall y par t  o f  di e employee' s 
responsibility .  Suc h localize d one-tim e agreement s betwee n agent s occu r 
regularl y i n offic e settings ,  an d ar e a n importan t  aspec t  o f  th e variabilit y 
an d adaptibilit y  tha t  characteriz e offic e work .  Standar d compute r 
progra m descriptio n technique s (e.g. ,  flo w charts )  ar e hopelessl y 
inadequat e fo r  describin g suc h activity . 
So, we see diat the consumer is a source of information for the 
subcontracto r  abou t  wha t  i s l o b e don e an d a n audiorit y o n whe n th e 
las k ha s bee n completed .  Also ,  di e consume r  act s a s a  monito r  fo r  di e 
contracto r  a s t o whethe r  th e subcontracto r  ha s don e hi s job ,  sinc e i t  i s 
th e consume r  w h o care s whethe r  o r  no t  ih e tas k i s accomplished .  Ili e 
interdepcndcncie s a m o n g th e consumer ,  contractor ,  an d subcontracto r 
discusse d i n dii s secuo n ar c summari7.c d i n Figur e 2 . 

For  th e consumer : 

The subcontractor: 
Perform s th e desire d lask . 

I'h e contractor : 
Settle s dispute s wid i  th e subcontractor . 

For the contractor: 

I'he subcontractor: 
Fulfill s  th e commitmen t  t o th e consumer . 

ITi e consumer : 
Provide s remuneratio n fo r  doin g di e usk ,  an d monitor s th e 
subcontractor' s work . 

For the subcontractor: 

The consumer. 
Help s interpre t  di e tas k description ,  an d Indicate s whe n di e tas k 
i s completed . 

Ih e contractor : 
Pro v ide s remuneratio n fo r  doin g th e task ,  an d help s settl e 
dispute s wit h th e consumer . 

Figure 2: Summary of the Consumer, Contractor, Subcontractor 
Kclationship s 

19 



Ih c Socia l  Nalur c o f  I'roccilurc s 

Now cunsidcr a <;ilualion in which an agent has a runction he wants 
don e ,in d a  procedur e describin g h o w t o d o it .  W c wil l  cal l  Ih c agen t 
w ho h.i s th e luMctio n "th e procedure' s in.uiiger "  an d th e functio n "th e 
procedure' s function "  A  prcKCdur c describe s a  metho d fo r  doin g a 
functio n i n tenn s o f  a  collectio n o f  step s t o b e don e i n . 1 specifie d order , 
an d Iheicb y provide s a  mean s fo r  tli c  procedure' s inanage i  t o organis e a 
collectio n o f  agent s t o perfor m tli c  procedure' s fiinction.  Mia t  is .  th e 
procedure' s manage r  ha s th e optio n fo r  eac h ste p o f  th e procedur e o f 
obtainin g a  coinmitincn i  fro m som e oUu- r  agen t  t o d o Ih c ste p (i.e .  o f 
"installin g th e step") .  I f  h e oht.iln s suc h a  coinmilmcn i  fo r  eac h ste p o f 
th e procedur e (i.e. .  i f  h e "install s th e procedure") ,  the n th e agent s w h o 
agree d t o d o th e step s (i.e. .  th e "ste p contr.ictors" )  wil l  d o th e functio n 
fo r  him .  l-'o r  example ,  i f  >  piocurcmen l  departmen t  manage r  i s assigne d 
(h e functio n o f  purchasin g equipmen t  fo r  employees ,  the n h e ca n eithe r 
find  o r  creat e a  priKcdur c fo r  performin g tlia t  functio n an d instal l  th e 
procedur e b y obtainin g commitment s fron i  th e peopl e i n hi s departmen t 
10 b e ste p contractor s fo r  eac h o f  tli e procedure' s steps . 
In formal domains, operation descriptions can be provided for each step 
i n a  procedur e tha t  ar e guarantee d t o satisf y th e designer' s intentio n fo r 
th e ste p (e.g. .  ad d x  t o y) .  Ilie n tli e comruitmen t  o f  a  ste p contracto r  i s 
t o perfor m th e step' s operatio n i n a  manne r  tha t  satisfie s di e forma l 
description .  I"h e contracto r  nee d no t  hav e an y mode l  o f  th e result s 
expecte d fro m hi s ste p o r  o f  th e rol e ihe y pla y i n performin g th e 
procedure s task .  Hi s tota l  spher e o f  concer n i s t o perfor m th e operatio n 
as specified .  Tha t  i s th e styl e o f  procedur e executio n done ,  fo r  example , 
by a  typica l  programmin g languag e interpreter . 
In informal domains, there are no guarantees that a procedure will 
successfull y accomplis h it s task .  Thos e guarantee s ar e los t  becaus e Ui c 
procedure ,  it s  task ,  an d tli e situation s i n whic h i t  wil l  b e use d ar e 
\mprcc\sc\ v described .  Hence .  prtKCdurc s i n informa l  domain s ar c onl y 
provoiypc s o t  mcvViods ,  to r  pcrfomVing ,  lasVis .  TVic y sugges t  a  wa y o f 
dccomposvTvg ,  a  vas k inv o svcps ,  an d perhap s indical c h o w ih c tas k i s 
typicall y perfonned ,  bu t  the y d o no t  alleviat e di e nee d fo r  proble m 
solvin g i n eac h specifi c  situatio n t o detennin c ho w t o perfor m a  task . 
Tli e use r  o f  a n infomia l  procedur e i s confronte d wit h th e subproblcm s 
of  determinin g th e meanin g o f  th e procedur e i n th e specifi c  situatio n 
an d whedie r  i t  wil l  b e applicabl e o r  effective . 

A basic problem in informal domains with installing procedures to 
perfon n function s i s tha t  on e mus t  commi t  a t  th e lim e o f  installatio n t o 
th e decompositio n specifie d b y di e procedure .  I f  indee d a s w e argue d 
above ,  tha t  decompositio n i s onl y suggestiv e an d need s 1 0 b e reexamine d 
eac h tim e th e procedur e i s used ,  the n th e strateg y o f  installin g a 
procedur e i s a n inetTectiv e mean s o f  transfcrin g tli e wor k fro m th e 
procedure s manage r  t o tli e ste p contractor s Ih c ihalleng e the n i s t o 
describ e an d instal l  prixedurc s i n a  manne r  tha t  maximise s Uiei r 
adaptibillt y  an d flexibility . 

Procedure Steps as i'unclions 

An important way of meeting the challenge of compensating for the 
inadequacie s o f  inforin.ill v  specifie d procedure s i s t o ad d t o th e 
descnpiiii n o f  eac h ste p a  descriptio n o f  th e finKiion  t o b e accomplishe d 
by tha t  ste p (le. .  th e goal s t o b e aLliicic d an d constraint s 1 0 b e 
maintaine d eac h tim e th e ste p i s performed) ,  lo r  example ,  ad d t o a  ste p 
describe d a s "Submi t  t o procuremen t  a n aiithnri/c d purchas e request " 
th e functio n descriptio n "Wheneve r  a n employe e want s eqiiipmen l 
purch.iscd .  achiev e th e goal :  Procuremen t  know s th e employe e want s 
equipmen t  purchase d an d ha s th e informatio n an d authorization s 
necessar y t o m a k e th e purchase" . 

A function description spcciTies the requirements of a step without 
referenc e t o hu w thos e requirement s ar e t o b e performe d an d therefor e 
provide s th e optio n o f  usin g whateve r  metho d i s appropriat e i n a 
particula r  situatio n t o accomplis h th e function' s task .  Th e agen t 
performin g a  ste p ca n us e th e functio n descriptio n t o evaluat e whellie r 
th e actio n describe d fo r  th e ste p i s a n appropriat e metho d i n a  give n 
situation ,  t o pla n alternativ e method s fo r  performin g th e step ,  an d t o 
evaluat e whethe r  hi s action s accomplishe d th e step . 

Adding function descriptions to steps results in procedures applicable to 
a widc i  r-ing e ct f  situation s bec.ius c i t  allo\\ s di e agent s performin g th e 
step s t o lak e int o considcialio n propertie s o f  th e situatio n suc h a s 
resourc e limit.iiion s an d inler.icuon s wit h othe r  Lisk s tha t  m a y no t  hav e 

bee n know n a t  th e tim e Ui e procedur e wa s designed ,  ih e wor k involve d 
i n usin g thos e functio n description s i s significantl y differen t  fro m th e 
wor k o f  pcrfomiin g step s describe d a s operations .  I n particular .  I t 
iiuolve s subtask s o f  planiiiii n t o delennin e . 1 metho d t o use ,  an d 
inoiiiinrini ;  t o determin e whethe r  th e nietlio d accomplishe d th e function . 
However ,  a n agen t  c.ipabl e o f  effectivel y pcrfoimin g thos e subtask s ca n 
belte r  dctennin e th e appropriaicnes s o f  hi s result s an d ca n successfull y 
perfor m hi s ste p i n unexpecte d situation s li'ikcs) . 

SuhcDiilrdcliiig l\'iiliin Procedures 

Our description of procedure insiallaiion thus far would predict that each 
tun c a  procedur e ste p i s activate d an d th e ste p contracto r  doc s somethin g 
othe r  tha n di e tas k describe d i n hi s agreemen t  wit h th e procedure' s 
manager ,  tha t  th e contracto r  mus t  obtai n a n .icknowledgcmen l  fro m th e 
managei  tha t  wha t  h e di d s-ilisfic s hi s commitineni .  I n .ictua l  practic e i n 
offices ,  ther e i s a  broa d v.ui.ihilu y o f  behavio r  i n ih e performanc e o f 
procedur e steps ,  an d onl y rarel y i s dia t  behavio r  accompanie d b y 
iiitcraclio n wnl i  th e procedure' s manage r  (typicall y th e ste p contractor' s 
supervisor) .  Instead ,  ther e ar e frequen t  negotiation s a m o n g th e agent s 
doin g di e step s o f  th e procedure .  I'hos c agent s ar c no t  generall y 
workin g fo r  eac h othe r  an d hav e m a d e n o apparen t  commitment s t o 
e.n h odier .  H o w d o w c explai n Uiei r  negotiation s an d th e rol e thos e 
interaction s pla y i n thei r  work ? I n thi s sectio n w e mode l  Uios c 
inleraction s b y extendin g ou r  descriptio n o f  procedur e insUillatio n t o 
includ e tli c  subcontractin g relationship s tha t  ar e establishe d a m o n g th e 
ste p contractors . 
Wc can apply our analysis of subcontracting to die performance of 
procedur e step s b y idenufying  th e comniilment s m a d e durin g a 
procedur e installatio n an d considerin g th e "functiona l  role "  playe d b y 
procedur e step s A  step' s functiona l  rol e i s th e rational e use d b y th e 
priKcdur c designe r  fo r  includin g th e ste p i n lli c  procedur e (e.g. .  achiev e 
a goa l  o f  ih e procedure' s task ,  salisf y a  preconditio n o f  som e oUie r  ste p 
i n th e prwedure) .  Tha t  rational e i s therefor e th e definin g basi s fo r  th « 
functio n t o b e performe d a t  tha t  ste p jVani^h n an d Orown) . 

Ilie funclion to be performed at e.ich step of -i procedure has a set of 
precondition s a s pa n o f  iu s description .  Ih c designe r  o f  a  procedur e 
must  assur e dia t  whe n a  give n ste p i s t o b e perfonned .  it s precondition s 
ar e satisfied .  I  ha t  desig n goa l  i s  satisfie d b y includin g othe r  step s earlie r 
i n th e procedur e tha t  wil l  caus e thos e precondition s t o b e satisfied .  'I'h c 
fiinctioiial  rol e o f  thos e earlie r  steps ,  therefore ,  i s  t o satisf y di e 
precondition s o f  Ui e late r  step . 

We can characterize a function's preconditions as consisting of 
"activatio n conditions" ,  th e (xrcurrcnc e o f  whic h signal s th e contracto r 

tlia t  a n instanc e o f  th e function' s Uis k i s t o b e done ,  an d "enablin g 
conditions" ,  th e satisfactio n o f  whic h provide s ih c contex t  neede d b y th e 
contr.icio r  t o perfor m di e task .  I'o r  example ,  th e functio n performe d b y 
a buye r  i n a  procuremen t  departmen t  i s activate d whe n h e receive s a 
purchas e reques t  an d i s enable d whe n h e receive s audioriẑ atio n t o mak e 
Ui c purchase .  W e distinguish ,  dierefore .  betwee n step s whos e fiinctiona l 
rol e i s t o activat e othe r  step s an d thos e whos e rol e i s t o enabl e odie r 
steps . 

Wc make use of that distinction in describing the contract that installs a 
pr(Kcdur e step .  Tha t  contrac t  contain s a  commitmen t  b y th e ste p 
contracto r  t o perfor m di e step' s functio n wheneve r  th e step' s activatio n 
condition s occu r  an d a  commitmen t  b y th e procedure' s manage r  t o 
satisf y th e step' s enablin g condition s wheneve r  th e activatio n condition s 
occur .  I'o r  example ,  a n accountin g departmen t  cler k (th e ste p 
contractor )  m a y mak e a  c o m m i i m c m t o hi s manage r  (di e procedure' s 
manager )  t o respon d t o vendors '  invoice s wheneve r  on e i s received .  Th e 
manager  would ,  i n turn ,  agre e t o provid e di e cler k wit h th e puixhas c 
order ,  packin g slips ,  an d othe r  supportin g document s neede d t o respon d 
appropriatel y t o di e vendor . 

The procedure's manager satisfies his commitment to salisfy a step's 
enablin g condition s b y installin g ihos c procedur e step s whos e functiona l 
rol e i s t o enabl e tha t  step .  Hence ,  a n agen t  w h o i s performin g a  ste p 
whose functiona l  rol e i s t o enabl e som e othe r  ste p i s i n efTec t  a 
subcontracto r  whos e consume r  i s th e agen t  peifoiinin g th e ste p h e i s 
enabling .  I n di e accounun g departmen t  exampl e above ,  th e agent s w h o 
suppl y Ih e tler k wid i  th e supportin g dixrument s ar e subcontractor s whos e 
consume r  i s th e clerk . 

20 

file:///mprcc/sc/v


O ur  earlie r  comment s abou l  th e rol e tha t  a  consume r  play s i n Ui e wor k 
of  a  suhconiracio r  therefor e apply  here .  T h e agen t  doin g th e slo p hcin g 
enable d an d th e agen t  satisfyin g th e enablin g conditio n negotiat e wit h 
eac h othe r  t o determin e wha t  th e enabler' s tas k i s i n problemati c 
situations ,  an d th e procedure' s manage r  i s brough t  Int o th e negotiation s 
onl y whe n the y canno t  agree .  Also ,  th e agen t  bein g enable d act s a s a 
monito r  o n th e enable r  fo r  th e procedure' s manager . 

The analysis of subcontracting applies to any procedure step whose 
functiona l  rol e involve s providin g a  resul t  t o som e agen t  othe r  tha n 
directl y t o Ih c procedure' s manager .  I n thos e ca.se s th e agen t  providin g 
th e resul t  i s  fulfillin g a  commitmen t  m a d e b y th e procedure' s manage r  t o 
th e consume r  o f  tha t  resul t  (o r  t o a  clien t  o f  tha t  consumer) .  Hence ,  th e 
consume r  an d produce r  ca n wor k ou t  togethe r  wha t  i s t o b e provided . 

We conclude from this discussion that an important way of increasing 
th e adapiibilil y  o f  a  procedur e i s t o includ e i n th e descriptio n o f  eac h 
ste p th e functiona l  rol e o f  th e step .  I f  tha t  functiona l  rol e involve s 
fulfillin g a  commitmen t  o f  th e procedure' s manage r  t o som e thir d agent , 
the n th e descriptio n shoul d includ e th e identit y o f  tha t  agent ,  an d tli e 
ste p contracto r  shoul d hav e acces s t o hi m fo r  ongoin g negotiations . 

Summary and Conclusions 

In this analysis we have described a framework that identifies the sources 
of  variabilit y  an d adaptibilit y  observe d i n h u m a n cooperativ e wor k 
silualions .  O u r  basi c clai m i s tha t  a n agent' s wor k i s define d i n term s o f 
makin g an d fulfillin g commiuncnt s t o otiic r  agents .  Ili c  task s describe d 
i n thos e commiuneni s ar e merel y agree d upo n mean s fo r  fulfillin g tli e 
commitments .  Th e agent s involve d i n th e agreemen t  ar c fre e i n an y 
give n siiuaiio n t o decid e h o w an d whethe r  a  give n commitmen t  ha s bee n 
fulfille d Hence ,  nonstandar d method s an d outcome s ma y b e considere d 
acceptabl e eve n thoug h the y d o no t  correspon d t o th e describe d tasks , 
functions ,  an d procedures . 

We claimed thai descriptions of tasks and functions result from 
negotiation s betwee n client s an d contractors ,  an d serv e a s agree d upo n 
specification s o f  wha t  th e contracto r  i s t o do .  I n infonna l  domains , 
thos e description s ar e necessaril y  incomplet e an d imprecise . 
Determinin g thei r  intende d meanin g i n specifi c  situation s i s a n importan t 
componen t  o f  th e work .  ITia t  determinatio n involve s continuin g 
negotiation s a s situation s an d question s aris e i n whic h t)) e meanin g o f 
Ui e dccription s i s unclear . 

Procedures provide a means for organising a collection of agents to 
pcrfon n a  function .  I n informa l  domains ,  procedure s represen t  onl y 
prototype s o f  method s whos e meanin g an d applicabilit y  i n specifi c 
situation s i s unclear .  Thei r  us e require s proble m solvin g an d 
negotiatio n t o determin e a n effectiv e metho d i n a  give n situation . 

Information Needed To Do Cooperative Procedural Work 

This framework characterizes the information needed by agents doing 
cooperativ e wor k an d th e rol e tha t  th e informatio n play s i n thei r  work . 
I n general ,  i t  indicate s tha t  a n agen t  need s description s o f  tli e tas k an d 
functio n contract s l o whic h h e ha s agreed ,  an d th e fiinclion s availabl e t o 
him . 

For each Wsk or function commitment llial an agent has made, he needs 
t o kno w th e agree d upo n tas k o r  functio n descriptio n (becaus e i t 
provide s a  se t  o f  sufficien t  condition s fo r  fulfillin g th e commiunent) ,  th e 
agen t  t o w h o m th e commiunen t  wa s m a d e (s o iJia l  th e contracto r  know s 
whose satisfactio n h e i s tryin g t o obtain) ,  an d tli e consume r  o f  th e result s 
of  th e tas k o r  functio n i n th e cas e wher e th e commitmen t  i s a 
subcontr.ic i  (becaus e salislyin g th e consume r  i s a  sufficien t  conditio n fo r 
fulfillin g th e comniiimcnt) . 

An apcnl needs lo know the functions .n.iil.iblc to him so that he can 
use thci n a s step s i n plan s h e form s t o accomplis h hi s tasks .  I n orde r  t o 
use a  fiinclion ,  h e need s a  descriptio n o f  it s  tas k (s o tha t  h e ca n 
deterinin c whcllie r  th e functio n ca n b e use d t o accomplis h hi s task) ,  it s 
precondition s (becaus e the y describ e a  mcin s fo r  iniii.ilin g performanc e 
of  th e lask) ,  Ih c identit y o f  th e contracto r  (s o h e wil l  kno w w h o h e mus t 
persuad e t o perfor m th e task) ,  an d th e identit y o f  th e clien t  (s o h e wil l 
kno w wlu i  t o appea l  l o i f  h e feel s tha t  th e contracto r  i s no t  adequatel y 
pcrroiiiiin g Ih c fiinction). 

Informatio n Neede d Fro m a  Procedur e Descriptio n 

We have also indicated information that is needed from the description 
of  a n informa l  procedur e i n orde r  fo r  th e procedur e t o b e use d 
adaptivcl y an d fiexibly.  Th e descriptio n shoul d identif y th e procedure' s 
manager  (s o tha t  eac h ste p contracto r  know s whos e satisfactio n h e i s 
tryin g t o obtain) ,  an d eac h ste p o f  th e procedur e shoul d b e describe d a s 
a functio n (s o tha t  th e ste p contracto r  ca n choos e hi s o w n metho d o f 
performin g th e step) .  I f  satisfactio n o f  a n enablin g conditio n o f  a  ste p i s 
subcontracte d t o anothe r  step ,  the n Ui e descriptio n o f  th e ste p bein g 
enable d shoul d identif y th e enablin g ste p an d w h o i s performin g i t  (s o 
tha t  th e contracto r  fo r  th e enable d ste p ca n negotiat e wit h th e enable r 
an d monito r  hi s performance) .  Finally ,  a s note d abov e abou t  al l 
functions ,  i f  a  ste p i s a  subcontract ,  the n it s descriptio n shoul d identif y 
th e consume r  o f  th e subcontrac t  (becaus e satisfyin g h i m i s a  sufficien t 
conditio n fo r  fulfillin g th e commitment) . 
Implications for Office Automation 

ITiis framework is serving as a basis for our exploration of how 
computer-base d system s ca n effectivel y participat e i n procedura l  wor k i n 
offices .  W e hav e reporte d i n earlie r  paper s ou r  preliminar y result s i n 
thi s regar d (|l-'ikcs ]  an d jfike s an d Henderson) )  an d wil l  no t  attemp t  l o 
describ e ou r  curren t  effort s i n detai l  here .  Instead ,  w e wil l  conclud e thi s 
pape r  wit h som e genera l  remark s o n offic e automatio n t o sugges t  th e 
use s w e ar e makin g o f  th e commitment-base d framework . 
Our discussion indicates Uiat in infonnal domains, "intelligent" 
capabilitie s suc h a s planning ,  pla n monitoring ,  an d negotiatio n ar e 
require d t o d o eve n simpl e cooperativ e work .  Curren t  computer-base d 
system s tha t  clai m t o automat e suc h wor k i n office s d o no t  hav e thos e 
capabilities .  The y requir e precis e description s o f  thei r  functio n an d h o w 
t o perfor m it .  'l"herefore .  the y ca n "commit "  t o doin g onl y a 
foinializabl c approximatio n o f  th e functio n desire d b y th e client .  The y 
ar c incapabl e o f  performin g th e functio n i n siuiation s tlia t  d o no t  matc h 
tli e assumption s o f  th e formalization ,  an d ca n no t  adap t  thei r  method s t o 
accoun t  fo r  unexpecte d feature s o f  a  particula r  situatio n suc h a s resourc e 
limitatio n change s o r  interaction s wit h othe r  tasks .  I n addition ,  the y 
requir e mor e effor t  b y th e clien t  t o establis h thei r  tas k o r  functio n 
contrac t  sinc e the y hav e n o capabilit y  o f  interpretin g vagu e description s 
an d onl y ver y limite d capabilitie s fo r  recognizin g situation s wher e a 
descriptio n i s inapplicable . 
All t(X) often, designers and installers of office automation equipment do 
not  realiz e th e unformalizabl e subtletie s o f  th e wor k bein g automated , 
an d therefor e d o no t  anticipat e th e difference s betwee n wha t  Ui c 
equipmen t  i s goin g t o d o an d wha t  th e peopl e di d w h o m i t  i s  replacing . 
Tlios e difference s ofte n caus e majo r  upheaval s i n a n organizatio n 

becaus e ihc y chang e th e wor k requirement s o f  al l  th e agent s w h o 
interac t  witl i  th e equipmen t  A  majo r  goa l  o f  tli e analysi s describe d i n 
thi s pape r  ha s bee n t o provid e a  mode l  o f  th e unrormali7.abl e aspect s o f 
offic e function s bein g overiooke d b y curren t  automatio n effort s s o tha t 
th e difference s i n functionalit y introduce d b y th e automatio n ca n b e 
predicte d an d compensate d for . 
Automation can increase productivity in an office by supporting, as well 
as replacing ,  peopl e i n thei r  performanc e o f  offic e functions .  Fo r 
example ,  th e framewor k w e hav e describe d suggest s way s o f  supportin g 
offic e wor k b y providin g agent s wit h th e informatio n the y nee d w h e n 
the y nee d it .  I t  als o suggest s a  facilitato r  rol e fo r  a  computer-base d 
syste m usin g knowledg e o f  w h o th e clients ,  contractors ,  an d consumer s 
ar c fo r  eac h tas k bein g performed .  H y knowin g w h o mus t  b e satisfie d 
by eac h result ,  a  syste m woul d b e abl e t o monito r  an d trac k th e 
performanc e o f  a  tas k withou t  needin g l o understan d th e mediod s bein g 
use d o r  th e semantic s o f  th e tas k itself . 
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A COGNITIV E SCIENCE APPROACH T O IMPROVIN G PLANNIN G 
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Sant a Monica ,  CA.  9040 6 

INTRODUCTION' 

Plannin g i s th e predeterminatio n o f  a n intende d 
sequenc e o f  action s aime d a t  achievin g a  goal .  We al l 
engag e i n plannin g fo r  a  variet y o f  goals ,  rangin g 
fro m everyda y goal s lik e performin g a  se t  o f  errand s 
t o mor e consequentia l  goal s lik e makin g a  caree r 
change .  Whethe r  o r  no t  w e achiev e ou r  goal s depend s 
i n par t  o n th e qualit y o f  ou r  plans . 

During the past few years, my colleagues and I 
hav e bee n studyin g th e cognitiv e processe s peopl e us e 
fo r  planning .  When w e bega n thi s work ,  mos t  o f  th e 
earlie r  scientifi c  researc h o n plannin g ha d focuse d o n 
th e developmen t  o f  automati c plannin g system s (e.g. , 
Fahlman ,  1974 ;  Pikes ,  1977 ;  Sacerdoti ,  1974 ,  1975) . 
Othe r  researc h ha d examine d th e rol e o f  plan s i n huma n 
behavio r  (e.g. ,  Erns t  &  Newell ,  1969 ;  Miller , 
Galanter ,  &  Pribram ,  1969) .  However ,  littl e wa s know n 
abou t  th e psycholog y o f  plannin g pe r  se--ho w t o 
identif y effectiv e planners ,  wha t  specia l  skill s  o r 
strategie s effectiv e planner s use ,  an d wha t  tas k 
factor s impac t  o n plannin g effectiveness .  Becaus e ou r 
long-rang e goa l  wa s t o develo p compute r  aid s fo r  huma n 
planners ,  w e fel t  tha t  understandin g thes e 
psychologica l  issue s wa s a n importan t  firs t  step . 
Accordingly ,  w e embarke d o n a  progra m o f  researc h 
designe d t o elucidat e th e cognitiv e processe s 
underlyin g plannin g an d t o develo p a  compute r  ai d tha t 
exploit s cognitiv e strength s an d compensate s fo r 
cognitiv e weaknesses . 

Of  course ,  ther e ar e man y differen t  kind s o f 
planning ,  dependin g upo n th e numbe r  o f  planner s 
involved ,  th e plannin g environment ,  th e typ e o f  goal s 
unde r  consideration ,  th e actio n options ,  etc .  Fo r  ou r 
research ,  w e chos e t o focu s o n individua l  plannin g o f 
multiple-tas k sequence s i n a  spatia l  environment .  Thi s 
tas k domai n i s well-define d an d manageable .  A t  th e 
same time ,  i t  i s  genera l  enoug h t o appl y t o a  variet y 
of  specifi c  real-worl d plannin g task s (e.g. ,  plannin g 
trave l  itineraries ,  plannin g deliver y routes ,  plannin g 
factor y inspections ,  plannin g tactica l  missions) .  Fo r 
our  research ,  w e wante d a n instantiatio n o f  thi s tas k 
tha t  wa s bot h realisti c an d familia r  t o th e peopl e wh o 
woul d serv e a s subject s i n ou r  experiments .  We chos e 
th e followin g errand-plannin g task : 

Given :  a  lis t  o f  desire d errand s 
a map o f  th e loca l  environmen t 
startin g an d endin g time s 
startin g an d endin g location s 
tempora l  constraint s 
contextua l  informatio n 

Plan :  whic h errand s t o accomplis h 
how muc h tim e t o allocat e fo r  eac h erran d 
i n wha t  orde r  t o conduc t  th e errand s 
by wha t  route s t o trave l  betwee n successiv e 
errands . 

Our  researc h progra m comprise s th e followin g 
tasks : 
1.  Develo p a  cognitiv e mode l  o f  th e plannin g process . 
2.  Conduc t  experimenta l  investigation s o f  th e model . 
3.  Appl y th e mode l  i n studie s o f  individua l  difference s 

i n plannin g skill . 
4.  Appl y th e mode l  i n studie s o f  planners '  deficiencie s 

and thei r  vulnerabilitie s t o tas k factors . 
5.  Infe r  principle s fo r  improvin g plannin g performance . 
6.  Desig n a  compute r  ai d aroun d th e inferre d principles . 
7.  Implemen t  th e compute r  aid . 
S.  Tes t  th e compute r  ai d i n rea l  plannin g environments . 

We have completed tasks 1-5 and have recently begun 
workin g o n tas k 6 .  Thi s pape r  summarize s ou r  wor k t o 
date . 

A COGNITIV E MODEL OF TH E PLANNIN G PROCESS 

Our model of the cognitive processes underlying 
plannin g behavio r  exploit s th e theoretica l 
architectur e o f  th e Hearsay-I I  speech-understandin g 
syste m (CM U Compute r  Scienc e Researc h Group ,  1977 ; 
Erman &  Lesser ,  1975 ;  Lesser ,  Fennel ,  Erraan ,  &  Reddy , 
1975 ;  Lesse r  &  Erraan ,  1977 ;  Hayes-Rot h &  Lesser , 
1977) .  I t  als o incorporate s principle s develope d i n 
th e researc h o n automati c plannin g system s an d o n th e 
rol e o f  plan s i n huma n behavio r  mentione d above .  Th e 
model  ha s thre e basi c components :  specialists ,  a 
"blackboard, "  an d a  contro l  regime .  Eac h o f  thes e i s 
discusse d briefl y below .  (Se e Hayes-Rot h &  Hayes -
Roth ,  1979 ,  fo r  a  mor e detaile d discussio n o f  th e 
model. ) 

Specialists 

Specialists are the mental processes that 
generat e decision s fo r  incorporatio n int o th e pla n i n 
process .  Fo r  example ,  on e specialis t  migh t  generat e a 
decisio n t o establis h a  particula r  goa l  fo r  th e plan . 
Anothe r  migh t  generat e a  decisio n t o tak e a  particula r 
actio n towar d achievin g tha t  goal . 

We operationalize specialists as condition-action 
rules ,  simila r  t o th e productio n rule s o f  Newel l  an d 
Simon (1972) .  Th e conditio n par t  o f  th e rul e describe s 
th e circumstance s unde r  whic h th e specialis t  ca n mak e 
a contributio n t o th e plan .  Ordinarily ,  th e conditio n 
require s tha t  som e othe r  plannin g decisio n ha s alread y 
been made .  When tha t  conditio n i s satisfied ,  w e sa y 
tha t  th e specialis t  ha s bee n "invoked. "  Th e actio n 
par t  o f  th e rul e describe s th e decisio n th e specialis t 
can contribut e t o th e pla n i f  i t  i s  "executed. " 

We assume that a given individual possesses many 
plannin g specialists .  Some o f  the m ar e generi c an d ca n 
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make contribution s t o al l  plannin g problems .  Othe r 
specialist s ar e domain-specifi c  an d ca n mak e 
contribution s onl y t o plannin g problem s i n thei r 
particula r  domains .  We als o assum e tha t  th e man y 
specialist s a n individua l  bring s t o bea r  o n a  plannin g 
proble m operat e independently .  The y d o no t  communicat e 
or  influenc e on e another' s behavio r  directly .  However , 
the y ca n communicat e an d influenc e on e another' s 
behavio r  indirectly ,  a s discusse d i n th e nex t  section . 

The Blackboard 

The blackboard is a structured internal data base 
i n whic h execute d specialist s recor d thei r  decisions . 
Al l  specialist s ca n als o inspec t  th e blackboar d an d 
respon d differentiall y  t o th e presenc e o f  differen t 
kind s o f  information .  I n thi s way ,  specialist s 
indirectl y communicat e an d influenc e on e another' s 
behavior . 

The model partitions the blackboard into five 
conceptua l  "planes "  tha t  distinguis h th e differen t 
kind s o f  decision s w e thin k planner s make .  Th e meta -
pla n plan e contain s decision s abou t  ho w t o approac h 
th e problem ,  wha t  kind s o f  problem-solvin g strategie s 
t o use ,  wha t  kind s o f  policie s shoul d guid e pla n 
development ,  an d wha t  kind s o f  criteri a shoul d b e use d 
t o evaluat e tentativ e plans .  Th e pla n abstractio n 
plan e contain s decision s characterizin g th e kind s o f 
action s tha t  shoul d b e include d i n th e plan .  Th e 
knowledg e bas e plan e contain s data ,  assumptions ,  an d 
knowledg e abou t  th e worl d tha t  migh t  b e usefu l  i n 
instantiatin g pla n abstractio n decisions .  Th e pla n 
plane  contain s decision s abou t  th e pla n itself .  Thes e 
decision s ar e typicall y instantiation s o f  pla n 
abstractio n decisions ,  base d o n informatio n i n th e 
knowledg e base .  Finally ,  th e executiv e plan e contain s 
decision s abou t  ho w t o sequenc e th e e.xecutio n o f 
invoke d specialist s durin g th e plannin g process .  Thes e 
decision s determin e th e orde r  i n which  decision s ar e 
generate d o n th e othe r  plane s o f  th e blackboard . 

The model further partitions each plane of the 
blackboar d int o differen t  "level s o f  abstraction. "  T o 
illustrate ,  th e pla n plane  ha s fou r  differen t  level s 
of  abstraction .  Th e outcome s leve l  contain s decision s 
abou t  th e goal s o f  th e plan .  Th e desig n leve l  contain s 
decision s abou t  th e genera l  spatial-tempora l 
organizatio n o f  th e plan .  Th e procedure s leve l 
contain s decision s abou t  th e action s planne d withi n 
tha t  spatia l  — tempora l  organization .  Th e operation s 
leve l  contain s decision s abou t  th e low-leve l 
operation s necessar y t o carr y ou t  thos e actions .  Th e 
othe r  plane s hav e simila r  level s o f  abstraction . 

The blackboard structure outlined above serves 
tw o functions .  First ,  i t  embodie s ou r  mode l  o f  th e 
psychologica l  categorie s o f  planning .  Thus ,  i t 
distinguishe s ou r  mode l  fro m othe r  plannin g model s an d 
provide s on e basi s fo r  evaluatin g th e model' s 

psychologica l  validity .  Second ,  th e blackboar d 
structur e improve s computationa l  efficienc y b y 
permittin g specialist s t o restric t  thei r  inspectio n 
activitie s t o thos e area s o f  th e blackboar d likel y t o 
contai n informatio n o f  interest . 

Control Regime 

According to the model, planning proceeds in a 
serie s o f  "cycles. "  On eac h cycle ,  man y specialist s 
may b e invoked .  On e specialis t  i s  schedule d t o execut e 
it s actio n next .  I t  doe s so ,  recordin g it s decisio n a t 
an appropriat e locatio n o n th e blackboard .  Th e 
recordin g o f  a  ne w decisio n signal s th e beginnin g o f 
th e nex t  cycle .  Thi s proces s repeat s unti l  th e planne r 
has develope d a  satisfactor y plan . 

The process of scheduling one of the invoked 
specialist s o n eac h cycl e i s anothe r  importan t  featur e 
of  th e model .  Mos t  previou s conception s o f  th e 
plannin g proces s impose d upo n i t  a  strict , 
hierarchica l  contro l  regime .  High-leve l  abstrac t 
decision s wer e mad e firs t  an d refine d b y late r 
decision s a t  successivel y lowe r  level s o f  abstraction . 
By contrast ,  ou r  mode l  assume s a n opportunisti c 
contro l  regime .  Specialist s ar e schedule d an d 
decision s generate d i n highl y variabl e order s 
determine d b y competin g schedulin g heuristics .  We hav e 
concentrate d o n tw o schedulin g heuristics ,  focu s o f 
attentio n an d recency .  Th e focu s o f  attentio n 
heuristi c recommend s schedulin g specialist s tha t 
recor d decision s i n pre-selecte d area s o f  th e 
blackboard .  Th e recenc y heuristi c recommend s 
schedulin g specialist s tha t  hav e bee n invoke d 
recently ,  fo r  example ,  o n th e las t  on e o r  tw o cycles . 
(Hayes-Rot h &  Lesse r  (1977 )  hav e recommende d othe r 
heuristics ,  suc h a s efficienc y an d efficacy. )  We 
implemen t  thes e heuristic s b y mean s o f  specialist s 
tha t  recor d relevan t  decision s o n th e executiv e plan e 
of  th e blackboard . 

The interaction of the focus of attention and 
recenc y heuristic s ca n manifes t  a  variet y o f  specifi c 
contro l  strategies ,  includin g th e hierarchica l 
strateg y mentione d above .  We believ e tha t  th e 
flexibilit y  embodie d i n th e opportunisti c contro l 
regim e i s bot h a  mor e accurat e mode l  o f  th e 
variabilit y  w e observ e i n huma n plannin g behavio r  an d 
a mor e powerfu l  approac h t o plannin g i n general. 

EXPERIMENTAL INVESTIGATION S OF TH E OPPORTUNISTIC MODEL 

We coiiJucted two kinds of e.\perimental 
investigation s o f  th e plannin g model :  psychologica l 
experiment s an d compute r  simulatio n experiments . 

The psychological experiments provided support 
fo r  severa l  o f  th e basi c assumption s o f  th e model , 
includin g th e following :  (a )  tha t  peopl e mak e plannin g 
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decision s i n eac h o f  th e conceptua l  categorie s o f 
th e blackboard ;  (b )  tha t  peopl e formulat e plan s a t  th e 
postulate d level s o f  abstraction ;  (c )  tha t  peopl e 
develo p plan s wit h bot h top-dow n an d bottora-u p 
decisio n sequences ;  (d )  tha t  peopl e effec t  alternativ e 
contro l  strategie s fo r  planning ;  an d (e )  tha t  peopl e 
opportunisticall y exploi t  th e informatio n an d 
constraint s availabl e durin g planning .  (Thes e 
experiment s ar e discusse d i n detai l  i n severa l 
reports :  Goldi n &  Hayes-Roth ,  1980 ;  Hayes-Roth , 
1980;Hayes-Rot h &  Hayes-Roth ,  1979 ;  Hayes-Rot h & 
Thorndyke ,  1980. ) 

The computer simulation was a LISP implementation 
of  th e mode l  wit h abou t  fift y  specialists .  Th e 
simulatio n serve d tw o functions .  First ,  i t 
demonstrate d th e sufficienc y o f  th e mode l  t o accoun t 
fo r  huma n plannin g behavior .  Th e simulatio n produce d 
plan s an d plannin g protocol s simila r  t o thos e produce d 
by huma n planners.  I t  als o exhibite d thei r 
characteristi c strategi c flexibility .  Second ,  th e 
simulatio n allowe d u s t o explor e som e o f  th e 
computationa l  propertie s o f  th e model ,  providin g mor e 
genera l  insight s int o distribute d computatio n an d 
heuristi c contro l  regimes .  (Th e compute r  simulatio n i s 
discusse d i n mor e detai l  i n Hayes-Rot h &  Hayes-Roth , 
1979 ,  an d i n Hayes-Roth ,  Hayes-Roth ,  Rosenschein ,  & 
Cammarata ,  1979) . 

INDIVIDUAL DIFFERENCES IN PLANNING SKILL 

The first application of the opportunistic model 
was t o individua l  difference s i n plannin g skill--wh y 
ar e som e planner s mor e effectiv e tha n others ? Th e 
model  suggest s thre e area s i n whic h effectiv e planner s 
migh t  diffe r  fro m ineffectiv e planners :  thei r 
generatio n o f  decision s i n differen t  area s o f  th e 
plannin g blackboard ,  thei r  flexibilit y  i n distributin g 
attentio n amon g th e differen t  area s o f  th e blackboard , 
and thei r  repertoire s o f  specialists . 

We evaluated these hypotheses by examining the 
plannin g processe s o f  severa l  planner s wit h differen t 
skil l  levels .  We assesse d a  planner' s skil l  leve l 
base d o n th e qualit y o f  th e plan s h e o r  sh e produced . 
The qualit y o f  a  pla n wa s a  composit e scor e reflectin g 
severa l  interactin g dimension s (e.g. ,  efficiency , 
constrain t  satisfaction ,  tempora l  realism) .  Planner s 
who achieve d hig h pla n score s wer e designate d 
effectiv e planners ;  thos e wh o achieve d lo w pla n score s 
wer e designate d ineffectiv e planners .  We the n 
examine d th e plannin g proces s o f  effectiv e versu s 
ineffectiv e planner s a s reveale d i n thinkin g alou d 
protocols .  Basically ,  w e aske d subject s t o verbaliz e 
:hei r  thought s whil e the y formulate d plans .  We the n 
analyze d thes e protocols ,  classifyin g statement s a s 
representin g particula r  plane s o f  th e blackboar d o r 
level s o f  abstraction .  Finally ,  w e examine d th e 
relationshi p betwee n plannin g skil l  an d th e frequenc y 
wit h whic h planner s mad e differen t  kind s o f  decisions . 

The result s supporte d al l  thre e hypothese s 
advance d above .  Effectiv e planner s generate d 
decision s i n al l  area s o f  th e plannin g blackboard , 
wherea s ineffectiv e planner s generate d primaril y pla n 
and plan-abstractio n decisions .  Effectiv e planner s 
als o generate d decision s a t  differen t  level s o f 
abstraction ,  wherea s ineffectiv e planner s generate d 
primaril y low-leve l  decisions .  Effectiv e planner s 
showed greate r  attentiona l  flexibilit y  tha n 
ineffectiv e planners .  The y mor e frequentl y shifte d 
thei r  focu s o f  attentio n amon g th e differen t  plane s o f 
th e blackboar d an d amon g differen t  tempora l  loc i 
withi n th e pla n itself .  Finally ,  effectiv e planner s 
e.xhibite d man y mor e specialist s tha n ineffectiv e 
planner s an d the y seeme d t o exploi t  powerfu l 
specialist s mor e actively .  (Thes e result s ar e 
discusse d i n mor e detai l  i n Goldi n &  Hayes-Roth , 
1980. ) 

PLANNERS' DEFICIENCIES AND THEIR VULNERABILITIES 
TO TAS K FACTORS 

We next applied the model to an analysis of 
genera l  deficiencie s i n huma n plannin g an d t o th e 
deleteriou s effect s o f  tas k factors .  Usin g protoco l 
analysi s method s simila r  t o thos e describe d above ,  w e 
identifie d thre e tas k factor s tha t  imped e effectiv e 
planning :  constraints ,  complexity ,  an d tim e stress . 

Planners seem able to accommodate one or two 
simpl e tim e constraints .  However ,  a s th e numbe r  o f 
tim e constraint s i n a  proble m increases ,  plannin g 
effectivenes s deteriorates .  Time-constraine d tasks , 
particularl y thos e tha t  appea r  lat e i n th e plan , 
rarel y satisf y thei r  constraints .  Th e proble m lie s i n 
plannin g strategy .  Th e opportunisti c mode l  permit s 
alternativ e planning  strategie s and ,  fo r  heavil y 
constraine d problems ,  a  constraint-base d strateg y i s 
appropriate .  Apparently ,  however ,  mos t  o f  ou r 
subject s di d no t  hav e a  constraint-base d strateg y i n 
thei r  repertoires . 

Planners also have difficulty coping with 
increasin g proble m complexity .  A s th e numbe r  o f  task s 
unde r  consideratio n an d th e numbe r  o f  alternativ e 
possibl e plan s increase ,  planner s requir e 
disproportionatel y longe r  time s t o generat e 
satisfactor y plans .  Thi s proble m als o seem s t o li e i n 
planning  strategy .  Instea d o f  adoptin g a  strateg y 
whic h woul d restric t  attentio n t o a  smal l  numbe r  o f 
th e mos t  promisin g alternatives ,  ou r  subject s appeare d 
willin g t o conside r  ne w alternative s throughou t  a 
planning  session . 

The third deficiency in human planning lies in 
th e are a o f  tim e estimation .  Planner s ten d t o 
underestimat e th e tim e require d t o execut e planne d 
action s and ,  a s a  consequence ,  t o overestimat e th e 
number  o f  action s the y ca n execut e i n th e availabl e 
time .  Thi s tendenc y i s exacerbate d b y tim e stres s (th e 
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tim e require d t o execut e al l  th e action s unde r 
consideratio n divide d b y th e availabl e time) .  Tw o 
factor s contribut e t o thi s problem .  Planner s typicall y 
estimat e tim e requirements  a t  relativel y hig h level s 
of  abstraction .  Becaus e the y fai l  t o enumerat e al l 
time-consumin g component s o f  a n action ,  the y 
systematicall y underestimat e th e tim e require d t o 
execut e it .  Planner s als o respon d t o stron g 
motivationa l  factors .  Thei r  stron g desir e t o 
accomplis h al l  o r  mos t  o f  th e task s unde r 
consideratio n biase s thei r  tim e estimate s towar d 
underestimation .  (Thes e result s ar e discusse d i n mor e 
detai l  i n Hayes-Roth ,  1980. ) 

PRINCIPLES FOR IMPROVING PLANNING PERFORMANCE 

Based on the opportunistic model and the empirical 
result s summarize d above ,  w e develope d th e followin g 
principle s fo r  improvin g plannin g performance : 

Criteria for Selecting Planners 

1. Large-capacity working memory. The 
opportunisti c mode l  describe s people' s tendenc y t o 
"jum p around "  th e spac e o f  possibl e consideration s 
whil e formin g plans .  Thi s suggest s tha t  i t  may b e 
importan t  fo r  planner s t o hav e large-capacit y workin g 
memorie s i n orde r  t o kee p trac k o f  severa l  aspect s o f 
a developin g pla n simultaneously . 

2. Attentional flexibility. Our studies of 
individua l  difference s i n plannin g performanc e showe d 
tha t  goo d planner s shif t  attentio n amon g differen t 
aspect s o f  a  plannin g proble m mor e frequentl y tha n 
poor  planners .  Tlierefore ,  attentiona l  flexibilit y  may 
be anothe r  importan t  characteristi c o f  potentia l 
planners . 

3. Strategic flexibility. Our studies of top-
down versu s bottom-u p plannin g strategie s showe d th e 
impac t  o f  particula r  plannin g strategie s o n th e 
efficac y o f  th e plan s subject s produc e an d o n th e 
efficienc y wit h whic h the y produc e them .  I n addition , 
some subject s appeare d mor e willin g tha n other s t o 
adop t  alternativ e strategies .  Therefore ,  strategi c 
flexibilit y  may b e anothe r  importan t  selectio n 
criterion . 

What  t o Teach  Planner s 

4. Concepts of abstract plans, meta-cognitive 
decisions ,  executiv e decisions ,  an d knowledge-bas e 
decisions .  Ou r  studie s o f  individua l  difference s 
showed tha t  goo d planner s mad e decision s i n al l 
categorie s o f  th e plannin g blackboard ,  wherea s poo r 
planner s mad e onl y certai n kind s o f  decisions .  I n 
particular ,  high-leve l  abstrac t  decisions ,  worl d 
knowledg e decisions ,  metacognitiv e decisions ,  an d 
executiv e decision s distinguishe d goo d planner s fro m 

poor  planners .  Therefore ,  planner s shoul d b e taugh t 
th e role s o f  thes e type s o f  decision s i n th e plannin g 
process . 

5. Domain-specific planning heuristics. Our 
studie s o f  individua l  difference s als o showe d tha t 
good planner s ha d mor e differen t  plannin g specialist s 
tha n poo r  planners .  Therefore ,  planner s shoul d b e 
taugh t  a  variet y o f  domain-specifi c  plannin g 
heuristics . 

6. Costs and benefits of opportunism. There is 
considerabl e evidenc e tha t  mos t  peopl e emplo y som e 
amount  o f  opportunis m i n th e plannin g process . 
Opportunis m provide s planner s freedo m t o examin e 
variou s aspect s o f  a  problem ,  investigat e alternativ e 
pla n configurations ,  etc .  Thi s enable s the m t o 
discove r  solution s tha t  mor e rigi d approache s woul d 
obscure .  O n th e othe r  hand ,  opportunis m require s 
additiona l  tim e an d may lea d planner s dow n 
unproductive ,  a s wel l  a s productive ,  solutio n paths . 
Planner s shoul d b e taugh t  thes e advantage s an d 
disadvantage s an d ho w t o exercis e controlle d 
opportunism . 

7. General planning strategies. As mentioned 
above ,  differen t  plannin g strategie s ar e appropriat e 
unde r  differen t  circumstances .  Planner s shoul d b e 
taugh t  genera l  plannin g strategie s an d th e 
circumstance s unde r  which  eac h i s appropriate . 

8. Judgment and time estimation. Most people 
sho w a  stron g tendenc y t o underestimat e th e tim e 
require d fo r  planne d actions .  A s a  consequence ,  thei r 
plan s ar e unrealisti c an d overru n th e tim e availabl e 
fo r  execution .  Planner s shoul d b e taugh t  cognitiv e 
method s fo r  makin g suc h judgment s mor e reliabl y an d 
more accurately . 

How to Train Planners 

9. Provide explicit instruction. Explicit 
instructio n appear s t o b e a  highl y effectiv e techniqu e 
fo r  trainin g particula r  plannin g strategie s an d 
methods . 

10. Induce illustrative experiences. Many 
planner s see m t o b e abl e t o generaliz e wha t  the y lear n 
fro m on e plannin g proble m t o subsequent ,  simila r 
plannin g problems .  Therefore ,  genera l  strategie s an d 
method s ca n b e taugh t  b y instructin g planner s ho w t o 
use the m o n specifi c  problem s an d providin g 
opportunitie s fo r  the m t o generaliz e the m t o simila r 
problem s . 

J_l. Illustrate effective planning. Because our 
plannin g simulatio n effectivel y mimic s th e cognitiv e 
processe s peopl e us e while  planning ,  i t  may provid e a 
usefu l  mode l  durin g training .  Th e simulatio n coul d b e 
programme d t o illustrat e plannin g strategies . 
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Usefu l  Aid s fo r  Planner s Resourc e Estimatio n 

(Se e th e followin g section. ) 

ONGOING RESEARCH 

As discussed in the introduction to this paper, 
we ar e particularl y intereste d i n developin g compute r 
aid s t o planning .  We believ e that ,  fo r  th e foreseeabl e 
future ,  peopl e wil l  pli y  centra l  role s i n mos t 
importan t  plannin g activities .  Accordingly ,  a n 
effectiv e plannin g ai d shoul d exploi t  people' s 
cognitiv e strength s an d compensat e fo r  thei r  cognitiv e 
weaknesses .  We hav e recentl y begu n workin g o n th e 
desig n o f  suc h a n aid .  Ou r  wor k i n thi s are a focuse s 
on a  differen t  instantiatio n o f  th e sam e genera l 
plannin g task :  projec t  planning .  We chos e thi s tas k 
becaus e i t  i s  a n importan t  real-worl d tas k tha t  coul d 
benefi t  fro m th e developmen t  o f  a  plannin g ai d an d 
becaus e w e hav e contac t  wit h a  variet y o f  peopl e wh o 
carr y o n projec t  plannin g professionally .  Ou r  curren t 
desig n comprise s th e followin g components ; 

Goal Formulation 

Our research suggests that planners suffer three 
deficiencie s i n th e are a o f  goa l  formulation .  The y d o 
not  formulat e complete ,  wel l  define d goal s specifyin g 
al l  o f  th e objectives ,  constraints ,  an d policie s th e 
pla n i n progres s shoul d serve .  The y sometime s 
vacillat e amon g conflictin g goals ,  strivin g t o satisf y 
differen t  goal s a t  differen t  point s i n th e plannin g 
process .  The y tr y t o satisf y to o man y goals ,  give n th e 
availabl e resources .  Th e goa l  formulatio n componen t 
shoul d hel p planner s t o articulate ,  prioritize ,  prune , 
and coordinat e projec t  goals . 

Product Specification 

Given a set of goals, the planner must generate 
functiona l  specification s fo r  projec t  product(s) . 
Presumably ,  developmen t  o f  thes e product s woul d 
satisf y projec t  goals .  Th e problem s i n produc t 
specificatio n ar e tha t  planner s may no t  generat e 
complet e specification s o r  the y may no t  specif y 
product s tha t  systematicall y satisf y projec t  goals . 
The produc t  specificatio n componen t  shoul d hel p the m 
t o d o so . 

Task Analysis 

Given a set of specifications, the planner must 
specif y a  se t  o f  projec t  task s whos e executio n woul d 
implemen t  planne d projec t  products .  Again ,  th e 
problem s ar e tha t  planner s may no t  generat e a  complet e 
set  o f  task s o r  analyz e the m a t  a  sufficientl y lo w 
leve l  o f  abstractio n o r  tha t  the y may no t  specif y 
task s tha t  systematicall y implemen t  projec t  products . 
The tas k analysi s componen t  shoul d hel p the m t o d o so . 

For  eac h tas k unde r  consideration ,  th e planne r 
must  determin e wha t  resource s ar e require d t o execut e 
it .  Ou r  researc h suggest s tha t  planner s ar e undul y 
optimisti c abou t  th e numbe r  o f  task s tha t  ca n b e 
accomplishe d wit h give n fixe d resources .  Th e resource s 
estimatio n componen t  shoul d hel p planner s 
realisticall y asses s th e resourc e requirement s o f 
task s unde r  consideration . 

Resource Al loc.:Lion 

Given limited resources and alternative goals, 
th e planne r  mus t  determin e ho w t o allocat e th e 
availabl e resources .  Ou r  researc h suggest s tha t 
planner s ten d t o sprea d resource s to o thinl y acros s 
to o man y goals .  Th e resourc e allocatio n componen t 
shoul d hel p planner s t o formulat e realisti c allocatio n 
schemes an d t o perfor m cost/benefi t  analyse s o f 
alternativ e allocatio n schemes . 

Scheduling 

The planner must schedule planned tasks in a way 
tha t  provide s adequat e tim e fo r  th e executio n o f  eac h 
task ,  insure s completio n o f  prerequisite s b y th e tim e 
the y ar e required ,  an d minimize s slac k tim e an d othe r 
costs .  Th e schedulin g componen t  shoul d suppor t  thes e 
activities . 

Evaluation 

Our research suggests that poor plan evaluation 
i s a  majo r  impedimen t  t o effectiv e planning .  Poo r 
planner s d o ver y littl e systemati c evaluatio n o f  thei r 
tentativ e plans .  Eve n goo d planner s frequentl y decid e 
arbitraril y  amon g tw o o r  thre e fina l  contenders .  Th e 
evaluatio n componen t  shoul d a t  leas t  asses s whethe r 
th e fina l  pla n meet s criteri a articulate d b y th e 
planner .  I t  shoul d als o asses s th e efficacy , 
efficienc y an d robustnes s o f  th e pla n i n a  simulate d 
environment . 

During the next few years, we plan to refine this 
design ,  implemen t  i t  a s a  compute r  system ,  an d 
evaluat e it s utilit y  i n th e contex t  o f  severa l  Ran d 
projects . 
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Everyda y Proble m Solvin g 

James A. Levin 

Laboratory of Comparative Human Cognition 
Universit y o f  California ,  Sa n Dieg o 

Thi s pape r  wa s generate d throug h th e distribute d 
socia l  processin g o f  th e Laborator y o f  Comparativ e 
Human Cognition ,  wit h specia l  hel p fro m Deni s Newman, 
Naomi  Mlyake ,  Bu d Mehan .  E d Hutchlns ,  Pe g Griffin , 
Hik e Cole ,  an d Harcl a Boruta .  Financia l  suppor t  wa s 
provide d b y Th e Spence r  Foundation . 
Abstract 

Everyday problem solving is different in significant 
ways fro m th e kind s o f  proble m solvin g tha t  tak e 
plac e i n laborator y mlcroworl d settings .  Attempt s t o 
simplif y hav e exclude d importan t  factor s tha t  ca n 
hel p u s understan d aspect s o f  th e proble m solvin g 
tha t  ar e problem s fro m th e poin t  o f  vie w o f  th e 
laboratory .  Thi s pape r  describe s severa l  researc h 
project s tha t  hav e examine d proble m solvin g i n non -
laborator y settings ,  an d som e o f  th e Implication s o f 
thes e studie s fo r  cognitiv e science .  Th e curren t 
notion s o f  distribute d cognitiv e processin g ca n b e 
extende d i n a  powerfu l  wa y t o th e sociall y 
distribute d proble m solvin g characteristi c  o f 
everyda y settings .  Thi s notio n o f  sociall y 
distribute d proble m solvin g ca n the n reflec t  bac k o n 
Individua l  proble m solving ,  whic h whic h i s acquire d 
and ofte n carrie d ou t  i n socia l  settings . 

Someone walk s Int o you r  offic e an d ask s yo u t o 
rpr-ommen d a  pape r  t o rea d a s a n introductio n t o 
researc h o n children' s proble m solving .  Yo u discus s 
wit h th e perso n exactl y wha t  sh e want s t o know ,  yo u 
wal k ove r  t o you r  bookshel f  t o loo k fo r  a n 
appropriat e book ,  yo u cal l  a  frien d o n th e phon e wh o 
migh t  know .  Al l  ver y unexceptional ,  ye t  imagin e tha t 
th e perso n didn' t  allo w yo u t o discus s wit h he r 
exactl y wha t  sh e wante d t o know ,  t o g o t o you r 
bookshel f  o r  cal l  o n th e phone ,  bu t  instea d require d 
you t o answe r  he r  questio n withou t  thes e externa l 
resources .  I n everyda y circumstance s yo u woul d thro w 
her  ou t  o f  you r  office .  Ye t  thes e ar e exactl y th e 
constraint s o f  th e laborator y microworld s withi n 
whic h proble m solvin g i s studied . 

Recentl y a  numbe r  o f  researc h group s hav e bee n 
studyin g proble m solvin g i n non-laborator y settings . 
Thi s wor k ha s som e importan t  implication s fo r 
cognitiv e science :  i t  serve s t o reinforc e th e 
finding s concernin g th e rol e o f  expertis e i n huma n 
proble m solvin g an d exper t  artificia l  intelligenc e 
systems ,  an d thi s non-laborator y wor k extend s beyon d 
th e curren t  proble m solvin g research ,  pointin g t o 
ways t o enric h bot h model s o f  huma n proble m solvin g 
and exper t  Inferenc e systems . 
Expertise. 

Recent  researc h o n exper t  proble m solvin g ha s 
highlighte d th e larg e amoun t  o f  domai n specifi c 
knowledg e an d cognitiv e processe s tha t  constitut e 
oxperlis e (Chas e &  Simon ,  1973 ;  Larkln ,  McDermott , 
Simon ,  *  Simon ,  1980) .  Thes e studie s o f  huma n 
proble m solvin g hav e bee n parallelle d b y th e 
developmen t  o f  artificia l  intelligenc e "expert " 
systems ,  whic h ar e als o characterize d b y a  focu s o n 
domai n specifi c  knowledg e an d inferenc e processes . 

Thi s wor k contrast s wit h th e earl y wor k o n proble m 
solving ,  bot h i n psycholog y an d i n compute r  science , 
whic h postulate d a  fe w al l  powerfu l  genera l  proble m 
solvin g processes ,  tha t  woul d operat e ove r  a  larg e 
passiv e dat a base .  Thes e "centra l  processor "  model s 
hav e bee n displace d b y variou s "distributed "  dat a 
bas e an d processo r  models ,  wit h multipl e concurren t 
pror-osse s tha t  interac t  t o produc e comple x 
procersing . 

The domai n specifi c  focu s o f  exper t  knowledg e ha s 
been reinforce d b y studie s o f  everyda y proble m 
solving .  Fo r  example ,  a  grou p o f  researcher s a t  th e 
Universit y o f  California ,  Irvin e hav e bee n examinin g 
th e way s tha t  ordinar y adult s us e arithmeti c 
knowledg e whil e grocer y shoppin g (Lave ,  1980 ;  D e l a 
Roeha,  Hurtaugh ,  &  Lave ,  1981) .  School s spen d man y 
year s teachin g u s genera l  purpos e algorithm s tha t  ca n 
be use d durin g shoppin g t o calculat e comparativ e 
prices .  Ye t  mos t  o f  thei r  observation s sho w tha t 
peopl e ordinaril y  us e specia l  purpos e heuristic s 
whil e shopping .  Eve n I n thi s mundan e everyda y 
setting ,  peopl e hav e develope d "expertise "  t o carr y 
out  thi s task ,  domai n specifi c  method s tha t  bea r 
littl e resemblanc e t o th e genera l  purpos e 
computationa l  skill s  taugh t  i n school . 

Simila r  researc h b y Scrlbne r  an d he r  associate s 
(Scrlbner ,  1981 )  reinforc e thi s findin g o f  specia l 
purpos e expertis e I n everyda y functioning .  The y 
studie d th e wor k i n a  dair y warehouse ,  examinin g th e 
us e o f  computatio n i n fillin g order s an d determinin g 
tota l  prices .  Th e expert s i n thi s domai n ha d 
develope d specia l  purpos e algorithm s t o allo w the m t o 
functio n efficientl y i n thi s domain . 

Problem Solving vs. Routine Functioning. 
What  i s th e relatio n betwee n expertis e an d proble m 

solving ? Proble m solvin g i s no t  Jus t  accomplishin g 
particula r  kind s o f  task s labele d a s "problems" .  Th e 
processe s involve d i n solvin g mos t  puzzle s ar e 
differen t  th e secon d tim e yo u solv e the m (whe n yo u 
kno w th e answer )  tha n th e firs t  time .  I n fact , 
"expertise "  ca n b e define d a s th e knowledg e an d 
cognitiv e skill s  tha t  allo w a  perso n t o perfor m 
routinel y wha t  othe r  peopl e woul d hav e t o d o throug h 
proble m solving .  Centra l  t o th e definitio n o f 
proble m solvin g i s th e notio n o f  a  "blocke d 
condition "  (Hutchln s &  Levin ,  1981) .  Derive d fro m 
th e Gestal t  studie s o f  proble m solvin g (Kohler , 
1925) ,  thi s occur s whe n a  proble m solve r  i s unabl e t o 
achiev e som e goal ,  afte r  repeate d attempt s t o d o so . 
Proble m solvin g i s th e cognitiv e processin g tha t 
occur s whe n a  proble m solve r  i s  blocked .  Routin e 
functionin g i s th e processin g tha t  occur s whe n 
unblocked . 
Studies of everyday problem solving. 

Severa l  researc h group s hav e examine d ho w peopl e 
dea l  wit h thes e blocke d condition s i n non-laborator y 
settings .  Suchma n (1980 )  di d a n ethnographi c stud y 
of  proble m solvin g i n a n offic e setting ,  settin g dow n 
a detaile d accoun t  o f  accountin g practices , 
especiall y thos e Involve d i n dealin g wit h non -
standar d cases .  Eve n I n th e mundan e work-a-da y 
offic e setting ,  th e executio n o f  explici t 
instruction s remain s "irremediabl y problematic" , 
requirin g Interactiv e wor k o n th e par t  o f  th e 
participants .  Levi n &  Karee v (1980 )  examine d th e 
proble m solvin g o f  childre n i n compute r  clubs .  I n 
bot h thes e studies ,  a  critica l  componen t  o f  th e 
proble m solving ,  whic h i s largel y absen t  fro m 
laborator y studies ,  i s  th e conceptua l  organizatio n 
of  th e task ,  determinin g wha t  th e proble m IS ,  wha t 
ar e th e goal s an d constraint s t o b e satisfied ,  wha t 
action s ar e available . 

The secon d majo r  differenc e betwee n laborator y 
proble m solvin g an d everyda y proble m solvin g i s th e 
much mor e importan t  rol e playe d b y externa l 
resources ,  thos e outsid e th e individua l  proble m 
solver .  Th e laborator y settin g i s relativel y steril e 
of  hel p an d th e experimente r  work s t o kee p i t  tha t 
way.  A  standar d experimen t  woul d no t  b e ru n I n th e 
middl e o f  a  bus y room .  Give n a  puzzl e t o solve , 
i t  i s  no t  considere d prope r  fo r  th e subjec t  t o as k a 
frien d wha t  th e answe r  Is .  However ,  whe n a  perso n 
encounter s a  proble m i n everyda y life ,  askin g someon e 
what  t o d o I s usuall y appropriate . 

The us e o f  socia l  resource s i s probabl y th e 
bigges t  singl e differenc e betwee n standar d laborator y 
setting s an d everyda y settings .  On e o f  th e common strategie s use d b y adult f  whe n face d wit h a n 
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arithmeti c proble m i n a n eveyda y settin g I s t o as k 
someone wha t  th e answe r  I s (Lave ,  1980) .  I n compute r 
clubs ,  childre n hel p an d as k fo r  hel p effortlessl y t o 
get  beyon d mino r  block s s o tha t  the y ca n ge t  o n wit h 
thei r  pla y (Levi n K  Kareev ,  1980) . 

Divisio n o f  labor .  On e o f  th e mos t  Importan t  way s 
tha t  peopl e us e socia l  resource s fo r  proble m solvin g 
I s b y organizin g a  divisio n o f  th e wor k Involved . 
When face d wit h a  ne w compute r  game ,  childre n divid e 
up th e tas k s o tha t  n o chil d I s overwhelme d whil e 
th e gam e get s played .  On e chil d wil l  typ e I n th e 
require d responses ,  anothe r  wil l  tak e ove r  th e 
generatio n o f  guesses ,  other s wil l  evaluat e an d 
modif y th e guesse s (Levi n &  Kareev ,  1980) .  Thi s 
proces s o f  organizin g an d executin g a  divisio n o f 
labo r  i s s o effortles s an d smoot h tha t  repeate d 
viewin g o f  vide o tape d instance s i s require d t o se e 
i t  a t  all . 

Socially distributed problem solving. 
An importan t  contributio n o f  cognitiv e scienc e t o 

th e stud y o f  everyda y proble m solvin g ar e th e 
framework s fo r  distribute d processing .  Usin g thi s 
new processin g "language" ,  researcher s ca n no w tal k 
abou t  th e socia l  distributio n o f  proble m solvin g i n 
many situations ,  characterizin g th e natur e o f  eac h 
processo r  an d th e kind s o f  interaction s tha t  occu r 
(LCHC,  1981 ;  Mehan ,  1981) .  Issue s o f  conflic t 
resolutio n an d informatio n integration ,  centra l 
Issue s fo r  distribute d processing ,  ar e als o 
criticall y importan t  fo r  model s o f  sociall y 
distribute d proble m solving . 

Yet  thi s contributio n I s no t  a  one-wa y street . 
The stud y o f  proble m solvin g tha t  i s distribute d 
ove r  severa l  peopl e ca n sugges t  hypothese s abou t  ho w 
th e sam e proces s migh t  b e organize d cognltivel y whe n 
performe d b y a  singl e person .  A  majo r  issu e fo r  an y 
cognitiv e mode l  i s wha t  i s th e structur e o f  th e 
knowledg e an d processes ,  wha t  ar e th e unit s an d 
subunits .  Th e divisio n o f  a  proble m tha t  ca n b e 
solve d distribute d acros s severa l  peopl e provide s a n 
existenc e proo f  tha t  th e proble m ca n successfull y 
be organize d tha t  way .  Researcher s ca n the n carr y 
out  empirica l  test s o f  whethe r  a n individua l  i n fac t 
doe s organiz e th e tas k tha t  way . 

Aquisitio n o f  expertise .  A  secon d contributio n 
of  thi s approac h t o everyda y proble m solvin g I s t o 
dea l  a t  leas t  partl y wit h th e Issu e o f  acquisition . 
Curren t  researc h o n th e acquisitio n o f  proble m 
solvin g skill s  an d domai n specifi c  expertis e ha s 
concentrate d o n independen t  inventio n (Langley ,  1980 ; 
Lenat ,  1977) .  le t  model s tha t  depen d totall y o n 
independen t  inventio n o f  knowledg e an d processe s 
neve r  ge t  ver y far .  I t  remain s a  majo r  puzzl e ho w 
suc h system s coul d acquir e th e hug e amount s o f  domai n 
specifi c  knowledg e neede d b y experts .  A  wa y t o 
overcom e thi s bloc k wa s pointe d ou t  b y D'Andrade ,  i n 
hi s invite d addres s a t  th e previou s Cognitiv e 
Science s Meetin g (1980) :  peopl e acquir e knowledg e an d 
skill s  fro m othe r  people .  We ar e socialize d withi n a 
ric h culture ,  wher e th e peopl e an d object s ar e a t 
leas t  partiall y  organize d specificall y t o hel p 
novice s becom e expert s i n th e domain s Importan t  fo r 
functionin g I n th e world .  Childre n ar e taugh t  th e 
importan t  fact s o f  life ;  beginner s ar e traine d t o 
becon e experts . 

Fro m thi s poin t  o f  view ,  th e acquisitio n o f 
expertis e ca n b e characterize d a s th e progressiv e 
internalizatio n b y th e learne r  o f  sociall y 
distribute d processing .  A  perso n generall y become s 
an exper t  i n a  settin g wher e he/sh e ca n graduall y 
tak e o n mor e an d mor e o f  th e effor t  i n handlin g task s 
tha t  expert s i n th e domai n handle .  Childre n wh o ar e 
novice s a t  a  compute r  gam e initiall y  divid e th e tas k 
ove r  severa l  childre n an d adults .  Gradually ,  eac h 
chil d take s ove r  mor e an d mor e functions ,  s o tha t 
fewe r  childre n hav e t o cooperat e t o accomplis h th e 
task .  Finall y a  chil d ca n pla y th e gam e alone . 
Thi s progressiv e acqulstio n o f  a  proces s initiall y 
distribute d sociall y i n fac t  ca n provid e a  rational e fo r  th e wa y tha t  th e cognitiv e processe s ar e 

distribute d withi n a n individua l  expert ,  a 
distributio n tha t  allow s th e exper t  t o dra w smoothl y 
upon socia l  resource s wheneve r  problem s arise . 
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Marriag e i s a  Do-It-Yourscl f  Project : 
The Organizatio n o f  Marita l  Goal s 

Naomi Quirm 
Duke IMivereit y 

In the story understanding 111erature,a class 
of  storie s whic h i s o n It s wa y t o becomin g somethin g o f 
a famou s example ,  ha s t o d o wit h gettin g married .  On e 
typica l  variant ,  use d b y Wllensk y (1978 :  67) ,  goe s lik e 
this : 

John was tired of frequenting the local singles' 
bar .  H e decide d t o ge t  married . 

The point of this story is that to understand how 
gettin g marrie d coul d possibl y replac e goin g t o a 
singles '  bar ,  th e reade r  mus t  kno w tha t  a  stat e suc h a s 
marriag e ca n subsum e goal s tha t  aris e repeatedly .  I n 
thi s cas e th e goa l  i s Satlsfy-SEX .  A  serie s o f  variant s 
of  thi s story ,  however ,  demonstrat e tha t  marriag e may i n 
fac t  subsum e a  variet y o f  suc h recurrin g goals : 
John was feeling lonely every evening. He 

decide d t o ge t  marrie d (Wilensk y ibid. ;  72) . 

Mary wa s tire d o f  workin g fo r  a  living . 
decide d t o qui t  he r  jo b an d ge t  marrie d 
(Wllensk y ibid. :  77) . 

She 

Schank an d Abelso n Introduc e tw o othe r  variant s 
(1977 :  126 )  t o Illustrat e a  furthe r  characteristi c o f 
goal  subsumption : 

After his marriage with Mary broke up, John 
bega n frequentin g th e loca l  singles '  bars . 

After his marriage with Mary broke up, John 
decide d t o joi n a  ches s club . 

To understand these stories we need to realize, Schank 
and Abelso n (Ibid. )  say ,  tha t  "goal s tha t  aris e vi a 
subsumptio n ten d t o subsum e mor e tha n a  singl e goal. " 
"Bein g married, "  the y note ,  "ca n subsum e th e se x urg e 
goal ,  goal s o f  socia l  stimulation ,  th e desir e t o hav e 
children ,  t o hav e powe r  ove r  anothe r  person ,  o r  t o b e 
wit h a  love d one. "  Wllensk y (Ibid. :  77 )  view s thi s 
tendenc y t o goa l  multiplicit y a s a  distinctiv e propert y 
of  socia l  relationships : 
Since there Is typically more than one 

obligatio n impose d upo n th e member  o f  a 
relationship ,  socia l  relationship s usuall y 
subsume mor e tha n on e goal .  Fo r  example , 
bein g marrie d t o someon e usuall y subsume s a 
number  o f  recurrin g goal s i n additio n t o 
thos e fo r  whic h mone y I s instrumental . 
Sinc e bein g marrie d obligate s eac h partne r 
t o hav e se x wit h th e other ,  an d sinc e havin g 
a willin g partne r  I s a  preconditio n fo r 
havin g sex ,  the n marriag e subsume s th e 
recurrin g Satlsfy-se x goal .  Also ,  sinc e 
marriag e require s th e partner s t o liv e 
together ,  the n i t  subsume s th e recurrin g 
Enjoy-compan y goa l  t o whic h bein g nea r  a 
love d on e i s instrumental . 

These examples promote a certain view of social 
relationship s a s bundle s o f  discret e goal s whic h happen , 
perhap s becaus e o f  cultura l  convention ,  t o b e package d 
together .  A s Schan k an d Abelso n (Ibid. :  127 )  summarize , 
"Eac h socia l  relationshi p carrie s wit h i t  a  packe t  o f 
goals. "  Thi s pape r  i s offere d a s a n alternativ e t o 
tha t  particula r  vie w o f  goal s an d socia l  relationships . 
I t  argue s tha t  marita l  goal s ar e no t  s o muc h package d 
togethe r  a s highl y organized ,  an d tha t  wha t  organize s 
the m I s a n underlyin g mode l  o f  marriag e which ,  fa r 
fro m bein g fixe d an d conventional .  I s constructe d b y 
th e Individua l  I n th e cours e o f  th e relationship . 
Perhap s th e bes t  wa y t o Introduc e thi s vie w o f  th e 

organizatio n o f  goal s I s t o quot e som e statement s b y 
Alex ,  a n Interviewe e o f  mine ,  o n th e subjec t  o f  hi s 
marriage .  Talkin g abou t  hi s preconception s o f  marriage , 
he says , 

6H-1: Well yeah 1 thought it was all going 
t o b e wonderful .  Yo u kno w i t  was—th e probler n 
of  se x wa s goin g t o b e solved .  Yo u kno w I  wa s 
an adolescen t  o r  barel y ou t  o f  adolescence , 
you know—thi s wa s a  wonderfu l  idea .  And ,  I 
don' t  know...yo u know—th e Idea—and—yo u 
really—you'r e askin g som e goo d question s 
becaus e ther e reall y ar e som e thing s tha t  I 
kne w abou t  an d tha t  I  wanted .  A  companio n an d 
friend .  Probabl y th e most .  Yo u know ,  th e 
thing s tha t  I  di d wan t  an d I  go t  ou t  o f  th e 
marriage .  Tha t  seeme d Importan t  then—t o hav e 
someone ther e al l  th e tim e tha t  yo u coul d rel y 
on.  An d tal k t o al l  th e tim e abou t  things . 
Somebody t o hel p an d somebod y t o hel p you ,  yo u 
know,  tha t  seeme d lik e a  rea l  goo d idea .  Tha t 
seemed lik e somethin g I  reall y wanted .  I t 
seemed lik e somethin g tha t  w e go t  ou t  o f  th e 
marriage .  Somebod y alway s there . 

In a second Interview, he goes back to this issue: 
6H-2: I think, right from the very beginning, I 

believ e I  mentione d o n th e othe r  tap e tha t  I 
fel t  the—talkin g abou t  the—wha t  was—di d yo u 
expec t  gettin g marrie d tha t  I  di d fee l  a  nee d 
fo r  a  companio n an d somebod y t o b e wit h me an d 
t o fulfil l  somethin g tha t  wa s empty ,  I  didn' t 
kno w wha t  i t  was .  An d I  thin k tha t  migh t  hav e 
been th e firs t  step—th e firs t  stag e o f  love . 
But  no w I' d sa y tha t  lov e is ,  t o me ,  i s th e 
desir e t o giv e mor e t o th e othe r  perso n tha n 
you'r e givin g t o yourself ,  a t  times .  Yo u 
kno w it' s  the ,  no t  onl y willingnes s t o 
accep t  th e par t  o f  marriag e wher e yo u hav e t o 
chang e an d adjust ,  bu t  a  stron g desir e t o d o 
so .  No t  onl y th e willingnes s t o accep t  tha t 
ther e ar e time s whe n th e othe r  part—perso n 
or  partne r  migh t  nee d som e help .  Bu t  th e 
desir e t o giv e help .  T o tha t  person .  Th e 
sor t  o f  lov e o f  th e fulfillin g th e othe r 
person' s needs . 

Later in the same Interview, talking about why some of 
th e couple s the y ha d bee n throw n togethe r  wit h i n th e 
Navy ha d marita l  difficulties : 
6H-2: Therewere certain things they married for. 

They' d gotte n whic h i t  ma y hav e bee n thei r 
dinne r  o n th e tabl e ever y nigh t  and ,  yo u V.no« , 
a war m bod y nex t  t o yo u i n bed .  Kn d I t 
suddenl y wen t  beyon d that .  I t  suddenl y go t 
int o conversation .  An d support ,  thing s o f 
tha t  sort .  An d that's—tha t  cause d som e 
difficulties . 

In a later interview, he describes giving advice to a 
Navy shipmate : 

6H-^: And he said he was going to get married and I 
said ,  "Well, "  I  said ,  " I  hop e yo u thin k abou t 
i t  rea l  har d becaus e I  thin k yo u migh t  fin d 
marriag e t o b e a  littl e bi t  surprisin g tha n 
what  I t  is .  Becaus e i t  wa s fo r  me .  Shockin g 
sometimes ,  yo u know ,  tha t  i t  wasn' t  al l  lov e 
and se x an d that' s it .  Yeah ,  tha t  ther e wa s 
some wor k t o b e done. " 

The first thing to be said about the '"goal 
subsumption "  mode l  o f  ro.Trriage,  then .  I s tha t  I t  I s a 
fol k model .  Th e reaso n wh y w e understan d marriag e a s 
subsumptio n o f  a  particula r  se t  o f  goals ,  i s  no t  becaus e 
socia l  relationship s necessaril y  subsum e multipl e goals , 
but  becaus e th e goa l  subsumptio n mode l  o f  marriag e I s a 
ver y common preconceptio n i n ou r  society .  T t  i s  not . 31 



however ,  th e onl y myt h abou t  marriage ;  another , 
sub-cultura l  one .  I s expresse d I n th e followin g segment s 
fro m Interview s wit h anothe r  husband , 

2H-7: The marriage thing, I think basically, 
i s  Jus t  a  menta l  thin g wher e yo u know ,  you'v e 
hear d s o man y thing s abou t  marriag e lik e I t ' s — 
marriag e hav e becom e somethin g lik e a  negativ e 
thing .  Yo u know ,  a  lo t  o f  people ,  yo u know , 
yo u know ,  it' s  Just—yo u jus t  hea r  s o much , 
you'v e neve r  bee n marrie d s o yo u don' t  know . 
You kno w yo u Jus t  hea r  s o man y thing s abou t 
when you'r e married ,  yo u know ,  thing s reall y 
change .  You r  wif e don' t  le t  yo u g o ou t  or , 
yo u know ,  you r  husban d don' t  le t  yo u g o ou t 
and ,  yo u hav e to—yo u know ,  yo u neve r  hav e 
any money ,  yo u can' t  spen d mone y o n wha t  yo u 
want  to .  Yo u kno w yo u hea r  s o man y things — 
when yo u ge t  marrie d you r  wif e don' t  wan t  yo u 
sexuall y anymor e o r  yo u don' t  wan t  you r  wif e 
and yo u hav e t o b e sneakin g her e an d ther e 
tryin g t o d o things .  Yo u know ,  thes e ar e 
thing s tha t  yo u hea r  an d becaus e o f  al l  this , 
yo u know ,  yo u know ,  it' s  lik e yo u hav e a — 
it' s  Jus t  lik e yo u sor t  o f  tak e cautio n an d 
say ,  "Wel l  let' s  tr y i t  ou t  firs t  an d the n 
we'll"—yo u know — 
You hea r  i t  al l  you r  lif e fro m a  ki d o n u p 
and fro m variou s people . 

2H-7: Your wife won't let you out and—or 
yo u go t  t o b e doin g something .  Yo u go t  t o 
kee p th e baby ,  you'r e babysitting ,  yo u know . 
And the y sa y thing s like ,  "You'r e babysittin g 
whil e you r  wif e i s ou t  i n th e streets ,  yo u 
know,  playin g around."  Or  yo u know ,  yo u know , 
the y pu t  a  lo t  of ,  yo u know ,  it' s  a  lo t  o f 
fear s being—it ,  yo u know ,  i t  b e a  lo t  o f 
fears— a lo t  o f  thing s tha t  people—yo u know , 
it' s  jus t  constantly ,  yo u know . 

2H-7: You know, so it's Just something 
constantl y yo u know .  It' s  lik e something — 
lik e it' s  th e en d o f  th e road ,  yo u know ,  t o 
get  married .  It' s  lik e you—you'r e jus t 
crazy .  You'r e ou t  o f  you r  mind ,  yo u know . 

2H-7: Okay, I'm single, okay and I'm going 
out  an d mayb e on e o f  my—somebody I  kno w a 
budd y o r  somebod y that' s married .  Okay ,  yo u 
hear  fro m women an d men .  Okay ,  an d you'r e 
singl e an d peopl e tel l  you ,  "Oh ,  you'r e s o 
lucky. "  Yo u know ,  yo u know ,  'You'r e singl e 
and yo u ca n g o ou t  her e an d se e al l  thes e 
women yo u wan t  t o see ,  yo u know ,  anywhere — 
yo u know ,  you'r e just—you'r e livin g th e 
life ,  yo u know ,  an d they'r e makin g yo u fee l 
like ,  "God, "  yo u know ,  "Marriag e i s lik e th e 
end o f  everything, "  yo u know . 

Marriage, In this view of Jimmy's does not so much 
solv e th e proble m o f  se x a s creat e it : 
2H-7: Marriage or whatever it is—it's a sex 

thing ,  yo u know .  Yo u go t  to—you r  se x go t  t o 
be cookin g al l  th e time ,  yo u know ,  o r  else , 
yo u know ,  yo u ain' t  doin g nothing ,  yo u know . 
And you'r e wif e may essential—o r  whoeve r  may 
Jus t  leav e yo u because ,  yo u know—or  yo u may 
hav e t o leave ,  yo u know ,  you r  wif e o r  you r 
woman because—o r  g o fo r  somebod y that's , 
yo u know ,  tha t  thing s ar e rolling ,  yo u know . 
Thi s i s wha t  societ y ha s pu t  int o you . 

Becaus e o f  thi s ver y stron g stereotyp e h e ha s bee n 
taught ,  Jimm y decide d h e i s neve r  goin g t o ge t  married , 

2H-2: I wouldn't want anything like a marriage 
t o Interfer e wit h my norma l  wa y o f  living .  I 
wouldn' t  wan t  t o Interrup t  my lif e t o be—yo u 
know,  mayb e becaus e I  fee l  lik e I  woul d probabl y 
be unhapp y becaus e n o woman woul d reall y giv e 
me,  maybe ,  th e freedo m tha t  1  need . 

Jlnmy's model might be dubbed the "goal-frustration" 
model  o f  marriage .  Ou r  cultura l  knowledg e o f  thi s 
model  shoul d assis t  u s i n understandin g storie s suc h as , 

Jimmy wanted his freedom. He decided not to 
get  married . 

or 

Jimmy di d no t  wan t  t o fee l  lik e h e ha d t o kee p 
sex cookin g al l  th e time .  H e determine d neve r 
t o ge t  married . 

The real-life excerpts above are taken from 
Interview s wit h tw o husband s i n a  large r  study ,  durin g 
whic h eac h spous e i n eleve n marriage s ha s bee n 
interviewe d fo r  a n averag e o f  15-1 6 hour s apiece . 
Interviewee s describ e thei r  preconception s o f  marriage , 
and mak e clea r  I n th e cours e o f  thes e extende d 
interview s wha t  the y thin k thei r  marriage s turne d ou t 
t o be .  T o Illustrat e ho w goal s ar e organize d b y thes e 
understanding s o f  marriag e whic h emerg e i n th e cours e 
of  it ,  I  woul d lik e t o provid e a  somewha t  extende d 
analysi s o f  Alex' s conceptualizatio n o f  hi s marriage , 
whic h 1  wil l  the n compar e wit h a  somewha t  briefe r  loo k 
at  anothe r  marriage . 
First of all, Alex sees his marriage as a joining 
togethe r  o f  tw o people ,  expresse d mor e specificall y i n 
two metaphor s h e use s agai n an d again :  MARRIAGE I S 
BEING A  COUPLE an d MARRIAGE I S A  PERSON.  Th e firs t  o f 
thes e metaphor s i s characteristi c o f  hi s description s 
of  th e earl y perio d o f  hi s thirteen-yea r  marriage ,  fo r 
exampl e i n thi s remembranc e o f  th e decisio n t o hav e a 
chil d whil e h e wa s i n th e Navy : 
6H-1: After I got the first promotion with 

th e ide a tha t  th e secon d on e migh t  b e coming . 
I  thin k that' s ho w i t  wa s an d tha t  wa s quit e 
successfu l  becaus e Shirle y go t  pregnan t  righ t 
away.  An d she ,  yo u know ,  whe n I  go t  bac k fro m 
Guantanam o sh e tol d me an d w e tol d th e new s 
t o everybod y an d i t  wa s a  reall y bi g deal . 
And I  thin k tha t  th e apartmen t  an d th e bab y 
and al l  o f  tha t  stuf f  reall y bega n t o com e 
down o n us ,  yo u know ,  an d w e starte d believin g 
tha t  w e wer e trul y a  couple .  An d w e wer e trul y 
a famil y an d reall y married . 

Here the equation between being married and being a 
coupl e i s explicit ;  an d bein g a  coupl e i s als o equate d 
wit h bein g a  family .  Al l  thre e continu e t o b e use d 
interchangeabl y throughou t  Alex' s interviews .  Th e 
firs t  identit y i s explore d i n th e followin g remark s 
abou t  a  coupl e the y kne w i n th e Navy : 

6H-2 :  Yo u kno w it' s  funn y there' s eve n a 
coupl e tha t  w e go t  t o kno w i n Icelan d tha t 
wer e Jus t  datin g there ,  the y Jus t  met  there . 
One o f  th e teacher s an d a  fello w tha t  wa s u p 
ther e wh o didn' t  ge t  marrie d fo r  years ,  bu t 
di d later .  I  mea n the y wen t  of f  o n thei r 
own—he wen t  further—h e wen t  ou t  t o th e Wes t 
Coast  an d go t  a  ship .  Sh e wen t  t o Okinaw a t o 
teach .  An d the y eventuall y go t  married .  An d 
we kne w the m ver y well ,  an d wer e clos e t o 
the m an d the y wer e jus t  datin g then .  An d the y 
ende d u p gettin g marrie d an d havin g a  ver y 
soli d marriage ,  no w wit h a  child .  An d w e se e 
them ,  the y live d i n Okinaw a fo r  a  whil e an d 
the n the y wen t  t o Germany .  An d that' s another — 
it' s  amazin g ho w tha t  happened . 
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I :  Why? 

6H-2: Well that—I still feel like—I still— 
I  kne w the m a s a  couple ,  eve n then .  You  kno w 
I  alway s sa w the n a s a  couple ,  eve n thoug h 
the y really—the y weren' t  I n th e sam e 
relationshi p a s th e othe r  couple s tha t  w e 
knew,  bu t  the y ende d u p tha t  way .  What' s 
amazin g i s ho w tha t  coupl e forme d th e sam e 
sor t  o f  marriag e tha t  th e othe r  marrie d 
couple s tha t  w e kne w alread y had . 

Alex is amazed that his perception of them as a married 
coupl e turne d ou t  t o b e accurate .  Th e secon d equation , 
betwee n bein g a  coupl e an d bein g a  famil y i s elaborate d 
furthe r  i n thi s segment : 

6H-1: That, you know, we were now a family. 
Jus t  th e tw o o f  us ,  w e wer e a  family ,  an d 
that—an d th e commitmen t  wa s t o mak e tha t 
famil y move .  You  know ,  tha t  i t  wa s goin g t o 
be a  soli d thing—yo u kno w I t  va s goin g t o b e 
a—you kno w jus t  lik e th e parents '  ha d been — 
the y were—an d al l  th e peopl e w e knew ,  aroun d 
us .  Remember  o f  cours e tha t  thi s mas s divorc e 
thin g whic h i s goin g o n now ,  hadn't—wa s no t 
goin g o n then .  Thi s was—we go t  marrie d i n 
'67 ,  1  gues s I t  was .  Januar y '67 . 

A couple is a family. This excerpt also Introduces a 
goal—t o mak e tha t  famil y move .  Th e juxtapositio n o f 
thi s observatio n wit h th e comment s abou t  contrastin g 
marriage s bac k the n wit h th e mas s divorc e o f  th e 
presen t  tim e make s clea r  tha t  wha t  Ale x mean s b y a 
famil y tha t  move s i s a  marrlaji e whic h doe s no t  en d i n 
divorce .  Thu s on e goa l  o f  BEIN G A  COUPLE (an d henc e a 
family )  i s  permanence .  Thi s excerp t  als o hint s a t  ho w 
tha t  permanenc e i s t o b e attained—a n issu e whic h wil l 
be take n u p below . 
The COUPLE metaphor Is associated not only with the 
goal  o f  permanence ,  bu t  als o wit h th e furthe r  goal s 
(Preservatio n Goals ,  i n Schan k an d Abelson' s ibid. : 
115-116 )  o f  exclusivity ,  proximity ,  an d share d 
experience .  Th e firs t  o f  thes e goal s emerge s i n Alex' s 
description s o f  severa l  incident s earl y i n th e marriage , 
revolvin g aroun d hi s wife' s fllrtatlousnes s an d untowar d 
Interes t  i n men .  Ale x ha s thi s t o say : 
6H-1: 1 think I decided It was time for 

Shirle y t o sto p foolin g aroun d wit h an y othe r 
guys .  An d tha t  [GETTIN G HARRIED)  wa s th e on e 
way 1  though t  I  coul d convinc e he r  t o d o that . 
Othe r  tha n tha t  sh e wa s goin g t o part y fo r  th e 
res t  o f  he r  life . 

from which it is clear that being married implies 
exclusivity .  Th e relationshi p betwee n BEIN G A  COUPLE 
and exclusivit y I s stil l  cleare r  i n anothe r  strikin g 
passag e abou t  hi s respons e t o he r  emotiona l  ti e t o he r 
parents : 
6H-1: I think it was significant because you 

kno w I  mad e a  ver y stron g decisio n the n and , 
you know ,  we—Shirle y wen t  alon g an d I  thin k 
tha t  wa s on e o f  th e firs t  time s tha t  I  ha d 
said ,  "I' m goin g t o separat e yo u fro m you r 
parents. "  I n a  ver y decisiv e manne r  an d 
"Thi s I s wha t  we'r e goin g t o do. "  An d yo u 
know,  "You'r e goin g t o follo w me here ,  you'r e 
goin g t o g o wit h me her e a s you r  husband. " 
Maybe I t  was ,  you  know—lookin g bac k o n tha t 
I—maybe tha t  seems—sound s a  littl e 
chauvinisti c bu t  1  thin k I t  wa s a  declaratio n 
tha t  w e hav e a  marriag e an d it' s  jus t  tw o o f 
us i n thi s marriag e no t  four . 

Thi s segmen t  offer s a n unusuall y clea r  glimps e Int o th e 
interna l  logi c b y whic h a  goa l  follow s fro m a  metaphor — 
probabl y becaus e Ale x i s her e recappin g th e ver y 
argumen t  whic h h e use d t o persuad e hi s wife .  Thu s "w e 
hav e a  marriage "  set s ou t  th e initia l  assumption ;  "it' s 
jus t  th e tw o o f  u s i n thi s marriage "  establishe s th e 
identit y o f  a  "marriage "  wit h a  "couple" ;  "no t  four "  I s 
a logica l  inferenc e followin g fro m "jus t  th e tw o o f  us, " 
and i n tur n supplie s a  reaso n fo r  th e goa l  o f 
exclusivity ,  her e t o b e realize d b y separatin g he r  fro m 
her  parents .  Suc h a  chai n o r  reasonin g I s no t  ofte n 
made explici t  i n thes e description s o f  marriages ; 
rather ,  th e lin k betwee n a  give n marita l  metapho r  an d 
a give n marita l  goa l  mus t  ofte n b e inferre d fro m thei r 
juxtaposition ,  fro m mor e scattere d piece s o f  logi c 
whic h ca n b e piece d togethe r  t o relat e them ,  an d fro m 
thei r  recurrenc e an d emphasi s a s common theme s i n a 
give n individual' s interviews .  Thus ,  i t  doe s no t 
surpris e u s t o lear n tha t  Ale x repeatedl y stresse s th e 
furthe r  goa l  o f  proximity .  Talkin g abou t  thei r  decisio n 
whethe r  o r  no t  t o accep t  .- > pos t  i n Iceland ,  a  statio n 
whic h provide d housin g fo r  families ,  h e says : 
6H-2: I think if you're separated by necessity, 

i f  ther e i s n o choic e abou t  it ,  that' s on e 
thing .  The n yo u become—yo u know ,  you'r e tie d 
togethe r  b y you r  letter s an d you'r e bot h 
fightin g it .  An d that' s a  differen t  thing . But  t o b e give n a  chance—t o b e tol d tha t  you 
may sta y togethe r  tha t  everythin g ha d bee n 
cleared ,  tha t  w e ha d a  place .  I t  ha d al l  bee n 
settled ,  an d the n t o say ,  "I' m no t  goin g t o go. " 
That  woul d hav e bee n a  breac h o f  th e fait h o f 
th e marriage .  I t  woul d hav e bee n har d t o 
overcome . 

Choosing to stay together at every opportunity Is a 
consequenc e o f  th e proximit y goal ;  an d maintainin g tie s 
durin g force d separations  i s a n attemp t  t o overcom e th e 
circumstance s whic h preven t  proximity .  Letter-writin g 
was a  majo r  shipboar d activit y durin g hi s oversea s 
trip s i n th e Navy ;  an d nowadays ,  o n busines s trips ,  h e 
makes lon g dall y phon e call s home .  Whil e separation s 
can b e "fought "  i n thes e ways ,  a  marriag e may no t  b e 
abl e t o sustai n extremel y length y ones : 
6H-2: But I thought that would be two years 

lik e tha t  [APART ]  woul d hav e don e sever e 
damage t o ou r  marriage .  I  thin k i t  would , 
you  know ,  i t  woul d hav e don e sever e damag e 
and i f  w e weren' t  th e sam e peopl e tha t  w e ar e 
righ t  no w tha t  migh t  hav e happened .  An d tha t 
ther e I s on e o f  th e weakenin g thing s o f  a 
tri p oversea s lik e that . 

It can be Inferred that separation causes damage by 
blockin g th e proximit y goal ,  jus t  a s Shirley' s 
flirtation s blocke d th e exclusivit y goal .  Elsewher e h e 
describe s he r  fllrtatlousnes s a s "jeopardizin g ou r 
relationship "  befor e the y wer e married . 
Another consequence of the proximity goal is that 
parting s ar e difficult ;  a  nimibe r  o f  incident s hav e t o 
do wit h sorrowfu l  departures : 
6H-6: I think the thing that bothers me the 

most  an d sometime s I t  bother s me whe n I  leav e 
i n th e mornin g I s i f  somethin g happen s t o 
eithe r  on e o f  u s an d we'l l  don' t  se e eac h 
othe r  again .  An d tha t  make s me—I—ever y onc e 
I n a  whil e tha t  though t  strike s me—maybe i t 
doesn' t  othe r  peopl e wh o ar e married—an d I t 
makes me ver y sad .  An d I  jus t  wan t  t o g o bac k 
and sa y som e more—an d sometime s we're—it' s 
ver y har d fo r  us ,  yo u know ,  we'l l  b e ver y slo w 
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at  partin g an d Shirle y wil l  som e mornings , 
yo u know .  Jus t  goin g t o wor k Shirley'1 1 b e 
at  th e doo r  wavin g t o me an d stuff .  That' 9 
Importan t  1  thin k t o bot h o f  u s tha t  w e d o 
car e enoug h that—an d eve n littl e departure s 
ar e Important . 

Talking about his out-of-town business trips, which 
he doe s no t  enjoy ,  Ale x dwell s o n anothe r  goal—tha t  o f 
sharin g experience .  Thi s ca n b e see n a s a  logica l 
consequenc e o f  th e proximit y goal .  Share d experienc e 
bot h require s proximity ,  an d affirm s it . 

6H-6: Now I would not choose to take a 
vacatio n alone .  Tha t  woul d b e terribl e t o me . 
I  woul d prefe r  t o hav e Shirle y wit h me .  O n 
any sor t  o f  vacatio n o r  pleasan t  busines s a t 
all .  An y sor t  o f  rea l  pleasan t  tim e I  prefe r 
t o hav e he r  wit h me becaus e i f— I  reall y woul d 
prefe r  t o shar e thos e experience s wit h her . 
I n fact ,  on e o f  th e thing s tha t  I  don' t  lik e 
abou t  th e trip s is—thos e trip s whic h ar e 
clearl y jus t  fo r  me .  When I  d o g o t o someplac e 
ver y goo d t o ea t  o r  I  ge t  t o g o t o a  show ,  I 
reall y fee l  badl y abou t  he r  no t  bein g ther e 
becaus e w e don' t  hav e tha t  a s a  share d 
experienc e anymore .  An d thos e show s an d goo d 
meal s an d thing s lik e tha t  tha t  we'v e don e a s 
a share d thin g ar e reall y importan t  t o u s an d 
hav e been—ar e goo d moment s fo r  u s i n ou r 
marriage . 

So much so that, 
6H-6: I'd probably feel more guilty about 

goin g t o a  sho w tha n almos t  anythin g els e we' d 
do becaus e th e tw o o f  u s lov e t o g o t o a  show . 
And I  woul d probably—I' m goin g t o b e I n Ne w 
Yor k fo r  abou t  a  week—or  i n Stamfor d fo r  abou t 
a wee k i n January .  An d I' m goin g t o b e i n — 
abou t  8  day s I' m goin g t o b e awa y i n Januar y 
includin g 4  o r  5  i n Stamford .  An d whe n we'r e 
i n Stamfor d w e ofte n ge t  ticket s t o Ne w Yor k 
shows—tak e a  trai n in .  An d I' m sur e we'l l 
go se e som e shows .  I' m goin g t o tr y my bes t 
t o go—t o tal k peopl e int o show s tha t  Shirle y 
woul d no t  wan t  t o g o to ,  bu t  I  would . 

And as the following excerpt shows, this goal of 
sharin g experience s ha s a  no t  inconsequentia l  influenc e 
on th e couple' s economi c decisions : 

6H-6: But I also think that it's excellent 
when I—yo u know ,  whe n I  ca n hav e th e chanc e 
t o hav e J .  along .  No t  t o sho w he r  tha t  I' m 
workin g har d becaus e I  wouldn' t  tak e he r  o n 
a tri p whe n there' s n o choic e bu t  t o wor k 1 2 
hour s a  day .  Lik e th e tri p t o th e Carribea n 
woul d hav e bee n ridiculou s fo r  he r  t o g o o n 
becaus e i t  was—ther e were—day s bega n a t 
7 i n th e mornin g an d endin g a t  7:3 0 i n th e 
evenin g o f  work .  An d nothin g pleasan t  a t  al l 
happening .  Bu t  I f  it' s  goin g t o b e fo r  a 
meetin g situatio n wher e th e amount—actua l 
wor k I s margina l  an d ther e ar e spous e affair s 
goin g alon g wit h i t  an d ther e ar e mayb e eve n 
some socia l  affair s wit h I t  a  danc e o r  dinner s 
or  thing s o f  tha t  sort .  An d it' s  apparen t 
tha t  a  wif e woul d be—o r  a  spous e woul d b e ver y 
much welcom e an d comfortabl e ther e the n yes , 
you know ,  b y al l  mean s we'v e gon e Int o deb t 
ove r  those .  I  mea n w e reall y have .  We'v e 
spen t  mor e tha n w e shoul d hav e ofte n o n those , 
withou t  a  hesitan t  mind ,  an d I  stil l  don' t 
loo k bac k o n the m an d thin k tha t  tha t  wa s mone y 
wasted .  B y n o mean s wa s tha t  mone y wasted . 

They hav e "mad e a  lo t  o f  wonderfu l  trips' '  whic h hav e 
"bee n on e o f  th e highlight s o f  ou r  marriage. "  Sh e i n 
turn ,  jump s a t  th e chanc e t o g o o n a  tri p wit h him ,  an d 
Insist s tha t  the y fin d a  recreationa l  activit y t o d o 
together—th e on e the y hav e settle d o n i s ic e skatin g 

6H-2: Because at the time we were sort of 
lookin g fo r  somethin g t o d o togethe r  an d 
Shirley—th e option s sh e ha d brough t  u p wer e 
unacceptabl e t o me ,  particularl y th e on e t o 
go squar e dancing .  Tha t  wa s on e tha t  I  ha d 
just—w e trie d som e sports ,  w e di d volleybal l 
fo r  a  whil e bu t  the n I  jus t  hur t  my shoulder . 
And I  couldn' t  pla y volleybal l  anymore .  Bu t 
we—Shirle y said ,  I  remembe r  he r  saying ,  "W e 
don' t  d o anythin g together, "  o r  something ,  yo u 
know,  sh e ha d on e o f  these—an d I  was ,  I  said , 
"That' s crazy. "  Yo u know ,  "W e liv e togethe r 
we hav e al l  sort s o f  thing s w e d o togethe r  al l 
th e time, "  bu t  sh e wante d somethin g specifi c 
she coul d pu t  he r  finge r  o n tha t  w e di d 
together . 

Just as forced separations are met by attempts to 
remai n tie d togethe r  a t  a  distance ,  unavoidabl e 
occasion s whe n pleasurabl e experience s canno t  b e share d 
ar e countere d wit h effort s t o shar e thes e experience s 
vicariously : 
6H-6: If I go to a show I—once I've gone, 

yo u know ,  onc e it' s  to o late ,  yo u know ,  no t 
t o go .  I  tr y t o tel l  he r  a s muc h a s I  ca n t o 
shar e wit h her .  Sh e spend s a  lo t  o f  tim e 
lookin g rea l  sa d whe n I' m tellin g he r  abou t 
it .  T o mak e sur e tha t  I  kno w tha t  sh e woul d 
prefe r  t o hav e bee n ther e bu t  I  d o tel l  her . 
In—and nea t  restaurant s tha t  I'v e bee n t o o r 
somethin g lik e that .  Place s tha t  I  woul d lik e 
to ,  i n th e future—us ,  yo u know ,  hav e u s g o t o 
together . 

Jus t  a s h e fille d hi s oversea s letter s wit h detail s o f 
hi s lif e i n th e Navy ,  h e share s wit h he r  al l  th e detail s 
of  hi s busines s trips—"An d th e tri p i s somethin g t o b e 
discusse d wit h he r  a s fa r  a s I' m concerned"—a s wel l  a s 
th e in s an d out s o f  offic e politics .  A  medi a specialis t 
fo r  a  larg e company ,  h e bring s al l  o f  th e film s h e ha s a 
hand i n producin g hom e fo r  he r  t o view .  Sh e alway s 
presse s hi m fo r  mor e detail s o f  hi s solitar y trips : 
6H-6: My memory is not as good as hers for 

details .  An d sh e alway s want s mor e detail s an d 
usuall y wha t  happen s t o me i s I  don' t  remember . 
As soo n a s I  ge t  bac k I  hav e troubl e wit h som e 
detail s bu t  ove r  th e nex t  wee k o r  tw o week s o r 
maybe a  period— a lon g perio d o f  tim e a s I 
remember  mor e detail s I  tel l  her .  Bu t  I  tel l 
her  abou t  thing s lik e th e politic s an d th e 
meetin g itsel f  an d wha t  happene d an d she' s 
reall y my soundin g boar d o n a  lo t  o f  tha t  stuff . 
When they'v e bee n difficul t  meeting s sh e reall y 
i s a  soundin g board .  I've ,  alway s share d my 
wor k wit h Shirley . 

A potential of being joined to another person is that 
tha t  unio n ca n becom e eve n close r  ove r  time ,  an d Ale x 
characterize s hi s marriag e i n thi s way .  H e talk s o f 
how the y ar e "muc h mor e tie d t o eac h othe r  no w tha n w e 
wer e then .  We wer e stil l  tw o independen t  people, " 
implyin g tha t  no w the y ar e not .  H e feel s "mor e i n love" ; 
romanti c lov e ha s "deepene d an d grow n stronger. "  The y 
lik e t o b e wit h eac h othe r  more ,  an d als o t o d o thing s 
fo r  eac h othe r  mor e tha n before .  T o separat e himsel f 
fro m hi s wif e an d childre n become s mor e an d mor e 
difficult : 
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6H-4 :  I  jus t  don' t  thin k marriag e i s abou t 
me.  I  thin k It' c  abou t  u s an d eac h tim e yo u 
add anothe r  perso n i n ther e tha t  perso n become s 
ver y deepl y involved . 

Addin g children .  It' s  har d fo r  me t o se e ho w 
you ca n separat e yoursel f  fro m al l  o f  thes e 
othe r  individual s tha t  you'v e becom e s o tie d 
to .  Othe r  marriage s may no t  b e lik e min e an d 
Shirley' e wher e 1  feel ,  yo u know ,  tha t  w e ar e 
thi s close . 

6H-4 :  1  certainl y believ e tha t  Shirle y a s a n 
individua l  shoul d hav e he r  right s an d 
privilege s a s 1  thin k 1  should .  Bu t  I  als o 
believ e ver y strongl y i n Shirle y an d Ale x a s 
th e marrie d coupl e o r  th e D .  famil y a s i t 
exist s her e a s th e famil y tha t  i n itsel f  ha s 
right s an d privilege s thi t  mus t  b e see n to . 

Individual needs may interfere with the needs of the 
marriage .  An d analysis ,  Ale x believes ,  wil l  creat e thi s 
interferenc e becaus e i t  promote s individua l  needs : 

At  som e point ,  an d increasingl y a s hi s stor y move s 
towar d th e present ,  h e begin s t o tal k abou t  th e 
marriag e itsel f  a s n o longe r  "tw o independen t  people " 
couple d together ,  bu t  a s a  perso n I n it s ow n right : 

6H-1: When Shirley came back we shortly after 
tha t  go t  a n apartmen t  an d I  thin k tha t  wa s 
th e beginnin g o f  som e goo d things .  We wer e 
reall y mor e upse t  abou t  th e ship' s leavin g 
tha n w e ha d bee n abou t  anythin g els e an d I 
thin k tha t  wa s a  sig n tha t  w e wer e beginnin g 
t o reall y fee l  fo r  ou r  marriage . 

In a series of similarly striking metaphors, he speaks 
of  th e marriag e growin g an d maturing , 

6M-6: Our marriage and our love has grown a 
grea t  dea l  ove r  th e year s an d onl y i n th e las t 
maybe eight ,  nine ,  te n yenr s d o I  fee l  tha t 
it' s  reall y matured . 

and as something he has a confidence in: 

6H-2: I think we pass the crisis then and I 
had a  confidenc e i n ou r  marriag e the n whic h 
I  thin k I  wa s lackin g righ t  a t  th e poin t  whe n 
we were—yo u know ,  wel l  lik e I  sai d w e —I 
don' t  thin k w e go t  t o kno w eac h othe r  i n tha t 
ver y intimat e wa y unti l  w e go t  overseas . 

Elsewhere he speaks of some things as being "a breach of 
th e fait h o f  th e marriage, "  more  o r  les s "goo d fo r  a 
marriage, "  "helpfu l  t o a  marriag e situation, "  "har d fo r 
th e mnrriage, "  an d "challengin g t o marriages, " 

eH-l: There is certain kinds of analysis, 
encounte r  group s an d al l  sort s o f  thing s ar e 
done no w tha t  d o focu s o n th e individual . 
Yes,  an d 1  thin k tha t  i s  challengin g t o 
marriages .  What  i t  reall y come s dow n to ,  th e 
bi g questio n is ,  shoul d th e couple s tha t 
brea k up ,  a s a  resul t  o f  havin g thes e things , 
shoul d the y hav e bee n marrie d a t  all ? Mayb e 
thos e marriage s weren' t  an y goo d anyway .  Bu t 
you the n begi n t o wonder—tak e thi s a  ste p 
further--yo u wonde r  i f  an y marriag e woul d 
make i t  give n the—give n egotism .  I f  yo u pu t 
th e sel f  ahea d o f  th e marriage ,  i f  an y marriage s 
woul d last .  What  I' m sayin g i s tha t  I  mysel f 
don' t  kno w whethe r  analysi s destroy s tha t  typ e 
of  relationship ,  o r  whethe r  i t  jus t  point s ou t 
th e problem s wit h tha t  typ e o f  relationship . 

Here the goal of marital permanence is recast in terms 
of  huma n survival—Ale x wonder s "i f  an y marriag e woul d 
make it. "  An d anothe r  goa l  i s  introduced ,  tha t  o f 
unselfishnes s towar d one' s spouse .  Thi s i s expresse d 
elsewher e a s "th e desir e t o giv e more  t o th e otfte r 
perso n tha n you'r e givin g t o yourself ,  a t  times "  an d 
"th e nee d t o giv e I n th e marriage. "  Egotism ,  b y 
contrast ,  i s  "puttin g th e sel f  ahea d o f  th e marriage. " 
The exa< t  logi c o f  unselfishnes s a s a  goa l  o f  marriag e 
as a  PERSON i s spelle d ou t  i n th e followin g statemen t 
concernin g th e effect s o f  hi s wife' s analysis ;  thi s 
statemen t  make s us e o f  th e PERSON metapho r  onc e again : 

6H-4 :  Ou r  marriag e i s a  ver y goo d thin g fo r 
bot h o f  us .  Ha s bee n a  goo d thin g fo r  bot h 
of  us .  An d i s the—t o me i s th e bes t  thin g 
i n th e worl d fo r  bot h o f  us .  An d i n analysi s 
yo u have  t o dea l  wit h 100 % o f  yourself ,  me . 
You know ,  th e "me "  generatio n i s ofte n brough t 
up.  An d on e o f  th e thing s that' s brough t  u p 
i s the— a lo t  o f  analysis .  A  lo t  o f  these , 
"the  importanc e o f  lookin g ou t  fo r  Number  One " 
typ e concepts .  Wel l  that' s wha t  analysi s i s 
t o a  grea t  degree .  You'r e reall y goin g afte r 
yoursel f  an d you r  analys t  i s  alway s saying , 
"Yo u have  a  righ t  t o this ,  yo u hav e a  righ t  t o 
that ,  yo u hav e a  righ t  t o — "  Yo u know ,  "Othe r 
peopl e hav e n o right. "  Wel l  tha t  reall y work s 
ver y wel l  whe n you'r e i n analysis .  I t  doesn' t 
wor k ver y wel l  whe n you'r e i n th e middl e o f  a 
marriage .  Becaus e a  marriag e i s no t  that .  A 
marriag e i s somethin g else .  It' s  somethin g 
wher e yo u hav e t o be--hav e t o giv e awa y par t 
of  thi s righ t  t o alway s react ,  certainly . 

Therefore Alex is afraid of analysis; for analysis 
threaten s marriag e b y blockin g th e marital  unselfishnes s 
goal  i n th e sam e wa y a s hi s wife' s flirtatiousnes s 
threatene d th e marriag e b y blockin g th e goa l  o f 
exclusivity ,  an d extende d separatio n threatene d th e 
marriag e b y blockin g th e proximit y goal : 
6H-4: When Shirley was in analysis for a 

shor t  perio d o f  time .  When tha t  happene d 
tha t  wa s ver y har d o n me and ,  yo u know ,  w e ha d 
a ver y goo d marriage .  An d I  thin k analysis— I 
was afrai d analysi s wa s goin g t o rui n it .  An d 
I  suspec t  tha t  Shirle y i s too .  Becaus e sh e 
sai d t o me ,  " I  drea d th e da y yo u eve r  g o int o 
analysi s becaus e I  don' t  kno w i f  you'll—yo u 
know,  I  don' t  kno w what' = goin g t o happe n t o 
you. "  Yo u know—and—as i f  somethin g migh t 
happe n t o ou r  marriage . 

At the same time Alex agrees that individuals have the 
righ t  t o fin d ou t  wh o the y ar e an d wha t  the y wan t  ou t  o f 
life ,  an d h e wonder s whethe r  ther e isn' t  some  alternativ e 
way "t o analyz e peopl e i n a  marriag e a s oppose d t o 
analyzin g peopl e wh o ar e no t  i n a  marriag e situation. " 
Because ,  a s h e say s abou t  individua l  analysis ,  i n on e 
fina l  metaphor , 
6H-4: If you start to take one part—it's 

somethin g lik e tryin g t o analyz e onl y on e sid e 
of  my brain .  T o tak e on e par t  o f  th e famil y 
and dea l  tha t  way . 

I  a m arguin g tha t  metaphor s engende r  goals .  MARRIAGE 
I S BEIN G A  COUPLE engender s th e marital  goal s o f 
permanence ,  exclusivity ,  proximit y an d share d experience , 
becaus e thes e ar e propertie s o f  BEIN G A  COUPLE whic h 
realiz e th e chose n metaphor .  Thi s metapho r  engender s 
th e furthe r  goal s o f  connectednes s durin g separatio n an d 
vicariou s sharin g o f  separat e experience s becaus e thes e 
ar e alternativ e way s o f  realizin g th e goal s o f  proximit y 
and share d experience ,  respectively .  I n th e sam e way , 
MARRIAGE I S A  PERSON entail s th e goa l  o f  marita l 
unselfishness .  Bu t  marita l  metaphors ,  themselves ,  ar e 
organize d b y underlyin g conceptualizations .  Th e logi c 
whic h link s thes e tw o metaphor s seem s t o b e a  processua l 
one—tha t  o f  tw o independen t  peopl e couple d togethe r  an d 
mergin g int o a  singl e person . 
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A furthe r  se t  o f  metaphor s ubiquitou s I n Alex' s 
thinking ,  marriag e a s som e kin d o f  MANUFACTURED PRODUCT, 
I s linke d t o th e metaphor ,  MARRIAGE I S BEIN G A  COUPLE. 
Thi s i s don e b y equatin g on e particula r  propert y o f 
BEING A  COUPLE—permanence—with a  propert y take n b y 
MANUFACTURED PRODUCTS—durability .  Th e reasonin g i s 
reveale d I n on e o f  th e intervie w segment s above : 
6H-1: That, you know, we were now a family. 

Jus t  th e tw o o f  us ,  w e wer e a  family ,  an d 
that—an d th e commitmen t  wa s t o mak e tha t 
famil y move .  Yo u know ,  tha t  i t  wa s goin g t o 
be a  soli d thin g 

"just like the parents' had been," with an ensuing 
discussio n o f  marriag e i n th e '60' s contraste d wit h th e 
mass divorc e o f  today .  Anothe r  passag e whic h make s 
explici t  th e rel.itionshi p betwee n produc t  manufactur e 
and permanenc y i s 

6H-1: Wlien we got the apartment in Virginia 
Beach i n Norfol k i t  wa s reall y nice .  An d i t 
was—I  hav e ver y fon d memorie s o f  tha t  plac e 
and ou r  marriag e a t  tha t  place .  I  thin k w e 
bega n t o reall y for m a  marriag e there .  Th e 
fac t  tha t  Shirle y go t  pregnan t  als o Indicate s 
we wer e gettin g int o somethin g mor e permanent . 

Thus strong or solid or good marriages, or what Alex 
elsewher e call s successfu l  marriages ,  lik e hi s own ,  ar e 
thos e whic h ar e permanent .  Hi s comparison s wit h othe r 
couple s inevitabl y emplo y th e DURABLE PRODUCT metapho r 
t o distinguis h betwee n thes e marriage s an d other s whic h 
ar e "weak, "  o r  "broken'' : 

6H-2: And we were relying on the kind of 
lookin g a t  eac h othe r  an d saying ,  "Well, " 
yo u know ,  "Wh o ar e you? "  No w peopl e wer e 
doin g tha t  u p there ,  marrie d couple s wer e 
doin g tha t  quit e ofte n an d i t  resulte d quit e 
ofte n I n broke n marriages .  Ther e wa s a  lo t 
of  troubl e wit h that .  A  lo t  o f  couple s wh o 
came u p ther e [T O ICELAND ]  ha d problems . 
And som e othe r  couple s tha t  cam e u p ther e 
seemed t o b e ver y stron g i n thei r  marriages , 
when the y lef t  there ,  a s I  thin k w e were .  An d 
we remaine d goo d friends ,  althoug h long-distanc e 
friends ,  wit h som e o f  thes e couples .  Tha t  w e 
kne w u p ther e wh o wer e ou r  age ,  wh o ha d goo d 
stron g marriages ,  an d whos e marriage s wer e 
obviousl y strengthene d b y th e sta y there .  O r 
at  leas t  no t  weakene d b y it .  I  thin k ou r 
marriag e wa s strengthene d there .  I  thin k w e 
did—we wer e force d t o loo k a t  eac h othe r  ver y 
closely . 

Whil e Ale x i s "no t  exactl y sur e wh y on e marriag e work s 
and anothe r  doesn't, "  h e doe s hav e Idea s abou t  wha t  ha s 
made hi s ow n marriage ,  an d othe r  stron g marriage s h e 
has known ,  work : 

6H-2: Well I'd say there's something about 
thos e peopl e tha t  w e knew ,  the y ha d a  basi c 
soli d foundatio n i n thei r  marriage s tha t 
coul d b e shape d int o somethin g good . 

Here the product is an edifice of some sort, to allow 
th e notio n tha t  wha t  i s critica l  I s a  soli d foundation . 
The foundation ,  h e believes ,  i s ''commitment" : 

6H-2: The couples that we knew that it was 
working ,  I  don' t  thin k ther e wa s an y questio n 
i n thei r  mind s abou t  gettin g married .  Al l  o f 
the m wer e prett y sur e tha t  the y wante d t o ge t 
married .  An d the y wer e prett y sur e the y kne w 
what  t o d o wit h marriage .  An d thi s wa s tru e 
abou t  u s too ,  eve n though ,  I'v e sai d ove r  an d 
ove r  again ,  yo u know ,  ho w muc h we'v e change d 
and ho w muc h ou r  relationshi p ha s matured . 

(Here he refers to the MARRIAGE IS A PERSON metaphor, 
whic h I s no t  applicabl e i n thi s context) , 

I still, at the very beginning, I said, you 
know,  righ t  awa y w e kne w ther e wa s a 
commitment .  An d thi s wa s th e sam e thin g tha t 
was basicall y tru e abou t  al l  thes e couples . 
I  thin k the y al l  go t  marrie d thinkin g tha t 
thi s wa s "th e thing. "  Th e righ t  thin g t o d o 
and i t  mad e sens e t o them . 

in his own case the commitment to marriage is attributable 
t o background ,  an d i t  become s clea r  tha t  th e commitmen t 
Itsel f  i s  abou t  no t  givin g u p th e marriage ;  now ,  perhaps , 
permanenc e i s equate d wit h th e tenacit y o f  th e effor t 
rathe r  tha n th e durabilit y  o f  th e product : 

6H-1: I think we're just lucky as hell, that 
we hav e a  goo d marriage .  An d I  thin k it' s  no t 
Jus t  du e t o luc k bu t  als o th e fac t  tha t  bot h 
of  u s are—hav e dee p coranltment s t o th e concep t 
of  marriag e base d o n ou r  background s an d 
upbringing .  We couldn' t  hav e give n thi s u p 
onc e w e mad e th e commitmen t  t o it ,  withou t 
tremendou s trauma . 

He attributes this attitude to the common cultural 
heritag e h e share s wit h hi s wife ,  becaus e "Jewis h 
familie s ar e stron g an d such "  an d "th e cultura l  heritag e 
get s carrie d on. "  Eve n thoug h hi s parents '  marriage , 
unlik e hi s own ,  i s fa r  fro m ideal . 

Stron g marriage s ar e les s likel y t o brea k tha n wea k ones . 
But  th e introductio n o f  th e DURABLE PRODUCT metapho r 
seems t o permi t  a  proliferatio n o f  metaphor s expandin g 
thi s notio n o f  marriag e a s som e kin d o f  MANUFACTURED 
PRODUCT.  A  common on e Ale x use s i s a  metapho r  o f 
marriag e a s a  productio n o r  project ,  th e effor t  a t 
makin g th e marriage ,  a n effor t  whic h i n hi s word s eithe r 
"works "  o r  doesn' t  work ,  an d whic h yo u hav e t o "wor k at " 
and "wor k out. "  I n on e version ,  th e resul t  i s  a 
decidedl y home-mad e product : 
6H-4: Maybe this is just for us. Maybe this 

has nothin g t o d o wit h anybod y else .  Bu t  i t 
coul d b e that—ou r  situatio n whe n w e go t 
marrie d wa s suc h tha t  w e ha d lot s o f  roo m t o 
adjust .  Becaus e w e didn' t  hav e an y ide a wh.-i t 
we wer e gettin g Into .  Tha t  gav e u s a  lo t  o f 
roo m t o adjust .  An d b y th e tim e w e ha d bee n 
throug h th e firs t  yea r  w e realized ,  yo u know , 
ther e woul d hav e t o b e adjustment s made .  An d 
a fe w year s afterward s whe n thing s reall y go t 
seriou s w e were—yo u know ,  whe n th e marriag e 
was strong ,  i t  wa s ver y stron g becaus e i t  wa s 
made a s w e wen t  along—i t  wa s sor t  o f  a  do-it -
yoursel f  project . 

6H-7 :  I  thin k the y believ e i n hom e an d famil y 
to o an d perhap s I'v e gotte n thi s stron g feelin g 
abou t  hom e an d famil y fro m th e fac t  tha t  they'r e 
togethe r  despit e al l  thi s bickerin g an d arguing , 
yo u know ,  the y woul d neve r  thin k o f  divorcing , 
I  don' t  believe .  X  don' t  thin k i t  eve r  crosse d 
thei r  minds . 

But there are other factors which worked for he and his 
wife : 

6H-2: I will only say this, what worked for us 
is ,  w e hav e a  common cultura l  background .  We 
hav e th e Jewis h heritag e whicl i  i s  ver y strong — 
tha t  heritag e i s ver y stron g an d ha s mad e a 
differenc e fo r  us .  We ar e supportiv e o f  eac h 
othe r  an d w e ar e very ,  ver;/complimentar y t o 
eac h other . 

He elaborates on this latter "asset": 
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6H-4 :  I  thin k tha t  w e wer e s o differen t  an d 
we ha d suc h complimentar y difference s tha t 
our  weaknesses—tha t  bot h o f  ou r  weaknesse s 
wer e suc h tha t  th e othe r  perso n coul d fil l  in . 
And tha t  quickl y becam e apparen t  t o u s tha t 
i f  w e wante d t o no t  derid e th e othe r  perso n fo r 
thei r  weaknesse s w e woul d instea d ge t  thei r 
strength s i n return .  An d that' s wha t  I  thin k 
has bee n th e asset—thes e ar e th e asset s tha t 
hav e bee n ver y goo d fo r  us .  An d I  suppos e 
what  tha t  mean s i s tha t  w e hav e bot h looke d 
int o th e othe r  perso n an d fou:i d thei r  bes t 
part s an d use d thos e part s t o mak e th e 
relationshi p gel .  An d mak e th e relationshi p 
complete . 

Here he moves to another PRODUCT metaphor which suggests 
cannibalizin g part s fro m tw o broken-dow n automobile s t o 
buil d a  workin g one .  Elsewhere ,  th e PRODUCT ide a allow s 
stil l  anothe r  metaphor : 
6H-4: I'd certainly hate to see people— 

everybod y i n th e worl d jumpin g int o marriag e 
immature .  Bu t  mayb e there' s reall y somethin g 
t o th e ide a tha t  i t  i s  no t  s o muc h ho w yo u 
feel—exactl y ho w yo u fee l  befor e yo u ge t 
int o a  marriag e bu t  wha t  yo u ca n mak e o f  life , 
you know ,  i n th e marriag e tha t  reall y counts . 
Havin g though t  i t  out—i n othe r  words ,  havin g 
though t  i t  ou t  beforehan d an d comin g t o th e 
conclusio n tha t  yo u reall y ar e i n love .  Migh t 
not  b e a s goo d fo r  a  marriag e a s havin g gotte n 
married ,  looke d int o wha t  wa s worth y o f  bein g 
i n lov e about ,  foun d it ,  Identifie d i t  afte r 
awhile ,  becaus e i t  does—i t  take s a  while ,  an d 
the n mad e tha t  th e cornerstone . 

And finally, another element in their situation which, 
couple d wit h commitment ,  mad e fo r  a  permanen t  marriag e 
was th e ver y lac k o f  an y idea ,  a t  th e outset ,  wha t 
marriag e wa s about ;  thi s understandin g permit s hi m stil l 
anothe r  DURABLE PRODUCT metaphor : 
bH-l<: But I think that my commitment to the 

marriag e wa s jus t  s o stron g an d I—a s I  sai d 
befor e I  thin k thi s ha d a  lo t  t o d o wit h 
heritag e an d backgroun d an d wha t  w e kne w ha d 
t o b e done .  My commitmen t  t o th e marriag e 
was s o stron g tha t  eve n though ,  o r  maybe—I 
don' t  know ,  m.nyb e becaus e I  hadn' t  though t 
abou t  this ,  becaus e I  ha d t o mak e i t  a  struggle , 
or  becaus e i t  wa s a  struggl e fo r  u s tha t  w e 
forge d a  lifetim e proposition .  An d mayb e i t 
was becaus e thing s wer e wron g a t  first ,  an d w e 
wer e screwe d u p an d w e didn' t  kno w wha t  w e 
wer e doing .  Mayb e tha t  ha d somethin g t o d o 
wit h wha t  wa s goo d abou t  It .  Th e fac t  tha t  w e 
reall y ha d t o wor k a t  it . 

So that all these different metaphors—of carrying 
out  a  project ,  shapin g a  product ,  puttin g i t  togethe r 
fro m differen t  parts ,  buildin g a n edific e wit h a  soli d 
foundatio n an d a  cornerstone ,  forgin g somethin g tha t 
wil l  las t  a  lifetime ,  somethin g stron g an d unbreakable — 
ar e permitte d b y th e underlying ,  an d mor e general , 
understandin g tha t  MARRIACe'  I S A  MANUFACTURED PRODUCT. 
And eac h o f  thes e metaphor s introduce s it s ow n marita l 
goals :  yo u hav e t o star t  ou t  wit h th e inten t  no t  t o 
giv e u p (th e foundation) ;  yo u hav e t o b e willin g t o wor k 
and struggl e t o produc e i t  ((h e effort) ;  yo u hav e t o 
fin d somethin g wort h bein g i n lov e abou t  (th e 
cornerstone) ;  yo u hav e t o identif y eac h others ' 
strength s an d overloo k eac h others '  weaknesse s (th e 
parts) ,  an d s o on .  I n Schan k an d Abelson' s (ibid. : 
116-117 )  terras ,  thes e woul d see m t o b e Instrumenta l 
Coals—the y ar e al l  i n th e servic e o f  constructin g a 
durabl e product .  I n turn ,  th e conceptualizatio n o f 
marriag e a s a  PRODUCT i s linke d t o a  prio r  understandin g 
of  marriag e a s BEIN G A  COUPLE,  vi a th e associatio n 

betwee n produc t  durabilit y  an d marita l  permanence . 
Unlik e othe r  goal s o f  BEIN G A  COUPLE,  suc h a s proximit y 
and share d experience ,  permanenc e i s a n Achievemen t  Goal . 
And i t  i s  difficul t  t o achieve ,  somethin g tha t  roust  b e 
worke d at ,  a  featur e whic h lend s Itsel f  t o characterizatio n 
I n term s o f  production .  Thus ,  on e model ,  o f  wha t 
marriag e shoul d b e like ,  lead s t o anothe r  mode l  o r  theory , 
abou t  ho w i t  ca n b e implemented .  Eac h suggest s apposit e 
metaphors ,  an d eac h ne w metapho r  i s capabl e o f 
introducin g ne w marita l  goals . 
This highly individualized and relatively complex 
model  o f  marriag e contrast s wit h th e cultura l  stereotyp e 
wit h whic h Ale x entere d marriage—th e goa l  subsumptlo n 
model  whic h cas t  marriag e a s a  RESOURCE an d aske d wha t 
he "go t  ou t  o f  it. "  I n genera l  th e preconceive d idea s 
wit h whic h husband s an d wive s ente r  marriage ,  b y 
compariso n wit h th e understanding s whic h the y ultimatel y 
construc t  throug h th e proces s o f  encounte r  an d 
assimilatio n an d realization ,  ar e ver y sketchy ,  static , 
culturall y standardize d an d readil y dispelled .  Thes e 
more comple x understanding s suppl y an y numbe r  o f  simpl e 
storie s fo r  a  stor y understandin g task ,  suc h a s 
Alex decided it was time for Shirley to stop 

foolin g aroun d wit h an y othe r  guys .  H e go t 
marrie d t o her . 

or 

Ale x though t  tha t  tw o year s apar t  woul d d o 
sever e damag e t o hi s marriage .  H e decide d 
t o tak e th e pos t  whic h provide d housin g fo r 
families . 

Ale x feel s tha t  analysi s focusse s o n th e 
individual .  H e wa s afrai d tha t  hi s wife' s 
analysi s woul d rui n hi s marriage . 

and s o on . 

The degree to which marital goals are tied to the 
metaphor s whic h engende r  the m i s mor e obviou s b y 
compariso n wit h a  differen t  se t  o f  metaphors .  Fo r  thi s 
purpos e th e view s o f  anothe r  husban d wil l  b e somewha t 
more briefl y summarize d an d interpreted .  Thi s husband , 
Bob,  bega n marriag e wit h a  versio n o f  th e LIV E HAPPIL Y 
EVER AFTE R myt h o f  America n marriage , 
5H-2: I don't think many issues did come up. 

I  thin k tha t  I  wa s a  ver y adep t  live r  i n th e 
sens e o f  I  di d ray  thin g rathe r  well .  I  wa s 
much int o being ,  I  think—playin g a  grea t  dea l 
on th e surfac e o f  lif e an d living .  I  thin k 
that ,  i t  seeme d t o me tha t  peopl e go t  marrie d 
and live d togethe r  i n a  certai n amoun t  o f 
harmony ,  ergo ,  w e wil l  marr y an d liv e togethe r 
i n a  certai n amoun t  o f  harmony .  We didn' t 
pursu e i n an y dept h an y issu e tha t  I  recall . 
That  if ,  I  don' t  know ,  me walkin g i n wit h my 
fee t  slopp y ticke d of f  Eilee n the n tha t  wa s a 
reaso n wh y I  didn' t  wal k i n wit h my fee t  sloppy . 

This model was to be jeopardized, first, by their 
friendshi p wit h anothe r  coupl e wh o wer e continuall y 
questionin g thei r  ow n relationship : 
5H-2: I think that we saw at that juncture, 

probabl y no t  eve n consciously ,  th e potentia l 
fo r  a  differen t  kin d o f  marriage— a differen t 
sor t  o f  motif .  An d I  thin k w e wer e bot h 
impressed ,  awe d wit h i t  an d frightene d o f  it . 
Ue didn' t  wan t  t o lea p i n int o a n inquir y 
metho d o f  marriag e a t  th e point— I  don' t  thin k 
eithe r  o f  u s fel t  a n impetu s t o d o it ,  i n a 
sens e tha t  i t  seeme d t o b e th e wa y t o a  goo d 
marriage . 
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Ultimately ,  however ,  a  serie s o f  extramarita l  sexua l 
relationship s wit h othe r  peopl e le d the m t o adop t  th e 
inquir y method .  Thes e relationship s calle d int o 
question ,  fo r  eac h spous e a t  differen t  Junctures ,  th e 
statu s o f  thei r  relationshi p wit h eac h other .  When 
Bob reacte d t o hi s wife' s affai r  b y declarin g hi s ow n 
inten t  t o figur e ou t  "wher e h e is "  o n hi s own , 
5H-4: She then became very concerned about, 

"My God .  Al l  thi s mean s al l  this .  Yo u kno w 
what  1  reall y car e abou t  i s my relationshi p 
wit h Bo b an d 1  don' t  wan t  i t  t o g o t o hell. " 
And I  thin k tha t  wa s a  ver y importan t  thin g 
t o hea r  fo r  me .  An d I  thin k fro m the n on ,  w e 
talke d a  grea t  dea l  mor e abou t  our—wher e ar e 
we,  an d no t  wher e ar e yo u but—o r  wher e a m 1 
vis-a-vi s lif e an d lov e an d th e pursui t  o f 
happiness ,  bu t  wher e ar e yo u an d 1 ? 

When he gets involved in an unexpectedly intense love 
affair ,  h e an d Eilee n g o t o th e mountain s t o wor k 
throug h th e questions , 

5H-5: "Where was I? What did it mean?" 
"What  di d i t  mea n t o th e tw o o f  us? "  fllloe n 
basicall y supportiv e an d I n favo r  o f  i t  bu t 
als o scare d t o deat h an d no t  knowin g an d I 
gues s i n a  sense ,  a t  leas t  wha t  I—wa s conveye d 
t o me was ,  " I  kin d o f — I  though t  anothe r 
relationshi p woul d b e nic e an d I' m gla d tha t 
you'r e havin g it .  Bu t  my Go d I  didn' t  thin k i t 
woul d b e quit e thi s Intense, "  an d al l  o f  tha t 
sor t  o f  thing .  The—I  thin k sh e wa s no t  overl y 
threatene d b y my sexua l  Involvemen t  wit h Marth a 
but  tha t  wa s a  weight y dimension .  The—I  thin k 
sh e wa s mor e concerne d abou t  th e dept h o f  ou r 
lov e an d th e basicnes s o f  my lov e a t  tha t  point . 
Whic h again ,  exclude d Eilee n but—certainl y ha d 
an intensit y tha t  wa s differen t  fro m my lov e 
fo r  Eilee n a t  tha t  time . 

It Is not only Eileen who is scared by the depth of Bob's 
involvemen t  wit h Martha : 

5H-6: I think the risk is basically that the 
situatio n o f  th e relationshi p wit h Eilee n an d 
I  woul d ge t  ou t  o f  hand ,  suc h tha t  I  couldn' t 
insur e tha t  i t  woul d continu e n o matte r  wha t 
I  did .  An d s o I  woul d b e i n a  positio n o f 
losin g someon e tha t  I  though t  s o muc h o f  an d 
I  coul d d o littl e abou t  it .  An d s o i f  1  playe d 
i t  safe ,  i f  1  playe d i t  tentatively ,  I  ha d a 
certai n contro l  i n It ,  i n th e sens e tha t 
Eilee n coul d b e runnin g aroun d an d makin g a 
ris k o f  hersel f  i n a  sense ,  bu t  I f  I  didn' t  I 
coul d alway s hol d I t  togethe r  an d kee p I t  goin g 
and al l  that .  Whic h I  migh t  thin k 
retrospectivel y i s no t  probabl y righ t  eithe r 
but  tha t  wa s my perception .  S o 1  thin k reall y 
what  wa s a t  stak e wa s the—wa s ending—losin g 
th e relationship . 

Bob and Eileen meet each one of these marital crises by 
talking : 

5H-4: I think it worked out that Eileen and 
I  bot h perceive d tha t  w e ha d littl e ide a of , 
i n fact ,  wha t  ou r  commitment s t o on e anothe r 
Involved .  Tha t  w e di d no t  I n man y way s kno w 
ourselve s particularl y well ,  relativ e t o 
relationships ,  relativ e t o lif e an d livin g 
and tha t  sor t  o f  thing .  I  thin k i t  worke d 
out  tha t  throug h mile s o f  talking ,  wit h on e 
another ,  o n a  lo t  o f  thi.s ,  tha t  i t  n t  leas t 
made sens e t o u s an d fel t  Importan t  t o u s t o 
coiitlnti p ou r  commitmen t  an d ou r  livin g 
togethe r  wit h on e another . 

And on another occasion. 

5H-5 :  S o w e wen t  bac k t o th e mountain s an d I 
thin k I t  wa s a  tim e o f  a  lo t  o f  walks .  I t  wa s 
a tim e o f  a  lo t  o f  searching .  A  tim e whe n w e 
gav e eac h othe r  som e spac e t o kin d o f  wor k ou t 
wher e eac h o f  u s were... .  I  thin k a t  th e en d o f 
tha t  tim e together ,  w e bot h were—i t  wa s prett y 
clea r  t o bot h o f  u s tha t  ou r  lov e wa s a  ver y 
stron g an d dee p one... .  An d i n tha t  I t  wa s a 
biggie ,  tha t  w e reall y ha d t o kee p I n contac t 
abou t  it ,  w e reall y ha d ha d t o tal k abou t  it . 

The conclusion which emerges "through miles of talking" 
I s tha t  th e relationshi p wit h eac h othe r  i s a  basi c o r 
PRIMARY RELATIONSHIP ,  a  "biggie, "  an d thi s understandin g 
makes sens e o f  thei r  relationship s wit h othe r  lovers : 

5H-5: There was a primary commitment to me 
and th e relationshi p wit h Dav e wa s ancillary , 
may dea l  o n area s tha t  1  didn't .  Bu t  wa s 
largel y additiv e an d s o tha t  mad e i t  goo d an d 
oka y an d reasonabl e an d al l  that .  That' s kin d 
of  a  rul e o r  a n understandin g i n muc h o f  tha t 
tha t  mad e sense . 

5H-9: And so there's been a very strong draw. 
I  thin k tha t  a s w e wer e sluggin g throug h som e 
of  th e mor e rationa l  Issue s o r  thos e tha t  w e 
coul d ge t  int o som e sor t  o f  rationa l  component , 
what  reall y prompte d u s t o d o tha t  wor k an d 
what  reall y mad e i t  importan t  tha t  w e com e t o 
some clarit y i s th e strengt h o f  th e emotiona l 
sor t  o f  thing .  Wliic'. i  agai n I  thin k w e bot h 
recognize d an d the n Jus t  a —I  don' t  thin k w e 
glorifie d i t  a s muc h a s acknowledge d tha t  i t 
was there .  Tha t  I s t o sa y my hur t  hur t  Eileen , 
her  hur t  hur t  me an d I  ca n b e hur t  b y lot s o f 
othe r  people' s hur t  bu t  I  thin k no t  t o a  dept h 
tha t  tha t  seeme d t o consistentl y have ,  an d 
the n wit h he r  a s well .  There—mayb e it' s  th e 
combinatio n tha t  ther e i s a—there' s a n 
intellectua l  stimulatio n wit h on e another , 
there' s a n emotional  stimulatio n wit h on e 
another ,  there' s a  sexua l  stimulatio n wit h on e 
another ,  there' s a  childbearln g stimulatio n 
wit h on e another ,  o r  wrestlin g wit h grea t 
Issue s o f  th e world ,  an d s o I  thin k Eilee n 
encapsulate s fo r  me a n ongoin g growt h potentia l 
fo r  me an d al l  tha t  gambi t  an d vic e versa ,  I 
believe .  So—and I  thin k w e hav e foun d part s 
of  tha t  i n man y othe r  peopl e man y times ,  bu t 
no on e wh o w e fel t  coul d replac e i n tha t  sense . 

MARRIAGE IS A PRIMARY RELATIONSHIP, comparable to other 
relationships ,  bu t  mor e basic ,  Important ,  emotionall y 
deep ,  an d Irreplaceable .  Unlik e Alex' s mode l  o f 
marriage ,  i t  doe s no t  entai l  exclusivity .  Consisten t 
wit h thi s vie w o f  marriage .  Bo b report s Cha t  h e ha s 
troubl e wit h th e ter m 'marriage '  itself ,  an d h e I s fa r 
more Incline d t o spea k o f  thei r  'relationship. '  H e 
comments tha t 
5H-8: I think that we looked at our 

relationshi p ver y ofte n i n context s o f  othe r 
relationships .  We hav e bee n a s a  coupl e a t  time s 
ver y involve d wit h othe r  friend s an d wha t  the y 
wer e doin g o r  no t  doing .  An d the y hav e seeme d 
ver y comfortabl e sharin g wit h u s wher e the y ar e 
and wher e the y aren' t  an d I  thin k w e hav e 
provide d fo r  the m sometime s ne w vocabular y an d 
vic e versa .  I  thin k Eilee n ha s bee n mor e ope n 
abou t  wher e sh e i s wit h he r  friend s tha n I  have . 
Gettin g ou t  type s o f  ne w vocabular y o r  wh y 
don' t  yo u loo k a t  i t  thi s way .  Or  gettin g 
suppor t  fo r  area s tha t  sh e wa s i n som e sens e 
holdin g ou t  o r  tryin g t o sa y Co me ,  "No ,  i t 
need s t o g o anoChe r  way. "  Tha C sor t  o f  thing . 
So I  Chin k oche r  peopl e provide d u s boc h 
Chroug h thei r  direc C reques C fo r  ou r  counse l 
and hel p an d al l  an d Ch e time s i n u s utilizin g 
thei r  marriage s a s kin d o f  cas e studie s fo r 
wher e w e ar e I n al l  this . 
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Thi s us e o f  othe r  marriage s a s "cas e studies "  providin g 
nev vocabular y an d ne w perspective s helpfu l  I n th e t.is k 
of  understandin g thei r  ow n relationship ,  contrast s wit h 
th e wa y Ale x use s othe r  couples '  marriages .  Fo r  Alex , 
othe r  marriage s ar e eithe r  lik e o r  unlik e hi s ow n I n 
term s o f  durability ,  an d thei r  compariso n provide s hi m 
wit h som e understandin g o f  wha t  tha t  dlfferenr e is . 

If MARRIAGE IS A PRIMARY RELATIONSHIP, the 
Preservatio n Goa l  I s t o kee p thi s relationshi p togethe r 
I n th e cours e o f  other ,  les s Importan t  ones .  Bu t  a 
RELATIONSHIP doe s no t  lin k tw o peopl e togethe r 
physically ,  a s doe s BEIN G A  COUPLE;  rather ,  i t  position s 
the m vis-a-vl s on e another .  Thu s th e proble m o f 
Implementin g thi s goa l  I s no t  on e o f  constructin g a  mor e 
durabl e product ;  I t  I s  on e o f  "keepin g i n contact, "  a 
majo r  Instrumenta l  Goa l  o f  thi s marriage .  Thi s Involve s 
th e "Inquir y method "  o f  marriage .  Marriag e a s INQUIR Y 
lend s itsel f  t o th e furthe r  metapho r  o f  mutua l  self -
examination ,  an d henc e marriage ,  a s a  SPATIA L 
RELATIONSHIP. 
5H-7: I don't know I think that if she were 

t o chang e dramaticall y o r  I  wer e tha t  tha t  ma y 
not  b e so .  Perhap s par t  o f  ou r  commitmen t  t o 
continuall y evaluat e wher e w e nr e i n som e sor t 
of  awarenes s o f  tha t  phenomenon .  Tha t  th e 
greates t  liabilit y  t o ou r  relationshi p i s t o 
not  wor k o n tryin g t o ge t  a  goo d sens e o f  wher e 
we are .  I f  I  le t  he r  alon e an d don' t  tr y an d 
she let s me alon e w c migh t  satellit e fa r  enoug h 
away s o we'r e no t  sur e what' s i n betwee n us . 

This last is a kind of "Lost in Space" metaphor which 
nicel y capture s th e sens e tha t  ther e ar e n o referenc e 
point. s excep t  eac h other .  I n thi s spatia l  metaphor , 
"keepin g i n contac t  abou t  It "  mean s "talkin g abou t  It. " 
Talk ,  whic h Initiall y  serve d t o establis h th e primac y 
of  thei r  relationshi p t o eac h other ,  no w serve s t o kee p 
eac h spous e apprise d o f  wher e th e othe r  i s s o tha t  the y 
can ,  presumably ,  d o whateve r  necessar y t o "hol d 
together "  thei r  relationship . 

5H-5: So I think that the relationship with 
Marth a probabl y se t  a  lo t  o f  groun d rule s fo r 
how we'r e goin g t o comnunicat e throug h othe r 
relationships ,  a t  othe r  times .  I  gues s i t 
als o ver y deepl y confirme d tha t  w e ca n dea l 
wit h an d proces s i n th e throe s o f  livin g 
relativel y effectively ,  a  lo t  o f  stuff .  An d 
tha t  i f  w e don't ,  i f  w e tr y t o pac k i t  of f 
somewhere ,  ver y quickl y there' s a  ver y 
petceptiv—perceivabl e sterility ,  b y eac h o f 
us ,  a t  wher e ou r  relationshi p Is . 

Again, the role of communication in this marriage 
contrast s sharpl y wit h th e us e o f  tal k b y Ale x an d 
Shirle y t o conver t  unshare d int o vicariousl y share d 
experienc e b y tellin g al l  th e remembere d detail s o f 
thei r  time s apart . 

Alex feels his marriage threatened when certain 
conditions—hi s wife' s flirtations ,  he r  analysis ,  thei r 
length y separation—aris e t o bloc k critica l  marita l 
goals .  H e generall y respond s t o suc h situation s b y 
doin g hi s bes t  t o eliminat e th e threatenin g condition . 
What  threaten s Bob' s marriag e i s a  muc h mor e gradua l 
proces s o f  chang e i n on e o r  th e othe r  spouse ,  whic h ca n 
be brougli t  abou t  b y ne w relationship s o r  ne w experience s 
of  an y kind ,  an d whic h I s s o nearl y Imperceptibl e tha t 
I t  require s continua l  monitoring : 

5H-7: I guess what I'm saying is I don't know 
how bi g a  chang e tha t  I  though t  ther e migh t 
hav e bee n bu t  I  thin k tha t  ther e i s alway s a 
though t  whe n Eilee n goe s int o a  differen t  sor t 
of  experienc e and—o r  1  do ,  o f  th e othe r 
partne r  saying ,  "Ho w muc h wil l  thi s chang e 
them? "  Indeed ,  Eileen' s goin g t o he r  Jo b i n 
Greensboro .  Ther e wa s a  par t  o f  me tha t 

monitore d ver y carefull y ho w sh e wa s changin g 
I n th e aspec t  of ,  "I s thi s stil l  th e perso n 
who I  wan t  t o Interrelat e with ? Ca n I  dea l 
wit h thi s change ? Doe s i t  see m reasonabl e t o 
me? Uha t  d o I  hav e t o gai n o r  los e fro m It? " 
That  whol e bit . 

Such separate experiences cannot be dealt with, simply, 
by sharin g the m vicariously ,  fo r  the y alte r  th e 
Individua l  i n way s tha t  may simpl y mov e hi m o r  he r  to o 
fa r  away ,  s o tha t  th e relationshi p ca n n o longe r  b e 
hel d together .  Effort s t o kee p i n contac t  may no t  b e 
enough ,  either .  Change s i n th e othe r  perso n may b e s o 
grea t  a s t o cal l  int o questio n whethe r  thi s i s "stil l 
th e perso n wh o I  wan t  t o Interrelat e with"—whethe r 
thi s shoul d continu e t o b e th e PRIMARY RELATIONSHIP . 
For  unlik e Alex' s versio n o f  a  marriag e a s som e kin d o f 
physica l  coupling ,  a  PRIMARY RELATIONSHI P canno t 
necessaril y  b e expecte d t o b e permanent . 

5H-7: I think that what our relationship Is, 
I s importan t  becaus e we'r e tw o othe r  peopl e 
tha t  d o liv e together ,  w e hav e live d together , 
Eilee n and—th e Informatio n an d th e knowledg e 
and th e respec t  an d lov e fo r  me tha t  sh e ha s 
I s enormou s an d vic e versa .  An d I  thin k tha t 
now It' s  muc h mor e a  commitmen t  t o makin g 
certai n tha t  we'r e prett y clea r  wher e eac h o f 
us ar e i n ou r  growth .  I n ou r  lives .  I n ou r 
living .  Not ,  I  guess—wha t  I  don' t  fee l  I n 
what  yo u aske d Is ,  no t  t o kee p th e relationshi p 
togethe r  bu t  becaus e w e hav e a  relationship . 
I  trul y coul d conceiv e o f  u s i n ou r  evolutio n 
of  thing s feelin g tha t  a n ongoin g relationship , 
livin g together ,  doe s no t  mak e sense .  When 
we'r e a t  a  poin t  i n growt h an d wh o w e ar e o r 
becaus e o f  another  perso n o r  anothe r  opportunit y 
tha t  seem s t o b e ther e tha t  says ,  "Oka y w e nee d 
not  an d w e probabl y shoul d no t  perpetuat e this. " 
I  gues s her e agai n I  fee l  ver y simple-minde d 
abou t  th e whol e thin g I n tha t  tha t  w e liv e 
togethe r  w e nee d t o clarif y thes e thing s there' s 
a compellin g Interes t  t o d o so .  I  fee l  prett y 
much th e sam e wit h mos t  everyon e a s a  matte r  o f 
fact ,  bu t  no t  t o th e dept h o f  commitmen t  t o 
doin g It .  I  mea n It' s  ver y importan t  t o me 
tha t  Eilee n an d I  ar e prett y clea r  wher e eac h 
of  u s are . 

So that the final Instrumental Goal of marital self-
examinatio n i s t o asses s whe n i t  i s  tim e t o discontinu e 
th e relationship f  eithe r  becaus e th e tw o spouse s hav e 
moved to o fa r  apart ,  o r  alternatively ,  becaus e anothe r 
relationshi p ha s take n primacy .  Suc h assessment ,  thes e 
passage s hint ,  i s  understoo d withi n ye t  anothe r 
metaphor ,  o f  gain ,  los s an d substltutabllity— A 
RELATIONSHIP I S A N ECONOMIC EXCHANGE. 

Elsewhere (Quinn n.d.) I have described the role of 
th e wor d 'commitment '  i n framin g marita l  goals .  I n on e 
of  it s  senses ,  marita l  commitmen t  i s t o thos e goal s 
whic h ar e effortfu l  an d ongoin g enoug h t o requir e 
substantia l  dedicatio n t o them .  I t  i s  no t  surprising , 
then ,  t o hea r  Ale x say ,  "....th e commitmen t  wa s tomak e 
tha t  famil y move .  Yo u know ,  tha t  i t  wa s goin g t o b e a 
soli d thing. "  whil e Bo b speak s o f  "ou r  commitmen t  t o 
continuall y evaluat e wher e w e are, "  " a commitmen t  t o 
makin g certai n tha t  we'r e prett y clea r  wher e eac h o f  u s 
ar e i n ou r  growth ,  i n ou r  lives .  I n ou r  living. "  Th e 
wor d 'commitment '  i s  use d t o mar k thos e marita l  goal s 
whic h ar e instrumenta l  t o th e Implementatio n o f  a  give n 
model  o f  marriage . 
I hope to have hinted that two-liners from story-
understandin g task s ar e poo r  source s o f  inspiratio n fo r 
a tlieor y o f  goa l  organization .  Al l  o f  u s ca n Interpre t 
any on e o f  th e Ale x storie s I  invente d above ,  an d 
probabl y fo r  th e mos t  par t  Interpre t  i t  correctly . 
Thi s i s becaus e w e hav e a  grea t  dea l  o f  knowledg e abou t 
th e possibl e link s betwee n particula r  goal s an d 
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particula r  actions ,  includin g bot h knowledg e o f  huma n 
natur e an d o f  America n culture .  Thi s knowledg e help s u s 
understan d wha t  Ale x migh t  b e u p t o i n th e particula r 
instance ;  I t  doe s no t  tel l  u s muc h more ,  becaus e t o d o 
suc h spo t  Interpretatio n o f  someon e else' s behavio r  w e 
do no t  ordinaril y  nee d t o kno w hi s philosoph y o f 
marriage .  We do .  Indeed ,  hav e som e folklor e abou t  th e 
way i n whic h marriage s may organiz e goals .  Thi s 
folklor e again .  I s a  misleadin g sourc e o f  informatio n 
abou t  th e wa y goal s ar e actuall y organize d I n ongoin g 
marriages .  I t  may tel l  u s a  lo t  mor e abou t  wh y Joh n 
decide d t o ge t  marrie d tha n abou t  wh y Joh n decide d t o 
get  divorced .  Th e organization  o f  marita l  goal s an d th e 
goal s o f  othe r  interpersona l  relationship s i s bette r 
understoo d i n th e riche r  contex t  o f  extende d discours e 
abou t  th e discourser' s ow n relationship—tha t  is ,  fro m 
th e Inside .  Whil e suc h discours e i s no t  perfectl y 
transparen t  b y an y means ,  i t  doe s sugges t  a  vie w o f 
goal s a s organize d b y metaphor s whic h ar e themselve s 
organize d aroun d underlyin g theorie s o f  wha t  a 
relationship  shoul d b e an d ho w suc h a  relationshi p ca n 
be implemented . 

REFERENCES CITED : 

Quinn, Naomi 
n.d .  Analysi s o f  a  ke y word ;  'commitment '  i n 

America n marriage .  Unpublishe d ms . 

Schank, Roger and Robert Abelson 
1977 Scripts ,  plans ,  goal s an d understanding :  a n 

inquir y int o huma n knowledg e structures .  Ne w 
Jersey :  Erlbaum . 

Wilensky, Robert 
1978 Understandin g goal-base d stories .  Doctora l 

dissertation .  Departmen t  o f  Compute r  Science , 
Yal e University . 

40 



S Y M P O S I U M 

C O G N I T I O N A N D P E R C E P T I O N 





TRANSFCRMATICNAI  STRUCTURE AN L PSHCEPTUAL OHCAMZATION 

Stephen E, Palmer 
nnlverslt y o f  Callfprnia .  Berkele y 

The problen s o f  structur e ari d 
crganlzatio n ij ,  perceptio n ar e arron g th e ros t 
cer.tra l  i r  th e histor y "  "  -• -  — field . 

I n thi s pape r  I  sugĵ es t  ar.swer s t o tot h 
questions .  T o provid e A n Initia l  ile a c f  th e 
directio n I  wil l  take ,  her e i s a  liie f 
preview .  Th e organizationa l  phenomen a I  tak e 
t o l e rros t  critica l  fo r  understandin^ ;  th e 
stn)ctur'= '  c f  perceptio n are :  (a )  objec t 
constanc y dtsplt e change s i n ir.ag e size , 
shape ,  rcbiticn ,  an d orientation ,  (b )  motio n 
perceptio n o f  structure d objects ,  ;c )  fifcura l 
(?ccdres s o r  "goo d f^estelt" ,  ((' '  perceptua l 
grorplr g o f  th e visua l  field ,  ar d (e ) 
referenc e fram e effects .  First ,  I  wil l  argu e 
tha t  thes e phenomen a ar e relate d b y tY e fac t 
tha t  underlylr. g the n al l  i s  a  cormo n 
transformatiora l  structure .  Second ,  I  wil l 
describ e a  genera l  desig n fo r  a  comnutationa l 
systet n withi n whic h trars f  orm a ticna l 
structur e car .  b e analyze d easily .  Th e 
proposa l  i s  t o coupl e a  tra.isforiraticnell y 
base d syste m o f  analyzer s wit h a n attenticra l 
rrechanis m tha t  establishe s a  variabl e frar. ? 
of  referenc e withi n it .  Tn e jo b o f  th e 
dttentiona l  frs-r e i s t o mov e aroun d withi n 
th e spac e r f  analyzer s s o a s t o naximiz e th e 
Invarlanc e an d stabilit y  o f  th e attende d 
output .  I t  dee s s o b y ccrrpens a t i  r< ? fc r  th e 
change s brcutih t  abou t  b y th e t  rans f  orr,a t  ion s . 
Finally ,  I  wil l  maKe a  fe w rep-ark s abou t  wh y 
I  thin k tn e kii d o f  computationa l  structur e I 
!3m proprsin g i s a n interestir. g on p fro m a 
pvrel y theoretica l  starjdpoint . 
Transformational Structure 

The basis of transformational structure 
I s th e concep t  o f  trans f  cnr; d tiona l 
invariance .  Transformationa l  invarianc e 
refer s t o th e fac t  tha t  whe n a n objec t 
undergoe s a  spatia l  transformation ,  suc h a s a 
rotation ,  a  grea t  man y change s occu r  i n th e 
patter n o f  stiiulatio n o n th e retina ,  bu t  a t 
th e sam e tim e ther e i s a  grea t  d°a l  o f  highe r 
orde r  structur e tha t  doe s no t  chang e a t  all . 
Al l  sort s o f  relationship s (" r  relationship s 
among relationships ;  d o no t  charg'= ,  eve n 
thoug h eac h firs t  orde r  propert y ioe s ,  an d 
thes e unchangin g aspect s ar ^  th e 
transformationa l  invariants .  I n man y case s 
the y correspon d mer e directl y t o th e 
intrinsi c propertie s o f  tn e r>=r. l  worl d objec t 
r.ndergoin g th e trans f  crm a tic n — it s size , 
shape ,  color ,  an d s o fort n — tna n t o th e 
prcpprli= s o f  it s  projecte d image .  Tn e 

image ,  afte r  all ,  change s i n way s tha t  th e 
objec t  clearl y doe s not .  £ecaus e 
transformationa l  invariant s reflec t  objec t 
propertie s rathe r  tha n lm,a^ e properties , 
computin g the m probabl y play s a n importan t 
rol e i n gettin g fro m a n imag e base d 
representatio n t o a n objec t  o r  worl d base d 
one . 

Hew can the transformational structure 
of  a n even t  b e compute d frc m th e 
spatio-tempora l  Image s tha t  aris e fro m it . 
The problem ,  o f  course ,  i s tha t  whil e i t  i s 
trivia l  t o comput e th e imag e ove r  tim e fro m 
knowledg e o f  th e rea l  worl d objec t  an d it s 
rea l  worl d transformation ,  th e revers e i s no t 
at  al l  trivial .  I n fact ,  ther e isn' t  eve n a 
uniqu e solution ,  bu t  onl y a n infinit e se t  o f 
object/transformatio n pairs .  I n othe r  words , 
ther e ar e nan y differen t  worl d event s 
object s rndergoin g transformation s — tha t 
coul d giv e ris e t o th e sam e specifi c  even t 
image s an d n o logica l  basi s o n whic h t o 
decid e th e correc t  on e fro m purel y optica l 
information .  I t  i s  clea r  tha t  som e 
additiona l  assumption s ar e neede d abou t 
eithe r  th e natur e o f  th e object ,  th e natur e 
of  th e transformation ,  o r  bot h t o reac h a 
determinat e solution .  T o reac h th e correc t 
solutio n a s well ,  th e additiona l  assrmption s 
wil l  hav e t o b e chose n i n a  principle d way . 
•*'hat assumptions might help here? 
Clearl y a  goo d be t  woul d b e an y assumptio n 

tha t  i s generall y tru e c f  event s i n th e 
world .  Then ,  arrivin g a t  solution s tha t  ar e 
consisten t  wit h thes e assumption s wil l  almos t 
alway s resul t  i n veridica l  perception . 

Perhaps the most striking fact about the 
transformation s tha t  characteriz e event s i n 
th e worl d i s tha t  bot h object s an d 
transformation s ten d t o b e fairl y stabl e ove r 
tim e an d space .  Thi s i s certainl y tri e eve r 
shor t  interval s c f  tim e an d smal l  region s o f 
spac e an d i s usuall y tru e ove r  lon g interval s 
of  tim e (o n th e orde r  o f  a t  leas t  whol e 
seccri's )  an d large r  region s o f  spac e a s well . 
To th e etten t  tha t  thi s i s so ,  object s ca n b e 
wel l  approximate d a s rigi d an d th e 
transformation s the y underg o a s unifor m 
mction s i n thre e dimensiona l  space . 
Naturally ,  ther e ar e man y case s c f  non-rigi d 
object s undergoin g variou s comple x motions . 
But  eve n thes e ar e probabl y bes t  understoo d 
i n term s o f  ho w the y ca n b e analyze d int o a 
structur e o f  roughl y ri^i d component s 
undergoin g roughl y uniforn ^  motions .  Th e 
motio n o* '  a  perso n walkin g i s a  cas e c f 
non-rigi d motio n tha t  ha s yielde d t o suc h a n 
analysi s (Jrhansson ,  1973 ;  Cutting ,  1981) . 

The rigidity and uniformity assumptions 
sugges t  tha t  th e perceptua l  syste m operate s 
i n suc h a  wa y a s t o maximiz e invarianc e i n 
bot h object s an d motions .  ̂ ^  I n anthropcmcrphi c 
terms ,  t)- e syste m "wants "  t o analyz e bot h 
object s dn d mction s a s "changin g a s littl e a s 
possible" .  "Vantin g t o chang e a s littl e a s 
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possll)le' "  refer s simultaneousl y t o th e fact s 
tha t  tha t  th e perceive d object/motio n pai r 
irust ,  I r  som e sense ,  accoun t  fo r  th e sense d 
variation s i n th e Imag e an d tha t  thi s ca n b e 
done I n mor e tha n on e way .  T o pic k a  wel l 

kineti c dept h effect ,  I f 
simultaneousl y i n it s 
orientation ,  i t  migh t  b e 

tha t  get s shorte r  an d 
i t  rotate s i n 

(b )  a  lin e o f 

studie d exairple ,  th e 
a lin e change s 
projecte d lengt h an d 
eithe r  (a )  a  lin e 
longe r  b y certai n amount s a s 
varou s possibl e way s o r constan t  lengt h tha t  i s  rotatin g I n dept h 
(Vallac h S,  P'Connell ,  1953) .  Th e latte r  I s 
almos t  invariabl y perceived ,  althoug h i t 
sometime s take s a n observe r  severa l  second s 
t o achiev e it .  Cnc e i t  i s  perceived , 
however ,  i t  i s  stabl e an d dee s ro t 
spontaneousl y chang e t o somethin g else . 
Accordin g t o th e presen t  lin e o f  thought ,  th e 
preferre d interpretatio n arise s becaus e i t  i s 
"simpler "  tha n th e alternative s give n th e 
heuristi c assumptio n tha t  object s i n th e 
worl d ten d t o b e rigi d an d underg o unifor m 
irotion s i n thre e dimensiona l  space .  Thus , 
th e perceptua l  syste m seem s t o prefe r 
Interpretation s o f  greates t  possibl e 
invariance . 
Notion and Constancy 
The perceptual phenomena most directly 
and obviousl y relate d t o transformationa l 
invarianc e ar e thos e o f  motio n perceptio n an d 
objec t  constancy .  ^̂ otio n occur s whe n th e 
positlor .  o f  som e objec t  o r  par t  o f  a n objec t 
chanfce s ove r  time .  I t  i s  th e paradigmati c 
cas e o f  6  iransformatior. ,  o f  course ,  bu t  i t 
i s  perhap s no t  s o obviou s wha t  i t  ha s t o d o 
wit h invariance .  I n fact ,  th e whol e concep t 
of  a  distinc t  objec t  undergoin g motio n 
presuppose s invarianc e i n tha t  th e objec t  i s 
take n t o b e unchangin g (excep t  fo r  it s 
pcsition ,  o f  course )  a s i t  moves .  Logically , 
one coul d jus t  a s wel l  sa y tha t  th e worl d ha d 
change d it s Irtrinsi c natur e ove r  time .  Thi s 
wcul d b e a  mer e reasorabl e notio n i f  on e 
perceive d th e visibl e surface s o f  th e worl d 
lik e a  rubbe r  shee t  tha t  simpl y change d it s 
shap e plasticall y durin g events .  Th e fac t  i s 
tha t  peopl e t o ro t  perceiv e th e worl d i n thi s 
way,  bu t  a s consistin g o f  articulated , 
unchangin g object s tha t  underg o variou s sort s 
of  notions .  Thi s highlight s th e fac t  tha t 
perceivin g motion s o f  object s acti:all y 
presuppose s invarian t  aspect s a s wel l  a s 
varyin g ones ,  ar d tha t  a n even t  i n th e worl d 
alway s ha s bot h components . 
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Give n tha t  rea l  worl d event s ten d t o 
consis t  o f  rigi d object s i n unifor m motions , 
a perceptua l  syste m woul d b e biase d towar d 
veridlcallt y i f  i t  someho w embodie d 
preference s towar d perceivin g rigi d object s 
and unifor m motions .  Indeed ,  ther e i s goo d 
evidenc e tha t  thi s i s true .  When presente d 
wit h ambiguou s information ,  peopl e ten d t o 
perceiv e rigi d object s rotatin g o r 
translatin g i n three-dimensiona l  spac e a s 
lon g a s th e cptica l  structur e i s consisten t 
wit h suc h a n interpretatio n an d th e syste m i s 
give n sufficien t  time .  Fo r  example , 
Johansso n (1950 )  showe d tha t  peopl e hav e a 
stron g tendenc y t o se e tw o movin g point s a s 
fixe d a t  th e end s o f  a  rigi d ro d movin g i n 
thre e dimension s rathe r  tha n a s movin g 
non-rigidl y i n tw o dimensions .  Thus ,  a n 
ambiguou s objec t  i n unambiguou s motio n tend s 
t o b e perceive d a s rigi d rathe r  tha n 
plasticall y deforming .  Th e othe r  sid e o f 
thi s stor y i s tha t  a n unambiguousl y specifie d 
objec t  i n ambiguou s stroboscopi c motio n tend s 
t o b e see n i n unifor m motio n (Shepar d &  Judd , 
1976 ;  Farrel l  &  Shepard ,  1931) .  Clearly , 
ther e i s somethin g specia l  abou t  rigi d 
object s an d motion s fo r  th e huma n visua l 
system . 
Figural Goodness 
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Figure s ar e goo d t o th e exten t  tha t 
the y ar e themselve s invarian t  ove r  certai n 
type s o f  transformations .  Th e mos t  obviou s 
cas e i s tha t  o f  standar d bilatera l  o r 
reflectiona l  ̂ symmetry .  ^_ T o illustrate ,  th e 
letter s "a "  an d "r. "  ar e re f  lectlonell y 
symmetri c abou t  thei r  vertica l  axe s becaus e 
eac h lette r  i s  th e sam e a s itsel f  afte r  bein g 
reflecte d abou t  a  vertica l  lin e throug h it s 
center .  Th e othe r  widel y know n tyg e o f 
symmetr y i s rotational .  Th e letter s " N an d 
"Z "  ar e rotationall y symmetri c throug h a n 
angl e o f  ie0-degree s becaus e eac h lette r  i s 
th e sam e a s Itsel f  afte r  bein g rotate d b y 
ie0-degrees .  Stil l  othe r  letter s hav e 
transformationa l  invarianc e ove r  a  numbe r  o f 
differen t  transformations :  "x" ,  "C" ,  "H" ,  an d 
"l "  al l  hav e tw o reflectiona l  symmetrie s 
(abou t  vertica l  an d horizonta l  line s throug h 
thei r  centers )  a s wel l  a s lEB-degre e 
rotationa l  symmetry .  A  perfec t  circl e ha s 
stil l  greate r  transformationa l  invarianc e 
becaus e i t  i s  unchange d b y al l  centra l 
rotation s an d reflections . 
There are two other, less well known 
type s o f  symmetry :  translationa l  an d 
dilationa l  (*eyl .  1952) .  The y ar e define d b y 
th e sam e abstrac t  schem e a s fo r  reflectlcr.a l 
and rotationa l  symmetries .  3ot h o f  thes e 
latte r  sort s o f  symmetrie s technicall y appl y 
onl y t o idealized ,  infinit e patterns ,  bu t  on e 
can defin e "local "  version s tha t  appl y t o 42 



finit e pattern s b y onl y requirin g invarlanc e 
fo r  par t  o f  th e patter n ove r  th e 
trarsformation .  (Se e Palmer ,  i n press ,  fc r  a 
ror e complet e discussio n o f  symtnetry ,  loca l 
synmetry ,  an d thei r  relatio n t o 
transforrratlona l  structure. ) 

It turns out that the goodness of 
figure s ca n h e wel l  predicte d fro m it s 
symmetrie s I n thi s extende d sense :  th e se t  o f 
transforn-a t  ion s ove r  whic h th e figur e i s 
Irvarlant .  Garne r  (1974 )  showe d tha t  rating s 
of  perceive d goodnes s increase d rronotonlcall y 
wit h th e numbe r  o f  transfornatio'^ s ove r  whic h 
th e figur e i s invariant .  Garne r  actuall y 
talk s abou t  "rotatio n ar, i  reflectio n (o r 
? &  P )  snlsets "  o f  a  figure ,  tu t  thi s concep t 
turr s ou t  t o b e Isomorphi c t o th e numbe r  c f 
rotationa l  an d rt f  1  ec t  ior.a l  invariant s 
(Palmer ,  i n press) .  F\jrther ,  th e amoun t  o f 
transforrraiiona l  invarlanc e a  figur e ha s als o 
strongl y affect s ho w l̂uickl y peopl e ca n natc n 
tw o figure s fo r  physica l  identity ,  ho w wel l 
the y remenbe r  a  figure ,  an d ho w easil y the y 
can describ e it .  Suc h result s demonstrat e 
th e realit y o f  figura l  goodnes s i n perceptua l 
processing .  fSe e Garner ,  1974 ,  fo r  a 
review) .  Ther e i s additiona l  evidenc e tha t 
flgvra l  goc'nes s depend s o n trarslationa l  an d 
dilatiora l  invarlance s a s wel l  (leeuwenberg , 
1971) . 

In summary, figural goodness seems tc be 
characterl2e d quit e nicel y b y th e concep t  o f 
trans f  ormatlcr.a l  invarlance .  Th e relevan t 
transformation s i n thi s cas e ar e reflections , 
rotations ,  translations ,  an d illations . 
Excep t  fo r  th e additio n o f  reflections ,  thes e 
er e th e san e se t  tha t  charactFrize d motio n 
and cbjer t  constanc y phenomena .  I t  seer s 
unlikel y tha t  thi s i s merel y a  coincidence . 

jrorplnfi 

The next phenomenon I wart to relate to 
transformationa l  structur e i s groupin g 
(Werthelmer ,  1922; .  Figur e 1  show s som e 
standar d exarple s o f  groupin g phenomen a I n 
whic h mcs t  peopl e repor t  perceivin g eithe r  a 
vertica l  o r  horizonta l  oigarizatlor .  Figur e 
l A demonstrate s th e infli.erc e o f  proximit y e n 
grouping .  Th e dot s ar e orĵ anize d int o 
vertica l  cclumr. s (rathe r  tha n hcrizc-ta l  o r 
diagona l  rows )  becaus e thei r  vertica l 
proximit y i s greate r  tha n thei r  horliorta l 
Froxlmily .  Figur e 1 3 eemcnstrate s th e 
Influenc e o f  sirilarit y o f  orientation .  Al l 
els e bein g equal ,  simila r  element s ten d t o b e 
groupe d togethe r  an d dissimila r  element s 
groupe d apart .  '̂ar y differen t  klne s c f 
similarit y hav e tee n show n t o affec t 
grouping ,  bu t  color ,  size ,  an d orientatio n 
ar e particularl y striking .  Continuity , 
symmetry ,  an d closur e ar e thre "  othe r  wel l 
documente d factors .  Lv t  perhap s th e ros t 
p ten t  o f  al l  i s  wha t  gestaltist s calle d 

common fate. "  Element s 
common fat e whP r  the y 
directio n a t  th e sam e 
completel y homogeneou s 

grou p togethe r  b y 
rnrv e ir ,  th e sam e 

rate .  ;ve n a 
fiel d c f  rando m dc t 

textur e spontaneousl y organize s Int o figur e 
and groun d ^he n a  spatia l  subse t  o f  th e dot s 
begin s t o mov e togethe r  o r  whe n th e res t  o f 
th e dot s begi n t o mov e aroun d them . 
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Fig .  1 :  Groupin g b y proximit y an d similarity . 

The poin t  I  wan t  t o 
phenomena i s Jus t  this : 
togethe r  whe n 
transformationa l 
tha n the y ar e 
Transforma t  iora l 

make abou t  groupin g 
Element s ar e groupe d 

the y ar e i n close r 
relationship s t o eac h othe r 

t o othe r  elements . 
-  "closeness "  refer s t o th e 

magnitud e o f  th e transformatio n require d t o 
achiev e transformationa l  Invarlance .  Fo r 
exarrple ,  th e dot s i n Figur e l A mus t  underg o a 
large r  translatio n t o brin g the m int o 
congruenc e wit h thei r  vertica l  neighbor s tha n 
wit h thei r  horizonta l  neighbors .  I n Fipur e 
IE ,  th e figure s mus t  underg o e  rotatio n a s 
wel l  a s a  translatio n t o coincid e wit h tr.ei r 
vertica l  neighbors ,  wherea s jus t  a 
translatio n wil l  suffic e fo r  th e horozcrta l 
neighbors . 

Now consider some of the most potent 
factor s i n groupin g phenomena .  Similarit y o f 
tw o element s i n position ,  orientation ,  an d 
siz e ca n b e define d b y th e magnitude s o f  th e 
transforration s — translations ,  rotations , 
and dilations ,  respectivel y — tha t  ar e 
require d t o mak e the m equivalent .  Continuit y 
i s similarit y ove r  loca l  translations ,  an d 
bilatera l  symmetr y i s similarit y ove r 
reflections .  An d so ,  onc e again ,  w e fin d th e 
same type s o f  transformation s lurkin g behir d 
groupin g phenomen a a s w e foun d behin d motion , 
objec t  constancy ,  an d figura l  gcodness . 
Groupin g seem s t o b e determine d b y maximizin g 
transformationa l  relatednes s withi n a 
perceptua l  group . 

Frames of Reference 

The fina l  categor y c f  perceptua l 
jjhenomen a I  wen t  t o discuss s I  wil l  cal l 

referenc e fram e effects. "  I t  Include s a 
number  c f  differen t  result s i n man y differen t 
domains .  Whet  the y al l  hav e i n common i s t o 
sugges t  tha t  perceptio n a t  an y moment  occur s 
withi n e  single ,  unitar y fram e o f  referenc e 
tha t  capture s common propertie s o f  th e whol e 
display .  Cthe r  propertie s ar e 
relativ e t o thi s frame ,  ver y lik'=l ; 
of  deviation s fro m it . 

perceive d 
•  i n term s 

example . conside r now th e As a n 
orientatio n c f  a  globa l  referer'c e fram e ca n 
affec t  shap e perception .  Fî ^ure s 2 A an d 2 3 
sho w th e sam e for m i n tw o orientation s tha t 
diffe r  b y a  4.5-degre e rotation .  Figur e 2 A i s 
perceive d a s a  squar e becaus e it s side s ar e 
hori7onta l  an d vertical ,  an d Figur e 2 1 i s 
perceive d a s a  diamon d becaus e it s side s ar e 
diagonal .  Powever ,  a n interestin g thin g 
happen s whe n a  numbe r  o f  suc h form s ar e 
aligne d diagonally .  Th e perceive d shape s 
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reverse :  horizonta l  an d vertica l  side s 
produc e th e appearanc e o f  diamond s whil e 
diagona l  side s produc e th e appearanc e o f 
square s (Attneave ,  1966 ;  Palmer ,  i n 
preparation) .  I t  seem s tha t  th e til t  o f  th e 
whol e configuratio n i s someho w "factore d cut " 
of  th e display ,  an d th e orientatio n o f  th e 
side s i s the n perceive d relativ e t o th e whol e 
configuration._ _ Th e conjectur e i s tha t  thi s 

factorin g out "  i s  don e b y establishing ;  a 
tilte d fram e fo r  th e figur e withi n whic h 4 5 
degree s i s th e referen t  orientation .  Thi s 
woul d explai n wh y th e shape s ar e perceive d a s 
the y are ,  an d i t  fit s  wel l  wit h man y othe r 
orientsticra l  phenomen a i n shap e perception . 
(Se e Hock ,  1073 ,  fo r  a  review) . 
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consist s o f  translations ,  rotations , 
dilations ,  an d reflections .  Thus ,  th e 
structur e underlyin g al l  possibl e Euclidea n 
frame s o f  referenc e i s base d o n 
transformationa l  invariance :  th e se t  o f 
transformation s tha t  mak e on e referenc e fram e 
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Fig .  2 :  Referenc e frame s i n shap e perception . 
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Transformationa l  Theor y o f  ?ercept\;a l  f̂ tructur e 

All of the perceptual phenomena just 
discusse d sugges t  tha t  th e perceptua l  syste m 
has a  definit e preferenc e fo r  processin g 
optica l  structur e involvin g certai n kird s o f 
transformationa l  invariances .  Th e question s 
I  no w wan t  t o addres s ar e (a )  wha t  thi s mi,;h t 
tel l  u s abou t  perceptua l  orgarizatio n ar d (b ) 
how sucl .  a  syste m r;igh t  b e constructe d 
computationally . 
I think the examoles considered above 
ar e tellin g u s that "  th e visua l  syste m i s 
b)iil t  o n a  transformationa l  las e tha t  ca n b e 
used t o extrac t  trarsforration s a s a 
heuristi c fo r  solvin g perceptua l  protlfrs . 
I n othe r  words ,  th e syste m i s desif̂ -ne d t o b e 
transparen t  t o transformation s o f  th e sor t 
n-os t  ofte n encountere d s o tha t  i t  "prefer s 
interpretation s involvin g them .  i y 
"trensparent "  I  mean tha t  (a )  thes e 
transformation s ca n b e compute d rapidl y an d 
easil y i n sur h a  wa y tha t  (b )  th e syste m ca n 
compensat e fo r  the m simpl y an d efficiently . 
Thi s st-ongl y suggest s tha t  th e syste m rus t 
be designe d t o solv e th e problem s o f 
transformationa l  invarianc e righ t  fro m th e 
start ,  an d tha t  thes e desig n feature s for m 
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first-orcP f  A".aly7e r  Spac e 

The firs t  conpon e 
fo r  sets '  c f  analy z 
propertip s c '  th e vis u 
^vrprisirgly ,  alros l 
«il l  ("o ,  e s Irn g a s 
structura l  relatior.s h 
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Perceptua l  Referenc e Frame s 

At the heart of this proposal is the 
hypothesi s tha t  visua l  attentio n i s localize d 
withi n th e analyze r  spac e an d i s centere d a t 
a particula r  position .  Thi s establishe s a 
perceptua l  referenc e fram e fo r  furthe r 
perceptua l  analysis .  Fixin g visua l  attentio n 
on on e positio n o f  th e analyze r  spac e induce s 
a referenc e fram e becaus e i t  determine s a 
positio n {o r  or igin) ,  orientatio n (o r  axis) , 
directio n alon g tha t  orientatio n (o r  sense) , 
and resolutio n (o r  uni t  o f  distance )  relativ e 
t o whic h th e content s o f  visua l  attentio n ar e 
coded .  Thus ,  positionin g visua l  attentio n 
determine s th e descriptio n give n t o object s 
unde r  analysis .  Thi s i s entirel y analogou s 
t o th e rol e o f  referenc e frame s i n analyti c 
geometry .  A  circl e ha s a  differen t  equatio n 
when th e origi n c f  it s  referenc e fram e i s a t 
it s  cente r  tha n whe n th e origi n i s 
off-center .  Th e correspondin g phenomeno n i n 
perceptio n occur s whe n th e sam e figur e look s 
lik e a  squar e o r  a  diamond ,  dependin g o n th e 
orientatio n o f  th e referenc e fram e withi n 
whic h i t  i s  perceive d (se e Figur e 2 ) . 
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For  a  circle ,  ther e wil l  b e n o 
particula r  orientatio n preference ,  precisel y 
becaus e i t  ha s complet e centra l  symmetry . 
For  a  square ,  however ,  o r  fo r  an y othe r 
figur e tha t  ha s significan t  asymmetries , 
ther e wil l  b e decide d preference s i n 
orientation .  A  squar e i s symmetri c abou t 
onl y th e line s Joinin g opposit e midpoint s o f 
it s  side s o r  opposit e vertice s o f  it s  angles . 
Therefore ,  onl y thes e fou r  orientation s ar e 
seriou s candidates .  I f  th e midpoin t  lin e i s 
used ,  th e figur e woul d hav e a  differen t 
perceive d shap e tha n i f  th e verte x lir e wer e 
used .  I n fact ,  thes e two_fram e orientation s 
resul t  i n th e "square" "  an d "diamond " 
interpretations ,  respectively -  Gbviously , 
not  al l  figure s hav e exac t  symmetrie s lik e 
circle s an d square s do .  lu t  th e sam e 
principle s woul d appl y t o approxiirat e 
symmetries . 
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Crganizationa l  Phenomen a Revisite d 

We now begin to see how motion can be 
analyze d an d constanc y ca n b e maintaine d 
withi n suc h a  transformationall y base d 
system .  Th e transformation s ar e initiall y 
o d e d b y th e highe r  orde r  analyzer s an d the n 
\;se d t o achiev e an d maintai n maxima l 
constancy .  Th e motio n finall y perceive d i s 
not  a  simpl e functio n o f  th e motio n 
analyzers ,  sinc e i t  to o depend s o n a 
referenc e fram e tha t  maximize s invariance . 
Thi s i s accomplishe d b y a n attentiona l 
mechanis m tha t  find s an d follow s maxima l 
outpu t  level s withi n th e analyzer s sensitiv e 
t o motio n an d thei r  higher-orde r  analyzers . 

Transformations of this reference frame 
ca n compensat e fo r  stimulu s transformations , 
thereb y maintainin g constancy .  I t  seem s 
necessar y tha t  muc h o f  thi s mus t  b e don e 
outsid e consciou s attention ,  however ,  becaus e 
ther e hardl y woul d b e enoug h o f  i t  t o g o 
around .  ^ov e likely ,  onc e a n object' s 
representatio n ha s bee n establishe d i n 
memory,  it s representationa l  schem a ca n 
follo w th e approriat e referenc e fram e withou t 
consciou s attention .  Thi s monitorin g proces s 

47 



voul d onl y requir e consciou s attentio n i f 
somethin g unexpecte d wer e t o occur ,  suc h a s 
th e oljec t  disappearin g o r  changin g it s 
intrinsi c properties . 

*^any perceptual grouping phenomena are a 
natura l  resul t  o f  thi s attentiona l  proces s 
workin g withi n a  transformationall y 
structure d space .  I t  seek s th e maxiina l 
amount  o f  transformationa l  invarianc e a t 
differen t  level s o f  resolutio n an d cede s 
element s togethe r  tha t  ar e closel y relate d 
withi n th e analyze r  space .  Give n tha t 
attentio n ca n onl y cove r  a  portio n o f  th e 
analyze r  spac e an d tha t  i t  i s  attracte d t o 
loca l  maxima ,  i t  wil l  ten d t o cod e togethe r 
item s tha t  ar e transformationall y similar . 

Finally, reference frame effects result 
fro m a n attentiona l  mechanis m tha t  i s 
centere d e n a  positio n withi n th e analyze r 
spac e an d a  codin g scheme ,  mor e fvll y 
specifie- i  elsewher e (Palmer ,  i n press) ,  tha t 
describe s shap e relativ e t o th e referenc e 
value s o f  th e frame .  Th e fac t  tha t  fram e 
effect s generall y sno w tha t  globa l  structur e 
affect s loca l  structur e mor e strongl y tha n 
vic e vers a suggest s tha t  î lota l  informatio n 
tend s t o dominat e i n determinin g th e positio n 
0*"  th e attentiona l  frame .  Highe r  orde r 
strctur e o f  th e whol e configuratio n seem s t o 
strongl y affec t  th e placemen t  o f  th e 
referenc e fram e and ,  therefore ,  t o irfluenc e 
th e resultin g perception . 

In all of these phenomena it is clear 
tha t  th e system' s preferenc e fo r  invarianc e 
eve r  transformation s hold s withi n th e thre e 
dimensiona l  spac e o f  th e world .  I t  na y hel d 
i n th e tw o dimensiona l  spac e o f  image s a s 
well ,  bv. t  whe n th e tw o conflict ,  th e simple r 
thre e direriSiona l  solutio n generall y 
("ominates .  We hav e hee n discussin g th e 
analysi s o f  tw o dimensiona l  Irages ,  an d i t  i s 
not  entriel y clea r  ho w t o exten d th e proposa l 
int o th e thir d dimension .  Cn e possibilit y 
woul o V e t o ad d serend ,  thre e dimensiona l 
leve l  tha t  ernbodie d th e sam e desig n features , 
t\; t  i n 6  highe r  dirensiond l  i  ty .  Anothe r 
woi:l d h e t c translat e th e relevan t  simpl e 
'.  rans f  ormatio'- s i n thre e dimensior s int o 
thei r  comple x counterpart s i n tw o dim^-nsicns . 
I  d o no t  ye t  hav e a  wel l  define d proposa l  t o 
make o r  thi s -rlfficiil t  issue . 

The Importance of Systemic Structure 

refore closing, I want to say a few 
wrrd s abou t  ar .  in i  terest l  "g ;  propert y o f  th e 
theor y quit e apar t  fro m it s abilit y  (o r  lac i 
thereof )  t o accoun t  fo r  perceptua l  phenomena . 
I  a m intrigue d b y i t  systemi c natrrp .  Th e 
reade r  re y nav e notice d tha t  i n explainin g 
th e theor y I  mad e almos t  r. c referenc e t o th e 
specifi c  natur e o f  th e analyzer s tha t 
compris e th e piece s o f  th e system .  A t  on e 
poin t  I  sai d tha t  the y miî h t  b e somethin g 
lik e bar -  o r  edge-detectors ,  hu t  tha t  wa s 
merel y fo r  illustra t  ior. .  I n fact ,  i t  make s 
ver y littl e differenc e wha t  th e analy?er s 
loo k lik e e s lon g a s the y satisf y certai n 
symmetr y conditions :  namely ,  the y canno t  b e 
symmetrica l  abou t  an y transfornatie n propose d 
t o exis t  withi n th e analyze r  space .  Th e 
reaso n shovl d b e clear .  I f  th e analyzer s ar e 
invarian t  ove r  a  transformation ,  the n tha t 
trarsformatio n canro t  exis t  a s a  dimensio n 

withi n th e analyze r  space .  Fo r  example ,  i f 
al l  th e analyzer s wer e rotationall y 
symmetric ,  a s ar e circula r  center-surroun d 
receptiv e fields ,  the n th e syste m coul d no t 
suppor t  th e orientatio n dimensio n o r  th e 
highe r  orde r  rotationa l  motio n analyzers . 

In any case, the fact that the 
constraint s o n th e syste m ar e s o wea k 
suggest s tha t  i t  i s  primaril y th e structur e 
of  th e whol e syste m tha t  i s doin g th e work . 
Indeed ,  thi s mus t  b e tru e i f  th e basi c 
buildin g block s o f  th e syste m ar e 
transformationa l  relations .  Transformationa l 
relation s ar e a n emergen t  propert y o f  system s 
of  analyzers ;  the y ar e simpl y undefine d fo r 
any individua l  analyze r  withou t  a  systemi c 
contex t  o f  othe r  analyzers .  Thi s suggest s 
tha t  th e interna l  structur e o f  individua l 
analyzer s migh t  bes t  b e considere d i n term s 
of  thei r  functiona l  rol e withi n th e system . 
Further ,  th e natur e o f  th e element s o f  th e 
syste m migh t  actuall y b e determine d b y 
optimizatio n o f  thei r  fvnctiona l  role s v>ithi n 
th e syste m a s a  whol e (Palmer ,  i n press) .  I 
thin k thes e ar e interestin g an d importan t 
notion s fo r  perceptua l  theory .  The y har k 
bac k t o th e gestal t  clai m tha t  emergen t 
propertie s o f  whol e system s pla y th e critica l 
rol e i n understandin g perceptua l  phenomena . 
Perhap s the y wer e right . 
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Rationa l  Processe s i n Perceptio n 

Alan Gilchrist and Irvin Rock 

I n thi s pape r  w e wil l  giv e ou r  reason s fo r  believin g 
tha t  certai n curren t  attempt s t o explai n perceptua l 
phenomena o n a  lowe r  leve l  i n term s o f  know n sensory -
mechanism s ar e untenable .  We wil l  d o thi s b y focussin g 
on tw o topics ,  lightnes s perceptio n an d th e perceptio n 
of  apparen t  motion .  We wil l  summariz e som e olde r  dat a 
(no t  al l  o f  whic h ar e sufficientl y known )  an d wil l 
describ e som e recen t  wor k o f  ou r  own .  Finally ,  o n a 

more positiv e note ,  w e wil l  tr y t o indicat e th e directio n 
tha t  a  theor y mus t  tak e i f  i t  i s  t o dea l  effectivel y 
wit h thes e phenomena . 

Lightness Perception 
We wil l  begi n wit h th e assumptio n tha t  Helmholt z wa s 

essentiall y  wron g i n hi s belie f  tha t  a n object' s light -
ness ca n b e inferre d b y interpretin g th e luminanc e 

reflecte d b y i t  t o th e ey e i n term s o f  th e amoun t  o f 
illuminatio n fallin g o n it .  Suc h a  proces s require s 
unequivoca l  informatio n abou t  th e illuminatio n wherea s 

th e onl y informatio n directl y availabl e i s th e intensit y 
of  light ,  o r  luminance ,  reflecte d b y eac h surfac e i n th e 
field .  Eac h suc h luminanc e i s th e join t  produc t 
of  th e reflectanc e propert y o f  th e surfac e an d th e il -
luminatio n fallin g o n tha t  surface .  Rathe r  we wil l 
assume tha t  th e perceive d shad e o f  gra y o f  a  surfac e i s 
governe d primaril y b y th e luminanc e o f  tha t  surfac e 
relativ e t o th e luminanc e o f  neighborin g surface s a s 
Herin g (1920 )  suggeste d an d a s Wallac h (ig'̂ S )  elegantl y 
demonstrated .  Ther e i s no w fairl y wid e agreemen t  amon g 
investigator s o n thi s genera l  principle . 

But  wha t  i s th e underlyin g explanatio n o f  it ? Ther e 
i s grea t  appea l  i n Bering' s suggestio n o f  reciproca l 
interaction ,  i.e .  tha t  a  brigh t  regio n o f  th e fiel d 
woul d hav e a  darkenin g effec t  o n a n adjacen t  regio n an d 
a dar k regio n woul d hav e a  brightenin g effec t  o n a n 
adjacen t  regiori .  We no w kno w fo r  a  fac t  tha t  th e rat e 
of  discharg e i n on e nerv e fibe r  i s attenuate d whe n a 
neighborin g fibe r  i s stimulate d b y light .  Thu s suc h 
latera l  inhibitio n ca n plausibl y b e invoke d t o explai n 
why th e appare.'i t  lightnes s o f  on e regio n i s governe d b y 
th e exten t  o f  stimulatio n o f  a n adjacen t  regio n (se e 
^ornsweet ,  197C ;  Jameso n an d Hurvich ,  196'+) . 

I n fact ,  give n latera l  inhibitio n a s a  know n sensor y 
effect ,  on e migh t  hav e bee n abl e t o predic t  th e pheno -
menon o f  contrast ,  eve n i f  i t  ha d neve r  bee n observe d 
(althoug h question s ca n b e raise d abou t  th e spatia l 
distanc e ove r  whic h suc h a  mechanis m ca n b e expecte d t o 
occur) .  Surroundin g a  gra y regio n b y a  whit e on e shoul d 
lea d t o diminishe d dischargin g o f  retina l  fiber s stimu -
late d b y th e gra y region ;  surroundin g anothe r  gra y 
regio n o f  th e sam e valu e b y a  blac k on e shoul d lea d t o 
increase d dischargin g o f  retina l  fiber s stimulate d b y 
tha t  gra y regio n becaus e o f  a  releas e o f  inhibition . 
Thus on e o f  thes e gra y region s shoul d loo k lighte r  tha n 
th e othe r  an d s o i t  does .  A n implici t  assumptio n her e 
i s tha t  th e phenomena l  shad e o f  gra y perceive d i n a  give n 
regio n i s a  direc t  functio n o f  th e rat e o f  dischargin g 
of  fiber s stimulate d b y tha t  region . 

The fac t  o f  constanc y o f  lightnes s ca n b e explaine d 
alon g th e sam e lines .  When th e illuminatio n fallin g o n 
a surfac e changes ,  the n th e luminanc e o f  al l  adjacen t 
region s rise s an d fall s together .  Thus ,  whil e th e rat e 
of  dischargin g o f  cell s stimulate d b y a  gra y regio n 
shoul d increas e whe n illuminatio n increases ,  s o to o 
shoul d th e rat e o f  dischargin g o f  cell s fro m a  surround -
in g whit e regio n increase .  Th e latte r  wil l  increas e th e 
inhibitio n o n th e forme r  wit h th e ne t  resul t  o f  littl e 
i f  an y chang e i n th e absolut e rat e o f  dischargin g o f 
thos e cells .  Therefor e th e perceive d lightnes s shoul d 
remai n mor e o r  les s constan t  an d s o i t  does .  Not e again , 
however ,  th e assumption ,  her e explicit ,  tha t  th e pheno -
menal  lightnes s i s a  direc t  functio n o f  th e rat e o f 
discharg e o f  th e appropriat e fibers . 
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Underlyin g thi s assumptio n i s anothe r  assumptio n abou t 
how th e visua l  syste m vork s tha t  Gilchris t  (1981 )  ha s 
calle d th e photomete r  metaphor .  Jus t  a s th e signa l 
produce d b y a  photomete r  i s a  direc t  functio n o f  th e 
ligh t  fallin g upo n it ,  s o th e perceive d lightnes s o f 
each poin t  i n th e fiel d i s assume d t o b e a  direc t 
functio n o f  th e rat e o f  dischargin g o f  th e cell s stimu -
late d b y eac h suc h point .  Wit h th e knowledg e tha t  ha s 
been availabl e abou t  light ,  abou t  th e formatio n o f  th e 
retina l  image ,  an d abou t  photochemica l  processe s an d 
nerv e physiolog y i t  i s  understandabl e wh y suc h a  vie w ha s 
become s o deepl y ingraine d a s no t  eve n t o b e explicitl y 
recognize d a s a n assumption .  Give n thi s assumption , 
phenomena suc h a s contras t  an d constancy ,  i n whic h light -
ness doe s no t  correlat e wit h luminance ,  see m t o requir e 
an explanatio n lon g th e line s o f  latera l  inhibition . 

There is now, however, reason to reject this approach. 
Evidenc e ha s bee n accumulatin g t o suppor t  th e theor y 
tha t  th e perceptio n o f  lightnes s (an d chromati c color ) 
i s  base d o n informatio n a t  th e edge s betwee n region s o f 
differin g luminanc e (o r  hue) .  Homogeneou s region s 
betwee n edge s ar e the n "assumed "  t o hav e th e lightnes s 
or  colo r  indicate d b y thes e edges .  Ther e i s overwhelm -
in g evidenc e (Yarbus ,  19^7 ;  Whittl e an d Challands ,  1969 ; 
J.  Walraven ,  1976 )  tha t  th e visua l  syste m respond s t o 
change s i n stimulation ,  no t  t o a n unchangin g stat e o f 
stimulation .  Thi s i s normall y guarantee d b y continuou s 
eye movements ,  fo r  vision. '  Wheneve r  a n imag e ca n b e 
hel d stationar y o n th e retin a fo r  a  fe w seconds ,  al l 
visua l  experienc e stops .  Thes e fact s ar e inconsisten t 
wit h th e photomete r  metapho r  an d the y strongl y indir-at e 
th e crucia l  natur e o f  edge s o r  gradient s i n th e retina l 
imag e sinc e thi s i s wher e stimulatio n change s i n th e 
normal  movin g eye .  Krauskop f  (1963 )  ha s show n tha t  whe n 
th e boundar y o f  a  surfac e i s prevente d fro m movin g o n 
th e retina ,  it s  colo r  wil l  disappea r  an d b e replace d b y 
th e colo r  o f  th e surroundin g region ,  signalle d b y th e 
boundar y o f  tha t  region . 

I t  seem s unlikel y tha t  an y absolut e luminanc e infor -
matio n woul d b e picke d u p i n thi s wa y an d ye t  i t  no w 
seems quit e possibl e tha t  th e visua l  syste m achieve s 
what  i t  doe s usin g onl y relativ e information .  Eve n a 
simpl e edge-relation s approac h goe s a  lon g wa y towar d 
explainin g lightnes s constanc y sinc e th e luminanc e rati o 
betwee n tw o adjacen t  surfac e color s remain s th e same 
even whe n illuminatio n changes . 

The importan t  poin t  her e i s tha t  ther e i s n o nee d 
t o invok e a  concep t  suc h a s latera l  inhibitio n t o explai n 
constancy .  Onc e th e photomete r  assumptio n i s made 
explici t  an d i n fact ,  i s  displace d b y th e concep t  o f 
edge information ,  th e whol e edific e collapses .  Of 
cours e latera l  inhibitio n i s a  well-establishe d physio -
logica l  fact .  I t  i s  probabl y par t  o f  th e proces s 
whereb y th e rati o a t  a n edg e i s determined .  Bu t  we 
don' t  believ e tha t  latera l  inhibitio n solve s an y o f  th e 
basi c problem s o f  constancy .  Th e concep t  o f  a n exagger -
atio n o r  enhancemen t  o f  edg e ratio s seem s unnecessar y 
and illogical .  I f  latera l  inhibitio n exaggerate d a n 
edge ratio ,  i t  woul d d o s o i n th e sam e wa y ever y tim e 
an edg e o f  th e sam e valu e wer e presen t  o n th e retina . 
A give n edg e rati o woul d b e specifie d b y a  give n neura l 
signal ,  wit h o r  withou t  a n exaggeratio n function . 
Therefor e th e exaggeratio n functio n doesn' t  see m t o ad d 
anythin g o f  explanator y value . 

Certai n problem s tur n ou t  t o b e dissolvabl e pseudo -
problem s wit h th e adoptio n o f  a n edge-relation s ap -
proach .  One o f  thes e i s constanc y unde r  changin g 
illumination .  On th e othe r  hand ,  othe r  problem s emerge , 
althoug h the y ar e mor e tractable .  Fo r  example ,  ho w d o 
we no w explai n th e constanc y o f  surfac e lightnes s a s 
th e surfac e i s viewe d agains t  differin g backgrounds ? 
The luminanc e rati o a t  th e edg e o f  a  surfac e ca n chang e 



irainaticall y a s i t  i s  place d o n differen t  background s 
and ye t  lightnes s perceptio n retain s alrr.ô t  unchanged . 

For  example ,  ir .  th e classi c exampl e i f  lightnes s 
contrast ,  th e gra y s^^ar e o n th e whit e backgroun d ha s 
an eig e rati o tha t  i s  radicall y differen t  (eve n uiposit e 
ir .  sign )  fro c tha t  o f  th e gra y squar e o n th e blac k 
bac.'-orour.d .  Thus ,  unde r  - ^  simpl e edg e theor y the y 
ough t  t o appea r  radicall y differen t  i n lightness ,  an d 
yet  the y appea r  almos t  th e same .  Thi s suggest s tha t 
lightnes s i s no t  leten-uine d simpl y b y th e boundar y o f  a 
surface ,  t.; t  b y tr. e relationshi p betwee n tha t  boundar y 
and othe r  boundaries .  Presumabl y th e boundarie s o f  th e 
square s thenselve s onl y signa l  departure s fro m a  back -
groun d lightness ,  whic h i n tur n i s signalle d b y th e 
boundar y o f  eac h baci'.ground .  Thu s th e edg e dividin g 
th e whit e an d blac k background s signal s th e relationshi p 
betwee n th e tw o backgroun d lightnesse s an d w e migh t 
expec t  tha t  thi s edg e wil l  b e a s critica l  t o th e light -
ness o f  th e target s a s th e edge s o f  th e target s them -
selves .  I n fac t  Gilchris t  an d Piantined a (unpublishe d 
experiment )  hav e foun d tha t  i f  tha t  edg e i s retinall y 
stabilized ,  th e tw o gra y square s tur n blac k an d whit e 
respectively ,  jus t  wha t  w e woul d expec t  base d simpl y 
on th e ratio s a t  th e edge s o f  th e gra y squares .  We 
migh t  sa y tha t  th e assignmen t  o f  lightnesse s t o th e 
variou s region s i s th e en d resul t  o f  a  computationa l 
proces s i n whic h informatio n fro m al l  edge s presen t  i s 
integrated .  Aren d (1973 )  an d Lan d an d McCan n (l97l ) 
have propose d simila r  schemes . 

I f  suc h computationa l  processe s occu r  an d ar e 
governe d b y remot e a s wel l  a s loca l  edg e information , 
th e reade r  may wel l  wonde r  abou t  th e achievemen t  o f 
constancy .  Conside r  th e typica l  cas e wher e tw o gra y 
disk s o f  equa l  reflectanc e o n th e sam e backgroun d ar e 
unequall y illuminate d becaus e on e regio n an d it s immedi -
at e backgroun d ar e i n shadow .  Earlie r  w e sai d tha t 
constanc y coul d b e explaine d o n th e basi s o f  th e equa l 
rati o o f  eac h gra y regio n t o it s background .  Tha t  woul d 
be tru e i n th e exampl e unde r  consideration .  Bu t  no w w e 
have als o sai d tha t  th e presenc e o f  othe r  edge s enter s 
int o th e equation .  Th e shado w edg e ca n easil y hav e a 
rati o a s grea t  a s a  white-blac k edg e and ,  mor e probably , 
even greater .  I f  thi s i s entere d int o th e computation , 
constanc y woul d fail ;  th e disk s woul d b e see n a s 
differen t  shade s o f  gra y i n accordanc e wit h th e luminanc e 
differenc e betwee n them .  Th e equa l  disk-to-surroun d 
luminanc e ratio s her e logicall y canno t  signif y tha t  th e 
two gray s ar e equa l  i f  th e gra y region s ar e see n a s o n 
background s o f  differen t  luminanc e values ,  o r  s o i t 
woul d seem . 

Unles s th e perceptua l  syste m ca n discriminat e betwee n 
reflectanc e edge s an d illuminatio n edges ,  tha t  i s 
betwee n change s i n th e pigmen t  o f  th e surfac e an d 

change s i n th e amoun t  o f  illuminatio n shinin g o n th e 
surface .  I f  so ,  perhap s illuminatio n edge s woul d no t 
be include d i n th e computatio n o f  surfac e lightnes s 
values .  Ther e i s no w stron g evidenc e o f  jus t  suc h 
discriminatio n o f  reflectanc e an d illuminatio n edge s 
(Gilchrist ,  i n press) .  I f  observer s vie w th e tw o disk s 
4nJr r  th e condition s jus t  described ,  the y typicall y d o 
perceiv e th e tw o gray s a s almos t  equal ,  i.e .  constanc y 
i s achieved .  Moreover ,  the y perceiv e bot h side s o f  th e 
backgroun d a s whit e wit h on e sid e i n shadow .  Thu s th e 
centra l  edg e i s apparentl y correctl y identifie d a s a n 
illuminatio n edge .  If ,  however ,  th e observer s vie w th e 
displa y throug h a n apertur e tha t  permit s onl y par t  o f 
th e backgroun d an d th e tw o gra y region s t o b e seen ,  an d 
i f  th e edg e o f  th e shado w i s reasonabl y sharp ,  th e gray s 
no longe r  loo k equal ,  constanc y i s destroyed .  Moreover , 
th e observer s no w perceiv e th e tw o side s o f  th e back -
groun d a s unequa l  i n lightness .  Thu s th e edg e i s 
interprete d a s separatin g differen t  reflectances ,  no t 
differen t  illuminations .  I n thi s conditio n onl y the n 
does th e centra l  edg e ente r  int o th e proces s o f  computin g 
th e lightnes s o f  th e gra y disks . 

We reporte d earlie r  tha t  i f  th e boundar y betwee n th e 
blac k an d whit e background s i n th e traditiona l  contras t 

patter n i s mad e t o disappea r  throug h retina l  stabiliza -
tion ,  on e gra y squar e turn s blac k an d th e othe r  turn s 
white .  Thi s provide s som e o f  th e bes t  evidenc e fo r  th e 
concep t  o f  edg e integration .  A  simila r  experimen t  wa s 
done b y Gilchrist ,  et .  al .  (i n press )  tha t  demonstrate s 
th e importanc e o f  th e distinctio n betwee n reflectanc e 
edge s an d illuminatio n edges .  When th e boundar y betv;ee n 
th e whit e an d blac k background s i s mad e t o loo k lik e th e 
edge o f  a  shadow ,  th e tw o square s wil l  als o tur n blac k 
and whit e respectively ,  jus t  a s i n th e stabilized-iir.ag e 
experiment .  Thu s whe n a n edg e i s identifie d a s a n 
illuminatio n edge ,  i t  seem s t o dro p ou t  o f  th e integra -
tio n proces s fo r  surfac e lightnes s jus t  a s i f  i t  wer e 
invisible . 

I t  woul d tak e u s to o fa r  afiel d t o ente r  "int o a  ful l 
discussio n o f  precisel y ho w th e perceptua l  syste m 
discriminate s illuminatio n fro m reflectanc e edges . 
Whil e th e presenc e o f  penumbr a a t  a n illuminatio n edg e 
may b e on e sourc e o f  informatio n i t  i s  no t  th e onl y on e 
and i s no t  necessar y i n th e experiment s jus t  described . 

Befor e discussin g th e importan t  rol e tha t  dept h 
perceptio n play s i n discriminatin g edges ,  i t  i s  wort h 
considerin g th e ramification s o f  wha t  w e hav e jus t 
discusse d fo r  th e notio n o f  latera l  inhibitio n o r  an y 
othe r  theor y o f  neura l  interactio n whic h seek s t o explai n 
th e importan t  eft'ect s o f  remot e edge s o n wha t  i s per -
ceive d i n region s adjacen t  t o othe r  edges .  Fo r  no w i n 
additio n t o othe r  difficultie s suc h a  theor y faces ,  i n 
dealin g wit h suc h "remote "  effect s i t  woul d hav e t o b e 
argue d tha t  suc h effec t  d o no t  occu r  a t  al l  whe n thos e 
remot e edge s ar e interprete d a s representin g illumina -
tio n rathe r  tha n reflectanc e differences .  I n fact ,  i t 
i s  interestin g t o not e tha t  apparentl y n o on e ha s 
notice d tha t  whe n contras t  effect s ar e applie d t o 
illuminatio n edges ,  the y no t  onl y fai l  t o resul t  i n 
constancy ,  bu t  the y actuall y mak e matter s worse . 
Constanc y require s tha t  w e explai n ho w th e perceptio n 
of  surfac e lightnes s coul d b e th e sam e o n bot h side s o f 
an illuminatio n edge ,  give n th e differenc e i n luminance . 
Applyin g a  mechanis m her e tha t  furthe r  exaggerate s th e 
luminanc e differenc e i s a  littl e lik e bringin g wate r  t o 
a drownin g man . 

Recent  experiment s (Gilchrist ,  1977 ,  198l )  hav e 
demonstrate d th e rol e o f  dept h perceptio n i n distinguish -
in g a n illuminatio n edg e fro m a  reflectanc e edge .  I n 
one experimen t  a n artificia l  interpositio n cu e wa s use d 
t o mak e a  targe t  squar e appea r  a s locate d eithe r  i n a 
near  plane ,  diml y illuminated ,  o r  i n a  fa r  plane , 
brightl y illuminated ,  a s show n i n Figur e 1 .  I n term s o f 
th e retina l  image ,  th e targe t  squar e wa s alway s flanke d 
by a  surfac e o f  muc h lowe r  luminanc e t o it s lowe r  righ t 
and b y a  surfac e o f  muc h highe r  luminanc e t o it s uppe r 
lef t  (not e relativ e luminance s give n i n Figur e 1 ) . 
I n space ,  however ,  th e lo w luminanc e surfac e wa s locate d 
i n th e nea r  plan e whil e th e hig h luminanc e surfac e wa s 
locate d i n th e fa r  plane .  Th e result s sho w tha t  light -
nes s i s determine d b y th e luminanc e rati o o f  th e targe t 
squar e t o it s coplana r  neighbor .  Thu s th e targe t  squar e 
looke d ifhit e whe n i t  appeare d i n th e nea r  plan e bu t 
blac k whe n i t  appeare d i n th e fa r  plane .  I n othe r  terms , 
th e edg e dividin g th e targe t  fro m it s coplana r  neighbo r 
was treate d a s a  reflectanc e differenc e whil e th e edg e 
dividin g th e targe t  fro m it s non-coplana r  neighbo r  wa s 
presumabl y treate d a s representin g a n illuminatio n 
difference .  Sinc e th e retina l  imag e wa s essentiall y 
th e sam e i n bot h conditions ,  thi s resul t  i s  inconsis -
ten t  wit h a n explanatio n base d o n latera l  inhibition . 

I n anothe r  experimen t  involvin g plane s meetin g t o 
for m a  dihedra l  angle ,  thes e idea s wer e pu t  t o a  mor e 
rigorou s tes t  i n whic h prediction s base d o n perceive d 
coplanarit y woul d b e th e opposit e o f  prediction s base d 
solel y o n retina l  ratios . 

The experimenta l  arrangement s ar e show n i n Figur e 2 . 
I n th e horizonta l  plane ,  a  blac k targe t  ta b extende d 
out  int o spac e fro m a  large r  whit e square .  I n th e 
vertica l  plane ,  a  whit e targe t  ta b extende d upwar d int o 
spac e fro m a  large r  blac k square .  Thu s eac h targe t 
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Figur e 1 

i n ta b wa s see n agains t  th e backgroun d squar e tha t  wa s 
a separat e plane .  Th e horizonta l  surface s receive d 
about  3 0 time s a s muc h illuminatio n a s th e vertica l 
surfaces ,  o r  jus t  enoug h illuminatio n differenc e t o 
make th e luminanc e o f  th e blac k targe t  ta b equa l  t o 
tha t  o f  th e whit e targe t  tab .  Give n th e viewin g per -
spectiv e o f  th e observer ,  i» 5 degree s fro m eac h plane , 
th e displa y wa s simila r  t o traditiona l  contras t  displays ; 
two target s o f  equa l  luminanc e o n brigh t  an d dar k back -
ground s respectively .  Thu s a  theor y base d o n latera l 
inhibitio n woul d clearl y predic t  tha t  th e targe t  o n th e 
brigh t  background ,  i n thi s cas e th e uppe r  target , 
shoul d appea r  darke r  tha n th e othe r  target ,  althoug h 
th e exac t  magnitud e o f  th e effec t  i s  harde r  t o deter -
mine .  On th e othe r  hand ,  i f  lightnes s i s reall y base d 
on luminanc e relationship s withi n planes ,  the n eac h ta b 
shoul d b e compare d wit h th e large r  backgroun d squar e 
tha t  lie s i n th e sam e plane ,  eve n thoug h i t  i s  adjacen t 
onl y alon g on e edg e o f  th e tab .  Thu s no t  onl y woml d 
th e coplana r  rati o principl e predic t  tha t  th e uppe r  ta b 
vjoul d appea r  lighter ,  no t  darker ,  tha n th e lowe r  tab ,  i t 
woul d predic t  tha t  th e uppe r  ta b shoul d loo k whit e an d 
th e lowe r  ta b black . 

I n fac t  th e latte r  resul t  wa s actuall y obtained . 
Figur e 2  show s th e media n Munsel l  matche s {nex t  t o 
sample s o f  thos e Munsel l  values )  obtaine d fro m naiv e 
observers .  Moreover ,  sinc e th e targe t  tab s wer e 
actuall y trapezoida l  i n shape ,  the y coul d b e made t o 
switc h perceive d plane s whe n viewe d monocularly .  I n 
tha t  conditio n o f  th e experimen t  th e perceive d light -
nesse s o f  th e tab s als o switched ,  wit h th e lowe r  ta b 
now appearin g whit e an d th e uppe r  ta b appearin g black . 
Sinc e thes e change s i n perceive d lightnes s wer e pro -
duce d solel y b y a  chang e i n dept h perception ,  wit h n o 
chang e i n th e retina l  image ,  thes e dat a rais e difficul -
tie s tha t  may b e insurmountabl e fo r  curren t  theorie s 
base d o n latera l  inhibition . 
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Figur e 2 

Apparent Motion 
Althoug h w e kno w a  goo d dea l  abou t  th e condition s 

tha t  produc e th e illusor y impressio n o f  motio n refer -
re d t o a s apparen t  motion ,  w e stil l  d o no t  understan d 
why i t  occur s or ,  fo r  tha t  matter ,  wh y i t  onl y occur s 
unde r  certai n conditions .  What  w e kno w abou t  thi s 
effec t  i s  tha t  give n th e sudde n appearanc e o f  objec t  £ , 
it s  sudde n disappearance ,  followe d typicall y b y jus t 
th e righ t  tim e interva l  o f  objec t  _b i n jus t  th e righ t 
new spatia l  location ,  on e tend s t o se e motio n o f  a  t o 
b.  Th e currentl y favore d explanatio n i s  tha t  a  motion -
detecto r  cel l  i n th e brai n wil l  discharg e eve n i f  th e 
appropriat e recepto r  fiel d o f  th e retin a i s  stimulate d 
discontinuousl y b y tw o point s rathe r  tha n b y a  poin t 
movin g ove r  th e retina .  Suc h cell s d o see m t o exis t  i n 
variou s specie s o f  animal s (Griisser-Cornehls ,  I968 ; 
Barlo w an d Levick ,  I965) . 

However ,  th e fac t  i s  tha t  i t  i s  no t  necessaril y th e 
cas e tha t  th e condition s fo r  apparen t  motio n perceptio n 
entai l  stimulatio n o f  separat e retina l  regions . 
Ordinaril y  tha t  i s  th e case ,  sinc e a_ an d h  ar e i n 
separat e spatia l  location s an d th e ey e i s  mor e o r  les s 
stationary .  What  seem s t o matte r  i s  th e perceptio n o f 
a an d b  i n separat e location s i n space . 

To ge t  a t  thi s questio n a n experimen t  wa s performe d 
i n whic h th e observer s ha d t o quickl y mov e thei r  eye s 
bac k an d fort h synchronou s wit h th e onse t  o f  a_ an d b 
so tha t  eac h stimulate d th e sam e centra l  regio n o f  th e 
retina ,  rathe r  tha n as ,  mor e typically ,  tw o discretel y 
differen t  loc i  (Roc k an d Ebenholtz ,  1962) .  Therefore , 
th e condition s fo r  apparen t  motio n migh t  b e though t  no t 
t o exist .  Yet ,  th e observe r  doe s locat e &  an d bi  i n 
phenomenall y discret e place s i n th e environment .  Th e 
resul t  wa s tha t  althoug h nothin g wa s sai d t o th e obser -
ver s abou t  motio n tha t  migh t  creat e a n expectatio n o f 
perceivin g motion ,  mos t  o f  the m nonetheles s spontaneous -
l y did .  Thi s experimen t  seem s t o prov e that ,  i n human s 
at  least ,  i t  i s  no t  necessar y t o explai n stroboscopi c 
motio n i n term s o f  a  sensor y mechanis m tha t  detect s 
sudde n chang e o f  retina l  location .  Ther e i s  neithe r 
chang e o f  retina l  no r  cortica l  locu s o f  projectio n o f  a 
and b  here . 

An entirel y differen t  vie w tha t  ha s bee n presente d b y 
Rock (1975 )  i s  tha t  th e impressio n o f  motio n i s a  solu -
tio n t o th e proble m pose d b y th e rathe r  unusua l  stimulu s 
sequence .  Firs t  a_ inexplicabl y disappears .  The n b 
inexplicabl y appear s elsewhere .  B y "inexplicable "  w e 
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mean tha t  whe n a n objec t  i n th e worl d disappear s a s w e 
ar e lookin g a t  it ,  i t  i s  generall y becaus e anothe r  objec t 
moves i n fron t  o f  i t  o r  i t  i s  occlude d b y anothe r  objec t 
becaus e o f  oii r  motion .  However ,  whe n a  stationar y 
objec t  suddenl y an d rapidl y move s t o anothe r  location , 
i t  doe s ten d t o disappea r  fro m on e locatio n an d t o ap -
pear  i n another .  Therefore ,  perhap s thi s stat e o f 
affair s i n a  stroboscopi c displa y suggest s th e solutio n 
of  motion . 

Give n tha t  potentia l  solution ,  th e questio n arise s 
as t o whethe r  i t  i s  acceptable .  Motio n fro m a  t o b  doe s 
accoun t  fo r  th e brie f  stimulatio n b y a ^  an d _b ,  bu t  isn' t 
th e absenc e o f  an y visibl e objec t  betwee n th e locu s &_ 
and b  a  violatio n o f  th e requiremen t  tha t  a  solutio n b e 
supporte d b y wha t  i s presen t  i n th e stimulus ? I f  th e 
solutio n i s  "a _ movin g acros s spac e t o b "  doesn' t  thi s 
cal l  fo r  stimulu s suppor t  i n th e for m o f  continuousl y 
visibl e motio n acros s tha t  spatia l  interval ? Ordinaril y 
tha t  woul d b e true ,  bu t  i t  i s  a  fac t  tha t  ha s bee n 
demonstrate d tha t  fo r  ver y rapi d motio n o f  a n actuall y 
displacin g object ,  littl e mor e tha n a  blu r  ca n b e see n 
i n th e regio n betwee n th e termina l  location s (Kaufma n 
et  al ,  1971) .  I n fac t  i t  wa s show n tha t  i f  th e termina l 
location s ar e occluded ,  n o motio n o f  a  movin g objec t  i s 
seen .  Therefor e whe n th e spatia l  an d tempora l  interval s 
betwee n a  an d b ^  i n a  stroboscopi c displa y ar e suc h a s 

woul d correspon d wit h th e rea l  motio n o f  a  rapidl y 
displacin g object ,  th e absenc e o f  continuousl y visibl e 
movement  nee d no t  ac t  a s a  constrain t  agains t  perceiv -
in g movement .  I n fact ,  thi s analysi s may explai n wh y 
slo w rate s o f  alternatio n d o no t  lea d t o th e impression s 
of  motion .  B y "slo w rate' '  w e mea n a  conditio n wit h a 
relativel y lon g interva l  betwee n th e disappearanc e 
(offset )  o f  a  an d th e appearanc e (onset )  o f  b .  Suc h a 
rat e woul d impl y a  slowl y movin g objec t  an d a  slowl y 
movin g objec t  woul d normall y b e see n throughou t  th e 

spatia l  interva l  betwee n a_ an d b̂ .  Therefor e th e ab -
senc e o f  objec t  motio n ove r  tha t  interva l  a t  slo w rate s 
of  alternatio n i s a  violatio n o f  th e requiremen t  o f 
stimulu s support .  Henc e th e movement  solutio n i s no t 
acceptabl e a t  slo w rate s eve n i f  th e offse t  an d onset: . 

ten d t o sugges t  thi s solution . 
Whil e o n thi s topi c o f  rat e w e migh t  briefl y comment 

on th e cas e wher e th e alternatio n i s ver y rapid ,  i.e . 
a zer o o r  onl y a  minimu m interva l  betwee n th e offse t  o f 
â  an d onse t  o f  b̂ .  I f  th e "on "  tim e o f  a_ an d b  i s itsel f 

ver y brief ,  thi s stat e o f  affair s wil l  resul t  i n £  an d 
_b bein g visibl e simultaneousl y b y virtu e o f  neura l 

persistence .  Bu t  i f  a_ i s visibl e whe n h_ appears ,  th e 
solutio n tha t  a  ha s move d t o _b i s no t  supporte d o r  on e 
migh t  say ,  i s  contradicted .  Thi s deductio n war .  teste d 
by usin g rate s o f  alternatio n tha t  ordinaril y  d c 
produc e th e stroboscopi c effec t  bu t  wit h th e followin g 
variation :  Firs t  a  appears ,  followe d b y th e usua l 

blan k interval ;  whe n b  appear s s o doe s a  (i n it s origina l 
location) .  Therefor e th e sequenc e o f  event s is :  a ;  a_ 
and b, :  a_ ;  a  an d b̂ ,  etc .  I f  th e presenc e o f  a_ durin g th e 
exposur e o f  b  violate s th e requirement s o f  th e motio n 
solution ,  the n observer s shoul d no t  achiev e a  strobo -
sopi c effec t  unde r  thes e conditions .  Ou r  observer s di d 
not .  If ,  however ,  th e displa y i s change d s o tha t  th e 
a objec t  tha t  appear s concurrentl y wit h b  bu t  i n th e 
same locatio n a s a  i s somewha t  differen t  tha; ;  th e a_ 
tha t  appear s alone ,  observer s d £ perceiv e a  mov i  r ;  t o 
b.  Th e sequenc e i s â ;  a_ '  an d b̂ ,  :  a ;  a '  an d b ;  etc . 

Tt  wa s :.ote d abov e tha t  i n th e typica l  experimen t  o n 
stroboscopi c motion ,  a_ an d b ^  inexplicabl y disappea r  an d 
appear .  What  wa s mean t  wa s tha t  n o rational e i s pro -
vide d t o th e observe r  o f  wh y the y appea r  an d disappea r 

suc h a s i s th e cas e whe n thing s i n th e environmen t 
auddenl y appea r  o r  disappea r  becaus e anothe r  objec t  i n 

fron t  suddenl y move s ou t  o f  th e wa y o r  i n th e way . 
Thi s suggeste d th e followin g kin d o f  experiment . 
Suppos e w e caus e th e retin a t o b e stimulate d b y a  an d 
_b i n jus t  th e righ t  place s a t  jus t  th e righ t  tempo ,  etc .  , 
but  b y a  metho d i n whic h w e mov e a n opaqu e objec t  bac k 
and forth ,  alternatel y coverin g an d uncoverin g a  an d b . 
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Figur e 3 

(See Figure 3B) As far as the sensory theory of appar-
ent  motio n I s concerne d ther e i s n o obviou s reaso n wh y 
thes e condition s shoul d no t  produc e a n impressio n o f  a ^ 
and ̂  moving .  Bu t  fro m th e standpoin t  o f  proble m 
solvin g theory ,  w e hav e no w provide d a n explicabl e basi s 
fo r  th e alternat e appearar;c e an d disappearanc e o f  a .  an d 
b_,  namely ,  tha t  the y ar e ther e al l  th e tim e bu t  under -
goin g coverin g an d uncovering .  Therefor e th e perceptua l 
syste m may prefe r  thi s solutio n o r  a t  leas t  w e ar e 
offerin g i t  a  viabl e alternativ e no t  usuall y availabl e 
(se e Ftoper ,  I96I* ;  Sigraa n an d Rock ,  197'*) . 

The subject s rarel y perceive d motio n o f  th e dot s here . 
Some may objec t  tha t  th e presenc e o f  th e actuall y movin g 
rectangl e interfere d i n som e wa y wit h perceivin g strobo -
scopi c motion .  I t  is ,  afte r  all ,  a n unusual ,  atypical , 
way o f  studyin g suc h motion .  Th e rectangl e may dra w 
th e subjects '  attentio n o r  otherwis e inhibi t  motio n 
perceptio n o f  th e dots .  Fo r  thi s reaso n a  sligh t  chang e 
was introduced ,  on e tha t  ha d anothe r  purpos e t o i t  a s 
well .  Suppos e th e rectangl e moves ,  bu t  a  bi t  to o far , 
fa r  enr .  ug h n o longe r  t o b e i n fron t  o f  wher e th e do t 
had been .  Bu t  b y a  method ,  th e detail s o f  whic h nee d no t 
be discusse d here ,  thing s wer e s o arrange d tha t  whe n th e 
rectangl e i s i n it s termina l  location ,  th e do t  i s 
nonetheles s no t  visible . 

Now i t  i s  n o longe r  a  fittin g o r  intelligen t  solutio n 
t o perceiv e a  an d b ^  a s tw o permanentl y presen t  dot s tha t 
ar e simpl y undergoin g coverin g an d uncovering .  Fo r  i t 
can b e see n tha t  i n fac t  th e rectangl e i s no t  coverin g 
th e spo t  i n it s termina l  locatio n an d ye t  th e spo t  i s 
not  visibl e (violatio n o f  th e stimulus-suppor t  require -
ment) .  Therefor e th e bes t  solutio n i s agai n on e o f 
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movement  an d tha t  i s wha t  th e subject s perceived .  Not e 
tha t  thi s experimen t  serve s a s a  contro l  fo r  th e ob -
jectio n raise d t o th e firs t  one ;  th e movin g rectangl e 
her e doe s no t  interfer e wit h perceivin g motio n o f  th e 
dots . 

Anothe r  variatio n performe d i s base d o n th e ide a 
tha t  fo r  th e covering-uncoverin g solutio n t o b e viable , 
th e coverin g objec t  mus t  appea r  t o b e opaque .  I f  i t 
does not ,  i t  ca n hardl y b e coverin g anything .  Thi s 
facto r  wa s manipulate d i n a n experimen t  illustrate d 
i n Figur e 3B .  Th e actua l  stimulu s condition s ar e 
ver y simila r  bu t  i n on e case ,  becaus e th e obliqu e line s 
withi n th e rectangl e ar e stationar y an d aligne d wit h 
al l  th e others ,  th e rectangl e look s lik e a  hollo w wir e 

perimeter .  I n a  contro l  conditio n th e line s insid e i t 
moved wit h th e rectangle ,  an d i t  looke d lik e a n opaqu e 
object .  Th e differenc e i n result s i s ver y clear :  whe n 
th e rectangl e appeare d t o no t  b e opaque ,  subject s b y 
and larg e perceive d movement  wherea s i n th e oas e o f 
th e opaque-appearin g rectangle ,  the y di d not .  A  hollo w 
rectangl e i s i n contradictio n o f  th e propert y o f  opacit y 

"•jequire d b y th e covering-uncoverin g solution . 
I n a  fina l  experiment ,  condition s wer e suc h tha t  n o 

physica l  contour s a t  al l  move d bac k an d fort h i n fron t 
of  th e dots .  Ther e was ,  however ,  a  phenomenall y opaqu e 
objec t  tha t  moved ,  on e base d o n illusor y contours ,  a s 
illustrate d i n Figur e 3C .  Th e grea t  majorit y o f 
subject s di d no t  perceiv e movement .  I n a  contro l 
experiment ,  illustrate d i n Figur e 3D ,  th e orientatio n 
of  th e corne r  fragment s wa s change d s o tha t  n o subjec -
tiv e rectangl e wa s perceive d an d thi s arra y wa s move d 
back an d forth .  Wow th e majorit y o f  subject s di d 
perceiv e movement . 

I t  shoul d b e note d tha t  i n al l  thes e case s wher e a 
covering-uncoverin g effec t  i s  perceive d ther e i s n o 
reaso n wh y movement  o f  th e dot s coul d no t  hav e bee n 
perceive d a .  well .  Tha t  i s t o say ,  i f  th e observe r 
wer e t o se e a n opaqu e rectangl e movin g bac k an d fort h 
and,  simultaneou s wit h this ,  a  do t  stroboscopicall y 
movin g i n th e opposit e direction ,  suc h a  solutio n 
woul d als o accoun t  fo r  th e stimulu s sequence .  Converse -
l y everythin g implie d b y tha t  solutio n i s represente d 
i n ti e stirLuius ,  an d n o contradictor y perceptio n i s 
occurring .  Therefor e th e tendenc y t o perceiv e dot s 
uiidergoin g occlusio n an d disocclusio n rathe r  tha n dot s 
roving ,  represent s a  preferenc e fo r  on e solutio n ove r 
t:x -  other .  Th e preferre d solutio n i s obviousl y relate d 
t o a  ver y basi c characteristi c o f  percei.tion ,  namely , 
oljec t  permanence ,  th e tendenc y t o assum e th e continue d 
presenc e o r  existenc e o f  a n objec t  eve n whe n i t  i s 
I'loner.taril y  no t  visibl e fo r  on e reaso n o r  another .  Bu t 
give n th e ver y stron g predilectio n we hav e t o perceiv e 
appare.n t  aotior .  eve n ur.i-~ r  *  h e mos t  unlikel y conditions , 
i t  remain s a  proble m a s t o wh y i t  i s  no t  perceive d i n 
thi s sit-atio n an d th e object-permanenc e solutio n i. ^ 
preferred .  A  possibl e answe r  i i  tha t  th e coverin̂ ^ -
uncoverin/ ;  so l  .i t  io n accojnt s fo r  al l  stimulu s chang e b y 
one "cause" :  a  raovi.n g rectangl e coverin g an d uncoverin g 
spot s tha t  ar< r  co::tinuousl y present .  Th e othe r  solutio n 
entail s tw o i.nde ;  t-nien t  event s tha t  ar e coincidentall y 
and unaccou:itabl y correlated ;  a  rectangl e movin g i n on e 
directio n an d i n anti-phas e t o spot s movin g i n th e 
opposit e dirfCtiDC . 

Ther e i s anothe r  lin e o f  evideric e tha t  als o strongl y 
SJpport s a  problem-solvin g interpretatio n o f  strobo -
scopi c motion .  I f  th e stimulu s ?o:!sist s o i  rior- ;  tha n 
a singl e do t  o r  line ,  th e proble m arise s o f  wha t  i n a 
i s see n movin g t o wha t  i n t_ .  T o mak -  th e poin t  clear , 
suppos e tha t  a  an d b ^  eac h consis t  o f  a  two-by-thre e 
matri x o f  dots .  What  wil l  b e see n her e i s th e rectan -
gula r  groupin g movin g a s a  whol e (Ternus ,  19'̂ b) . 
Appare:.tl y  th e perceptua l  syste m seek s a  movement 
solutio n tha t  wil l  d o justic e t o th e objec t  ^ s a  whole . 
Indeed ,  wjr e thi s no t  th e case ,  th e motio n perceive d 
i n movin g picture s woul d b e quit e chaotic ,  becaus e i t 
i s  typicall y object s consistin g o f  many part s tha t 

chang e locatio n fro m fram e t o fram e (an d ofte n many 
suc h object s ar e simultaneousl y changin g location s i n 
eithe r  th e sam e o r  varyin g directions) .  Ye t  thi s 
outcom e i s no t  predictabl e a t  al l  i n term s o f  th e othe r 
kind s o f  sensor y theorie s mentione d earlier . 

A relate d exampl e i s th e perceptio n o f  motio n o f 
comple x stimul i  suc h a s th e lin e drawing s o f  three -
dimensiona l  cuboi d figure s tha t  Shepar d an d hi s 
associate s hav e use d i n th e menta l  rotatio n studies . 
Shepar d an d Jud d (1976 )  presente d tw o perspective s o f 
suc h figure s i n a  stroboscopi c motio n paradig m an d 
showed that ,  a t  th e appropriat e rat e o f  alternation , 
observer s perceiv e thes e object s rotatin g throug h th e 
angl e necessar y t o accoun t  fo r  th e chang e i n perspectiv e 

fro m a  t o b .  Thi s effec t  clearl y implie s tha t  th e 
perceptua l  syste m deal s wit h th e proble m o f  accountin g 
fo r  th e difference s i n a  an d h  b y a n intelligen t  motio n 
solution .  A  furthe r  findin g o f  interes t  i s  tha t  th e 
optimu m rat e o f  alternatio n fo r  achievin g a  continuou s 
coheren t  rotatio n o f  a  rigi d whol e objec t  wa s a n invers e 
functio n o f  th e angula r  differenc e a s implie d b y th e 
two perspective s views .  I n othe r  words ,  th e greate r 
th e angl e throug h whic h rotationa l  motio n wa s seen ,  th e 
slowe r  th e rat e o f  alternatio n ha d t o be . 

Thi s findin g ca n b e considere d t o b e i n keepin g wit h 
one o f  Korte' s Law s whic h state s tha t  optimu m apparen t 
motio n i s preserve d whe n th e spatia l  separatio n betwee n 
presentation s o f  &_ an d b^  i s increase d b y increasin g th e 
tim e interva l  betwee n presentatio n o f  a  an d b .  Thi s la w 
makes sens e i f  on e assume s tha t  th e perceive d spee d o f 
rotatio n i s constant .  I f  therefor e th e menta l  represen -
tatio n o f  th e objec t  ha s t o rotat e throug h a  greate r 
angle ,  mor e tim e i s required . 

Furthe r  suppor t  fo r  thi s interpretatio n i s provide d 
by a n experimen t  whic h aske d th e followin g question :  I s 
i t  th e retina l  spatia l  separatio n o r  th e perceive d 
spatia l  separatio n tha t  govern s Korte' s Lav ? Perceive d 
separatio n wa s varie d b y creatin g condition s i n whic h 
a an d b  appeare d a t  differin g distanc e bu t  wer e alway s 
locate d s o a s t o projec t  t o th e ey e i n th e sam e retina l 
loc i  (Corbin ,  19l*2 ;  Attneav e an d Block ,  19T3) .  Th e 
experiment s demonstrate d tha t  i t  wa s th e perceive d 
spatia l  separation ,  no t  th e retina l  separatio n tha t 
enter s int o Korte' s Law . 

A problem-solvin g theor y ca n accoun t  fo r  thes e facts . 
I t  offer s a n explanatio n o f  wh y motio n i s seen .  Unlik e 
othe r  theories ,  i t  take s a s a  poin t  o f  departur e an d i s 
quit e compatibl e wit h th e fac t  tha t  th e condition s 
leadin g t o motio n perceptio n entai l  chang e o f  perceive d 
locatio n rathe r  tha n chang e o f  retina l  location .  I t 
offer s a  rational e fo r  th e know n fact s abou t  alternation , 
i.e .  wh y movement  i s perceive d onl y withi n a  certai n 
rang e o f  middl e value s o f  inter-stimulu s interval .  I t 
can 'iea l  easil y wit h th e kind s o f  perceive d transforma -
tion s o r  movement s tha t  occu r  whe n £  an d _b ar e mor e 
tha n singl e dot s o r  lines ,  suc h a s grouping s o r  form s 
wit h sub-parts ,  o r  comple x three-dimensiona l  figure s 
i n differin g orientations .  Finall y i t  permit s u s t o 
predic t  instance ? wher e n o motio n wil l  b e perceive d 
despit e th e maintenanc e o f  th e spatia l  an d tempora l 
parameter s tha t  ordinaril y  produc e th e stroboscopi c 
effect . 

On th e othe r  han d thi s theor y doe s no t  a s ye t  explai n 
al l  th e know n facts .  I t  doe s no t  explai n th e reporte d 
finding s tha t  motio n i s see n mor e readil y i f  "aot h a_ an d 
b ar e place d s o tha t  thei r  projection s fal l  withi n on e 
hemispher e o f  th e brai n (Gengerelli ,  I9I48) ;  no r  doe s i t 
explai n wh y th e effec t  i s  mor e readil y obtaine d i f  a_ 
and b^  stimulat e on e ey e compare d t o th e cas e wher e a_ 
stimulate s on e ey e an d _b th e othe r  (Ammons an d Weitz , 
1951) .  However ,  the. = e  finding s hav e neve r  bee n repli -
cate d an d waj-ran t  carefu l  re-examination .  An d finall y 
a problem-solvin g theor y migh t  b e considere d t o b e 
inappropriat e a s a n explanatio n o f  th e stroboscopi c 
effec t  tha t  seem s t o occu r  i n decorticate d guine a pig s 
fSmith ,  19̂ *0 }  o r  newl y bor n lowe r  organism s suc h a s 
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fis h o r  insect s (Rock ,  Tauter ,  an d Heller ,  1965) . 
However  ther e no w seem s t o b e fairl y goo d evidenc e 

tha t  ther e ar e tw o kind s o f  apparen t  motio n (Broddick , 
1971* ;  Anstis ,  1980) .  On e kind ,  referre d t o a s th e short -
rang e process ,  occur s ove r  ver y smal l  angula r  separa -
tion s o f  a  an d b .  Ther e i s reaso n fo r  believin g tha t 

thi s kin d may b e base d o n motion-detecto r  neuron s respon -
siv e t o a  smal l  shif t  i n stimulatio n o n th e retina .  Th e 
othe r  kind ,  referre d t o a s th e long-rang e process , 
occur s ove r  large r  angula r  separatio n o f  a  an d b .  Thi s 
proces s i s probabl y no t  base d o n th e activatio n o f 

nction-detecto r  neurons .  Mos t  i f  no t  al l  o f  th e evi -
denc e discusse d abov e pertain s t o thi s long-rang e pro -
cess .  Th e short-rang e proces s thu s seem s t o hav e a 
direc t  sensor y basi s wherea s th e long-rang e proces s 

seems t o hav e a  cognitiv e basis .  I n th e ligh t  o f  thi s 
distinction ,  i t  i s  possibl e tha t  th e finding s referre d 
t o i n th e previou s paragrap h ar e explicabl e i n term s o f 
th e short-rang e process . 

Conclusion 
At  thi s poin t  w e shoul d ste p bac k fro m thes e empiri -

ca l  studie s an d se e wha t  genera l  lesson s ca n b e draw n 
as t o th e natur e o f  theorie s o f  perception .  I f  th e 
visua l  syste m i s t o achiev e a  faithfu l  representatio n 
of  th e physica l  worl d the n th e organizatio n o f  it s  ow n 
processe s mus t  someho w mirro r  th e organizatio n o f  th e 
world .  An y theor y o f  perceptio n tha t  doe s no t  tak e thi s 
poin t  int o accoun t  wil l  ultimatel y fail . 

I n certai n theorie s o f  perception ,  constanc y an d 
veridicalit y ar e fortuitou s outcome s tha t  occu r  onl y 
unde r  som e circjmstances .  Thi s i s no t  goo d enough . 
Bot h th e logi c o f  wha t  th e perceptua l  syste m mus t 
accomplis h an d th e emperica l  evidenc e o f  wha t  i t  doe s 
achiev e deman d a  theor y i n whic h constanc y i s inevitable , 
not  accidental . 

Herei n lie s th e dange r  o f  theorie s base d o n simpl e an d 
limite d physiologica l  findings .  Unles s th e physiologica l 
findin g ca n b e see n a s par t  o f  a  large r  proces s tha t 
"horaes-in "  o n realit y i n a n inevitabl e way ,  tha t  physio -
logica l  findin g i s likel y t o b e misunderstood .  Thi s i s 
th e proble m wit h viewin g latera l  inhibitio n a s a n 
exaggeratio n o r  distortio n process .  I f  w e clin g t o th e 
photomete r  metaphor ,  t o th e assumptio n tha t  fundamen -
tall y th e visua l  syste m measure s th e intensit y (an d per -
haps th e wavelength )  o f  th e ligh t  a t  eac h poin t  i n th e 
image ,  the n i t  i s  no t  surprisin g tha t  som e kin 3 o f 
distortio n proces s wil l  b e require d t o transfor m th e 
arra y o f  photomete r  reading s int o somethin g vaguel y 
representin g visua l  experience . 

Ther e i s n o nee d t o tal k a s thoug h th e intensit y o f 
ligh t  a t  poin t  A  i n th e imag e i s "affected "  b y th e 
intensit y o f  ligh t  a t  poin t  B .  Th e fac t  i s  tha t  th e 
ligh t  a t  poin t  A ,  see n b y itself ,  woul d b e perceptuall y 
meaningless .  Havin g a  secon d intensit y o f  ligh t  presen t 
i n th e visua l  fiel d doesn' t  merel y chang e th e firs t 
amount  o f  light ,  i t  literall y establishe s a  relationshi p 
and th e apprehensio n o f  thi.= ;  relationshi p produce s 
lightnes s perceptio n i n it s simples t  form . 

Ci.ntras t  theorie s ar e usuall y though t  t o b e relation -
al  theories ,  bu t  the y ar e not .  A s Koffk a (1935 )  ha s 
correctl y pointe d out ,  th e ultimat e correlat e o f  light -
nes s perceptio n i n a  contras t  theor y i s stil l  a n abso -
lut e amoun t  o f  light ,  iio t  a  relationship .  Th e contras t 
proces s onl y allow s th e absolut e valu e o f  on e regio n o f 
th e fiel d t o b e change d a s a  Tjnctio n o f  othe r  values . 
But  i t  i s  stil l  tha t  absolut e valu e tha t  reigns .  An d th e 
reaso n tha t  i t  ha s t o b e change d i s tha t  a s a n absolut e 
value ,  i t  wil l  alway s b e ou t  o f  touc h wit h visua l 
experi-nce ,  whic h involve s relationships .  I n fac t  th e 
l;i:tor y o f  theorie s o f  lightnes s perceptio n i s th e 

histor y o f  differen t  correctio n factcr s designe d t o 
brin g th e loca l  luminanc e int o correlatio n wit h per -
ceive d lightness .  Thi s ha s neve r  worke d an d i t  i s 
tim e w e recogniz e tha t  n o theor y base d o n absolut e 
amount s o f  ligh t  ca n work .  What  i s constan t  abou t  a 
whit e surface ,  fo r  instance ,  i s it s relationshi p t o th e 
res t  o f  it s  environment . 

I t  i s  no t  surprisin g tha t  th e visua l  syste m get s it s 
critica l  informatio n fro m th e edge .  Thi s i s th e poin t 
i n th e imag e wher e th e relationshi p betwee n tw o amount s 
of  ligh t  i s  represented .  I n mor e comple x scene s eac h 
loca l  edg e relationship ,  o r  ratio ,  ha s t o b e see n i n 
relatio n t o othe r  edg e ratios .  Th e concep t  o f  edg e 
integratio n tha t  w e hav e discusse d doe s no t  involv e 
any distortio n o r  exaggeratio n process .  Rathe r  i t 
involve s th e prope r  organizin g o f  certai n loca l  rela -
tionship s i n orde r  t o mak e explici t  a  mor e globa l 
relationshi p tha t  wa s onl y implici t  i n th e loca l 
relationships .  A t  th e leve l  o f  cognitio n th e sam e 
functio n i s serve d formall y b y th e syllogism . 

Fundamentall y th e visua l  syste m mus t  b e logica l 
becaus e th e worl d i s logical .  Th e worl d i s no t  pu t  to -
gethe r  i n a  rando m o r  capriciou s way .  I f  a  rectangula r 
objec t  i s  incapabl e o f  obscurin g a  se t  o f  diagona l 
line s i t  wil l  als o b e incapabl e o f  obscurin g a  luminou s 
spot .  Ho w inefficien t  i t  woul d b e i f  loca l  percept s 
wer e allowe d t o coexis t  wit h othe r  loca l  bu t  contradic -
tor y percepts .  A  syste m tha t  exclude s contradiction s 
fro m it s globa l  relationship s ha s th e tremendou s advan -
tag e o f  reducin g th e ambiguit y o f  it s  loca l  relation -
ships . 

Perceptio n an d cognitio n see m t o shar e thi s qualit y 
of  excludin g contradition s withi n thei r  ow n domains . 
Of  th e two ,  however ,  perceptio n seem s t o b e th e mor e 
successful .  O f  cours e i t  i s  possibl e t o construc t  fig -
ure s suc h a s impossibl e triangles ,  o r  Esche r  drawings , 
whic h surpris e u s b y th e exten t  t o whic h visua l  contra -
diction s ar e tolerated .  Bu t  i t  i s  th e rarenes s o f  suc h 
visua l  contradiction s tha t  lead s t o ou r  deligh t  a t  suc h 
figures .  Example s i n whic h th e cognitiv e syste m fail s 
t o exclud e contradiction s ar e unfortunatel y to o nume -
rou s t o mention .  On e onl y need s t o tur n t o politica l 
speeches ,  o r  th e Bible ,  o r  journa l  article s t o fin d a 
gol d min e o f  examples . 

Seeing ,  then ,  i s lik e thinking ,  a t  leas t  i n man y o f 
it s  forma l  properties ,  an d thi s may b e becaus e thinkin g 
i s lik e seeing .  Tha t  is,seein g may b e th e primitiv e 
for m o f  thinking ,  th e basi c prototypica l  for m tha t 
shows ho w relationship s ar e t o b e integrate d i n orde r 
t o correctl y represen t  th e world .  Seeing ,  o f  course , 
had t o com e first ,  an d i t  mus t  b e ther e eve n i n 
mosquitoes .  Thinking ,  however ,  allow s u s t o integrat e 
relationship s tha t  exten d beyon d th e tim e an d spac e 
limitation s o f  th e visua l  system . 

Perhap s th e worl d look s th e wa y i t  look s becaus e w e 
ar e wha t  w e ar e physiologically .  Bu t  i t  shoul d no t  b e 
forgotte n tha t  th e worl d existe d befor e w e di d an d thus , 
as w e lear n fro m evolution ,  w e ar e wha t  w e ar e beca-is e 
th e worl d i s wha t  i t  is . 
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Ihree demonstrations are presented and used to 
suppor t  a  numbe r  o f  apparentl y unrelate d claim s 
abou t  th e interna l  rejresentation s tha t  peopl e hav e 
when the y perceiv e o r  imagin e a  spatia l  structure . 
The firs t  demonstratio n illustrate s propertie s o f 
th e spatia l  workin g memor y tha t  enable s u s t o 
integrat e successiv e glimpse s o f  part s o f  a n objec t 
int o a  coheren t  whole .  Th e secon d demonstratio n 
shows tha t  ou r  abilit y  t o generat e a  menta l  imag e i s 
severel y limite d b y th e for m o f  ou r  knowledg e o f  th e 
shap e o f  a n object .  Th e thir d show s tha t  th e shap e 
representatio n whic h w e creat e whe n w e atten d t o a 
whol e objec t  doe s no t  involv e creatin g th e kind s o f 
shap e representation s fo r  th e part s o f  th e objec t 
tha t  w e woul d for m i f  w e attende d t o the m an d sa w 
the m a s whole s i n thei r  ow n right .  Ih e rea l 
motivatio n fo r  thi s medle y o f  demonstration s an d fo r 
th e interpretation s offere d i s tha t  thes e phenomen a 
can al l  b e see n a s manifestation s o f  a  particula r 
kin d o f  paralle l  mechanis m whic h i s describe d 
briefl y i n th e las t  sectiori . 

I  PERCEPTION THROIGH A  PEEPHOLE 

Fig. 1 illustrates a phenomenon called anorthoscopic 
perceptio n tha t  occur s whe n peopl e perceiv e a n 
objec t  on e piec e a t  a  tim e throug h a  sli t  o r 
peephol e (Hochberg ,  1968) .  Lnde r  suitabl e condition s 
peojl e repor t  tha t  the y hav e a  perceptua l  experienc e 
of  th e whol e object .  The y someho w integrat e a  numbe r 
of  separatel y perceive d piece s int o a  singl e 
Gestalt .  Thi s mean s tha t  the y mus t  b e storin g 
interna l  record s o f  thei r  perception s o f  th e 
individua l  pieces .  Ih e simples t  theor y o f 
anorthoscopi c perceptio n i s tha t  th e subjec t  build s 
up a n internal ,  picture-lik e representatio n par t  b y 
part ,  an d the n use s thi s interna l  "picture "  a s a 
substitut e fo r  a  retina l  imag e i n identifyin g th e 
whol e object .  A s w e shal l  see ,  thi s theor y ha s 
problems . 

d ) 

Figur e 1 .  A  cartoo n stri p showin g a  peephol e 
movin g aroun d th e outlin e o f  a  shape .  Ih e fac t 
tha t  successiv e frame s i n th e cartoo n fal l  i n 
differen t  position s make s th e tas k harder . 

Retina-base d versu s scene-base d frame s 

In the early stages of visual processing, the 
size ,  positio n an d orientatio n o f  part s o f  th e 
visua l  inpu t  ar e represente d relativ e t o th e fram e 
of  referenc e define d b y th e retina .  Anorthoscopi c 
perception ,  however ,  canno t  depen d o n storag e i n 
thes e early ,  "retina-based "  representation s becaus e 
peopl e typicall y fixat e o n th e peephole ,  s o al l  th e 
differen t  piece s o f  th e objec t  projec t  t o th e sam e 
bi t  o f  th e retin a (Rock ,  1981) .  Representations  tha t 
encod e th e position s o f  th e piece s relativ e t o th e 
retin a woul d no t  allo w u s t o perceiv e th e whol e 
objec t  becaus e th e relativ e positio n o f  a  piec e 
withi n th e whol e i s determine d b y wher e th e peephol e 
is ,  no t  b y wher e th e piec e fall s o n th e retina .  I t 
i s  jus t  conceivabl e tha t  a s w e mov e ou r  eyes ,  th e 
interna l  record s o f  al l  th e previousl y perceive d 
piece s ar e correspondingl y altere d s o tha t  th e 
record s alway s encod e wher e th e piec e i s relativ e t o 
th e curren t  retina l  position ,  bu t  thi s seem s ver y 
unlikely . 

What is needed is a way of representing where the 
piece s ar e tha t  i s no t  affecte d b y eye-movement s o r 
eve n b y movement s o f  th e whol e perso n throug h spac e 
(Turvey ,  1977) .  Thi s ca n b e achieve d b y usin g a 
temporar y scene-base d fram e o f  referenc e tha t  i s 
define d b y som e large r  contextua l  objec t  o r 
configuratio n withi n th e externa l  scene .  I f  w e kee p 
a continuall y update d representatio n o f  th e 
relationshi p betwee n th e retin a an d thi s scene-base d 
frame ,  w e ca n us e i t  t o conver t  fro m position s o n 
th e retin a int o position s relativ e t o th e scen e 
befor e storage .  Ihes e position s relativ e t o th e 
scen e wil l  b e unaffecte d b y subsequen t  ey e o r  bod y 
movements .  Obviousl y th e scene-base d fram e wil l 
hav e t o chang e fro m tim e t o time ,  an d i t  wil l  hav e 
t o hav e a  scal e tha t  i s appropriat e t o th e scal e o f 
th e part s w e ar e attendin g to ,  bu t  ove r  a  perio d o f 
a secon d o r  two ,  perceptua l  integratio n o f  th e 
result s o f  successiv e fixation s coul d b e achieve d b y 
usin g a  singl e scene-base d fram e o f  reference . 

Post-categorica l  versu s atomisti c representation s 

In a picture-like representation, the shapes of 
object s ar e no t  explicitl y  represente d — i t 
require s a n interpretiv e proces s t o extrac t  them . 
Consider ,  fo r  example ,  ho w a  straigh t  lin e i s 
represente d i n a n array .  Ih e lin e i s decompose d int o 
"atomic "  fragment s eac h o f  whic h i s depicte d b y 
fillin g i n on e cel l  i n th e array .  Th e absolut e 
position s o f  th e individua l  atomi c fragment s 
relativ e t o th e whol e arra y ar e encode d directl y an d 
precisely ,  bu t  ther e i s n o direc t  encodin g o f  th e 
straightnes s o f  th e line ,  becaus e thi s depend s o n 
th e relativ e position s o f  th e variou s fragments . 
Isin g thi s kin d o f  atomi c depictio n i t  i s  impossibl e 
t o represen t  th e fac t  tha t  a  lin e i s straigh t 
withou t  representin g precisel y wher e i t  i s  relativ e 
t o th e whol e array .  I t  i s  impossibl e t o b e precis e 
abou t  shap e an d vagu e abou t  positio n i n a  picture -
lik e representation . 

Ihe memory used in anorthoscopic perception. 

56 



however ,  seem s t o allo v jus t  thi s combinatio n o f 
jrecisio D an d vagueness .  I f  a  peephol e i s move d 
aroun d a  polygona l  spira l  (se e Pig .  2 )  peopl e ofte n 
"perceive "  a  close d polygon .  Ihei r  memory fo r  th e 
precis e location s o f  th e individua l  side s i s poo r 
and ca n h e swaye d b y expectation s abou t  close d 
polygons ,  bu t  the y kno w tha t  th e side s ar e straight . 
Thi s informa l  evidenc e tha t  spatia l  workin g memory 
can b e mor e precis e abou t  th e shape s o f  piece s tha n 
about  thei r  position s implie s tha t  i t  contain s 
explici t  representation s o f  shape s rathe r  tha n bein g 
a picture-lik e collectio n o f  atomisti c loca l 
feature s i n whic h shape s ar e onl y implicit .  A  recen t 
experimen t  support s thi s conclusion . 

< ^ •s ^ 

^ ^ 
^ 

^ 

Figur e 2 .  A 
peephol e i s move d 
aroun d a  polygona l 
spira l  withou t 
revealin g th e fre e 
ends o r  th e adjacen t 
paralle l  sides . 

Cirgus ,  Gellrasn ,  an d Hochber g (1961 )  hav e show n 
tha t  i t  i s  considerabl y easie r  t o "see "  th e shap e o f 
a whol e objec t  i f  th e peephol e i s move d aroun d th e 
outlin e o f  th e objec t  tha n i f  th e peephol e jump s 
randoml y fro m on e par t  o f  th e outlin e t o another . 
The tw o differen t  condition s wer e balance d s o tha t 
ih e tota l  exposur e t o an y on e par t  o f  th e objec t  was 
identical ,  s o th e content s o f  a  picture-lik e stor e 
woul d b e equall y goo d i n bot h cases .  Ih e obviou s 
interpretatio n o f  thi s experimen t  i s tha t  whe n 
neighbourin g part s o f  a n objec t  ar e expose d i n 
succession ,  i t  i s  possibl e t o for m mor e comple x 
chunk s (shapes )  an d henc e t o reduc e th e numbe r  o f 
chunk s tha t  must  b e store d i n spatia l  workin g 
memory.  When successiv e exposure s ar e o f  widel y 
sejaf-Xe i  pieces ,  eithe r  n o chunk s ar e formed ,  o r 
chunk s ar e create d whic h d o no t  correspon d t o th e 
natura l  parsin g o f  th e whol e objec t  int o parts .  Thi s 
typ e o f  explanatio n implie s tha t  th e memory involve d 
contain s explicitl y  segmente d an d identifie d chunks . I I  THE CUBE TASK 

Hinton (1979) describes an apparently simple 
mental  imager y tas k tha t  peopl e canno t  do : 

"Imagine a wire-frame cube resting on a tabletop 
wit h th e fron t  fac e directl y i n fron t  o f  yo u an d 
perpendicula r  t o you r  lin e o f  sight .  Imagin e th e 
lon g diagona l  tha t  goe s fro m th e bottom ,  front ,  left -
hand corne r  t o th e top ,  bac k right-han d one .  Now 
imagin e th e cub e i s reoriente d s o tha t  thi s diagona l 
i s  vertica l  an d th e cub e i s restin g o n on e corner . 
Elac e on e fingerti p abou t  a  foo t  abov e a  tableto p 
and le t  thi s mar k th e positio n o f  th e to p corne r  o n 
th e diagonal .  Ih e corne r  o n whic h th e cub e i s 
restin g i s o n th e tabletop ,  verticall y belo w you r 
linpertip .  l«it h you r  othe r  han d poin t  t o th e spatia l 
locBtioi. s o f  th e othe r  corner s o f  th e cube. " 
It is. fairly easy to imagine a cube in just about 

any orientatio n i f  th e orientatio n i s define d i n 
term s o f  th e natura l  axe s o f  th e cube .  lu t  whe n th e 
diagona l  i s  use d t o defin e th e require d orientation , 
we realis e tha t  relativ e t o th e diagonal ,  we hav e n o 
clea r  ide a wher e th e variou s part s o f  th e cub e are . 
Our  knowledg e o f  th e spatia l  disposition s o f  th e 
part e o f  a  cub e i s relativ e t o th e "intrinsic "  fram e 
of  referenc e define d b y th e cube' s own axes . 
Knowledg e i n thi s for m i s idea l  fo r  recognisin g th e 
shape o f  a  rigi d objec t  becaus e whateve r  Ih e 
object' s actua l  size ,  positio n an d orientation ,  th e 
disposition s o f  it s  part s wil l  alway s b e th e same 
relativ e t o a n intrinsi c fram e o f  referenc e base d 
on th e objec t  itsel f  (Palmer ,  197̂ ;  Mar r  an d 
Nishihara ,  1978) .  So i f  th e appropriat e object-base d 
fram e ca n b e imposed ,  th e earl y retina-tase d 
representation s whic h encod e th e position s o f  th e 
part s relativ e t o th e retin a ca n b e recede d int o 
object-base d representation s an d thi s encodin g wil l 
constitut e a  viewpoint-independen t  shap e 
descriptio n tha t  allow s th e objec t  t o b e recognised . 
I have now appealed to three different sorts of 
referenc e frame .  Th e initia l  processin g o f  th e 
visua l  inpu t  use s representation s relativ e t o th e 
retina ;  recognitio n o f  th e shap e o f  a n objec t 
involve s recedin g thes e earl y retina-base d 
representation s int o one s tha t  ar e relativ e t o a n 
object-base d frame ;  an d anorthoscopi c perceptio n 
relie s o n storin g th e relationship s o f  recognise d 
shape s t o a  temporar y scene-base d frame . Il l  FRUITFACE 

Fig. 5 shows a face composed entirely of pieces 
of  fruit .  Palme r  (1975 )  report s tha t  whe n subject s 
ar e show n thi s figur e ver y briefly ,  the y se e i t  a s a 
fac e withou t  seein g th e part s a s fruit .  Th e 
fruitfac e figur e demonstrate s tha t  formin g th e 
Gestal t  fo r  a  fac e doe s no t  depen d o n formin g 
Gestalt s fo r  th e parts .  Thi s i s puzzlin g becaus e t o 
see th e fac e we mus t  for m some representation s o f 
th e part s an d thei r  relationship s t o th e whole , 
sinc e i t  i s  th e relativ e disposition s o f  th e part s 
withi n th e whol e tha t  make i t  a  face .  Cne 
possibilit y  whic h ha s no t  bee n much explore d i s tha t 
each par t  o f  th e fac e ca n hav e tw o quit e differen t 
interna l  representations .  When th e par t  i s  see n a s a 
constituen t  o f  th e fac e i t  receive s a  representatio n 
i n whic h i t  i s  interprete d a s fillin g th e rol e of , 
say ,  a n ey e becaus e o f  it s  crud e overal l  shap e an d 
iT 3 relatio n t o th e whol e face .  When i t  i s  see n a s a 
whol e i n it s own right ,  however ,  i t  receive s a  quit e 
differen t  interna l  representatio n i n whic h th e roug h 
shape s an d disposition s o f  it s  part s caus e i t  t o 
be see n a s a  piec e o f  fruit . 

^ - ^ ^ m -

^ 4 i ^ 

Figur e ̂ .  P  fac e 
composed entirel y 
of  piece s o f  frui t  . 
(Afte r  Palmer ,  1975 ) 
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The ide a tha i  a n objec l  receive s a  quit e 
differen t  interna l  representatio n whe n i t  become s 
th e objec t  o f  foca l  attentio n doe s no t  fi t  th e 
jojula r  vie w o f  attentio n a s a  kin d o f  interna l 
sjotligh t  whic h ca n illuminat e an y on e o f  a  numbe r 
of  otherwis e unconsciou s shap e representations . 
However ,  th e ide a i s ver y compatibl e wit h "earl y 
selection "  theories  (Triesma n an d Gelade ,  1980 )  i n 
whic h foca l  attentio n i s constructiv e an d i s 
necessar y fo r  th e generatio n o f  a  shap e 
representatio n . 

referenc e an d representin g th e size ,  position ,  an d 
orientatio n o f  eac h par t  o f  th e objec t  relativ e t o 
thi s frame . 

3. The representation that an object receives 
when i t  i s  see n a s a  Gestal t  an d it s shap e i s 
recognise d i s completel y differen t  fro m it s 
representatio n whe n i t  i s  see n a s a  constituen t  o f  a 
large r  Gestalt .  Onl y on e Gestal t  ca n b e forme d a t  a 
time ,  bu t  man y separat e record s o f  previou s 
Gestalt s ca n b e store d i n spatia l  workin g memory . 

obviou s tha t  th e 
coexis t  wit h th e 
Introspectio n i s 

The interna l  spotligh t  metapho r  fo r  visua l 
attentio n i s a  powerfu l  one ,  bu t  I  believ e i t  i s 
base d o n a  mistake n analog y betwee n externa l 
perceptio n an d introspection .  Normall y ou r  attentio n 
moves rapidl y an d smoothl y fro m on e leve l  t o anothe r 
and w e d o no t  realis e tha t  a t  an y instan t  w e ar e 
attendin g a t  jus t  on e level .  Cnl y whe n th e 
informatio n a t  th e differen t  level s i s mad e 
inconsistent ,  a s i n th e fruitface ,  doe s i t  becom e 

Gestal t  fo r  th e whol e canno t 
Gestalt s fo r  it s  parts . 
of  littl e us e fo r  decidin g wha t  i s 

i n ou r  mind s a t  on e brie f  instan t  becaus e i t  doe s 
not  allo w u s t o decid e betwee n tw o possibilities . 
Eithe r  ther e ar e shap e representation s tha t  lur k 
outsid e foca l  attention ,  o r  shap e representation s 
ar e generate d o r  regenerate d th e moment  w e as k 
ourselve s whethe r  the y ar e there .  Ou r  fundamenta l 
epistemologica l  assumptio n tha t  th e existenc e o f 
object s i s independen t  o f  ou r  awarenes s o f  the m 
canno t  b e applie d t o th e content s o f  ou r  ow n minds . 

An obvious objection to any theory which claims 
tha t  peopl e onl y se e on e shap e a t  a  tim e i s tha t  th e 
shap e o f  a n objec t  i s  determine d b y th e shape s o f 
it s  part i  an d thei r  disposition s relativ e t o th e 
whole .  Thi s kin d o f  recursiv e definitio n o f  a  shap e 
i n term s o f  th e shape s o f  it s  part s lead s t o a 
regres s tha t  onl y terminate s a t  hypothetica l 
"primitive "  features .  Th e fruitfac e figur e i s 
importan t  becaus e i t  suggest s a n alternativ e wa y ou t 
of  th e regress .  Th e representation s o f  th e part s 
tha t  ar e use d i n perceivin g th e shap e o f  th e whol e 
may b e differen t  i n kin d fro m th e representation s 
use d t o perceiv e th e shape s o f  th e part s whe n w e 
atten d t o them .  Naturally ,  differen t  shap e 
representation s mus t  b e abl e t o influenc e on e 
another .  Havin g recognise d a n ey e i t  shoul d b e 
easie r  t o se e th e whol e face ,  bu t  thi s influenc e 
coul d b e mediate d b y spatia l  workin g memory . 
Althoug h onl y on e Gestal t  ca n b e forme d a t  a  time , 
record s o f  man y previou s Gestalt s ca n b e kep t  i n 
workin g memor y an d use d t o influenc e th e formatio n 
of  th e nex t  Gestalt . 

I V VHAT TH E DEMONSTRATIONS ShOV 

The demonstrations have been used as evidence for 
th e followin g cleims : 

1. Ve integrate the information obtained in 
successiv e glance s b y storin g record s o f  th e shape s 
tha t  w e identif y an d thei r  relationship s t o a 
temporar y scene-base d fram e o f  reference .  We ca n us e 
thes e store d record s t o generat e ne v shap e 
represe n t a tion s . 

2. The process of recognising a shaj«i (forming a 
Gestalt )  involve s imposin g a n otject-tsse d fram e o f 

V A  MCHAUISK FOR SPATIA L REPRESQITATICN £ 

Ther e i s no t  spac e her e t o d 
variou s kind s o f  mechanis m tha t 
fo r  representin g spatia l  struc t 
describ e on e possibilit y  whic h 
use o f  paralle l  interaction s b e 
of  features .  Thi s kin d o f  comp u 
natura l  wa y o f  harnessin g th e c 
provide d b y a  syste m lik e th e b 
number  o f  richl y interconnecte d 
paralle l  (Anderso n an d Hinton , 
i s base d o n fou r  relate d assum p 

iecuE s al l  th e 
hav e bee n suggeste d 

ures .  I  shal l  simpl y 
i s designe d t o mak e 
twee n ver y larg e set s 
tatio n seem s t o b e a 
omputationa l  powe r 
rai n i n whic h a  larg e 

unit s al l  comput e i n 
1961 )  .  Th e mechanis m 
tions : 

1.  A  perceptua l  featur e mus t  alway s b e 
represente d relativ e t o som e fram e o f  referenc e 
becaus e propertie s lik e th e length ,  position ,  an d 
orientatio n o f  a  featur e implicitl y  assum e a 
referenc e frame . 

2. At any moment during perception we use three 
differen t  frame s o f  referenc e - -  retina-based , 
object-based ,  an d scene-base d — s o ou r  perceptua l 
apparatu s ha s thre e differen t  set s o f  units ,  eac h o f 
whic h represent s feature s relativ e t o on e o f  thes e 
frame s o f  reference . 

3. The meaning of features relative to one frame 
of  referenc e i n term s o f  features  relativ e t o 
anothe r  depend s o n th e relationshi p betwee n th e tw o 
frames .  S o th e wa y i n whic h unit s i n on e se t  affec t 
unit s i n anothe r  se t  mus t  b e controlle d b y a 
representatio n o f  th e spatia l  relationshi p betwee n 
th e frame s o f  referenc e use d b y th e tw o sets .  A 
particula r  spatia l  relationshi p pair s eac h uni t  i n 
one se t  wit h on e uni t  i n th e othe r  set ,  an d allow s 
activit y i n on e o f  thes e unit s t o caus e activit y i n 
th e other . 

4. Lifferent Gestalts correspond to alternative 
pattern s o f  activit y i n th e ver y sam e se t  o f  object -
base d units .  S o onl y on e Gestal t  ca n b e forme d a t  a 
time ,  thoug h record s o f  man y previou s Gestall s ca n 
be store d a s activit y i n th e scene-base d units . 

lig. 4 incorporates these assumptions. Unlike 
many bo x diagram s i n psychology ,  th e separat e boxe s 
reall y ar e intende d a s separat e collection s o f 
hardwar e units .  Ever y lini t  continuall y recompute s 
it s activit y leve l  a s a  functio n o f  th e inpu t  i t 
receive s fro m othe r  units .  I n th e shor t  ter m ( i  . e i n 
abou t  IC O msec )  ,  th e whol e syste m computes  b y 
settlin g int o a  stat e o f  activit y tha t  i s 
temporaril y  stable .  Thi s kin d o f  settlin g proces s i s 
describe d i n mor e detai l  i n Hinto n (19& 1 b )  wher e i t 
i s  show n tha t  th e proces s o f  assignin g a n 
appropriat e objed-tase d fram e o f  referenc e ca n b e 
implemente d b y th e three-wa y inleractio n betwee n 
retina-base d units ,  object-base d unit s an d 1h e unit s 
fo r  representin g th e spatia l  relationshi p betwee n 
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th e retin s an d Ih e object .  Thi s kin d o f  thre e wa y 
interactio n i e wha t  th e triangula r  eymtol s i n Fig . 
4 dejict .  Afte r  eac h settling ,  contro l  jroceese e 
(unspecifie d here )  ca n rese t  th e patter n o l  aclivit y 
i n an y se t  o f  units ,  an d thereb y initiat e a  ne w 
proceE S o f  settling .  No t  al l  th e unit e i n a  se t  nee d 
be involve d i n th e interaction s wit h othe r  sets ,  fo r 
examjle ,  th e objed-tase d unit s tha t  are  directl y 
affecte d b y retina-base d unit s probabl y cod e fairl y 
simpl e features ,  wherea s th e object-base d unit s tha t 
directl y affec t  th e scene-base d one s probabl y cod e 
comple x conjunction s o f  th e simple r  features . 

Scene-base d units . 
Activ e unit s encod e 
recentl y identifie d 
shape s an d thei r  rel -
lation s t o th e scen e 

Unit s whos e activit y 
represent s th e relat -
ionshi p o f  th e curren t 
object-base d fram e t o 
th e curren t  scene -
base d frame . 

Object-base d units . 
Patter n o f  activit y 
represent s shap e o f 
th e curren t  Gestal t 

\ 

L 

> 

Unit s whos e activit y 
represent s th e relat -
ionshi p o f  th e curren t 
object-base d fram e t o 
th e retina-base d fram e 

F.etina-base d units . 
Activit y patter n i s 
th e resul t  o f  earl y 
visua l  processing . 

Figur e 4 .  A  paralle l  mechanism , 

5hi s kin d o f  mechanis m raise s man y interestin g 
issues ,  som e o f  whic h are  discusse d elsewher e 
(Hinton ,  igeia )  .  Ih e followin g sectio n focusse s o n 
what  th e scene-base d feature s ar e like ,  an d ho w the y 
influenc e th e th e formatio n o f  a  ne w Gestalt ,  i . e . 
how the y affec t  th e formatio n o f  temporaril y  stabl e 
patter n o f  activit y i n th e object-base d units . 

Scene-base d feature s 

Once th e genera l  approac h o f  implementin g spatia l 
workin g memor y a s activit y i n a  se t  o f  scene-base d 
unit s i s accejted ,  quit e a  lo t  ca n b e deduce d abou t 
th e natur e o f  th e unit s fro m thei r  function .  On e 
importan t  functio n o f  spatia l  workin g memor y i s t o 
allo w previousl y identifie d Gestalt s t o ai d i n th e 
formatio n o f  relate d Gestalts .  Havin g recognise d a n 
eye ,  th e whol e fac e shoul d b e easie r  t o see ,  an d 
vic e versa .  Ih e kin d o f  precisel y located ,  atomisti c 
feature s tha t  woul d b e neede d fo r  a  picture-lik e 
representatio n woul d no t  b e o f  muc h valu e i n spatia l 
workin g memory ,  becaus e the y woul d no t  explicitl y 
represen t  th e identitie s o f  objects ,  an d s o thei r 
effect s coul d no t  b e mad e t o depen d o n thes e 

identities .  I t  i s  mor e usefu l  t o mak e eac h aciiv e 
scene-base d uni t  represen t  th e existenc e o f  a n 
objec t  o f  a  particula r  typ e wit h a  particula r 
relationshi p t o th e curren t  scene ,  a s th e followin g 
example s show . 

Suppose that as a result of previous perceptual 
analysis ,  activit y i n a  scene-base d unit ,  1 1 , 
represent s th e existenc e o f  a n ey e wit h th e 
relationshi p Fj ^  t o th e scene .  Suppos e als o tha t  th e 
syste m i s no w attemptin g t o settl e o n a n 
interpretatio n o f  a  large r  objec t  ( a face )  wit h th e 
relationshi p Fy j  t o th e scene ,  hi g an d hf s determin e 
hl f  ,  th e relationshi p o f  th e ey e t o th e face ,  an d 
so the y determin e whic h object-base d unit ,  C j  , 
shoul d b e activate d t o represen t  th e ey e a s a 
constituen t  relativ e t o th e fram e o f  referenc e o f 
th e whol e face .  Thi s influenc e o f  th e content s o f 
workin g memor y o n perceptio n ca n b e implemente d (se e 
lig .  4 )  b y havin g a n explici t  representatio n o f  Pf j 
whic h govern s th e interactio n betwee n scene-base d 
and object-base d unit s an d ensure s tha t  activit y i n 
£j  provide s excitator y inpu t  t o Ci  . 

Now consider what is required of spatial working 
memory i f  th e fac e i s see n firs t  an d attentio n i s 
the n focusse d o n on e eye .  !Ih e fac t  tha t  thi s par t 
had th e rol e o f  a n ey e withi n th e whol e fac e shoul d 
facilitat e it s interpretatio n a s a n ey e whe n i t 
becomes th e focu s o f  attention .  Ibi s effec t  ca n b e 
achieve d i f  th e Gestal t  fo r  th e whol e fac e activate s 
scene-base d unit s tha t  represen t  th e majo r 
constituent s o f  th e Gestal t  a s wel l  a s th e whole .  £ 0 
th e mappin g fro m object-base d t o scene-base d unit s 
operate s simultaneously  o n imit s tha t  represen t  th e 
identit y o f  th e whol e Gestal t  an d o n unit s 
representin g it s majo r  constituents . 

VI  CONCIUSION 

Three demonstrations have been used to illustrate 
aspect s o f  ou r  interna l  representation s o f  spatia l 
structures .  Particula r  attentio n ha s bee n give n t o 
th e spatia l  workin g memor y tha t  allow s peopl e t o 
integrat e thei r  perceptio n ove r  time .  I t  ha s bee n 
argue d tha t  thi s memor y contain s compac t  record s o f 
th e ric h perceptua l  Gestalt s tha t  ar e fonne d whe n a 
perso n attend s t o a n object .  Ih e interaction s 
betwee n spatia l  workin g memor y an d th e apparatu s i n 
whic h Gestalt s ar e forme d allow s previou s Gestalt s 
t o influenc e (o r  entirel y determine )  th e formatio n 
of  th e curren t  Gestal t  eve n thoug h onl y on e Gestal t 
can b e presen t  a t  a  time .  Thi s vie w o f  th e rol e o f 
spatia l  workin g memor y support s "earl y selection " 
theorie s i n whic h foca l  attentio n i s require d t o 
synthesiz e a  shape ,  an d onl y one  shap) e ca n see n a t  a 
time .  I t  als o support s th e vie w tha t  differen t 
Gestalt s correspon d t o alternativ e pattern s o f 
activit y i n a  se t  o f  unit s tha t  encod e feature s 
relativ e t o a  fram e o f  referenc e impose d o n th e 
object . 
Finally, a few provisos. The demonstrations are 
wel l  know n bu t  th e interpretation s o f  wha t  the y 
sho w ar e probabl y contentious ,  an d th e mechanis m I 
sugges t  i s speculativ e an d underspecified .  Ther e ha s 
not  bee n spac e t o elaborat e o n man y interestin g 
issue s lik e ho w th e mechanis m migh t  accoun t  fo r  th e 
experimenta l  dat a o n menta l  rotatio n (Coope r  an d 
Shepard ,  1975 )  o r  spatia l  workin g memor y (Eroadben t 
and Eroadbent ,  1981 ;  Phillip s an d Christie ,  1977) . 
Nor  ha s i t  bee n possibl e t o discus s crucia l 
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theoretica l  issue s lik e th e numbe r  o f  unit s tha t 
woul d b e require d b y th e mechanism ,  o r  th e problem s 
of  encodin g nove l  shape s i n workin g memory . 
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COLOR PERCEPTION AND TH E MEANINGS OF COLOR WORDS 

Paul Kay 
Universit y o f  California ,  Berkele y 

The relatio n betwee n perceptio n an d meanin g i s 
har d t o trac e i n an y domain .  I  hav e bee n aske d toda y 
t o discus s th e problem s o f  identifyin g suc h connec -
tion s i n th e domai n o f  color .  Colo r  i s a n are a i n 
whic h ou r  ignoranc e regardin g th e relatio n o f  percep -
tio n an d linguisti c meanin g i s les s tha n total ; 
nonetheles s yo u wil l  no t  b e surprise d t o lear n tha t 
here ,  a s elsewhere ,  ther e ar e mor e question s tha n 
answers .  I n th e tim e availabl e I  wil l  b e abl e t o d o 
no mor e tha n sketc h on e vie w o f  th e matte r  an d s o wil l 
probabl y presen t  a  cleare r  pictur e tha n i s i n fac t 
warrante d b y curren t  knowledge .  I n particula r  ther e 
wil l  b e littl e tim e t o discus s th e detaile d empirica l 
evidenc e tha t  support s thi s vie w an d n o tim e t o 
discus s alternativ e views. ^ 

I will begin by describing in lamentably over-
simplifie d term s certai n structure s i n th e huma n 
visua l  syste m tha t  giv e ris e t o th e sensatio n o f 
color .  We wil l  the n se e ho w thes e aspect s o f  visua l 
physiolog y ca n hel p u s understan d independen t  finding s 
regardin g th e meaning s o f  word s fo r  colo r  i n th e 
world' s languages .  I n particular ,  startin g fro m th e 
simpl e arithmeti c o f  differentia l  firin g rate s o f 
certai n individua l  type s o f  cell s i n th e visua l 
system ,  w e ar e abl e t o buil d a  mode l  o f  th e perceptua l 
categorizatio n o f  colo r  tha t  explain s a  goo d dea l  bot h 
abou t  cross-linguisticall y universa l  feature s i n colo r 
namin g an d abou t  dimension s o f  differenc e amon g th e 
classification s o f  colo r  foun d i n th e language s o f  th e 
world .  Finall y w e wil l  se e ho w thi s mode l  organize s 
certai n systemati c observation s tha t  hav e bee n mad e 
regardin g regularitie s i n th e tempora l  evolutio n o f 
th e colo r  classificatio n system s o f  th e world' s 
languages . 

Aspects of the Neurophysiology of Color Perception 

It is widely known that the retina contains three 
kind s o f  colo r  receptors ,  i.e. ,  cones .  I t  i s  perhap s 
les s generall y know n tha t  a t  post-retina l  bu t  stil l 
periphera l  level s o f  neura l  processing ,  informatio n 
regardin g dominant  wavelength ,  o r  hue ,  i s recode d fro m 
thi s three-channe l  syste m int o a  four-channe l  system , 
yieldin g th e fou r  fundamenta l  hu e sensations ,  blue , 
green ,  yellow ,  an d red .  I n 192 0 Ewal d Herin g (1968 ) 
postulated ,  o n th e basi s o f  primaril y introspectiv e 
evidence ,  tha t  suc h a  syste m mus t  exist .  Herin g note d 
furthe r  tha t  subjectivel y ther e i s n o suc h thin g a s a 
mixtur e o f  gree n an d re d no r  o f  blu e an d yellow--tr y 
t o imagin e wha t  on e coul d possibl y mea n b y th e locu -
tion s ' a reddis h green '  o r  ' a bluis h yellow' .  H e 
therefor e suppose d tha t  ther e mus t  exis t  wha t  h e 
calle d tw o 'opponen t  processes '  i n th e visua l  system , 
one re d vs .  gree n proces s an d on e yello w vs .  blu e 
process .  A t  a  give n moment ,  eac h proces s ha s t o b e 
i n exactl y on e o f  it s  name d states ;  fo r  example ,  a t  a 
certai n tim e th e red-gree n proces s migh t  b e i n th e re d 
stat e an d th e yellow-blu e proces s i n th e yello w state : 
thi s pairin g o f  state s woul d giv e ris e t o th e sensa -
tio n o f  orange .  I f  on e admit s continuit y t o th e mode l 
by allowin g eac h o f  th e fou r  opponent  state s t o 
operat e a t  varyin g strengths ,  th e relativ e strength s 
of  th e tw o state s operativ e a t  a  give n moment  wil l 
determin e th e precis e shad e tha t  i s subjectivel y 
experienced .  I n ou r  example ,  th e relativ e strength s 
of  th e re d an d yello w state s wil l  determin e whethe r  a 
reddis h orange ,  a  yellowis h orange ,  o r  a  relativel y 
balance d o r  pur e orang e i s experienced . 

Despit e th e superiorit y o f  th e Herin g mode l  ove r 
it s competitor s i n explainin g thes e an d man y othe r 
aspect s o f  th e subjectiv e experienc e o f  color ,  i t 
neve r  gaine d genera l  acceptanc e unti l  Russel l  D e 
Valoi s an d hi s associates ,  a s recentl y a s th e lat e 
1960s ,  isolate d th e anatomica l  structure s tha t 
accomplis h th e opponent-proces s functio n an d monitore d 
thi s functio n i n th e livin g organism .  Afte r  a  serie s 
of  preliminar y experiments ,  whic h establishe d tha t  th e 
visua l  syste m o f  th e macaqu e monke y i s lik e man' s i n 
al l  relevan t  respects ,  D e Valoi s an d hi s co-worker s 
inserte d micro-electrode s int o individua l  cell s i n th e 
Latera l  Geniculat e Nuclei i  o f  liv e macaque s an d 
recorde d th e rate s o f  firin g o f  thes e cell s whil e th e 
animals '  eye s wer e expose d t o ligh t  o f  systematicall y 
varyin g wavelength s an d intensities .  I t  wa s foun d 
tha t  L6 N cell s coul d b e thu s classifie d int o si x 
types ,  tw o o f  whic h wer e primaril y sensitiv e t o 
overal l  luminosit y o r  brightness ,  an d fou r  o f  whic h 
wer e primaril y sensitiv e t o dominan t  wavelengt h o r  hue . 

The latter four types constitute the opponent 
proces s system .  Eac h o f  thes e opponen t  cell s ha s a 
spontaneou s o r  basa l  rat e o f  firin g (o r  abou t  6  spike s 
per  second) :  thi s rat e increase s o r  decrease s depend -
in g o n th e wavelengt h o f  stimulatin g ligh t  accordin g 
t o th e fou r  pattern s show n i n Figur e 1 . 

Inspection of Figure 1 reveals that types of cell 
A an d C  for m a  pai r  i n havin g th e sam e crossove r  poin t 
betwee n advance d an d retarde d rat e o f  firin g a t  abou t 
605n m an d als o i n havin g mirro r  imag e maxim a an d 
minim a o f  firin g rat e a t  abou t  540n m an d 64 0 nm. 
Cell s o f  type s A  an d C  togethe r  constitut e Hering' s 
postulate d red-gree n process :  considerin g al l  cell s 
of  type s A  an d C  a t  once ,  w e may tak e th e su m o f  th e 
absolut e deviation s fro m th e basa l  rat e o f  firin g i n 
th e lon g wavelengt h region ,  tha t  i s  abov e th e cross -
ove r  point ,  a s signalin g th e strengt h o f  th e re d 
response .  Similarly ,  th e tota l  absolut e deviatio n 
fro m th e basa l  firin g rat e belo w th e crossove r  poin t 
represent s th e strengt h o f  th e gree n response .  I n 
analogou s fashio n th e typ e B  an d D  cell s togethe r 
constitut e th e yellow-blu e opponen t  process :  th e su m 
of  absolut e deviation s abov e th e crossove r  poin t  i s 
th e tota l  amoun t  o f  yello w informatio n o r  equivalentl y 
th e strengt h o f  th e yello w response ,  whil e belo w th e 
crossove r  poin t  th e su m o f  absolut e deviation s repre -
sent s th e tota l  blu e response .  Not e tha t  i n a  give n 
stimulu s condition ,  eac h opponen t  proces s mus t  b e i n 
eithe r  on e stat e o r  th e othe r  dependin g whethe r  th e 
wavelengt h o f  th e stimulu s i s abov e o r  belo w th e 
crossove r  poin t  fo r  tha t  pai r  o f  type s o f  cells . 
At a given wavelength there are thus two families 
of  possibilities .  (1 )  I f  th e visibl e wavelengt h i s a t 
one o f  th e cross-ove r  points ,  the n on e o f  th e opponen t 
system s i s inert ,  e.g .  a t  abou t  605n m th e macaque' s 
red-gree n syste m i s quiescent ;  a t  thi s poin t  al l  hu e 
informatio n i s carrie d b y th e yellow-blu e channel , 
whic h i s i n th e yello w (longe r  wavelength )  state ;  thi s 
i s calle d th e yello w uniqu e hu e point ;  al l  th e organ -
is m see s a t  thi s wavelengt h i s pur e yellow .  Th e blue , 
green ,  an d re d uniqu e hu e point s ar e define d i n th e 
same way .  (2 )  I f  th e stimulu s wavelengt h i s no t  a t  a 
uniqu e hu e point ,  the n exactl y tw o o f  th e fou r  funda -
menta l  hu e state s ar e operativ e an d th e relativ e 
strength s o f  thes e tw o state s determin e th e precis e 
shad e o f  perceive d hue ;  fo r  exampl e i n th e regio n 
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FiCLRf  i.Sourc e D e Valoi s c t  a l  l')5 6 972-73 .  Fig s 9-12) .  Not e Horizonu l  doite d line s 
indicai c mean hnsa l  respons e rat e fo r  eac h cel l  type . 

betwee n th e ye l lo w an d gree n uniqu e hu e point s th e 
gree n stat e o f  th e red-gree n syste m an d th e ye l lo w 
stat e o f  th e yel low-blu e syste m ar e opera t ive ;  th e 
relat iv e strength s o f  thes e respons e state s determin e 
whethe r  a  yel lowis h g reen ,  a  greenis h ye l low ,  o r  a 
per fect l y balance d chartreus e o r  lim e i s perceived . 

One may, in sum, model this system as having 
quant i ta t iv e output s i n fou r  channe ls ,  RED ,  YELLOW, 
GREEN,  BLUE ,  wher e a t  a  give n instan t  ther e ar e non -
zer o output s i n ei the r  (1 )  a  singl e channe l  o r  (2 )  tw o 
adjacen t  channel s (considerin g re d an d blu e a s als o 
ad jacen t ) .  Fro m psycho-physica l  dat a Woote n (1970 ) 
ha s est imate d th e curve s fo r  human s comparabl e t o 
thos e o f  r igur e 1 .  Usin g thes e curve s (no t  show n 
here )  i t  i s  a  straightforwar d mat te r  t o calculat e fo r 
eac h channe l  o f  fundamenta l  hu e respons e (RED ,  YELLOW, 
GREEN,  BLUE )  th e proport io n o f  tota l  hu e respons e i n 
tha t  channe l  fo r  eac h wavelengt h o f  v is ib l e l ight . 
Curve s represent in g thes e calculat ion s ar e show n i n 
Figur e 2 .  Bein g propor t ions ,  thes e funct ion s neces -
sari l y  hav e ordinate s varyin g fro m zer o t o unit y 
acros s th e spectrum .  I t  i s  therefor e natura l  t o 
interpre t  the m a s fuzz y se ts ,  whic h interpretat io n i s 
ref lecte d b y th e ordinat e o f  Figur e 2  bein g labelle d 
"Degre e o f  Membersh io" . 

So fa r  w e hav e talke d onl y abou t  type s o f  neura l 
ce l l s ,  thei r  rate s o f  f i r ing ,  an d certai n function s 
compose d o f  th e f ir in g rate s o f  differen t  classe s o f 
ce l l s ,  bu t  w e hav e sai d nothin g abou t  th e meaning s o f 
an y word s i n natura l  languages .  We ar e no w prepare d 
t o mak e th e initia l  connect ion :  th e curve s labelle d 
BLUE,  GREEN,  YELLOW,  an d RE D i n Figur e 2  represen t  a t 
on e an d th e sam e tim e (1 )  th e output s o f  th e funda -
menta l  hue-respons e categorie s a s define d i n term s o f 
proportiona l  outpu t  i n th e individua l  hu e channe l  o f 
th e opponen t  proces s system ,  an d als o (2 )  th e mean -
ing s o f  th e ordinar y Englis h word s blue ,  green , 
ye l low ,  an d red ,  alon g wit h thei r  exac t  translation s 
int o man y languages .  Simi lar ly ,  non-opponen t 
fundamenta l  respons e channel s BLAC K an d WHITE , 
correspondin g t o th e Englis h word s blac k an d whit e 
(an d thei r  translat ion s i n man y othe r  languages) ,  ar e 
define d b y th e tw o classe s o f  brightness-sensit iv e 
cell s discovere d b y D e Valoi s an d hi s associates ,  an d 
thes e categorie s als o ma y b e modele d a s fuzz y sets . 

The Semantics of Color Words 

We have seen that six English color words (and 
thei r  translat ion s int o othe r  language s tha t  hav e 
exac t  translat ion s o f  thes e words )  c» n b e give n 
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neurophysiologica l  definit ions .  Fo r  thes e si x 
semanti c categories ,  w e hav e achieve d a  considerabl e 
rapprochemen t  o f  semantic s an d perception .  What  ca n 
we sa y no w abou t  th e perceptua l  basi s o f  othe r  colo r 
word s i n Englis h an d i n othe r  languages ? I n thi s 
investigatio n w e wil l  restric t  ou r  attentio n t o wha t 
hav e com e t o b e calle d 'basic '  colo r  words .  I n an y 
languag e th e basi c colo r  word s for m a  natura l  set ,  an d 
i t  i s  th e compariso n o f  th e set s o f  basi c colo r  word s 
acros s language s tha t  ha s bee n foun d mos t  fruitfu l  i n 
th e cross-linguisti c investigatio n o f  thi s semanti c 
domain .  I n ever y languag e ther e i s a  smal l  se t  o f 
semanticall y simpl e word s suc h tha t  an y colo r  ca n b e 
named wit h a  member  fro m thi s set .  Member s o f  thi s 
se t  ar e calle d th e basi c colo r  word s o r  basi c colo r 
term s o f  th e language .  Severa l  language s ar e know n i n 
whic h ther e ar e jus t  tw o basi c colo r  terms .  Englis h 
has eleven ;  i n additio n t o th e si x alread y discussed , 
whic h nam e th e fundamenta l  neura l  respons e categories , 
ther e ar e als o brown ,  purple ,  pink ,  orang e an d grey . 
For  man y speaker s o f  Russian ,  ther e ar e twelv e basi c 
colo r  terms ;  Russia n ha s a  basi c colo r  ter m specif -
icall y fo r  ligh t  blue ,  goluboy ,  alon g wit h th e ter m 
fo r  darke r  blue ,  sinyiy . 

For a long time it was believed by linguists and 
anthropologist s tha t  ther e wer e n o constraint s o n th e 
way th e basi c colo r  term s o f  a  languag e migh t  divid e 
th e perceptua l  domai n o f  colo r  an d henc e n o tendenc y 
fo r  colo r  word s t o b e translatabl e acros s unrelate d 
languages .  Anothe r  wa y thi s ide a wa s pu t  wa s th e 
clai m tha t  perceptio n ha s n o influenc e ove r  color -
namin g i n a  languag e beyon d settin g th e bound s o f  th e 
visibl e spectrum .  Thu s i n wha t  wa s probabl y th e mos t 
widel y accepte d linguistic s textboo k o f  th e 1950s , 
H.  A .  Gleaso n said ,  "Ther e i s a  continuou s gradatio n 
of  colo r  fro m on e en d o f  th e spectru m t o th e other . 
Yet  a n America n describin g i t  wil l  lis t  th e hue s a s 
red ,  orange ,  yel low ,  green ,  blue ,  purple--o r  somethin g 
of  th e kind .  Ther e i s nothin g inheren t  eithe r  i n th e 
spectru m o r  th e huma n perceptio n o f  i t  whic h woul d 
compel  it s divisio n i n thi s way "  (1961:4) .  We no w 
kno w tha t  thi s i s wron g an d tha t  al l  th e basi c colo r 
term s i n al l  language s ar e base d o n th e si x funda -
menta l  respons e categories :  th e fou r  o f  th e opponen t 
(i.e .  hue )  syste m an d th e tw o non-opponen t  (i.e . 
brightness )  categories . 

We have already noted that each of these six 
categorie s ha s a  structur e tha t  invite s it s inter -
pretatio n a s a  fuzz y set .  Ther e i s stron g additiona l 
motivatio n fo r  th e fuzz y se t  interpretation ,  namel y 
tha t  al l  th e othe r  basi c colo r  categories ,  eithe r  i n 
Englis h o r  i n an y o f  th e othe r  language s tha t  hav e 
been investigated ,  ma y b e define d i n term s o f  simpl e 
Boolea n function s o f  thes e fuzz y sets .  Fo r  example , 
i n man y language s o f  th e world ,  includin g th e majorit y 
of  Nativ e America n languages ,  ther e i s a  singl e wor d 

tha t  i s use d whereve r  a n Englis h speake r  woul d us e 
eithe r  th e wor d gree n o r  th e wor d blue .  Ther e i s 
considerabl e experimenta l  evidenc e indicatin g tha t 
thi s widesprea d basi c colo r  categor y (le t  u s cal l  i t 
'grue' )  i s  i n fac t  th e fuzz y unio n o f  th e fundamenta l 
neura l  respons e categorie s GREEN an d BLUE .  Fo r 
example ,  i t  ha s bee n foun d i n a  larg e numbe r  o f 
language s tha t  subject s aske d t o pic k ou t  fro m a n 
arra y o f  colo r  stimul i  th e bes t  exampl e o f  thei r 
categor y gru e wil l  no t  selec t  somethin g intermediat e 
betwee n gree n an d blu e suc h a s w e migh t  cal l  turquois e 
or  aqua ;  rather ,  the y wil l  selec t  eithe r  a  foca l  gree n 
or  a  foca l  blue .  Sinc e th e unio n o f  tw o fuzz y set s i s 
define d a s th e maximu m o f  th e individua l  characteris -
ti c  funct ions ,  thi s pre-theoreticall y surprising ,  bu t 
empiricall y robust ,  findin g i s predicte d b y th e 
definitio n o f  th e categor y 'grue '  a s th e fuzz y unio n 
of  GREEN an d BLUE . 

Berlin and Kay (1969) surveyed the basic color 
lexicon s o f  ninety-eigh t  language s an d reporte d stron g 
constraint s o n th e semantic s o f  basi c colo r  ter m sys -
tems .  The y als o postulate d a  narrowl y constraine d 
evolutionar y sequenc e throug h whic h basi c colo r 
lexicon s mus t  pas s a s the y ad d term s ove r  time .  Tha t 
sequence ,  a s reformulate d b y Ka y an d McDanie l  (1978 ) 
abou t  a  decad e late r  o n th e basi s o f  a  grea t  dea l  o f 
wor k b y man y investigator s i n th e interim ,  i s summar -
ize d i n Figur e 3 . 

A language with only two basic color terms has 
on e whic h i s th e fuzz y union,'WHIT E o r  RE D o r  YELLOW*, 
and on e whic h i s th e fuzz y union,'BLAC K o r  GREEN o r 
blue' ;  thes e ar e convenientl y glosse d a s 'light-warm ' 
and 'dark-cool' ,  respectively .  When a  languag e add s 
a thir d term ,  i t  doe s s o b y splittin g th e 'light-warm ' 
ter m int o a'WHITE'ter m an d a*RE D o r  YELLOW'(i.e . 
'warm' )  term .  A t  th e nex t  stag e o f  development , 
eithe r  the'dark-cool'ter m split s int o 'BLACK '  an d 
'GREEN o r  BLUE' ,  tha t  i s  ' c o o T ,  o r  th e war m ter m 
split s int o 'RED '  an d 'YELLOW '  term s (se e Stage s Ili a 
and Ill b i n Figur e 3 ) .  A t  Stag e IV ,  whateve r  possi -
bilit y  didn' t  occu r  a t  Stag e II I  no w occurs ,  s o th e 
languag e no w ha s basi c term s fo r  th e fuzz y categorie s 
'WHITE' ,  'BLACK' ,  'RED' ,  'YELLOW' ,  an d 'GREE N o r  BLUE ' 
(i.e .  'grue') .  A t  Stag e V ,  the'grue'categor y i s  dis -
solve d int o it s fundamenta l  neura l  respons e component s 
'GREEN'  an d 'BLUE' ,  an d ther e i s no w on e basi c colo r 
ter m fo r  eac h fundamenta l  neura l  respons e category . 
Up to here in the sequence, we have been consid-
erin g tw o type s o f  basi c colo r  categories ,  thos e tha t 
consis t  i n union s o f  fundamenta l  neura l  respons e 
categorie s an d thos e tha t  consis t  i n th e fundamenta l 
neura l  respons e categorie s themselves .  Beyon d 
evolutionar y Stag e V ,  basi c colo r  categorie s o f  a  ne w 
kin d ar e forme d o n th e basi s o f  th e intersection s o f 
th e fundamenta l  categories .  Mor e precisel y eac h o f 
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thes e late r  combination s o f  th e fundamenta l  categorie s 
consist s i n twic e th e fuzz y intersectio n o f  it s 
constituen t  categories .  Fo r  example ,  th e fuzz y se t 
orang e i s twic e th e intersectio n (minimum )  o f  th e 
fuzz y set s RED an d YELLOW.2 

It is not possible in the time available to dis-
cus s th e empirica l  motivatio n fo r  th e formulatio n o f 
thes e intersectiona l  categorie s i n term s o f  precisel y 
twic e th e intersectio n o f  th e constituen t  fuzz y 
categorie s (se e Ka y an d McDanie l  1978:631-635 ;  Mervi s 
and Rot h 1981) .  Bu t  th e mai n point s o f  th e stor y s o 
fa r  shoul d no w b e clear .  Empirica l  semanti c re -
searche s hav e reveale d that ,  s o fa r  a s w e ca n tel l  a t 
present ,  al l  th e basi c colo r  categorie s o f  th e lan -
guage s o f  th e worl d ar e base d o n th e si x fundamenta l 
neura l  respons e categories ,  whos e structure s ar e 
determine d b y th e firin g pattern s o f  LG N (an d other ) 
cell s i n th e visua l  pathway .  Language s wit h fewe r 
tha n si x basi c colo r  term s hav e term s tha t  encod e 
categorie s compose d o f  fuzz y union s o f  th e fundamenta l 
categories .  Language s tha t  encod e mor e basi c cate -
gorie s tha n th e si x perceptuall y fundamenta l  ones , 
encod e categorie s base d o n th e fuzz y intersection s o f 
th e fundamenta l  ones . 

Furthermore, there appear to be quite narrow 
constraint s o n whic h o f  th e logicall y possibl e Boolea n 
combination s o f  th e si x fundamenta l  respons e categor -
ie s actuall y occu r  i n th e world' s languages .  Fo r 
example ,  o f  th e fifty-seve n possibl e categorie s tha t 
migh t  b e forme d b y takin g fuzz y union s o f  th e si x 
neurologicall y fundamenta l  categories ,  onl y th e fou r 
we hav e discusse d ('light-warm' ,  'warm' ,  'dark-cool' , 
and 'cool'--i.e .  'grue' )  occu r  i n actua l  languages . 
Littl e i s  know n b y wa y o f  explanatio n o f  thi s fact , 
thoug h i t  i s  perhap s wort h recallin g tha t  Herin g 
designate d th e color s white ,  re d an d yello w collec -
tivel y a s inherentl y arousing ,  an d th e color s black , 
gree n an d blu e a s inherentl y non-arousing .  Eve n mor e 
strikin g a s a n empirica l  generalizatio n cryin g fo r 
theoretica l  explanatio n i s th e evolutionar y sequenc e 
depicte d i n Figur e 3 .  Why shoul d th e colo r  lexicon s 
of  th e worl d sor t  int o jus t  th e handfu l  o f  type s 
permitte d b y thi s sequenc e and ,  abov e all ,  wh y shoul d 
th e tempora l  evolutio n o f  colo r  terminolog y system s 
follo w thi s particular ,  narrowl y restricte d course ? 
Answer s t o thes e questions ,  a s the y ar e found ,  wil l 
deepe n ou r  understandin g o f  th e relatio n o f  perceptio n 
and linguisti c meanin g i n th e domai n o f  color . 

Note s 

1. This talk is, in effect, a highly compressed 
summary o f  Ka y an d McDanie l  (1978) ,  an d th e heare r  o r 
reade r  intereste d i n pursuin g th e subjec t  shoul d con -
sul t  tha t  pape r  an d th e reference s cite d there . 
McDanie l  (1972 )  wa s th e firs t  t o propos e a  perceptua l 
explanatio n fo r  th e Berli n an d Ka y (1969 )  finding s 
regardin g semanti c universal s i n term s o f  th e opponen t 
proces s mode l  o f  colo r  vision .  Figure s 1 ,  2 ,  an d 3 
accompanyin g thi s tex t  ar e respectivel y Figure s 4 ,  6 , 
and 1 3 o f  Ka y an d McDaniel . 

2. In Figure 3, the '+' sign denotes the binary 
operatio n 'twic e th e fuzz y intersection' . 
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Stnictiir" !  an d riinclio n 

i n Ih c earl y procrssin c o f  lisua l  iiironnalio n 

Shimon Ullman 

lli c  Anificica l  liilclligcnc c l^ibnralor y 

Mas'^chtiscii s Jnslltut c o f  Technolog y 

I. Iiilroducllon 

A centra l  notio n i n contemporar y cognitiv e scienc e i s tha i  menta l 

pi(x:c";<;c s involv e computation s define d ove r  interna l  representations . 

Thi s genera l  vie w suggest s a  distinctio n betwee n th e stud y o f  th e rep -

resentatio n an d computation s pciforme d b y ou r  cognitiv e system s o n 

tli e on e hand ,  an d tli c  physica l  brau i  mechanism s supportin g tlies c com -

ptnation s o n th e other .  I  h e tw o studie s procee d alon g differen t  paths , 

an d neithe r  i s completel y reducibl e t o Ui e other .  I t  i s th e hop e o f  cogni -

tiv e Science ,  however .  Uia t  th e studie s o f  functio n an d mechan is m ca n 

coiii|)lcnicn t  eac h other ,  an d iha t  Uicoric s c m b e develope d fo r  variou s 

cognitiv e subsystem s tha t  wil l  describ e an d explai n tliei r  computationa l 

aspects ,  thei r  underlyin g mech.inisms ,  an d Ui c interaction s betwee n Ih c 

two . 

I n thi s pape r  I  shal l  dcsciib e s o m e attempt s t o combin e th e stud y 

of  brai n mech.inisin s wit h conipui.itiona l  consideration s i n lli c  firs t 

stape s o f  visua l  informatio n processing .  Thi s wor k combine s th e con -

Irilnitior s o f  m a n y individuals ,  mos t  notabl y th e lat e Davi d Marr ,  an d 

a grou p o f  peopl e w h o wer e fonuiiat e t o wor k wit h him ,  primaril y a t 

M.I .  I  " s Artificia l  Inielligenc e l.iboiaior y an d l\\cholog y IX'parlment . 

I. lU'prisciilini; inliiisil) chances In iniaKCS 

Ih c fii^t  ciMiipMlalion.l l  incihlcii i  ill.i t  ariv.- s i n Ih c earl y piocessin g 

of  visua l  inli'iin.ilio n i s th e initi.i l  niL.iiii/.iiio n .m d rcprcsoii l  uiii n o f 

th e inpu t  KLislcte d b \  Ih c r\es .  \ i  tli o pliotouLcpini' ,  lc\cl .  ih c inpu t 

111 llu -  Msiia l  s\sici n consist s o f  o,c i  . '  11 )  iiiilliiu i  liiili t  iniiu-.il v  iiir.isiirc -

niriit s  (lep i  .icic. l  I n ovr r  IJI I  iiiillin M ciiiic s am i  iml s i n c.ic h c\, '  I  I  hi s 

IS .II I  iiiiwklil v  luc e .mi l  iiiiiriaiii i  , 1 sc l  i; f  iiiM'.imnK'iils .  \ \  i .  ca n 

therefor e expec t  th e visua l  syste m t o construc t  a  m o r e economica l  repre -

sentatio n o f  th e input ,  tha t  wil l  m a k e explici t  th e relevan t  informatio n 

fo r  lalc i  priKcssin g stages . 

A reasonabl e candidat e fo r  th e tas k i s a  representatio n tha t  ca n b e 

roughl y describe d .i s a n edg e represcniatio n o f  Ih c im.age .  lli c  ide a i s 

t o m a k e explici t  th e location s i n iJi e imag e wher e ligh t  intensit y change s 

sharpl y fro m on e leve l  t o anothci .  Hi e motivation s fo r  thi s typ e o f  a 

repiescm.ilio n ar e (i )  i t  wil l  achiev e a  mor e concis e descriptio n o f  th e 

imag e tha n lii e origina l  arra y o f  intensit y value s ,  an d (ii )  shar p change s 

i n ligh t  intensit y value s usuall y hav e a  physica l  signiricancc .  Ilie y ar e 

ofte n associated ,  fo r  example ,  wiil i  objec t  boundaries ,  marking s o n ob -

jects '  surfaces ,  an d s o fort h A n edg e representatio n i s Uieiefor c usefu l  i n 

makin g th e transitio n fro m th e domai n o f  ligh t  intensitie s i n di e imag e 

t o analy?in g di e physica l  structur e o f  di e visibl e environmen t  O n e 

genera l  observatio n ofte n raise d i n suppoi t  o f  th e edg e representatio n 

approac h i s tha t  m a n y object s ar e recognisabl e fro m a  sketc h o f  thei r 

edge s anr t  contour s alone ,  althoug h i n term s o f  th e underlyin g ligh t 

intensit y distributions ,  lli e sketc h an d th e origina l  imag e ar c markedl y 

dilTerenl . 

T h e representatio n o f  localize d intensit y change s i s no t  tli e onl y 

approac h Dia l  ha s bee n propose d fo r  Ih c first  stnge s o f  analyzin g visua l 

information .  O n e popula r  alternativ e i s tli e Kourie r  analysi s approac h 

tlia t  receive d wid e attentio n i n di e psychophysica l  literatur e followin g 

Campbe l l  an d Rohson' s (1968 1 discover y o f  spatia l  frequenc y tune d 

channel s i n di e visua l  system .  I  h e approac h presente d her e i s i n a 

sens e a  combinatio n o f  th e frequenc y channel s an d tli c  edg e detectio n 

approaches ,  bu t  i l  i s  concerne d primaril y wit h di e detectio n o f  intensit y 

changes . 

A larg e variet y o f  technique s hav e bee n propose d i n di e pas t 

(primalil y  withi n di e ciH'incerin g field  o f  iniag c processing )  fo r  Ih c 

detectio n o l  inleiisil )  cli.m.Kc s i n images .  A  iii.ijo r  piobloi n llia t  ha s 

bee n (liscmcic d i n th e ciiiiis e o f  ilc\clo|iin p thes e lecliiii(|iios .  i s  iha t 

sicnifii.iii l  iiilcnsii )  cIi,iii(.h s i n .i n iiu.it' C ca n occu r  a t  a  v.iiiei y o f  scales . 

Siiiii o cli.iiipc s ai e ci.idua l  an d smniiili :  the y c m .iK u h e ilcsciihc d i n 

lrct|iicnc \  diini.ii n triiiiuinloi n a- -  lo w fiet|iK'iicv  lIliii:''". .  (>|Iici s ar e 

hig h frequenc y an d sharpl y hKali-'e d changes .  T o captur e al l  o f  di e 

significan t  intensit y changes ,  i t  i s  possibl e t o examin e tli e imag e n t  a 

n u m b er  o f  differen t  resolutions ,  o r  scales .  A  lo w lesolutio n "copy "  wil l 

serv e fo r  capturin g di e gradual ,  gros s changes ,  a  hig h resolutio n "copy " 

fo r  th e fine  details ,  l-igur e 1  show s a n exampl e o f  wha t  i t  m e a n s fo r  th e 

s a me imag e t o b e examine d a t  thre e differen t  resolutions .  T h e resolutio n 

decrease s fro m l a t o Ic .  I t  ca n b e see n tha t  i n di e lowe r  resolutio n 

copie s fine  detail s ar e progressivel y blurred .  Ih c lo w resolutio n cop y 

ca n b e obtaine d b y a  puKCS s calle d gaussia n filtering  (an d thi s filtering 

i s i n a  sens e optimal ,  se e Mar r  &  llildied i  1980) .  Thi s simpl y mean s 

tha t  a t  ever y poin t  a  loca l  averag e i s take n o f  di e intensit y values ,  usin g 

a gaussia n weightin g function .  Th e resolutio n o f  th e resultin g cop y i s 

controlle d b y th e sis e o f  tJi e gaussian .  A  large r  giiassia n average s di e 

intensit y value s ove r  a  wide r  neighborhood ,  an d henc e i s les s sensitiv e 

t o fine  details .  Hi e gaussia n smoothin g i s als o calle d i n mathematica l 

term s di e convolutio n o f  th e imag e wit h a  gaussia n filter,  denote d b y 

C * I  (wher e /  i s  th e image ,  G  i s di e gaussia n smoothin g function) . 

As a  resul t  o f  th e first  operatio n w e hav e a  n u m b e r  o f  "copies "  o f 

th e origina l  im.ige ,  a t  a  n u m b e r  o f  differen t  resolutions ,  a s detcnnine d 

by th e si/c s o f  th e gaussia n fillets  (figur e 2) .  Mi e nex t  ste p i s t o iso -

lat e th e shar p intensit y change s i n eac h copy .  W e shal l  conside r  thi s 

proble m first  i n th e contex t  o f  one-dimensiona l  signals .  I n dii s  case , 

di e imag e /  i s  a  functio n o f  a  singl e variable ,  denote d b y i .  A  shar p 

chang e i n th e signa l  /(i )  ca n b e define d a s a  pea k i n it s first  derivative , 

sinc e di e derivative ,  b y definition ,  measure s di e signal' s slope .  I'ro m 

clcinentiii y  calculus ,  peak s i n th e first  derivativ e ca n als o h e locate d b y 

7cro-<rossing s o f  th e secon d derivativ e (i.e .  place s wher e di e secon d 

dcrivaiiv e change s sign) .  Mathematicall y th e tw o criteri a ar e equiv -

alen t  bu t  th e secon d characteri/alio n ha s certai n advantage s w h e n two -

diiiiciisiiin.i l  signal s ar c concerne d |Mar r  &  llildiet h I98()| . 

65 

http://ciMiipMlalion.ll


I n siiiiiniar) ,  Ih c iDi.ili/.iin m ofshnr p ch;inpi' ;  i s  dhiiiinci l  b y per -

riiiMiInt: : 

,; ' ;k.-v )  (! ) 

Mk- /cm unssinr'- iii the oiilpiit »ill iiuln.iH' ilic Icn.ilicms dl sh.iip 

intensit y change s i n th e iinng c n t  tli c  scni c determine d b y lli c  gaiissian . 

Ihi s nie.in s tha t  th e imag e /  i s first  passe d Ihroug h a  gaiissia n 

sitioolliin g finiclio n G ,  an d iJic n a  secon d derivativ e o f  th e resul t  i s 

taken ,  lit e tw o operation s o f  scalin g an d diffeientialio n h e combine d 

i n a  convenien t  manner ,  lli c  combinatio n i s base d o n a  mathcinallca l 

identit y tha t  slate s ih.i t  ih c oide r  ofdilTctcnliatio n an d convohilio n ca n 

b e cli.in.cc d withou t  alTcctin g th e resul t  I n ni.ithematica l  notation ; 

£ . ( ^ ^ • 0 =  ( £ , « ) • / (2) 

The imphcatio n i s tJia l  th e tw o opeiation s ca n h e collapse d int o a 

singl e one :  simpl y filter  th e imag e no t  throug h a  gaussia n function ,  bu t 

throug h ll]; G (th e secon d derivatn c o f  a  gaussian) .  Ihi s functio n i s 

s h o w n i n figure  l i  (.l b show s it s fourle r  tiaiisform) .  lli c  analogu e i n tw o 

dimension s woul d h e a  simila r  hu t  circularl y svinmetri c fimction  whic h 

ha s th e appcar.nic e o f  a  "nicxica n hat "  Mathematically ,  i n Ih c two -

ihmensiona l  cis e th e filter  i s V ' G .  wher e V ^  i s tJi c laplaii.i n an d G  a 

two-diuiensiima l  g.iussia n function . 

Th e schem e i s n o w stiaightforward :  th e rcpicsentatio n o f  intensit y 

change s i s dhiainc d fro m th e /cro-crossin g i n th e resul t  o f  passin g th e 

imag e throug h filters  tha t  hav e th e shap e o f  V ' C . 

Ibos e «li o hav e s o m e familiarit y wit h Ih c physiolog y o f  di e visua l 

syste m woul d readil y iccogni/ e Ih c shap e o f  thes e filters  a s correspond -

in g t o ili e shap e o f  retin.i l  ganglio n receptiv e fields.  I n othe r  words .  Ui e 

retina l  structur e ca n b e viewe d a s approvim.iiin g th e convolutio n o f  th e 

imag e wit h th e V ' G filicis.  (Iti r  m o r e detai l  se c Mar r  &  llildiet h 1980 . 

Mar rc t  Ullin.n i  1 9 8 0 . 

ligur e 4  show s ev.iniplc s o f  image s followin g ihi s rclin.i l  operation , 

an d th e lesultin g /cio-crossinp s representation s (generate d b y I  lie n 

llildieth) .  Ih c fiisi  ro w show s tw o iniaee s piio i  t o th e lillcrin g stage . 

I  h e scton d lo w show s th e image s lillcrc d Ihioug h di e lelina l  operation . 

I t  .iiivc s MPiii c  idc. i  o f  th e li'in i  o f  th e iiii.iii e .i s  i t  Ii.imI s u p th e opii c 

ner\ e Inii i  th e c>e .  M a .ii i  iiiuinud i  il c  si.iiiui i  calKi l  lli e l ( iN .  t o 

Ih c visua l  loiie x i n aie. i  I  '  o ^  th e hrai n I  li e ihm l  ro v illusii.iU' s ih e 

icsullin e /rii > iiossii r  ii-pi.- i  ul.ilioii s  I  iriu .  5  sln.w s .ii i  lu i  I' e lo f  . i 

sculptur e h > Henr y M o o r e )  an d it s /cro-<rossiii g icpresc'niatio n a t  thre e 

difTeren i  resolutions . 

Hcfor c turnin g t o th e physiologica l  aspect s o f  th e ^cro-crossin g 

representations ,  i t  wil l  b e o f  inleies t  t o not e tha t  7ero-crossing s i n 

bandp.is s fillers  ar e k n o w n t o he ,  i n a  sense ,  "ric h i n information " 

II .  I  oga n o f  th e Hel l  l,aboi,itorie s ha s show n tha t  a  onc-diinensiona l 

sigii.i l  wit h a  bandv,idt h o f  les s dia n on e octav e c.i n b e completel y 

reconstructe d (u p t o a n overal l  mulnplicaliv c consi.uii )  fro m it s /cro -

crossing s alone ,  provide d tha t  s o m e simpl e condition s ,ir e mi l  | l  oga n 

1977| ,  I t  i s  no t  clear ,  however ,  whethe r  di e dieorc m ca n h e extende d 

t o tw o dimensions ,  an d unde r  wha t  condition s di e one-iictav c restric -

tio n ca n b e relaxe d (thi s proble m arise s sinc e th e filters  i n Ui c h u m a n 

visii.i l  syste m ar e probabl y mor e Uia n a n octav e wide) .  I f  appropriat e 

extension s alon g thes e line s ca n b e m a d e ,  i t  woul d impl y tha t  th e 7Cro -

crosslng s provid e no t  onl y a  convenien t  representatio n tha t  capture s th e 

significan t  aspect s o f  th e image ,  bu t  als o a  complet e one .  Ilia l  is ,  n o 

essentia l  inlonnatio n i s los t  b y discardin g tJi e imag e an d analyzin g th e 

?cri)-crossin g representatio n alone .  (Se e Marr ,  I'oggi n &  Ul lma n 1979 . 

fo r  fil l  thc r  discussio n o f  thi s issue. ) 

.1 I lie liioloKical detection of zero-crossings 

I  h e analysi s s o fa r  lead s t o th e genera l  suggestio n tha t  fiillowing 

di e retina l  operatio n Ih e nex l  ste p i s t o local e an d lepreseii t  a  m a p ofUi c 

zero-crossing s I n th e oulput .  I f  thi s siiggeslio n i s correct ,  the n a  mai n 

fiinclio n o f  di e primar y visua l  corte x shoul d b e di e constructio n o f  th e 

zerinrossing s rcpicsentation .  I  shal l  nex t  tur n t o conside r  hriefi y h o w 

zero-crossing s m a v b e detecte d b y th e mechanism s ofih e visua l  cortex . 

I  h e fibers  o f  th e opti c nerv e romin g fro m th e ey e t o th e brai n carr y 

Ih c imag e filtered  Ihroiigl i  Ih e V  V ;  rccepliv e fields  (llii s  is ,  o f  course ,  a 

ciimpul.iiioDa l  icleali/.ilioii) .  Thi s luiir.i l  im.ip e i s i n la d carrie d b y iinit < 

ol  tw o coinplemcni.ii \  t>pes ,  calle d on-cciilc i  ,iiii l  ollienle r  iinils .  Ih c 

oHn-iiic i  uiiils.u e siiiipi v "iineilii l  iiK\ii.,ii i  h.ils "  vsiil i  pu-g.pliieceiilc i 

,iik I  iHiMin c siiirouiu l  lo t  u s iKr v cdiMcli' i  lii c  ii'iiii.i l  diiipii l  il l  Ih c 

Mciiii h d l  a n cili'c ,  lit'iu c l<. \  drpitl s  , i  sic| i  edge ,  .iiii l  fi h i s ili c  rcsiil i 

dl  p  issiiir .  fi i  lliidiM' h icliii.il-ld. c II I  cpliv c lirld v I  In s dul|;ii l  toiil.iiii ' 

bot h negativ e an d positiv e values .  I n contrast ,  th e opti c nerv e carrie s 

n o negativ e values ;  di e positiv e par t  o f  th e signa l  i s  carrie d b y th e on -

cente r  units ,  an d di e negativ e par t  b y th e off-ceiuc r  ones .  I  hi s mean s 

dia l  withi n di e syste m di e zero-crossin g itsel f  i s  alway s flanke d b y tw o 

peak s o f  activity :  o f  on-ccnte i  cell s o n on e side ,  an d olT-cenle r  cell s o n 

di e other .  Ih e detectio n o f  a  zero-crossin g ca n easil y b e acconiplislied , 

dierefore .  b y a  simpl e comhiiialio n o f  th e on -  an d olT-ccnte r  units . 

W h en tw o adjacen t  units ,  on e off-ccnicr ,  th e othe r  on-center ,  ar e activ e 

simultaneously ,  the y indicat e di e existenc e o f  a  zero-crossin g ninnin g 

m i d w a y betwee n them .  Not e dia t  a  poin t  o f  zer o valu e i s detecte d i n thi s 

schem e b y detectin g peak s o f  activit y radie r  tha n zer o activity . 

The basi c zero-crossin g detecto r  i s show n i n figure  7a ,  I t  i s  com -

pose d o f  di e tw o siih-unil s (on -  an d off-center )  combine d wit h a n 

"and "  operation .  Ibi s m e a n s tha t  th e tw o unit s ar e require d t o b e activ e 

simultiincousl y t o produc e a  response .  Ih e uni t  ca n b e m a d e oriente d 

by combinin g a  numbe r  o f  suc h detector s lyin g i n a  ro w (figur e 7b) . 

Suc h a n oriente d uni t  wil l  exhibi t  m a n y o f  di e propertie s o f  cortica l 

simpl e cell s ("edg e detectors" )  originall y discovere d b y iliibe l  &  VVicse l 

i n di e visua l  corte x o f  di e ca t  | 1 % 3 |  an d m o n k e y (19fi8| .  I t  wil l  stil l  l.ick , 

however ,  on e fundamenta l  property ;  cell s i n di e visua l  corte x ar e als o 

ode n selectiv e fo r  directio n o f  motion .  The y respon d wel l  w h e n diei r 

preferre d stimulu s m o v e s i n on e direction ,  bu t  littl e o r  no t  a t  al l  whe n i t 

m o v es i n di e opposit e direction . 

4. Vrldini; (ilrcitiiinal selecliiity 

Wit h th e additio n o f  on e siihuni t  i t  i s  possibl e t o m a k e th e b.isi c 

zero-crossin g dclecto r  diic c tionall y selective ,  an d us e i t  fo r  Ih e incisure -
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mcni  o f  visua l  moliiin .  l o se c bow .  conside r  ag.ii n ih c zer o crossin g 

iiwcialc d uii h a n inlcnsil y edg e (figur e 6b) .  A t  Ih c /cro-iiossin g itsel f 

ih c ciiirti u \,ilii c  is .  o f  course ,  zero .  I i  c m b e rc;idil. \  see n fro m ili c 

flptii e Iba l  i l  ih c piolil c  m m move s l o th e iiphl .  Ih e i.ilii c  a l  Ihi s poiji l 

wil l  b e iiicriMsiiip .  I I  I I  iiiii\ c  l o ili o Irli .  ib e \alii c  mi l  b e diLHMsiii p 

lt > sinipi v in̂ pitliiii ;  lli c  sii; n o l  (li e leio|iiM.i l  tliaii,i;i. '  i l  iIu k lui e be -

comes p(ftvibl e l o dcli.-miin c (b e iliKilioi i  o f  motion .  I l  i s  mi l  ililliiiil l 

l o csliblisl i  lli.i l  I t  I S liiKlii i  po '  ihl '  t o niiMsni e Ib e spiii j  o l  millio n 

111 Ui c directio n o f  Ib c uni t  b y comparin g lli e slop e o f  Ih c zero-crossin g 

an d Ib e ral e o f  tempora l  clinngc .  Ih c extr a sub-uni t  shoul d respon d 

tlicrcfor c t o tempora l  changes .  Ideally ,  i t  shoul d behav e lik e th e tim e 

dciivalivcnfthcsigii.il .  i.e .  ,'/j(V'G) . 

As it turns out. the population of retinal cells contain a natural 

candidat e fo r  thi s task .  Ihcs c ar c th e s o calle d Y-lyp c cells ,  originall y 

discovere d b y rnrolh-Cupcl l  &  Kobso n (lOMil .  Ihi s  i s a  relativel y smal l 

siib-popiilaiio n o f  cell s tha t  ar c k i um n l o b e "transient "  I  ha t  is .  iJic y 

rc-pon d l o a  sicacl. v stimulu s b y a  sluir t  aiu 1 bris k respons e w h e n Ih c 

stimulu s i s turne d o n o r  o(T .  I  h e ntlic r  majo r  populalio n o f  retina l  cell s 

ar c th e sustained .  X-typ c cells .  Suc h a  cel l  respond s t o a  stationar y 

siunulii s  will )  a  sustaine d respons e tJia t  usuall y conlinue s a s lon g a s Ui e 

stimulu s i s presen t  Milhi n it s rcccpti\ c licld . 

dii r  schemati c mode l  o f  di e simples t  directionall y selectiv e unit s i s 

therefor e constniclc d fio m thre e type s o f  sub-units .  A s before ,  i t  ha s 

a ro w o f  on-cente r  cells ,  an d a  ro w o f  oir-centc r  cells ,  bot h o f  th e sus -

tainci l  Ijpc .  I n addilion .  i l  ha s ,ii i  inpu t  fro m a t  leas t  on e transien t  Y -

lyp e uni t  (figur e 7i) .  A  mor e detaile d discussio n o f  thi s genera l  schem e 

ca n b e foun d i n ( M a n &  Ullnia n 1981) . 

Ihis general vhcme for zcro-trossing and motion detection w:i 

d ino n prim,inl y b y computalion.i l  consider.ilions .  I'liysiologically ,  a l 

Ihoiigl i  \-t)p e unit s wer e ofte n <lcsciil)e d a s transient ,  i t  wa s no t  cic a 

wlicthe r  ihe y ca n als o b e dcscfihc d .i s  a t  leas t  approximatin g di e r e 

quire d tim e deru.iiiv c opcr.ilion .  W e Ibereforecoinpaie d th e respons e 

icqiiiici l  h y th e ciiiii|iui.ilion,i l  sihciii c  wit h pluvioKigna l  respons e 

(lakci i  finn i  Rodirc k i ^  Stone .  lOfA .  Diche r  &  S.iiulcrso n 197. V se i 

Mil l  iV ;  Ullina n l')S l  lo r  del.ills )  S o m e uimp.insims,ir e show n i n figiin 

u (fo r  \  cells )  an d 9(fo i  V  lcHs) .  I  Ik -  to p ro w i n figiii e N  i s Ib e coinol u 

lio n ii f  \.irimi s profile s (edge ,  thi n h.ii ,  wid e b.ir )  wii h V ' G .  O n 

icnie i  coll s  ,iu '  cv|Hxle d t o cari \  th e po'.iliM. '  |i,ii l  o f  thes e profiles ,  an c 

oi l  (cni'- i  th e ncr.ilii e |Vii t  I n th e iiix l  in o run s th e pos im e pu t  i. l 

th e si;;ii.i l  iscomp.iu d wit h reLonliiii' s  fioii i  o n ceiile i  cells ,  .-in d i n Ih c 

Lis t  lo'A s th e 11 1 e.iiuc -  p u t  i s l o m p m d wit h lerordinr s linii i  oi l  (.enle i 

I  ill s  '.111111,1 1 ioiM|i.iii.on s .li e ̂  111'I'l l  II I  li-iiu -  ' )  I n I' M ,  i i  di e iniiipol.i -

tiona l  model ,  base d o n •',{(•*I) -  '" ^  physiologica l  recordings .  I t  ca n b e 

see n tha t  eve n i n th e case s wher e th e profile s .n e r.ithe r  complicated ,  di e 

genera l  agreemen t  i s good . 

linall v i n Ihi s section ,  figure  I d show s a n exampl e o f  applyin g th e 

motio n deteclioi i  schem e describe d abov e U i  a  mo\ in g rando m texture . 

I  igurc s Id a an d h  shov v a  pai r  ori.iiidoi n d m patterns ,  A  centra l  squar e 

il l  ID. i  i s  sliilli' d il l  lOl i  sliplitl )  t o di e right ,  whil e th e h.itkground s o f 

di e tw o figures  ar c uncorrclale d W h e n thes e figures  ar c presente d l o 

h u m an observer s i n a  rapi d ailcrnadon .  th e centra l  squar e i s imniedalcl y 

perceive d t o m o v e h,ic k an d forl h agains t  a  backgroun d o f  uncorrclale d 

molio n Figur e 10 c show s iJi c zero-crossing s representatio n o f  lOa . 

ligur e lO d i s th e resul t  o f  di e molio n analysi s o f  th e zero-crossin g (Ih e 

ligh t  dot s indicat e di e directio n o f  motio n o f  di e z.cro-crossings) .  I n 

figure  10 c tli c  ligh t  dot s wher e remove d fro m tli c  are a wher e coheren t 

motio n (t o tli c  right )  wa s found .  Ili c  motio n assignmen t  wa s correct , 

wit h di e exceptio n o f  a  fe w isolate d points ,  an d a s a  resul t  th e mov in g 

squar e wa s detected . 

1 have sketched above some aspects of an evolving dicory of early 

visua l  informatio n processing .  Ih e mai n goa l  ha s bee n no t  t o presen t  a 

comprehensiv e revie w o f  th e theory ,  bu t  t o illustrat e a n alienip t  a ime d 

at  combinin g di e stud y o f  structur e an d functio n i n th e earl y stage s o f 

visua l  perception .  M.ijo r  pait s o f  th e Iheoi y wer e consequcnd y lef t  ou t 

o f  Ih e discussion ,  mos t  notably ,  di e us e o f  Ib c earl y iepresent;iti(m s i n 

sicrc n \isi(ii i  [M.ir r  &  I'ocgii i  1979 .  Cr imso n 19S1) . 

l-'in.illy .  1  woul d lik e t o en d wit h tw o hiie f  cautionar y notes .  Ih c 

first  ha s t o d o wit h Ih c specifi c  pmhlcii i  o f  aii.dy/in g imag e contours . 

l-.vc n i f  Ib e zero-crossin g .in.iljsi s i s .ilon g th e righ t  track .  i |  provide s 

onl y th e first  slacc s i n th e ,inal>si s o f  cdgt s .in d liii.ig e ciiiiloiii s  ligur e 

11 illiisiiate s example s ofcontuur s ih.i t  ar e e  isil y  peicoive d bu t  canno l 

be c.iplure d b y an y simpl e iiit',iisit\-base d .iimKsi s o f  th e im.ige .  I n 

(igiii c  H a al l  Ih e line s In -  .ilciiij ;  Ili c  I S deii .  di.i.fon.il s  Ih e lioiizoiil.i l 

.iii d \eitic.i !  Iioinid.'iric s whii h .ii c  .ipp.iieii l  i n Ih e im.ig e .ir e |iioducet l 

not  b \  .thiiip t  intensii s cli.tiirr. .  bii i  b y uiLiii i  '.'inupi'u ;  pioccssos . 

lî 'iii e 111 )  i s .11 1 es.niipl c o f  s o i  tll. d "(ii!'iiili\< -  <  iitiloni'." .  I  hc \  d o 

not  exis t  i n th e im.age .  an d canno l  h e detecte d b y simpl e intensity-base d 

operations .  Thes e exampl e sene s t o illustrat e tha t  e\c n a  seemingl y 

simpl e an d elementar y tas k suc h .i s di e detectio n o f  imag e contours ,  re -

quire s i n fac t  comple x processin g tha t  i s  stil l  fa r  fro m bein g complelel y 

understood . 

Ili c  secon d an d mor e genera l  comiiieii t  h.i s  t o d o wit h lli c  iiitcgra -

lii m o f  theorie s o l  riinclio n an d struclur e i n mor e comple x systems ,  lli c 

example s I  hav e oullinc d c o m e fro m a  syste m lh.i t  i s  relativel y simpl e 

an d eas y l o explore .  U s anatimiica l  structur e i s orderly ,  th e inpu t  l o th e 

syste m i s relativel y eas y t o contro l  an d manipulat e expeiimenlally ,  an d 

m u ch i s k n o w n abou t  it s physiology .  I've n unde r  Uics e favorabl e condi -

tions ,  th e integratio n orsliuctur e an d functio n prove s l o b e exceedingl y 

difiicult .  W h a t  i s di e hope .  then,  fo r  achievin g tompiehensiv e theorie s 

of  structur e an d functio n fo r  higher ,  mor e complicaicd .  cognitiv e sys -

tems ? 

•fli c  tas k i s certainl y fiuniid.ible.  hu t  i t  i s  piobabl v worth y o f 

exploratio n a t  leas t  i n certai n instancs .  sinc e i t  appear s unlikel y dia l 

th e sitiictur e ti f  comple x system s t.i n h e understoo d withou t  s o m e 

guideline s supplie d b > computationa l  theories .  I t  ha s t o h e admitted . 

however ,  tha t  give n th e dilTicultie s o f  di e tas k i l  i s  unclea r  whethe r 

coheren t  an d detaile d liieoiic s combinin g stiiictur c an d fuiictln n ca n b e 

achieve d a l  presen t  beyon d Ih e simples t  congniliv e systems . 

AekiMiMleilgnunt: I wish to thank I llildicth and K, Stevens for 

thei r  invalu.ilil c  help . 
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Fig .  5 

/ c r o - c n w i n g representation s o f  (li e s.im c imag e a t  tlirc e diflcrcn t  resolutions . 
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Affect ,  emotion ,  an d othe r  cognitiv e curiositie s 

George Handler 
Universit y o f  California ,  Da n Dieg o 

The lure of phenomenocentrism. During the past 
centur y -  a t  leas t  sinc e Darwin ,  Mar x an d Freu d -  ou r 
concep t  o f  realit y ha s undergon e change s tha t  hav e 
been particularl y apparen t  i n th e cognitiv e sciences . 
A dominan t  sympto m ha s bee n th e shar p swin g o f  atti -
tude s towar d th e apparen t  an d convincin g realit y o f 
phenomenal  experience .  I t  i s  practicall y impossibl e 
not  t o b e overwhelme d b v th e immediac y o f  huma n 
experience .  Philosopher s hav e tende d t o accep t  it s 
primac y throug h th e age s an d man y cognitiv e scientist s 
stil l  do .  We hav e overcom e th e peril s  o f  ethnocen -
tris m an d o f  anthropocentrism ;  w e believ e n o longe r 
tha t  eithe r  ou r  socia l  value s o r  humankin d ar e th e 
touchstone s o f  socia l  organizatio n o r  th e measur e o f 
anima l  behavior .  Bu t  w e ar e stil l  phenomenocentric ; 
we accep t  a s basi c th e surfac e experience s tha t  w e 
see m t o shar e wit h ou r  fello w featherles s bipeds . 
Phenomenocentris m ha s bee n abandone d i n som e corner s 
of  cognitiv e science ;  bu t  man y psychologists ,  philoso -
pher s an d A I  practitioner s see m t o hol d stoutl y t o th e 
dogn a tha t  common h'jma n experienc e provide s th e basi c 
buildin g block s o f  cognition .  I  wan t  t o argu e tha t 
thi s kin d o f  commitmen t  t o surfac e structur e a s th e 
psychologicall v "real "  prevent s progres s and ,  i n par -
ticular ,  ha s barre d u s fro m an y reasonabl e understand -
in g o f  huma n emotion .  An y satisfactor y comprehensio n 
of  th e structure s an d processe s tha t  generat e affec t 
and emotio n require s th e postulatlo n o f  dee p struc -
tjre ,  a  willingnes s t o g o "beyon d phenomenology. " 

It Is the case, of course, that the common 
experienc e ou r  phenomena l  worl d -  doe s provid e th e 
majo r  insight s tha t  hav e le d u s t o determin e th e 
importan t  problem s an d som e o f  th e answer s aboj t  huma n 
cognition .  Psycholog y ha s faile d whe n i t  ha s Ignore d 
thes e insights .  Bu t  th e importanc e o f  common experi -
ence ,  languag e an d understandin g I n th e contex t  o f 
discover y mus t  no t  colo r  th e nee d t o g o beyon d 
phenomenolog y an d fol k experienc e whe n w e tr y t o 
understan d th e processes ,  structure s an d mechanism s 
tha t  determine ,  generat e an d construc t  tha t  experi -
ence . 

There are two glaring examples of phenomenocen-
tris m I n th e field s o f  affec t  an d emotion .  Th e first , 
popula r  throug h th e age s an d exemplifie d b y Charle s 
Darwi n an d hi s descendants ,  postulate s th e categorie s 
of  emotio n take n fro m th e natura l  languag e a s th e 
fundamenta l  buildin g block s o f  huma n (an d lower )  emo -
tiona l  life .  I t  I s  a  positio n tha t  searche s fo r  th e 
effect s o f  jnanalyze d emotions ,  posit s a  limite d se t 
of  suc h fjindamenta l  emotions ,  an d eve n seek s thei r 
locu s i n variou s corner s o f  th e huma n brain .  I t  ha s 
variousl y reifie d suc h nicel y vagu e concept s a s fear , 
love ,  anxiety ,  joy ,  lust ,  dread ,  an d s o forth ,  an d s o 
forth . 

The other position, beloved of poets and some 
socia l  psychologists ,  posit s th e prlmac v an d noncogni -
tlv e (i.e. ,  knowledg e Independent )  natur e o f  affectiv e 
experience .  It s advocate s asser t  tha t  feeling s an d 
affect s occu r  prio r  t o th e registratio n and/o r  experi -
enc e o f  othe r  aspect s o f  huma n experience ,  an d partic -
ula r  prio r  t o "cognitive "  events . 

Emotion and the categories of natural language. 
A concer n tha t  I s relate d t o phenomenocentris m and , 
lik e It ,  a  hangove r  fro m th e '9t h centar v i s exempli -
fie d I n th e penchan t  t o tak e seriousl y th e Implici t 
clai m tha t  som e natura l  languag e categories ,  defin e a 

Copyrigh t  0  '98 '  Georg e Mandle r 

wel l  bounded ,  precis e se t  o f  phenomena .  Elnotio n i s 
one o f  thes e categories .  T o as k "wha t  i s (an )  emo -
tion? "  -  a s Willia m Jame s di d an d a s som e cognitiv e 
scientist s stil l  d o -  assume s tha t  th e vaguenes s an d 
redundanc y o f  natura l  languag e i s suspendable . 
Categorie s lik e emotio n (jus t  a s intelligence ,  jus -
tice ,  equity ,  learning ,  aggression ,  etc .  etc. )  hav e a n 
evolutionar y histor y an d curren t  functio n tha t  d o no t 
suppor t  th e weigh t  o f  explanator y systems .  The y are 
useful ,  an d hav e developed ,  a s communicativ e device s 
i n natura l  discourse .  Th e analyse s o f  thes e function s 
i s a n importan t  enterpris e (usuall y engage d i n b y ou r 
philosophica l  brethren) .  However ,  the y fal l  fa r  shor t 
of  definitiona l  device s a s a  firs t  ste p towar d satis -
factor y explanatory !  y  an d theoretica l  ends .  A t  leas t 
one ca n sa y tha t  t o dat e attempt s t o develo p satisfac -
tory ,  exhaustive ,  an d scientificall y usefu l  defini -
tion s (muc h les s explanations )  o f  "iWOTION "  hav e 
failed . 

Again, having inveighed against natural language 
categories ,  I  tur n t o the m a s a  startin g point .  Th e 
categorie s o f  ou r  common experienc e are ,  o f  course , 
collection s o f  event s (o r  objects )  tha t  d o hav e a 
vagu e common core .  Tha t  common cor e I s -  a s i n th e 
cas e o f  th e phenomena l  experience s a n indispenslbl e 
startin g poin t  fo r  seriou s investigation .  I n th e cas e 
of  affec t  an d emotion ,  ther e are  apparentl y tw o 
aspect s tha t  characteriz e th e collection .  Dic -
tionarie s tel l  u s tha t  emotion s refe r  t o "vehement , 
excite d menta l  states, "  tha t  the y involv e "agitation , 
disturbanc e o f  mind ,  feeling ,  passion. "  Affect s ar e 
menta l  state s tha t  involv e "desires ,  intentions, "  an d 
"inwar d dispositions "  an d "intent. "  Durin g it s earl y 
history ,  an d t o som e exten t  i n it s moder n usage ,  th e 
ter m "affect "  als o invoke d th e sam e kin d o f  physica l 
referen t  tha t  th e emotion s do .  What  th e common con -
cept s o f  emotio n an d affec t  see m t o hav e i n common i s 
a stat e o f  phvsi (  ologi )  ca l  excitatio n o r  arousal . 
What apparentl y differentiate s th e variou s affect s o r 
emotion s ar e desires ,  intentions ,  an d values . 

Looking for femotion's deep structure. If we now 
tur n t o th e proble m o f  arrivin g a t  a  progra m o f  theor y 
or  research ,  w e nee d t o postulat e a  syste m tha t  con -
struct s o r  generate s som e subse t  o f  thes e emotiona l 
phenomena.  I  shal l  defen d on e versio n o f  suc h a 
theory ,  bu t  th e mai n thrus t  o f  mv argumen t  i s tha t 
some kin d o f  theor y (dee p structure )  need s t o b e 
develope d tha t  generate s so-calle d emotiona l  behavio r 
and experience .  Psychologist s hav e variousl y 
emphasize d th e agitation/arousa l  dimensio n o r  th e 
intention/valu e aspect .  Mos t  o f  th e th e paper s a t 
thi s symposiu m addres s th e latte r  problem ,  i.e. ,  th e 
specificatio n o f  th e cognitiv e structur e o f  emotions . 
I  shal l  outlin e a  poin t  o f  vie w whic h i s equall y con -
cerne d wit h th e arousa l  an d evaluativ e aspect s o f  th e 
generativ e system ,  thoug h I  d o no t  g o int o th e kind s 
of  detail s tha t  th e cognitiv e component s require ,  an d 
tha t  ar e exemplifie d b y th e othe r  paper s o f  th e sympo -
sium . 
A point of view. My concern is specifically with 
th e consciou s experienc e o f  emotion .  A s a  conse -
quence ,  I  hav e bee n concerne d recentl y wit h th e con -
structio n o f  consciou s experienc e i n general .  Ther e 
hav e bee n a  n'umbe r  o f  recen t  suggestions ,  notabl y b y 
A.J .  Marce l  (198') ,  tha t  stres s th e constructiv e 
natur e o f  consciousness ,  suc h tha t  a  particula r  cons -
ciou s stat e I s see n a s constructe d ou t  o f  tw o o r  mor e 
activate d schema s tha t  produc e a  phenomena l  unit y tha t 
apparentl y conform s t o th e Intention s o f  th e indivi -
dua l  an d th e reqjlrement s o f  th e tas k an d situation . 
The constructiv e approac h t o consciousnes s I s ideall y 
suite d t o accommodat e th e notio n tha t  consciou s 
experienc e o f  emotion  concatenate s bot h evaluativ e 
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cognition s an d autonomi c arousal .  Thus ,  th e phenome -
nal  emotiona l  experienc e i s no t  som e additiv e resul t 
of  arousa l  an d evaluation ,  bu t  rathe r  th e scheraa s 
activate d b y arousa l  an d evaluatio n ar e use d i n con -
structin g th e phenomenall y unifie d emotiona l  experi -
ence .  It s intensit y wil l  indee d b e relate d t o th e 
degre e o f  arousa l  an d it s specifi c  qualit y wil l  depen d 
on a  comple x evaluativ e cognitiv e event ,  bu t  th e tw o 
ingredient s ar e experience d a s a  singl e emotion ,  jus t 
as eggs ,  milk ,  an d suga r  ma y b e experience d a s cus -
tard .  Thi s approac h als o accommodate s th e fac t  tha t 
ther e exis t  experience s o f  "cold "  emotions ,  o f  evalua -
tiv e cognition s withou t  arousal ,  an d o f  unemotiona l 
arousal ,  o f  autoncmi c arousa l  withou t  th e cognition s 
tha t  provid e emotiona l  qualities . 

The arousal component of emotional experience can 
be ascribe d primaril y t o periphera l  autonomi c nervou s 
syste m (ANS )  activity .  Wherea s ther e i s som e evidenc e 
tha t  wha t  i s mos t  efficientl y registere d i s som e gen -
era l  leve l  o f  AN S activit y (hear t  rate ,  bloo d pres -
sure ,  gastri c motilit y  etc) ,  w e als o kno w tha t  ther e 
ar e larg e individua l  difference s i n th e patternin g o f 
th e variou s autonomi c indicators .  I t  mav wel l  b e th e 
cas e tha t  registratio n o f  periphera l  arousa l  will ,  i n 
th e individ'ua l  case ,  b e governe d b y differen t  pattern s 
and may ,  i n som e cases ,  b e drive n b y a  singl e channe l 
(suc h a s hear t  rat e activity) .  Fo r  th e present ,  th e 
sufficien t  an d necessar y condition s fo r  th e occurrenc e 
of  autonomi c arousa l  ar e no t  adequatel y known .  T o a 
larg e exten t  w e stil l  rel y o n list s o f  "elicitors " 
whic h ar e o f  varyin g degre e o f  utilit y  (e.g. ,  tissu e 
injury ,  stress ,  surprise ,  threat ,  emergenc y reaction , 
etc .  etc.) .  I  hav e suggeste d tha t  th e interruptio n o f 
ongoin g action ,  th e discrepanc y betwee n expectatio n 
and evidence ,  an d simila r  instance s o f  incongruit y 
betwee n organisms '  scheme s an d th e evidenc e fro m th e 
environment ,  ar e responsibl e fo r  a  larg e subse t  o f  th e 
occurrence s o f  AN S arousal .  Suc h a  hypothesi s no t 
onl y i s consisten t  wit h th e homeostati c vie w o f  th e 
ANS,  bu t  als o respond s t o adaptive ,  evolutionar y func -
tion s o f  th e autonomi c syste m i n general .  Wheneve r  a n 
expectatio n i s violate d o r  a  pla n kep t  fro m bein g car -
rie d ou t  (eithe r  i n thoijgh t  o r  action )  a n interruptio n 
(discrepancy )  occur s whic h lead s t o AN S arousal .  I t 
i s  importan t  t o not e tha t  pleasan t  a s wel l  a s 
unpleasan t  experience s ar e capture d b v thi s approac h -
'unexpected ,  desirabl e event s generat e arousa l  jus t  a s 
unexpected ,  noxiou s events . 
What is the natare of evaluative cognitions? In 
th e firs t  place ,  I  sugges t  tha t  ther e ar e thre e 
so'orce s o f  valu e tha t  influenc e th e qualit y o f  a n emo -
tiona l  experience .  Ou r  evaluation s ma y b e base d o n 
innate ,  prewire d value s -  suc h a s th e preferenc e fo r 
certai n temperatur e ranges ,  th e avoidanc e o f  loomin g 
objects ,  th e preferenc e fo r  swee t  ove r  bitte r  tastes ; 
or  ou r  value s ma y b e culturall y predicate d -  w e ar e 
"told "  wha t  i s edible ,  lovable ,  drinkable ,  withou t 
eve r  havin g ha d direc t  interaction s wit h th e object s 
i n questio n tha t  woul d direc t  ou r  values ;  an d finall y 
we ma y mak e valuativ e judgment s tha t  ar e determine d b v 
th e structar e o f  th e value d even t  -  o r  rathe r  w e bas e 
our  jud^en t  o n som e compariso n betwee n th e even t  an d 
some existin g schema .  I t  i s  th e latte r  whic h I  fin d 
most  challenging ;  wha t  ar e th e structure s tha t  deter -
min e judgment s o f  beauty ,  ugliness ,  preferenc e o r 
rejection ,  an d whic h i n tur n determin e emotion s o f  jo y 
and disgust ,  likin g an d disliking ? Ther e ha s bee n 
some reasonabl e amoun t  o f  wor k don e o n suc h staple s a s 
anxiety ,  fear ,  an d grief ,  bu t  muc h analysi s i s stil l 
t o com e -  som e o f  i t  presente d a t  thi s symposium.  I 
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hav e take n on e ste p i n tha t  directio n i n tryin g t o 
sho w ho w on e o f  th e mor e primitiv e evaluativ e judg -
ment ,  tha t  o f  preferenc e arisin g ou t  o f  th e sens e o f 
familiarity ,  i s  relate d t o th e oongruit y betwee n 
expectation s (schemas )  an d evidenc e i n th e world . 

In general, though, I would argue that much of 
th e valuativ e cognition s tha t  contribut e t o emotiona l 
qualit y dea l  wit h th e interna l  structur e o f  event s 
rathe r  tha n wit h th e presenc e o r  absenc e o f  feature s 
or  attributes .  Thus ,  th e sens e o f  los s tha t  lead s t o 
grie f  deal s wit h relationship s an d no t  wit h th e 
specifi c  characteristic s o f  th e los t  person .  Simi -
larl y beaut y an d uglines s dea l  wit h structura l  rela -
tionships ,  a s d o th e cognition s tha t  underli e jealous y 
and eve n fear .  Tha t  practicall y canoni c emotio n -
anxiet y -  apparentl y ha s a  cognitiv e basi s i n th e per -
ceive d absenc e o f  structure ,  no t  i n an y definabl e 
featur e o f  th e anxiet y arousin g situations . 

Emotion and cognitive science. In contrast to 
certai n speculation s t o th e contrar y (e.g. ,  Zajonc , 
1980) ,  thes e argument s sugges t  tha t  evaluativ e cogni -
tion s (preferences ,  likings ,  aversion s etc. )  ar e rela -
tivel y comple x cognitiv e events ,  certainl y involvin g 
more processin g tha n simpl e definitiona l  o r  featura l 
judgments .  We hav e recentl y collecte d som e dat a tha t 
suppor t  thi s argument ;  simpl e impressionisti c 
judgment s o f  likin g (th e simples t  evaluativ e judgment ) 
ar e slowe r  tha n simpl e categorica l  jud^nents ,  wit h th e 
effec t  becomin g rathe r  larg e fo r  familia r  objects . 
Thus i t  take s longe r  t o proces s th e informatio n neede d 
fo r  simpl e val'uatio n tha n fo r  simpl e categorization , 
exactl y wha t  w e woul d expec t  i f  th e forme r  involve s 
processin g o f  interna l  structura l  relationships ,  whil e 
categorizatio n ma y procee d o n mor e simpl e 
presence/absenc e judgment s abou t  feature s o r  attri -
b utes . 

The argument that affect or emotion is prior to 
or  independen t  o f  cognition s frequentl y appeal s t o th e 
phenomenal  evidenc e tha t  w e ar e ofte n consciou s o f 
valuation s befor e w e ar e awar e o f  th e detail s o f  th e 
even t  tha t  i s  bein g valued .  Eve n i f  thi s particula r 
kin d o f  phenomenocentri c assertio n i s confirme d b y 
some futur e analyses ,  i t  doe s no t  sa y anythin g abou t 
cognitio n an d affect ,  bu t  i t  doe s addres s th e natur e 
of  consciousnes s an d th e kind s o f  consciou s construc -
tion s involve d i n affec t  an d i n othe r  kind s o f  experi -
ences .  Tha t  analysi s i s beyon d th e scop e o f  thi s 
presentation . 

Cognitive scientists have, often for good reason, 
been accuse d o f  bein g scientifi c  imperialists .  Th e 
ol d divisio n o f  th e worl d int o cognition ,  conation , 
and wil l  ha s bee n destroye d b y raidin g partie s tha t 
hav e penetrate d dee p int o (undefended )  territor y pre -
viousl y considere d noncognitive .  T o th e exten t  tha t 
suc h aggressio n ha s bee n justified ,  i t  ha s bee n base d 
onl y i n par t  o n th e clai m tha t  al l  o f  experienc e an d 
behavio r  deal s wit h knowledge .  Mor e importan t  may hav e 
been th e fac t  tha t  th e ne w theory-ric h cognitiv e sci -
enc e ha s bee n willin g t o tak e o n al l  kind s o f  problem s 
i n term s o f  a n informatio n processin g organis m (ani -
mate o r  otherwise) .  Fo r  th e tim e being ,  I  hav e lef t 
asid e th e "cognitive "  natur e o f  autonomi c arousal . 
However ,  i n th e spiri t  o f  cognitiv e imperialis m on e 
shoul d b e concerne d wit h th e kin d o f  structura l 
representation s tha t  woul d b e usefu l  theoreticall y an d 
tha t  woul d lea d t o a  bette r  understandin g o f  th e ini -
tiation ,  perception ,  an d consciou s constructio n o f 
periphera l  autonomi c arousal .  Th e neuroscience s ar e 



charte r  member s o f  th e cognitiv e scien:es ;  mayb e I t  l a 
tijr. e t o tel l  th e periphera l  physiologist s t o loo k t o 
thei r  borders . 
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1.  Affectiv e Knowledg e Structure s an d Computer s 

Many philosophers ,  psychologists ,  an d A.I . 
worker s hav e take n variou s position s o n th e issu e o f 
machine s an d emotion .  Some argu e tha t  a  compute r 
ca n neve r  "experience "  huma n emotion s i n an y 
significan t  sens e becaus e i t  jus t  doesn' t  mak e sens e 
t o attribut e conscicusnes s t o a n inorgani c an d 
programme d syste m [Gunderso n 1971 ,  Puccett i  1968 , 
Scrive n 1960 ,  Zif f  1959 )  Other s argu e tha t  ou r 
subjectiv e sens e o f  emotiona l  experienc e i s to o 
"intuitive "  an d ill-define d a  candidat e fo r 
computationa l  modellin g [Dreyfu s 1972 ,  Weizenbau m 
1976] .  Stil l  other s argu e tha t  emotio n wil l  b e a 
natura l  an d necessar y consequenc e o f  intelligen t 
informatio n processing ,  a n inevitabl e side-effec t  o f 
intelligenc e [Kenn y 1963 ,  Simo n 1967 ,  Doyl e 1980 , 
Slcms n 1981] .  An d the n ther e ar e alway s "rational 
purists "  wh o conside r  emotiona l  experienc e totall y 
irrelevan t  t o reasonin g processe s an d therefore ,  o f 
no consequenc e t o artificia l  intelligenc e 
whatsoever . 

Many lines of reasoning have been invoked to 
secur e thes e variou s position s [Dennet t  1976] , 
althoug h mos t  o f  th e argument s ar e conducte d wit h a 
distinctivel y philosophica l  tone .  I t  i s  ironi c tha t 
th e mos t  passionat e advocate s i n thes e debate s 
rarel )  argu e fro m first-han d experienc e wit h 
compute r  simulations .  Why doe s A.I .  see m t o b e s o 
silen t  e n th e th e topi c o f  emotio n an d computers ? I 
canno t  spea k fc r  everyon e i n th e field ,  bu t  I  woul d 
gues s tha t  a  le t  o f  u s prefe r  t o avoi d th e whol e 
moras s becaus e w e believ e tha t  th e question s bein g 
answere d ar t  no t  th e question s w e shoul d b e asking . 

A ccit'fuler can have knowledge of human 
etictiona l  3  t y i n th e sam e sens e tha t  i t  ca n hav e 
knowledg e o f  mas s spectroscopj ,  medica l  diagnosti c 
techniques ,  o r  payrol l  data .  Computer s d o no t  hav e 
t o "be "  emotin g entitie s t o us e thi s knowledg e an y 
more tha n the y hav e t o "be "  cher.ists ,  physicians ,  o r 
bureaucrat s t o us e knowledg e specifi c  t o thos e 
professions .  I f  i t  i s  difficul t  t o giv e knowledg e 
of  emct:.cn s t o ccmtuttrs ,  i t  i s  on] > difficul t  fo r 
th e sam e reaso n tha t  a  thousan d othe r  topic s ar e 
difficul t  fo r  ronputtrs :  peopl e d o no t  hav e a 
rigorou s understandin g c f  thei r  intuitiv e Ur.owledg i 
i n term s c f  in f  c  in'a t  io n processin g requ i  t  eii;er,t E ,  We 
need t o develc p (1 )  s>-mboli c systeiii s  c f  interna l 
representation ,  an d (2 )  processin g strategie s t o 
manipulat e thes e symboli c structures .  Thes e tw o 
rtquiiecien t  s  ar t  uiiiveiss l  t o al l  A.I .  efforts ,  an d 
th e difficultie s involve d ar e no t  significantl y 
amplifie d whe n tn e knowledg e t o h e encode d i s 
knowledg e o f  hur.a n eno t  iona l  i t  y . 

When ve appl) knowledge of emotions to an 
informatio n processin g task ,  w e ca r  evaluat e ou r 
expertis e o n ei:;oticnf ,  b y evaluatin g th e overal l 
effectivenes s o f  th e large r  informatio n processin g 
system .  What  experience :  ha s A.I .  ha d vit h 
affectiv e knowledg e structures ? Ou r  experienc e i s 
admitedl y limited ,  bu t  i t  i t  no t  totall y 
non-existent .  T o date ,  thre e distinc t  tas k 
orientation s hav e touche d o n affectiv e maiarulation s 
of  on e sor t  o r  Enother . 

]) belief systMi ir.airtai rai.cr 
2)  convevsa t  i  cna l  s  iimu i  a t  i  en s 
3)  niirrativ e tex t  processii- ^ 

An ambitiou s implementatio n o f  belie f  syste m 
maintainanc e wa s attemnte d b y Kennet h Colb y i n th e 
earl y 60' 8 [Colb y 1967 ;  1973] .  Whil e Colb y i s bes t 
known fo r  PARRY,  th e paranoi d conversationalis t 
[Colb y 1975] ,  hi s earlie r  wor k wa s aime d a t  a  mor e 
genera l  simulatio n o f  neuroti c though t  processe s 
[Colb y 1963 ;  1965] .  Colb y wa s specificall y 
intereste d i n simulation s o f  Freudia n defens e 
mechanism s whe n the y surfac e i n clinica l  dialogue s 
betwee n psychiatrist s an d patients .  Hi s wor k 
involve d affectiv e manipulations ,  bu t  onl y i n a  ver y 
superficia l  sense .  Colb y utilize d "emotio n 
monitors "  whic h wer e numerica l  parameter s wit h name s 
lik e "excitation, "  "self-esteem, "  "danger, " 
"well-being, "  an d "pleasure. "  Whil e Colby' s 
simulation s wer e neve r  intende d t o implemen t  a 
complet e syste m o f  affectiv e representation ,  h e 
nevertheles s foun d i t  necessar y t o maintai n an d 
manipulat e thes e numeri c parameters .  Fo r  example , 
th e "excitation "  monito r  reflecte d th e overal l 
anxiet y o f  th e syste m -  a  facto r  tha t  an y 
psychotherapis t  woul d wan t  t o tak e int o account . 
Whethe r  o r  no t  someone' s anxiet y levt l  ca n b e 
adequatel y represente d o n a  scal e o f  1  t o 1 0 i s 
anothe r  question . 

It is inevitable that belief systeir 
manipulation s manifes t  them.selve s mos t  naturall y i n 
interactiv e conversation .  Colb y wa s force d int o 
conversationa l  tas k orientaticn s whe n h e bega n hi s 
wor k o n belie f  system.s ,  an d thi s eventuall y dre w hi m 
towar d PARRY.  PARRY als o utilize d numeri c 
parameter s fo r  "anger, "  "fear, "  an d "mistrust, "  -  a 
somewhat  mor e narro w se t  tha n wa s neede d fo r 
generall y neuroti c simulations .  Whil e PARRY i s th e 
onl y conversationa l  syste m tha t  I  kno w c f  whic h ha s 
implemente d a n affectiv e component ,  i t  i s  clea r  tha t 
any conversationa l  syste m woul d requii e affectiv e 
manipulation s i f  i t  wa s designe d t o simulat e 
emotiona l  response s [Schan k an d Lehner t  1979] . 

Although Colby was primarily interested in 
though t  processes ,  hi s simulation s becam e thoroughl y 
mire d i n languag e processin g difficulties .  Colby' s 
sentenc e processin g technique s relie d o n lexica l 
patter n matchin g routines ,  an d hi s interna l  m.emor y 
representation s wer e lexically-oriente d a s well . 
Thef c device s wer e ineffectiv e substitute s fo r 
natura l  languag e processin g strategies ,  an d Colby' s 
model s wer e significantl y hampere d b y inadequat e 
representationa l  technique s [Bode n 1977) .  Simila r 
impediment s wer e encountere d b y othe r  researcher s 
who tackle d belie f  system s earl y o n [se e e.g . 
Abelso n 1973] ,  s o i t  come s a s n o surpris e t o st e 
tha t  th e m.os t  recen t  wor k o n belie f  system s i s 
thoroughl y grounde d i n theorie s o f  natura l  languag e 
processin g an d interna l  memor > representation . 
[Carhonel l  1978] .  Whateve r  one' s ultimat e researc h 
goal  (model s o f  belie f  systems ,  memor y organization , 
etc. )  al l  dialc g simulation s ar e prinaril y  natura l 
languag e processin g system.s ,  an d an y attemp t  t o 
circumven t  thi s fac t  i s  destine d t o fail .  I n fact , 
when th e researc h goa l  i s  a  mode l  c f  huma n emotion , 
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i t  i s  fa r  bette r  t o embrac e th e challange s o f 
natura l  languag e proceBsin g wit h ope n arms :  a 
natura l  languag e processin g projec t  provide s th e 
onl y naturalisti c an d realisti c laborator y fo r 
theorie s o f  affectiv e memor y representation . 

For example, narrative texts provide a rich 
provin g groun d fo r  theorie s o f  affec t  -  on e nee d 
onl y loo k a t  storie s tha t  involv e emotiona l 
reaction s an d emotiona l  behavior .  Ye t  affectiv e 
knowledg e representatio n ha s no t  bee n systematicall y 
tackle d withi n natura l  languag e processin g program s 
unti l  ver y recently .  Th e remainde r  o f  thi s pape r 
wil l  outlin e som e o f  my ow n experience s i n tryin g t o 
implemen t  affectiv e knowledg e structure s i n a 
narrativ e tex t  processin g system ,  BORIS . 

The BORIS system currently utilizes a limited 
syste m o f  affectiv e representatio n an d 
affect-relate d inferenc e mechanisms .  I n additio n t o 
thes e representationa l  technique s fo r  affect s pe r 
se ,  th e recentl y propose d TA U knowledg e structur e 
(Themati c Affec t  Unit )  contribute s t o BORIS' S 
affectiv e inferenc e capabilitie s a s wel l  [Dye r 
1981] .  Sinc e description s o f  BORIS' S processin g 
technique s ca n b e foun d elsewher e [Dye r  an d Lehner t 
1980 ,  Lehnert ,  Dyer ,  Johnson ,  Yan g an d Harle y 1981] , 
we wil l  no t  g o int o a  descriptio n o f  BORI S her e -  w e 
wil l  instea d tak e thi s opportunit y t o explai n ho w a 
computationa l  m.ode l  o f  affec t  migh t  contribut e t o 
othe r  model s o f  affec t  tha t  ar e no t  computationa l  i n 
nature . 

To begin with, a computational model must 
addres s a  specifi c  se t  o f  problem s t o b e solved .  I n 
languag e processing ,  affectiv e manipulation s ar e 
neede d fo r  fou r  genera l  inferenc e situations : 

(1) Given an event description, infer an affective 
antecedent : 

"John took a Valium." { => John is upset) 

(2) Given an event description, infer an affective 
consequent : 

"John got a big raise." ( => John is happy) 

(3) Given an affective state, 
infe r  it s likel y antecedent : 

"After the hurricane, John was depressed." 
(Joh n suffere d a  los s = > Joh n i s depressed ) 

(4) Given an affective state, 
infe r  it s likel y consequence : 

John was so happy about his royalty check, 
he mad e reservation s a t  Ren o Sweeny's . 

(  .. .  = > Joh n intend s t o celebrate ) 

In many cases, we must cocibine two or more of the 
abov e inferenc e type s t o mak e sens e o f  a n implici t 
causality : 

"After the hurricane, John saw a shrink." 

To see how this process-orientation differs from a 
purel y psychologica l  approac h t o th e problem ,  w e 
wil l  loo k a t  som e inference s problem s i n a  narrativ e 
text ,  an d se e ho w fa r  a  non-process-oriente d mode l 
can g o i n helpin g a  syste m lik e BORIS .  When w e 
firs t  bega n t o loo k a t  affec t  i n BORIS ,  w e wer e 
greatl y inspire d b y Ir a Roseman' s mode l  fo r 
representin g affectiv e state s [Rosema n 1979] ,  Ther e 

ar e o f  cours e othe r  approache s t o affec t  [deRiveri a 
1977 ,  Izar d 1977] ,  bu t  v e wil l  no t  attemp t  t o surve y 
al l  th e relevan t  proposal s here .  Reader s wh o ar e 
familia r  wit h alternativ e aystem s ca n judg e fo r 
themselve s whethe r  simila r  troublespot s woul d aris e 
i n tryin g t o implemen t  anothe r  system . 

2. Conceptual Decomposition for Affective States 

In the Roseman system, emotional states are 
represente d b y decompositio n int o fiv e dimensions . 
Four  o f  th e dimension s assum e positiv e an d negativ e 
fields ,  whil e th e fift h assume s a  three-value d 
spectrum : 

Five Dimensions of Affect 

1) Motivational Status (desirability) [+,-] 
2)  Situationa l  Statu s (attainment )  [+,- 1 
3)  Probabilit y  Statu s (certainty )  [+,- ] 
4)  Legitimac y Statu s (deservedness )  [+,- ] 
5)  Agenc y Statu s [self ,  other ,  circumstantial ] 

When an event is mapped into its appropriate place 
on eac h o f  th e fiv e spectrums ,  w e ca n predic t 
emotiona l  reaction s t o th e event .  Fo r  example ,  (a ) 
wantin g a  ticke t  t o a  sold-ou t  Gratefu l  Dea d Concer t 
describe s a  menta l  stat e wit h a  positiv e motivatio n 
(wantin g it )  an d a  negativ e situatio n (no t  havin g 
it) ;  (b )  winnin g a  ticke t  t o a  Gratefu l  Dea d 
Concer t  i s  a n even t  wit h a  positiv e motivatio n 
(wantin g it )  an d a  positiv e situatio n (havin g i t) ; 
(c )  losin g th e ticke t  ha s negativ e motivatio n (no t 
wantin g t o los e it )  an d positiv e situatio n (havin g 
los t  i t) ;  an d (d )  findin g i t  agai n involve s a 
negativ e motivatio n (no t  wantin g i t  lost )  wit h a 
negativ e situatio n (no t  havin g i t  lost) .  I f  al l  o f 
thi s happen s circumstantially ,  w e expec t  t o se e (a ) 
sorrow ,  (b )  joy ,  (c )  distress ,  an d (d )  relief . 
Usin g al l  fiv e dimensions ,  Roseman' s syste n 
differentiate s 1 3 primar y emotions .  Thes e ar e 
liste d belo w wit h a  vecto r  encodin g o f  th e fiv e 
dimension s a s liste d above .  Fo r  example , 
( + +  +  -  S )  correspond s t o a  positiv e motivation , 
positiv e situation ,  positiv e probability ,  negativ e 
legitimacy ,  an d self-agency .  A n "* "  indicate s tha t 
th e correspondin g dimensio n ca n assum e an y value . 
PRIMARY EMOTIONS 

M S  P  L  A M S  P  L  A 

( + t  t  *  C )  JO Y 
( + +  -  *  C )  HOPE 
(  *  C )  HOPE 
(_ _  +  *  C )  RELIE F 
(_ +  +  _  C )  DISTRES S 
(_ +  *  ^  C )  FRUSTRATION 
( + _  *  4  C )  FRUSTRATION 
( + -  ^  -  C )  SORROW 
( + +  *  +  S )  PRID E 
(_ _  *  +  S )  PRID E 
(*  *  * _  S )  GUIL T 

( + +  *  *  0 )  LIKIN G 
(_ _  *  *  0 )  LIKIN G 
( + -  *  _  0 )  DISLIKIN G 
(-  +  *  _  0 )  DISLIKIN G 
(-  +  *  +  0 )  ANGF. K 
( + *  +  0 )  ANGER 
( + C )  FEA R 

•  ( -  +  -  C )  FEA R 
( + -  *  +  S )  REGRET 
(-  +  *  +  S )  REGRET 

Many lexica l  description s o f  emotionalit y ar e use d 
t o referenc e mor e tha n on e conceptua l  configuration . 
For  example ,  Joh n coul d "regret "  flunkin g a  tes t 
(-  +  + +  S ) .  Alternatively ,  i f  Joh n go t  a  hig h B  o n 
th e test ,  h e migh t  "regret "  no t  gettin g a n A 
( + -  +  H  S ) .  Thes e ar e tw o distinc t  sense s o f 
regret :  w e ca n regre t  wha t  happened ,  an d w e ca n 
regre t  wha t  didn' t  happen .  Peopl e wh o dwel l  o n 
(-  +  +  4  S )  configuration s kic k themselve s fo r  pas t 
mistake s whil e peopl e wh o dwel l  o n situation s 
involvin g ( + -  i  +  S )  ar e melanchol y dreamers .  We 
can describ e eithe r  personalit y i n term s o f  pas t 
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regrets ,  bu t  importan t  conceptua l  distinction s ar e 
lurkin g beneat h thes e words . 

Lexical ambiguities at the conceptual level 
make i t  difficul t  t o describ e Roseman' s 1 3 primar y 
emotion s t o everyone' s satisfaction .  Fo r  example , 
one coul d argu e tha t  "liking "  i s no t  a n emotio n a t 
al l  bu t  a n attitude .  Th e appropriat e emotio n fo r 
( + +  *  *  0 )  an d ( -  -  * *  0 )  i s  reall y on e o f 
gratitude .  Or  perhap s "distress "  shoul d b e calle d 
"discomfort. "  I t  i s  instructiv e t o engag e i n thi s 
sor t  o f  criticis m a s a n intuitiv e exercise ,  bu t  a 
bette r  wa y t o tes t  Roseman' s syste m i s wit h a 
compute r  implementation . 

3. Implementing Affect 

Vnien we tried to implement Roseman's system in 
BORIS,  w e ra n int o som e interestin g difficulties . 
To ge t  a  sens e o f  these ,  w e wil l  loo k a t  a  sampl e 
tex t  tha t  BORI S processes ,  highlightin g som e proble m 
area s encountered . 

**************************************************** 

A BORI S Narrativ e 

Richard hadn't heard from his old roommate Paul 
fo r  years .  Pau l  4ia d loane d Richar d mone y whic h wa s 
neve r  pai d back ,  bu t  no w h e ha d n o ide a wher e t o 
fin d hi s ol d friend .  When a  lette r  finall y arrive d 
fro m Sa n Francisco ,  Richar d wa s anxiou s t o fin d ou t 
how Pau l  was . 

Unfortunately, the news was not good. Paul's 
wif e Sara h wante d a  divorce .  Sh e als o wante d th e 
car ,  th e house ,  th e children ,  an d alimony .  Pau l 
wante d th e divorce ,  bu t  h e didn' t  wan t  t o se e Sara h 
tak e everythin g h e had .  Hi s salar y fro m th e stat e 
schoo l  syste m wa s ver y small .  No t  knowin g wh o t o 
tur n to ,  h e wa s hopin g fo r  a  favo r  fro m th e onl y 
lawye r  h e knew .  Pau l  gav e hi s home phon e numbe r  i n 
cas e Richar d fel t  h e coul d help . 

Richard eagerly picked up the phone and dialed. 
Afte r  a  brie f  conversation ,  Pau l  agree d t o hav e 
lunc h wit h hi m th e nex t  day .  He sounde d extremel y 
relieve d an d grateful . 

The next day, as Richard was driving to the 
restaurant ,  h e barel y avoide d hittin g a n ol d man o n 
th e street .  H e fel t  extremel y upse t  b y th e 
incident ,  an d ba d thre e drink s a t  th e restaurant . 
When Pau l  arrived ,  Richar d wa s fairl y drunk .  Afte r 
th e foo d came ,  Richar d spille d a  cu p o f  coffe e o n 
Paul .  Pau l  seeme d ver y annoye d b y thi s s o Richar d 
offere d t o driv e hi m home fo r  a  chang e o f  clothes . 

When Paul walked into the bedroom and found 
Sara h wit h anothe r  man ,  h e nearl y ha d a  hear t 
attack .  The n h e realize d wha t  a  blessin g i t  was . 
Wit h Richar d ther e a s a  witness ,  Sarah' s divorc e 
cas e wa s shot .  Richar d congratulate d Pau l  an d 
suggeste d tha t  the y celebrat e a t  dinner .  Pau l  wa s 
eager  t o comply . 

**************************************************** 

There are a number of important affect-related 
inference s i n thi s story .  Fo r  example ,  w e shoul d 
infe r  tha t  Richar d fel t  ba d abou t  spillin g hi s 
coffe e o n Paul ,  an d hi s offe r  t o driv e Pau l  home wa s 
motivate d (a t  leas t  i n part )  b y a  desir e t o 
alleviat e guilt .  I n th e nex t  sentence ,  whe n Pau l 
find s Sarah ,  w e shoul d no t  assum e tha t  Pau l  suffere d 
a cardia c arrest ;  h e i s jus t  ver y surprised .  We 
must  als o understan d wh y i t  made sens e fo r  Richar d 
t o congratulat e Pau l  an d sugges t  a  celebration . 

What  di d Pau l  hav e t o celebrate ? Adulterou s mate s 
ar e no t  normall y greete d wit h suc h enthusiasm ,  s o 
th e celebratio n mus t  b e causall y connecte d t o 
somethin g els e tha t  Pau l  shoul d fee l  goo d about . 
Notic e tha t  i f  Richar d ha d expresse d hi s heartfel t 
condolence s t o Pau l  instea d o f  congratulatin g him , 
thi s woul d als o mak e sense .  Paul' s affectiv e stat e 
i s comple x an d mus t  b e full y understoo d t o 
accommodat e thes e variou s possibilities . 

To make affective inferences, BORIS needed to 
interpre t  event s an d state s fro m th e stor y i n term s 
of  Roseman' s fiv e affec t  dimensions .  "Motivation " 
and "situation "  wer e relativel y eas y t o recogniz e b y 
relyin g primaril y o n goa l  states .  Bu t  th e thre e 
remainin g dimension s prove d t o b e trickie r  tha n 
expected .  We wil l  loo k a t  som e difficultie s i n 
"agency "  recognition ,  slthoug h simila r  illustration s 
coul d hav e bee n chose n fro m "certainty "  an d 
"legitimacy "  a s well . 

Initially, we thought that the agent for an 
even t  woul d simpl y b e th e physica l  acto r  o f  th e 
even t  [Schan k 1975] .  We quickl y discovere d 
otherwise .  Fo r  example ,  i n a  questio n answerin g 
task ,  experimenta l  subject s indicate d tha t  Richar d 
was happ y t o receiv e th e lette r  fro m Paul .  He 
wasn' t  grateful ,  an d h e didn' t  lik e Pau l  an y mor e 
tha n before ;  h e wa s simpl y happy .  I n orde r  t o 
infe r  tha t  Richar d wa s happ y t o ge t  Paul' s letter , 
we hav e t o ascrib e a  circumstantia l  agen t  whe n 
Richar d get s th e letter .  I f  th e letter' s arriva l 
was encode d wit h other-agency ,  the n Richar d woul d 
eithe r  lik e Pau l  o r  fee l  gratefu l  t o Pau l  fo r 
gettin g th e letter .  Simpl e jo y ca n onl y com e fro m 
circumstantia l  agency .  Bu t  th e letter' s arriva l  i s 
encode d a s a n MTRANS even t  wit h acto r  =  Pau l  (Pau l 
sent  th e letter) .  I f  agenc y i s no t  a  functio n o f  a n 
event' s actor ,  wha t  i s it ? BORI S wa s (an d stil l  is ) 
stymie d b y th e agenc y problem . 

It seems that agency is a function of actors 
but  mor e specifically ,  intentiona l  actors .  Notic e 
how th e affectiv e inferenc e change s i f  Richar d 
believe s tha t  Pau l  sen t  th e lette r  jus t  becaus e Pau l 
wante d t o mak e Richar d happy .  No w i t  i s  muc h mor e 
reasonabl e fo r  Richar d t o lik e Pau l  o r  fee l  gratefu l 
t o Pau l  fo r  sendin g th e letter .  I f  X  knowingl y doe s 
Z t o mak e Y  happy ,  an d Z  succeed s i n makin g Y  happy , 
the n Y  wil l  lik e X  fo r  doin g it .  I f  Pau l  doe s 
somethin g intendin g t o mak e Richar d happy ,  the n 
Richar d experience s th e even t  wit h other-agency . 
But  i f  Pau l  doe s somethin g whic h onl y make s Richar d 
happy incidentally ,  the n Richar d experience s th e 
even t  wit h circumstantial-agency .  Knowledg e o f  a n 
actor' s ultimat e intention s i s neede d t o establis h 
affectiv e agenc y fo r  inferenc e purposes . 

In addition to intentionality, affective agency 
can b e influence d b y a n actor' s degre e o f  socia l 
responsibility .  Fo r  example ,  i t  make s sens e tha t 
Paul  go t  annoye d whe n Richar d spille d coffe e o n him . 
But  wha t  i s annoyance ? Annoyanc e ca n b e a  varian t 
of  ange r  o r  dislik e (Pau l  wa s annoye d wit h Richard) , 
bot h o f  whic h requir e other-agency .  Richar d didn' t 
inten d t o spil l  th e coffee ,  bu t  h e wa s nevertheles s 
responsibl e fo r  th e even t  (albei t  innocently) ,  an d 
thi s responsibilit y  give s u s other-agency . 
Annoyanc e i s eve n mor e ambiguou s i n th e sens e tha t 
i t  may als o describ e frustration ,  whic h involve s 
circumstantial-agency :  i t  i s  rotte n luc k t o hav e 
someone spil l  coffe e o n you .  I f  Pau l  i s  upset ,  bu t 
not  upse t  wit h Richar d specifically ,  the n hi s 
annoyanc e i s on e o f  pur e frustration . 

80 



Sinc e "annoyed "  i s ambiguous ,  an d thi s 
particula r  exampl e coul d g o eithe r  way ,  i t  i s  usefu l 
t o loo k fo r  limitin g case s whic h forc e on e 
interpretatio n ove r  another .  Fo r  example ,  i t  seem s 
reasonabl e tha t  Pau l  migh t  b e mor e annoye d wit h 
Richar d fo r  th e acciden t  sinc e Richar d wa s drunk . 
I f  Richar d wer e sober ,  h e woul d someho w b e les s a t 
fault .  Suppos e a  frai l  littl e ol d lad y i s carryin g 
a cu p o f  coffee ,  an d a s sh e passe s b y Pau l  sh e 
collapse s fro m a  hear t  attack.  D o w e expec t  Pau l  t o 
be angr y a t  th e ol d lad y fo r  spillin g coffe e o n him ? 
Not  likely .  No w suppos e a  boisterou s drun k lurche s 
pas t  Pau l  an d drop s a  drin k o n him .  D o w e expec t 
Paul  t o b e angr y a t  th e drunk ? Sure .  Neithe r  even t 
was intended ,  bu t  a  drun k i s mor e responsibl e fo r 
hi s action s tha n a  hear t  attac k victim .  Peopl e 
choos e t o ge t  drunk ,  bu t  the y don' t  choos e t o hav e 
hear t  attacks .  Th e elemen t  o f  fre e wil l  operatin g 
i n a  drun k render s hi m mor e responsibl e fo r  hi s 
accidents :  a  drun k choose s t o b e accident-prone . 
Sinc e BORI S ha s n o heuristic s fo r  assessin g relativ e 
degree s o f  responsibility ,  BORI S default s t o 
circumstantia l  agenc y an d therefor e interpret s 
Paul' s annoyanc e a s on e o f  pur e frustration .  Thi s 
i s no t  altogethe r  right ,  bu t  a  mor e correc t 
interpretatio n require s a n assessmen t  mechanism  fo r 
socia l  responsibility . 
One final problem with agency involves events 
tha t  caus e comple x affec t  states .  When Pau l  catche s 
Sara h i n thei r  bedroo m wit h anothe r  man ,  h e 
witnesse s an d react s t o a n even t  involvin g tw o 
actors .  Th e even t  i s assume d t o b e intentiona l  (w e 
ar e give n n o reaso n t o interpre t  th e bedroo m 
activitie s a s a  rape )  an d a t  leas t  on e o f  th e lover s 
must  b e responsibl e fo r  it .  S o i t  seem s tha t  w e 
hav e a  clear-cu t  candidat e fo r  other-agency .  Sinc e 
thi s even t  wil l  sav e Pau l  fro m a  nast y cour t  battl e 
and divorc e settlement ,  i t  i s  desirabl e fro m Paul' s 
perspective .  Sarah' s activit y ca n therefor e 
interprete d b y Pau l  a s a  desirable ,  positivel y 
attained ,  certain ,  an d illegitimat e (she' s violatin g 
thei r  marita l  contract )  even t  o f  other-agenc y 
( + +  +  -  0 ) .  Bu t  thi s configuratio n bring s u s t o 
th e improbabl e predictio n tha t  Pau l  wil l  lik e Sara h 
and he r  lover ,  o r  fee l  gratefu l  t o the m fo r  engagin g 
i n thei r  illici t  activity . 
The difficulty with this example is the 
complexit y o f  Paul' s emotiona l  state .  H e may b e 
happy abou t  th e settlemen t  implications ,  bu t  h e i s 
probabl y ver y unhapp y abou t  hi s territoria l  rights . 
Even i f  h e doesn' t  fee l  possessiv e abou t  Sara h (Pau l 
di d sa y tha t  h e als o wante d a  divorce) ,  h e ha s a 
righ t  t o fee l  pu t  ou t  b y a  strange r  i n hi s bedroom , 
t o sa y nothin g o f  hi s bed .  Bi s privac y i s surel y 
bein g violate d o n a t  leas t  on e level ,  an d w e ar e 
assure d o f  hi s negativ e reactio n whe n w e ar e tol d 
tha t  h e "almos t  ha d a  hear t  attack. "  S o Paul' s 
reactio n i s mixed :  i t  ha s a  stron g negativ e 
component  ( -  +  +  -  0 )  an d a  mor e far-sighte d 
positiv e componen t  ( + +  +  -  0 )  a s well .  Thi s 
explain s wh y i t  woul d mak e sens e fo r  Richar d t o 
eithe r  expres s sympath y o r  offe r  congratulations . 
I t  seem s mos t  appropriat e t o firs t  offe r  condolence s 
and the n congratuations ,  bu t  eithe r  on e ca n b e 
understoo d a s a  reasonabl e reactio n o n Richard' s 
part . 
Special heuristics must be invoked for complex 
emotiona l  states ,  an d highe r  leve l  knowledg e 
structure s wil l  b e neede d t o handl e inference s i n 
thes e cases .  Fo r  example ,  th e representationa l 
syste m o f  plo t  unit s (whic h gre w ou t  o f  ou r 
experienc e wit h BORIS' S affec t  analysis) ,  include s a 
specia l  structur e calle d "hidde n blessing "  t o handl e 

situation s lik e Paul' s reactio n t o Sara h [Lebner t 
1980 ,  1981a ,  198ibl .  Th e hidde n bleatin g plo t  uni t 
encode s an y even t  tha t  cause s a n initia l  negativ e 
reactio n whic h late r  yield s t o a  dominatel y positiv e 
emotion .  A  aimila r  "mixe d blessing "  plo t  uni t 
handle s case s wher e th e initia l  reactio n i s 
positive ,  bu t  a  negativ e emotio n follows . 

In general, a plot unit is a configuration of 
thre e affec t  states :  (1 )  "M "  menta l  state s wit h 
neutra l  affect ,  (2 )  "+ "  event s tha t  caus e positiv e 
affects ,  an d (3 )  "- "  event s tha t  caus e negativ e 
affects .  Eac h affec t  stat e i s interprete d wit h 
respec t  t o a  specifi c  character ,  althoug h plo t  unit s 
may contai n multipl e affec t  state s tha t  involv e mor e 
tha n on e character .  Fo r  example ,  th e retaliatio n 
uni t  involve s tw o character s an d fiv e affec t  states : 

Z 

? 

Thi s configuratio n tell s  u s tha t  X  di d somethin g (? ) 
whic h cause d a  negativ e reactio n i n Y  (-) .  Thi s 
negativ e even t  motivate d a  menta l  stat e (M )  i n Y , 
whic h wa s subsequentl y actualize d b y a  positiv e 
even t  (+ )  fo r  Y ,  an d a  negativ e even t  (- )  fo r  X .  I n 
othe r  words ,  X  di d somethin g tha t  distresse d Y ,  s o Y 
retaliate d b y doin g somethin g t o distres s X .  Th e 
vertica l  an d diagona l  link s i n thi s diagra m describ e 
variou s causa l  relationship s betwee n affect s state s 
withi n character s an d acros s characters . 

Affect state maps are constructed for each 
characte r  i n a  story ,  a s a  wa y o f  trackin g tha t 
character' s emotiona l  up s (-i-'s )  an d down s (-'s) ,  an d 
specifi c  plo t  unit s ar e recognize d whe n th e linkage s 
acros s affec t  state s indicat e tha t  a  give n plo t  uni t 
configuratio n ha s bee n encountered .  I f  X  wer e t o 
get  bac k a t  Y  fo r  Y' s retaliation ,  w e woul d hav e tw o 
instance s o f  th e retaliatio n plo t  uni t  sharin g tw o 
common affec t  states : 

X 

? 

(shc.i-ed ) 

» 5 -

A plo t  uni t  grap h fo r  a  stor y ca n b e generate d b y 
creatin g a  grap h nod e fo r  eac h instantiate d plo t 
unit ,  an d placin g arc s betwee n al l  pair s o f  plo t 
unit s tha t  shar e a t  leas t  on e common affec t  state . 
The abov e affec t  stat e ma p yield s a  grap h o f  tw o 
node s connecte d b y a n arc ,  whil e th e BORI S divorc e 
stor y involve s 2 4 plo t  unit s i n a  connecte d grap h 
structure . 

It appears that the connectivity features in a 
plo t  uni t  grap h provid e a  stron g basi s fo r 
summarizatio n algorithms .  When a  story' s plo t  uni t 
grap h contain s a  pivota l  nod e ( a nod e wit h maxima l 
connectivity) ,  w e ca n expec t  a  shor t  summar y o f  th e 
stor y t o b e base d o n th e conceptua l  conten t  o f  tha t 
pivota l  node .  Fo r  exampl e i n th e BORI S divorc e 
story ,  th e hidde n blessin g uni t  i s  pivotal ,  an d w e 
can summariz e th e stor y b y sayin g "Pau l  save d 
himsel f  fro m a  nast y divorc e settlemen t  whe n h e 
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accidentall y foun d hi s wif e i n be d wit h anothe r 
man. "  Th e hidde n blessin g uni t  encode s Paul' s 
discover y a s a n even t  o f  mixe d affec t  states ,  an d a 
synopsi s o f  an y hidde n blessin g ha s t o explai n wha t 
was ultimatel y goo d abou t  a n initiall y  negativ e 
event . 

We have been experimenting with plot units 
primaril y a s a  basi s fo r  narrativ e tex t 
summarization ,  [Lehner t  1980 ,  1981a ,  1981b ; 
Lehnert ,  Black ,  an d Reise r  1981 ;  Reiser ,  Lehnert , 
and Blac k 1981] ,  bu t  thei r  us e a s a  predictiv e 
knowledg e structur e fo r  affectiv e inferenc e remain s 
t o b e explored .  Initia l  effort s i n thi s directio n 
le d t o th e developmen t  o f  a  slightl y highe r  leve l  o f 
memory representatio n (Themati c Affec t  Units )  tha t 
relate s t o adage s an d fable s [Dye r  1981] . 

4. Conclusions 

Our experience with Roseman's affect analysis 
and BORI S suggest s tha t  affectiv e inference s ar e 
dependen t  o n a  substantia l  rang e o f  othe r  inferenc e 
mechanisms .  I t  i s  no t  possibl e t o stud y problem s o f 
affec t  withou t  addressin g seemingl y unrelate d 
proble m areas .  Th e curren t  stat e o f  th e ar t  i n 
languag e processin g allow s u s t o tackl e recognitio n 
technique s involvin g scripts ,  goals ,  plans , 
interpersona l  themes ,  plo t  units ,  an d themati c 
affec t  units ,  al l  o f  whic h ca n contribut e t o affec t 
recognitio n techniques .  Bu t  affec t  analysi s ca n 
als o lea d u s int o largel y uncharte d region s o f 
intentionalit y an d socia l  responsibility ,  jus t  t o 
name tw o area s we'v e discussed . 

We have not attempted to compile a list of all 
th e relate d knowledg e neede d t o handl e affect , 
becaus e thi s lis t  i s  likel y t o b e a  comprehensiv e 
lis t  o f  al l  knowledg e structure s use d fo r  languag e 
processing .  Interestingl y enough ,  ther e wil l 
probabl y b e n o knowledg e structure s devote d 
exclusivel y t o affect .  On e coul d argu e tha t  th e 
presenc e o f  a  Roseman-lik e vecto r  ( + -  +  +  S )  withi n 
computationa l  memor y constitute s a n affect-specifi c 
knowledg e structure .  Bu t  thi s structur e i s jus t  a 
processin g artifact :  w e d o no t  expec t  t o fin d thes e 
vector s i n lon g o r  short-ter m memor y 
representations .  I f  w e neede d t o explicitl y  encod e 
"Joh n wa s angry, "  w e migh t  b e reduce d t o vecto r 
notation ,  bu t  a s soo n a s thi s sentenc e i s embedde d 
i n a  contex t  whic h tell s  u s wha t  happene d t o Joh n 
and wh y h e feel s angry ,  hi s ange r  wil l  likewis e b e 
embedded i n som e large r  structure .  TAU' s fil l  thi s 
rol e already ,  an d plo t  unit s (originall y calle d 
"affec t  units" )  als o operat e alon g thes e lines .  Fo r 
example ,  vindictiv e o r  vengefu l  feeling s ca n b e 
readil y derive d fro m th e retaliatio n plo t  unit . 

In conclusion, I would say that it is 
altogethe r  to o earl y t o pas s judgemen t  o n an y 
specifi c  representationa l  technique s fo r  affects . 
Roseman ha s supplie d th e computationa l  environmen t 
wit h a  valuabl e framewor k i n whic h t o wor k (o r 
perhap s play )  an d othe r  psychologica l  theorie s may 
als o prov e t o b e valuable ,  althoug h I  kno w o f  n o 
other s tha t  hav e bee n (eve n partially )  implemented . 
Thi s particula r  are a i s a  difficul t  on e fo r  A.I . 
implementation s becaus e i t  draw s o n s o man y othe r 
comple x proble m area s i n memor y an d cognition . 

It was nevertheless valuable to attempt an 
implementatio n o f  Roseman' s model ,  i f  onl y fo r  th e 
sak e o f  th e spin-off s tha t  emerged .  B y confrontin g 
problem s o f  affec t  representatio n an d affect-relate d 

inferences ,  w e wer e le d t o th e desig n o f  tw o ne w 
knowledg e structure s fo r  narrativ e tex t  analysis . 
Plo t  unit s an d themati c affec t  unit e wer e natura l 
device s fo r  solvin g affect-oriente d processin g 
problems .  Th e importanc e o f  affectiv e knowledg e 
structure s fo r  memor y representatio n deserve s 
furthe r  exploratio n i n bot h th e psychologica l  an d 
A.I .  researc h paradigms .  Recen t  researc h i n bot h 
area s ha s uncovere d som e provocativ e result s 
concernin g emotio n an d memor y whic h pav e th e wa y fo r 
furthe r  investigations .  Fro m th e A.I .  en d o f  th e 
world ,  w e ar e seein g ho w th e us e o f  plo t  unit s fo r 
narrativ e tex t  summarizatio n suggest s tha t  emotiona l 
state s o f  character s i n a  stor y pla y a  fa r  mor e 
centra l  rol e i n high-leve l  memor y representatio n 
tha n wa s previousl y suspecte d [Lehner t  1981a] .  A t 
th e sam e time ,  psychologist s ar e demonstratin g ho w 
th e mood s an d attitude s o f  experimenta l  subject s ca n 
dramaticall y alte r  thei r  pattern s o f  memor y 
retrieva l  [Bowe r  1981] . 

So affects appear to play many different roles 
i n huma n cognition .  I n particular ,  w e hav e see n ho w 
knowledg e o f  emotiona l  reaction s ca n b e crucia l  t o 
variou s informatio n processin g tasks ,  includin g 
narrativ e tex t  comprehension .  Stil l  a  grea t  dea l  o f 
wor k remain s t o b e don e i f  w e ar e goin g t o full y 
understan d th e role s o f  emotiona l  knowledg e an d 
experienc e i n huma n informatio n processing .  We mus t 
tur n t o psycholog y lab s an d LIS P program s fo r  th e 
answer s t o ou r  questions ,  puttin g asid e th e mor e 
philosophica l  speculation s abou t  machine s an d 
emotions .  I t  wil l  b e muc h easie r  t o resolv e ou r 
speculativ e debate s i n th e fac e o f  som e soli d 
research ,  an d th e qualit y o f  ou r  interdisciplinar y 
dialog s wil l  b e greatl y enhance d b y empirica l 
contribution s fro m psycholog y an d artificia l 
intelligence . 
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SITUATIO N BASED EMOTION FRAMES AND 
THE CULTURAL CONSTRUCTION OF EMOTIONS 

Catherine Lutz 

1.  Introduction :  Anthropologica l  Approache s 

The question for this panel concerns the 
relevanc e o f  model s o f  emotio n fo r  genera l 
theorie s o f  interna l  representatio n an d 
processing .  Th e particula r  questio n whic h I 
wil l  addres s i s tha t  o f  th e contribution s 
whic h a n anthropologica l  o r  comparativ e 
approac h ca n mak e t o a n understandin g o f 
emotiona l  representation s an d emotiona l 
'tasks' .  I n particular ,  I  woul d lik e t o 
sugges t  tha t  w e begi n b y lookin g a t  th e wa y 
peopl e themselve s fram e emotiona l  experienc e 
and interactions .  Muc h o f  thi s framin g 
structure ,  moreover,  i s  culturall y provide d 
and culturall y variable .  I t  ca n b e see n i n 
emotio n wor d meanings ,  i n th e logi c o f 
emotiona l  response ,  an d i n explici t 
ethnotheorie s o f  emotion . 
Anthropologists have begun to document a 
diversit y o f  theorie s o f  min d an d sel f  (e.g. , 
Geertz ,  1976 ;  Leenhardt ,  197 9 (1947) ;  Rosaldo , 
1930 ;  Strauss ,  1977 ;  White ,  1931) .  Cultura l 
knowledg e systems ,  o r  'ethnotheories, '  explai n 
why,  when ,  an d ho w emotio n occurs ,  an d the y 
ar e embedde d i n mor e genera l  cultura l  theorie s 
abou t  th e person ,  interna l  processes ,  an d 
socia l  action .  Th e examinatio n o f  thes e 
culturall y constitute d system s o f  knowledg e 
can pla y tw o importan t  role s i n achievin g th e 
goal s o f  cognitiv e science .  I n th e first ,  w e 
encounte r  ourselve s i n th e othe r  b y seein g 
our  ow n knowledg e structure s contrastingl y 
highlighted .  Thi s i s consonan t  wit h cognitiv e 
science' s ofte n state d ai m o f  convertin g taci t 
understanding s int o explici t  ones .  Belief s 
abou t  th e sel f  ar e amon g th e mos t  taci t  i n an y 
culture ,  a s i t  i s  wit h the m tha t  intrapsychi c 
and socia l  realit y ar e frame d an d felt .  A s 
Abelso n (1979 )  ha s pointe d out ,  on e person' s 
knowledg e may appea r  t o anothe r  a s belief . 
Our  'knowledge '  abou t  emotio n may tur n ou t  t o 
be largel y belie f  o n cross-cultura l 
inspectio n an d comparison . 
This is related to the second role for 
cross-cultura l  compariso n i n cognitiv e scienc e 
whic h i s tha t  w e may lear n from ,  a s wel l  a s 
about ,  th e theorie s o f  othe r  systems .  Fo r 
example ,  th e emotio n word s o f  othe r  cultura l 
group s may hav e differen t  referent s o r  slic e 
up th e affectiv e pi e i n differen t  way s tha n 
do Englis h emotio n terms .  I f  on e o f  th e aim s 
of  cognitiv e scienc e i s t o develo p a n 
abstract ,  logical ,  an d unambiguou s languag e 
fo r  a  scientifi c  psychology ,  th e 
ethnosemantic s o f  emotio n wil l  b e a n 
importan t  topi c o f  inquiry .  A  tru e scienc e 
of  affec t  need s a  languag e whic h i s 
transcultural . 
Our most basic Western ideas about what 
constitute s humannes s — idea s whic h ar e 
dramaticall y eviden t  i n debate s ove r  whethe r 
computer s ca n "fee l  emotion "  - -  for m 
an implici t  fram e fo r  ou r  inquiries .  Th e 
natur e o f  thi s fram e explain s wh y emotio n ha s 
been neglected ,  no t  onl y i n cognitiv e science . 

but  i n socia l  scienc e generally .  Th e 
traditiona l  an d stil l  curren t  concer n ha s 
been wit h emotio n a s physica l  sensation . 
Interna l  feeling s ar e presume d t o b e th e 
primar y referent s o f  emotio n words ,  an d the y 
ar e therefor e see n a s difficul t  t o tal k 
abou t  — emotion s are ,  i n thi s cultura l 
framework ,  internal ,  private ,  pre-verba l 
states .  Affec t  i s  no t  accidentl y omitte d 
fro m th e classi c socia l  scienc e proble m 
terme d 'languag e an d thought'.-' -  Althoug h i t 
has mor e recentl y bee n acknowledge d tha t  on e 
may thin k abou t  ho w on e feel s an d fee l  abou t 
how on e thinks ,  th e dichotom y o f  cognitio n 
art d affec t  remain s fundamenta l  eve n i n 
attempt s t o 'bridge '  th e ga p betwee n them . 
We have value stances, moreover, towards 
th e concept s an d relation s o f  ou r  theories , 
and w e ar e ambivalen t  abou t  emotion .  On th e 
one hand ,  cognitio n i s see n a s 'higher '  i n 
evolutionar y an d othe r  sense s tha n emotion . 
Lakof f  an d Johnso n (1930 )  presen t  som e 
strikin g evidenc e i n Englis h metaphor s tha t 
emotio n i s s o viewed .  Metaphor s whic h the y 
ter m 'orientational '  indicat e tha t  'good' , 
'hig h status' ,  'control' ,  an d 'rational '  ar e 
'up' ,  whil e 'bad' ,  'lo w status' ,  'bein g 
controlled' ,  an d 'emotional '  ar e 'down ' 
(1980 :  14-17) .  Th e matur e perso n ideall y 
control s affec t  wit h thought .  'Intelligence' , 
as tha t  ter m i s commonl y define d i n America n 
English ,  refer s t o cognitiv e abilities ,  wit h 
'emotiona l  ability '  bein g somewha t  o f  a 
contradictio n i n terms. 2 
Emotion is instinctual, inchoate, 
formless ,  bu t  a t  th e sam e tim e i t  may 
als o b e positivel y valued .  I n scientifi c 
psychologica l  terms ,  emotio n i s motivationa l 
and cause s behavior .  I t  i s  th e lif e force , 
a sacre d center .  T o clai m emotio n fo r 
computers ,  then ,  i s sacrilege .  Fo r  th e abov e 
reasons ,  attempt s a t  th e 'cold '  examinatio n 
of  a  'hot '  topi c (Abelson ,  1963 )  appea r  t o us , 
as Americans ,  bot h quixoti c an d profane . 
I would propose that we proceed on the 
assumptio n tha t  th e term s 'cognition '  an d 
'affect '  represent ,  no t  dua l  an d separat e 
processe s (Zajonc ,  1930) ,  bu t  idea l  type s 
place d a t  th e end s o f  a  tru e continuu m o f 
more o r  les s immediat e an d mor e o r  les s 
motivate d processin g o f  event s o r  situations . 
Whil e emotio n i s th e huma n potentia l 
fo r  extremel y hig h spee d an d action-oriente d 
processing ,  emotions ,  ar e culturall y 
constructe d concept s whic h poin t  t o cluster s 
of  situation s typicall y callin g fo r  som e kin d 
of  action .  Man y o f  thes e situatio n cluster s 
wil l  b e universa l  whil e som e wil l  b e 
environmentall y specific .  I n th e simples t 
example ,  on e languag e grou p may cod e sudde n 
event s an d dangerou s event s unde r  th e sam e 
rubri c whil e anothe r  communit y migh t 
distinguis h them .  Thos e situation s whic h 
wil l  b e universall y frame d togethe r  vi a 
emotio n word s wil l  b e thos e fo r  whic h 
response s - -  suc h a s movement  toward s other s 
or  fligh t  — ar e share d an d necessitate d b y 
th e requisite s o f  huma n socia l  life .  A s 
D'Andrad e ha s pointe d out ,  a  perso n wh o 
simpl y 'thought '  cooll y abou t  acquirin g foo d 
woul d hav e littl e chanc e o f  surviva l  i f  tha t 
though t  wer e easil y extinguishe d an d di d no t 
motivat e rememberin g an d actio n (1930 :  16) . 
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Such a n affectles s perso n coul d not e tha t 
someone wa s i n th e proces s o f  stealin g he r 
car  but ,  i n th e absenc e o f  anger ,  coul d b e 
easil y calle d of f  t o pla y bingo . 

Why do human communities need emotion 
words ? I t  i s  no t  simpl y t o nam e interna l 
states .  Emotio n word s ar e importan t  primaril y 
as communicator s o f  one' s perceptio n o f  th e 
occurrenc e o f  a  particularl y salien t  situatio n 
frame .  Th e us e o f  emotio n word s ca n ofte n 
involv e "backward s inferencing "  o n th e par t 
of  listener s abou t  th e event s whic h le d u p 
t o th e speaker' s statemen t  (White ,  1979) .  I n 
usin g emotio n words ,  peopl e als o communicat e 
th e behavio r  whic h i s likel y t o follo w o n 
thei r  part .  A s on e o f  th e mos t  crucia l 
function s o f  socia l  group s lie s i n thei r 
organizatio n an d regulatio n o f  individua l 
behavior ,  emotio n word s ar e necessar y fo r  th e 
most  efficien t  an d judiciou s coordinatio n o f 
plans ,  understanding ,  an d behavior .  B y 
clusterin g situation s whic h shar e actio n 
plan s an d othe r  dimension s o f  meaning , 
emotio n word s facilitat e suc h coordinatio n 
bot h o n th e intra -  an d th e inter-psychi c 
levels . 

2. Emotion Frames 
The framing of emotion occurs at many 
levels .  What  ha s bee n an d i s her e mean t  b y 
a 'frame' ? Interes t  i n th e framin g o f 
knowledg e an d socia l  interactio n ha s bee n 
widesprea d i n socia l  science .  Attempt s hav e 
been made t o fin d person-centered ,  rathe r 
tha n investigator-originated ,  break s i n th e 
strea m o f  menta l  an d socia l  realit y wit h a 
vie w t o understandin g ho w th e psychologicall y 
and culturall y constructe d frame d unit s 
organiz e huma n experience .  Thes e unit s hav e 
been a  variet y o f  cognitiv e one s (Minsky , 
1975 ;  Rumelhar t  an d Ortony ,  1976) ;  the y hav e 
been linguisti c unit s whic h fram e on e o r  mor e 
concept ,  logica l  relation ,  o r  cultiura l 
propositio n (Blac k an d Metzger ,  1965 ;  Rosch , 
1977) ;  the y hav e bee n situationa l  unit s whos e 
definitio n i s a  functio n o f  th e transformatio n 
of  "physica l  spac e an d chronologica l  time.. . 
int o socia l  spac e an d socia l  time "  (McHugh , 
1968 :  3 ;  se e als o Hall ,  1977 :  129-140) ;  the y 
may b e context s o f  interaction ,  th e bracketin g 
of  whic h transform s a n even t  int o on e wit h 
fundamentall y differen t  meaning s an d 
epistemologica l  an d behaviora l  entailment s 
(Bateson ,  1972 :  177-193 ;  Goffman ,  1974) ;  an d 
on th e mos t  globa l  leve l  cultura l  group s ar e 
themselve s frame d b y share d knowledg e systems , 
customs ,  an d worl d vie w — a n even t  whic h i s 
frame d i n a n Eas t  Africa n cultur e may hav e 
ver y differen t  meanin g tha n tha t  'same '  even t 
frame d i n Frenc h culture .  Cross-cultura l 
and interpersona l  understandin g — emotiona l 
and otherwis e — occur s onl y t o th e exten t 
tha t  ther e i s a  share d an d agree d upo n o r 
a constructe d fram e fo r  interaction . 
There appears to be a growing recognition 
i n psycholog y tha t  th e mor e inclusiv e frame s 
ar e jus t  that ,  rathe r  tha n simpl y variables , 
and tha t  th e mor e micro-leve l  frame s ar e 
embedded i n them .  Thi s i s see n i n th e 
increasin g concer n wit h wha t  i s terme d 'worl d 
knowledge' .  I t  i s  als o see n i n th e recen t 
interes t  i n metacognitio n (A .  Brown ,  1973 ; 
Flavell ,  1976 ,  1973) .  Metacognition ,  o r 

thinkin g abou t  though t  processes ,  i s th e 
abilit y  t o introspec t  about ,  monitor ,  an d 
contro l  thos e processe s (Brow n an d Barcla y 
1976 :  72) .  Mor e basically ,  th e ter m 
metacognitio n ha s bee n use d t o refe r  als o t o 
th e awarenes s o f  th e existence ,  nature , 
variables ,  an d integratio n o f  cognitiv e 
processe s (Wellman ,  n.d.) .  Th e importanc e o f 
examinin g th e phenomeno n o f  metacognitio n lie s 
i n it s potentia l  rol e i n th e moldin g o f  mor e 
micro-leve l  processes . 

There is an important bridge to be built 
betwee n thes e notion s abou t  metacognitio n an d 
emergin g anthropologica l  concern s wit h 
ethnotheorie s o f  sel f  an d psychologica l 
process .  Althoug h wor k i n metacognitio n 
has tende d t o b e base d o n th e assumptio n tha t 
thes e abilitie s an d knowledg e ar e culture -
free ,  th e chil d develop s i n a  cultura l  milie u 
replet e wit h explici t  an d implici t  idea s 
abou t  ho w on e internall y an d sociall y 
operates .  Th e chil d receive s trainin g i n 
metacognitiv e skill s  i n th e contex t  o f  tha t 
culture' s typica l  learnin g settings .  Th e 
psychologist' s  metacognitiv e skill s  an d th e 
anthropologist' s  ethnotheorie s thu s constitut e 
and constrai n eac h other . 
The concept of 'metacognition' should be 
seen ,  however ,  i n th e sam e idea l  typica l  ligh t 
i n whic h w e ar e her e placin g 'cognition' ,  wit h 
'metaemotion '  coine d t o describ e th e mor e 
immediat e an d action-oriente d processin g o f 
our  processing .  Thes e metaskill s  ca n b e 
conceptualized ,  lik e cognitio n an d affect , 
as point s alon g a  continuu m o f  dela y an d 
immediac y an d o f  passivit y an d behaviora l 
implication .  T o Brow n an d Barclay' s lis t 
of  metamemoria l  skill s  - -  introspection , 
monitoring ,  an d contro l  (1976 :  72 )  - -  w e mus t 
add ,  however ,  th e evaluatio n o f  one' s ow n 
cognitiv e an d emotiona l  processing .  Th e 
skill s  o f  contro l  an d evaluatio n fal l  toward s 
th e sam e en d o f  thi s continuu m a s doe s affect . 
Peopl e hav e knowledg e concernin g emotion s an d 
thei r  plac e i n th e working s o f  th e sel f  an d 
relationships ,  an d the y evaluat e particula r 
emotion s (fo r  example ,  'righteou s indignatio n 
i s good' ,  'hat e i s bad' ,  'regre t  i s  good' ) 
and emotio n i n general .  Th e inseparabilit y 
of  valu e an d knowledg e i s see n i n th e fac t 
tha t  peopl e i n culture s whic h d o no t  valu e a 
particula r  typ e o f  processin g skil l  (suc h a s 
intuition )  will ,  accordin g t o th e evidenc e 
accumulatin g i n th e field s o f  bot h 
metacognitio n an d cross-cultura l  psychology , 
do les s o f  suc h processing .  Cultura l  value s 
and knowledg e determin e wha t  w e ter m emotiona l 
experience ,  tha t  is ,  the y structur e th e wa y 
i n whic h w e fram e event s a s salient ,  fram e 
expressiv e communication s fro m other s a s 
meaningful ,  an d fram e ou r  ow n emotion s 
linguisticall y an d behaviorally. 3 
3. Ifaluk Theories of Emotion and Situation 

Frames . 
The Ifaluk are a Micronesian people 
whose adaptatio n t o thei r  cora l  isle t 
environmen t  ha s bee n notabl y successfu l 
and resisten t  t o colonia l  influences .  Thei r 
one-hal f  squar e mil e atol l  i s  densel y 
populated ,  supportin g 43 0 peopl e o n a  die t 
extracte d throug h fishing ,  horticulture ,  an d 
gathering .  Thei r  societ y i s organize d 
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throug h th e rankin g o f  individual s base d o n 
thei r  cla n an d lineag e affiliations ,  gender , 
and age .  Severa l  chief s hea d th e matrilinea l 
clans ,  an d organiz e island-wid e activities . 
The absenc e o f  physica l  aggressio n o n Ifalu k 
mark s i t  a s on e o f  th e world' s leas t  violen t 
societies .  Ghost s o f  ancestra l  an d othe r 
varietie s ar e ubiquitou s an d dangerous , 
althoug h the y may als o brin g protectio n fro m 
typhoon s an d disease . 
The Ifaluk have a rich body of knowledge 
abou t  th e natur e o f  th e perso n an d emotio n 
(Lutz ,  1930 ,  1931) .  Althoug h the y d o no t 
distinguis h emotio n fro m thought ,  an d d o no t 
hav e a  monolexem e fo r  either ,  the y d o labe l 
tw o closel y relate d bu t  nonetheles s distinc t 
type s o f  interna l  processes ,  on e mor e willfu l 
(tip- )  tha n th e othe r  (nunuwan) ,  mor e a 
produc t  o f  individua l  desir e tha n o f  socia l 
conformit y o r  socia l  intelligence .  Th e 
Ifalu k word s whic h w e woul d cal l  emotio n word s 
can b e use d t o modif y eithe r  o f  thes e tw o 
proces s terms . 
The Ifaluk evaluation of emotion, that 
is ,  thei r  metaemotiona l  attitude ,  i s a  ver y 
positiv e one .  Emotio n i s viewe d a s 
inextricabl y par t  o f  thought ,  an d th e correc t 
understandin g an d behaviora l  enactment s o f 
emotions ,  bot h pleasan t  an d unpleasant ,  ar e 
see n a s sign s o f  maturity .  Th e mentall y il l 
on Ifalu k ar e marked ,  i n th e indigenou s view , 
by deficiencie s i n th e abilit y  t o displa y 
bot h emotiona l  an d mor e technologica l 
understandings .  Thei r  vie w her e interestingl y 
converge s wit h thos e o f  researcher s recentl y 
workin g o n th e emotional-cognitiv e developmen t 
of  Down' s syndrom e infant s (Cicchett i  an d 
Sroufe ,  1976 ;  Emde,  Kat z an d Thorpe ,  1973) . 
Emotion is a 'covert' category (C. Brown, 
1974 )  fo r  th e Ifaluk .  A  domai n o f  word s 
exist s whic h informant s separat e fro m other s 
i n sortin g tasks .  Thi s domai n include s word s 
whose primar y referent s ar e organism -
environmen t  interactions .  Ifalu k emotio n 
word s ar e define d b y th e situation s i n 
whic h peopl e experienc e them .  Englis h emotio n 
words ,  b y contrast ,  foregroun d th e organis m 
response ,  wit h physiologica l  sign s (Davitz , 
1969 )  take n a s 'symptoms '  o f  a n interna l 
event ,  rathe r  tha n a n externa l  one .  Th e tw o 
ethnotheoretica l  system s overla p t o a n 
importan t  degree ,  however .  Whil e th e Ifalu k 
hav e a  les s elaborat e mode l  o f  physiologica l 
correlate s o f  events ,  som e Englis h emotio n 
definition s poin t  t o th e existenc e o f  a 
secondar y situationa l  model . 
Joel Davitz, in his book The Language of 
Emotion ,  present s dat a o n th e meaning s o f 
emotio n word s fo r  5 0 America n informant s i n 
a dictionary-lik e format .  Dat a collectio n 
bega n i n a n open-ende d manner ,  wit h peopl e 
bein g aske d t o describ e thei r  experience s o f 
eac h o f  5 0 differen t  emotions .  A  checklis t 
was develope d ou t  o f a  larg e an d representa -
tiv e sampl e o f  descriptiv e phrases .  Thi s 
checklis t  wa s presente d t o anothe r  5 0 
individual s t o ge t  comparabl e an d quantifiabl e 
descriptor s fo r  th e 5 0 emotions .  Th e 
overwhelmin g emphasi s o n physiologica l  stat e 
i s evidenced ,  fo r  example ,  i n th e definitio n 
of  'anger' .  Th e followin g description s ar e 
liste d i n orde r  o f  frequenc y (number s i n 

parenthese s ar e percentage s o f  th e sampl e wh o 
checke d eac h item) . 

my blood pressure goes up...(72); 
I' m easil y irritated...(64) ;  I  see m 
t o b e caugh t  u p an d overwhelme d 
by th e feelin g (64) ;  my fac e an d 
mout h ar e tight ,  tense ,  har d (60) ; 
ther e i s a n excitement ,  a  sens e o f 
bein g keye d up ,  overstimulated , 
supercharge d (58) ;  my puls e quicken s 
(56) ;  my bod y seem s t o spee d u p (54) ; 
ther e i s a  quickenin g o f  heartbea t 
(52) ;  my fist s ar e clenche d (52 ) 
(Davitz ,  1969 :  35) . 

Contrast the meaning of 'anger' with the 
followin g definition s o f  th e Ifalu k emotio n 
word ,  song ,  whic h may b e translate d a s 
'justifie d anger' .  "W e ar e son g fro m som e 
gossi p w e hea r  [abou t  ourselve s whic h i s no t 
true] ,  i f  someon e talk s a  lo t  a t  us ,  [or ]  i f 
th e pi g come s an d eat s foo d I  jus t  made. " 
"I f  someon e doesn' t  giv e me somethin g I 
[legitimately ]  as k for ,  I' m song. " 
The evidence for the centrality of 
situatio n a s a  fram e fo r  Ifalu k emotiona l 
experienc e an d understandin g i s foun d i n 
severa l  kind s o f  data .  A s jus t  mentioned , 
fol k definition s o f  emotio n word s ar e 
predominantl y give n i n a  for m simila r  t o th e 
following ,  'Emotio n X  i s whe n someon e steal s 
my bananas' ,  o r  'I f  you r  chil d dies ,  the n 
emotio n Y' .  Secondly ,  dail y conversation s 
aboun d i n whic h emotio n i s explicitl y 
discussed .  Emotion s o f  th e sel f  an d other s 
ar e spoke n o f  i n term s o f  thei r  environmenta l 
or  situationa l  cause s an d correlates . 
Physica l  symptom s ar e no t  a  salien t  topi c o f 
conversation .  A  thir d sourc e o f  dat a i s 
sortin g task s i n whic h peopl e wer e aske d t o 
pile-sor t  card s wit h Ifalu k emotio n word s o n 
them .  Post-tes t  questionin g o f  peopl e abou t 
th e rational e fo r  thei r  sortin g decision s 
produce s answer s whic h mos t  commonl y cit e a 
common elicitin g situatio n o r  situatio n type , 
or  alternatel y a  sequenc e o f  situation s 
(Lutz ,  1932) .  Example s include ,  "Thes e 
[emotion ]  word s al l  g o togethe r  becaus e the y 
al l  occu r  whe n w e ar e interrupte d i n ou r 
work" ,  an d "The y al l  involv e somethin g 
happenin g tha t  w e wan t  [t o happen]. " 
The Ifaluk logic of emotion is based on 
proposition s abou t  th e parameter s an d meanin g 
of  commonl y occurrin g situations .  Why,  then , 
and o n wha t  criteri a d o th e Ifalu k fram e 
somethin g a s a  situatio n an d fram e divers e 
situation s withi n th e confine s o f  a  singl e 
emotio n word ? Le t  u s retur n t o th e exampl e 
of  th e wor d song ,  whic h ha s bee n translate d 
as 'justifie d anger' .  Th e prototypica l 
situatio n whic h cause s son g i s on e i n whic h 
anothe r  perso n ha s violate d a  cultura l  rul e 
or  value .  Include d ar e bot h situation s wher e 
ego o r  a  relativ e o f  eg o suffer s a s a  resul t 
and situation s wher e i t  i s  simpl y cultura l 
principl e whic h i s a t  issue ,  wit h n o on e 
directl y disadvantage d a s a  result . 
Specifically ,  som e o f  th e commonl y associate d 
situation s includ e hearin g fals e gossi p abou t 
oneself ,  encounterin g someon e whos e 
personalit y doe s no t  confor m wit h th e 
cultura l  value s o f  generosity ,  calmness , 
even-temper ,  an d respectfulness ,  bein g 
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exclude d fro m th e emotiona l  an d materia l 
suppor t  expecte d fro m kinsperson s an d others , 
and hearin g o f  th e violatio n o f  a  tabo o suc h 
as tha t  agains t  walkin g uprigh t  i n fron t  o f 
th e men' s house . 

'Anger' can also be defined by its 
situationa l  correlates .  American s wil l 
defin e a  frustratin g situatio n a s on e i n 
whic h ange r  typicall y occurs .  'Anger' , 
accordin g t o Carrol l  Izard ,  arise s i n 
situation s wher e on e i s 

either physically or psychologically 
restraine d fro m doin g wha t  on e 
intensel y desire s t o do .  Th e 
restrain t  may b e i n term s o f 
physica l  barriers ,  rule s an d 
regulations ,  o r  one' s ow n 
incapabilit y  (Izard ,  1977 :  329-330) . 

Brown and Herrnstein define 'anger' as 
th e "illegitimat e disappointmen t  o f  legitimat e 
expectations "  (1975 :  274) .  Althoug h thei r 
definitio n i s mor e restrictiv e tha n tha t  o f 
Izard ,  the y ar e no t  contradictory .  A s Brow n 
and Herrnstei n poin t  out ,  legitimac y i s 
"neithe r  universall y acknowledge d no r 
unchanging "  (1975 :  279) .  Americ a i s a 
poly-cultura l  an d comple x society ,  an d ther e 
i s muc h disagreemen t  ove r  values ,  rules , 
and regulations .  This ,  an d th e valu e place d 
on individua l  achievement ,  mak e i t 
unsurprising ,  therefore ,  tha t  'anger '  may b e 
evoke d i n situation s wher e one' s ow n 
individua l  goal s (base d o n one' s persona l 
sens e o f  th e legitimac y o f  thos e goals )  ar e 
blocked .  Th e restraint s an d rule s whic h 
Izar d speak s o f  a s elicitin g 'anger '  i n 
American s ar e see n a s th e correc t  an d mora l 
orde r  o n Ifaluk .  A  separat e term ,  ngush , 
describe s th e stat e o f  bein g require d t o 
confor m t o a  vali d cultura l  rul e whic h i s 
nonetheles s frustratin g o f  othe r  individua l 
goal s suc h a s comfort . 
Although the goals of individuals will 
be occasionall y blocke d i n ever y culture ,  th e 
definitio n o f  th e situatio n i n whic h on e i s 
blocke d wil l  var y fro m cultur e t o culture ,  a s 
wil l  th e subsequen t  emotiona l  reactio n 
(Whiting ,  1944) .  Th e socializatio n proces s 
result s i n th e moldin g o f  goals .  Th e America n 
chil d come s t o expec t  certai n kind s o f 
achievemen t  fro m he r  o r  himself .  "Standin g o n 
your  ow n tw o feet" ,  "Makin g it" ,  an d "Provin g 
yourself "  ar e cultura l  aphorism s whic h reflec t 
th e type s o f  independenc e an d achievemen t 
goal s whic h ar e acquired .  Th e Ifalu k child , 
on th e othe r  hand ,  come s t o operat e wit h goal s 
dictate d b y th e value s o f  sharin g an d 
interpersona l  dependence .  Th e behaviora l 
implication s o f  thes e value s ar e outline d i n 
cultura l  rule s whic h provid e fo r  th e equa l 
distributio n o f  everythin g fro m foo d t o 
childre n and ,  conversely ,  fo r  th e equa l 
distributio n o f  sacrific e an d restraint .  Th e 
'crazy '  perso n o n Ifalu k i s partiall y  define d 
as on e wh o spend s to o muc h tim e alone ,  o r 
think s onl y o f  he r  o r  hi s ow n needs . 
Importan t  difference s i n th e nature ,  an d 
henc e th e translations ,  o f  son g an d 'anger ' 
flo w fro m thes e difference s i n culturall y 
constitute d goals .  I t  i s  fo r  suc h reason s 
tha t  America n 'anger '  result s fro m 
"incapability "  (Izard ,  1977 )  whil e son g 

result s fro m th e failur e o f  th e othe r  t o 
confor m t o grou p goals . 

In attempting to compare emotion words 
acros s cultures ,  i t  ca n b e see n tha t  neithe r 
can th e referen t  b e assume d withou t 
examinatio n o f  ethnopsychologica l  theorie s 
i n whic h the y ar e embedde d no r  ca n th e 
translatio n proces s b e anythin g bu t  primary . 
The translatio n o f  son g a s 'anger' ,  o r  eve n 
as th e mor e accurat e 'justifie d anger' ,  tend s 
t o erroneousl y sugges t  tha t  th e tw o term s 
shar e common referent s an d web s o f 
ethnotheoretica l  meaning .  A  firs t  ste p 
toward s improvin g th e accurac y o f  translatio n 
of  emotio n word s migh t  b e t o us e situation s 
rathe r  tha n feelin g ton e a s th e primar y 
criteri a fo r  mappin g a n emotio n wor d i n on e 
languag e ont o on e o r  mor e emotio n word s i n 
anothe r  languag e (Lutz ,  1930) . 

Three final suggestions are in order about 
th e genera l  relationshi p betwee n situatio n 
and emotion .  Althoug h th e storag e o f 
emotiona l  meanin g i n situatio n frame s i s 
particularl y explici t  i n Ifalu k ethnotheory , 
th e wor k o f  Minsk y (1975 )  an d other s suggest s 
tha t  th e situatio n migh t  b e a  universa l  fram e 
fo r  man y kind s o f  experience ,  a s i t  represent s 
an especiall y efficien t  wa y o f  storin g relate d 
bit s o f  information .  Th e efficienc y o f  thi s 
storag e metho d migh t  b e enhanced ,  moreover , 
by certai n type s o f  metaemotiona l  evaluation s 
and control s an d b y develope d metacognitiv e 
approache s t o th e situationa l  codin g o f 
emotion . 

Secondly, the function of emotion words 
may importantl y consis t  o f  thei r  linkin g o f 
situation s i n a  culturall y meaningfu l  way . 
'Anger '  link s a  certai n grou p o f  situations , 
whil e son g link s another .  Cultura l  adaptatio n 
call s fo r  varietie s o f  response s t o th e sam e 
'objective "  circumstances .  Situation s ar e 
correlate d b y thei r  share d relationshi p t o a 
particula r  cultura l  valu e an d b y th e type s o f 
actio n whic h follo w fro m them .  Emotio n word s 
cod e thes e environmenta l  correlations ,  an d 
thu s provid e fo r  understandin g o f  sel f  an d 
socia l  life . 

Finally, the situations which are 
correlate s an d constituter s o f  emotio n i n 
Ifalu k ethnopsychologica l  theor y ar e commonl y 
occurrin g ones ,  suc h a s confrontin g a  tas k 
fo r  whic h on e i s ill-prepared ,  observin g a 
rul e violation ,  o r  havin g one' s chil d fal l 
ill .  Thes e situatio n base d emotio n frame s 
organiz e behavio r  throug h thei r  link s t o 
actio n plans .  Schan k an d Abelso n clai m tha t 
frequentl y encountere d event s usuall y requir e 
th e developmen t  o f  accompanyin g scripts . 
Thes e script s ar e "highl y stylize d way s o f 
executin g planboxes "  (1977 :  96) ,  whil e plan s 
ar e th e range s o f  choice s dictate d b y a 
particula r  goal .  Thu s w e expec t  tha t  Ifalu k 
cultura l  values ,  fro m whic h man y individua l 
goal s originate ,  woul d contribut e bot h t o th e 
framin g o f  situation s unde r  a  common emotio n 
term ,  an d t o th e availabl e interactiona l 
scrip t  tha t  dictate s behavio r  i n th e emotio n 
define d situation .  We an d th e Ifalu k nee d 
emotio n word s t o communicat e definition s 
of  th e situatio n an d intende d plan s o f  action . 
Thi s an d othe r  ethnopsychologica l  theorie s 
hav e muc h t o teac h u s abou t  th e cultura l 
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blinder s whic h w e 
affect .  Throug h 
of  emotio n frame s 
situational ,  an d 
abl e t o identif y 
onl y i n particul a 
and thos e whic h a 

tak e wit h u s t o th e stud y o f 
th e comparativ e investigatio n 

includin g th e linguistic , 
ethnotheoretic ,  w e may b e 
thos e frame s whic h emerg e 
r  environmenta l  circumstance s 
r e universall y meaningful . 

Note s 

Acknowledgements .  I  woul d lik e t o than k 
Geoffre y Whit e fo r  helpfu l  comment s o n a n 
earlie r  draf t  o f  thi s paper . 

1. There are various forms in which the 
Whorfia n hypothesi s o n th e linguisti c 
determinatio n o f  though t  may b e construe d 
fro m th e strongest ,  i n whic h non-verba l 
cognitiv e activit y i s patterne d b y language , 
t o th e weakest ,  i n whic h onl y th e perceptio n 
of  absen t  stimul i  (i.e. ,  memory )  i s strongl y 
influence d (Mille r  an d McNei l  cite d i n Lemon , 
1931 :  202-203) .  I f  w e includ e affec t  a s par t 
of  th e sam e continuu m o f  interna l  processin g 
on whic h though t  i s foun d (se e below) ,  th e 
modelin g o f  relationship s betwee n languag e 
and othe r  processin g wil l  nee d t o tak e accoun t 
of  bot h affec t  an d cognition .  We shoul d 
expec t  that ,  unde r  certai n type s o f  condition s 
of  emotio n activation ,  on e o r  anothe r  versio n 
of  th e Whorfia n hypothesi s may apply . 
2. For views of emotion as intelligence, see 
D'Andrade ,  1930:15-17 ;  Lut z andLeVine ,  n.d. ; 
Meichenbaum ,  1930 :  274-273 . 
3. The sociologist Arlie Hochschild's (1979) 
notio n o f  'emotio n work '  i s  relevan t  her e a s 
a conceptualizatio n o f  th e wa y i n whic h 
emotio n knowledg e structure s ('feelin g rules ' 
i n he r  scheme )  affec t  emotiona l  experienc e 
itself .  I n he r  view ,  thes e structure s ar e 
provide d b y ideolog y and ,  i n particular ,  b y 
socia l  'feelin g rules' .  Thes e rule s gover n 
not  onl y behavior,  bu t  feeling s themselves , 
and henc e ar e no t  merel y th e 'displa y rules ' 
of  Ekma n (1974) . 
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Disentanglin g th e Affectiv e Lexico n 
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When socia l  psychologist s an d personalit y 
theorist s Investigat e trait s an d emotion s the y 
frequentl y rel y o n list s o f  word s tha t  denote ,  o r  ar e 
though t  t o denote ,  traits ,  o r  emotions ,  o r  feelings . 
A classi c proble m I n suc h wor k i s  tha t  ther e i s n o 
unambiguou s wa y o f  specifyin g whic h word s refe r  t o 
emotions ,  whic h refe r  t o traits ,  an d whic h refe r  t o 
othe r  behaviors ,  an d non-emotiona l  states . 
Investigator s hav e generall y relie d o n thei r 
intuition s i n thes e matters ,  an d b y an d larg e 
agreemen t  ha s no t  bee n ver y high . 

This problem Is not so severe in lists of 
personallty-tral t  words ,  largel y becaus e many moder n 
empirica l  studie s involvin g trai t  descriptor s choos e 
thei r  term s fro m on e o f  severa l  "standardized "  lists . 
For  example ,  socia l  psychologist s frequentl y dra w fro m 
th e lis t  o f  55 5 word s compile d b y Anderso n (1968) . 
Thi s lis t  wa s develope d b y selectin g feasibl e 
candidate s fro m th e 18,00 0 word s appearin g i n Allpor t 
and Odbert' s  (1936 )  classi c monograph .  Fro m th e 
resultin g reduce d lis t  o f  220 0 words ,  Anderso n remove d 
extrem e word s (e.g .  majestic) ,  word s designatin g 
temporar y state s (e.g .  aghast) ,  word s havin g t o d o 
wit h physica l  characteristic s (e.g .  hairy),  strongl y 
sex-linke d word s (e.g .  alluring) ,  an d othe r  word s 
considere d unsuitabl e a s ingredient s i n impressio n 
formatio n (e.g .  fond) .  Finally ,  word s foun d t o b e 
unfamilia r  t o colleg e student s wer e eliminated . 
Althoug h Anderson' s lis t  wa s als o determine d primaril y 
on th e basi s o f  Intuition ,  an d althoug h i t  doe s 
contai n som e ambiguou s word s (fo r  example ,  happy , 
whil e certainl y designatin g a  trait ,  als o ca n 
designat e a n emotion) ,  i t  nevertheles s ha s sufficien t 
fac e validit y t o hav e gaine d wid e acceptance . 

Those who would study the emotions are less 
fortunate .  Whethe r  on e seek s t o map ou t  th e cognitiv e 
basi s o f  th e emotions ,  a s w e do ,  o r  whethe r  on e I s 
Investigatin g th e effect s o f  emotion s o n behavior ,  o r 
of  behavio r  o n emotions ,  a n indiscriminat e us e o f 
languag e ca n b e dangerousl y misleadin g I n bot h theor y 
constructio n an d i n th e conduc t  o f  research .  Many o f 
th e word s I n list s use d i n studyin g emotion s eithe r  d o 
not  designat e th e kind s o f  state s the y ar e Intende d 
to ,  o r  the y ar e ambiguou s betwee n differen t  kind s o f 
states .  Th e indiscriminat e us e o f  suc h list s i n 
theoretica l  an d empirica l  researc h pose s a  seriou s 
methodologica l  problem .  Fo r  example ,  Russel l  (1980 ) 
scale d 2 8 "emotion-denotin g adjectives" .  He foun d 
"sleepiness "  t o b e a n Importan t  dimensio n o f  suc h 
words .  Althoug h h e list s th e word s use d i n hi s 
studies ,  h e provide s n o justificatio n fo r  thei r 
inclusio n an d h e describe s n o metho d fo r  thei r 
selection .  H e include d word s lik e bored ,  tired , 
sleepy ,  drowsy ,  tranquil ,  an d relaxed ;  w e d o no t  thin k 
tha t  suc h term s denot e emotion s a t  all .  I f  on e 
Include s amon g one' s stimuli ,  word s tha t  hav e a  hig h 
loadin g o n sleepiness ,  sleepines s wil l  tur n ou t  t o b e 
a factor .  Unti l  th e inclusio n o f  suc h word s i n th e 
stimulu s se t  ca n b e justified ,  generalization s abou t 
th e structur e o f  th e emotion s hav e t o b e regarde d a s 
suspect . 
The specification of necessary and sufficient 
criteri a fo r  emotion s i s a  notoriousl y difficul t  i f 
not  a n impossibl e goal .  Bu t  becaus e th e employmen t  o f 
linguisti c stimul i  i s  a n importan t  avenu e int o th e 

stud y o f  th e emotions ,  som e alternativ e metho d I s 
neede d fo r  identifyin g emotio n words .  What  w e propos e 
I n thi s pape r  ca n b e viewe d a s th e linguisti c 
groundwor k require d fo r  language-base d studie s o f  th e 
emotion s an d othe r  affect-relate d terms . 

The proble m 
means uniqu e t o 
wher e I t  i s  dlff i 
explici t  abou t  t 
wher e psychologi s 
th e Intuition s o f 
classifications . 
(e.g .  Rosch ,  1 9 
categorizatio n o 
example . 

tha t  w e ar e dealin g wit h i s b y n c 
thi s domain .  Ther e ar e many area s 

cul t  o r  impossibl e t o b e entirel y 
he criteri a fo r  clas s membership ,  bu t 
t s hav e relie d o n ratin g scale s an d 
judge s t o achiev e reliabl e an d vali d 
The wor k o f  Rosc h an d he r  colleague s 

78;  Rosc h &  Mervls ,  1975 )  o n th e 
f  concret e object s i s a n obviou s 

I n th e presen t  context ,  on e possibilit y  woul d b e 
t o presen t  subject s wit h candidat e emotio n word s an d 
ask ho w goo d goo d the y ar e a s example s o f  emotions . 
Thi s we pla n t o do .  However ,  a s th e sol e strategy , 
thi s approac h ha s drawback s relate d t o no t  knowin g 
what  criteri a subject s emplo y i n thei r  Judgments ,  an d 
consequentl y I t  raise s troublesom e problem s abou t 
reliability .  Thus ,  a s a  firs t  step ,  we chos e t o 
emplo y a  numbe r  o f  explici t  test s tha t  we hop e offe r 
greate r  reliabilit y an d tha t  provid e potentiall y 
usefu l  additiona l  informatio n abou t  th e structur e o f 
th e affectiv e lexicon .  Thes e test s constitut e a  se t 
of  heuristic s fo r  isolatin g genuin e emotio n word s (an d 
othe r  kind s o f  words )  fro m a  lis t  o f  putativ e emotio n 
words .  The y tak e th e for m o f  a  grou p o f  sentenc e 
frame s int o whic h a  candidat e wor d i s  inserted .  Th e 
test s ar e "passed "  o r  "failed "  b y a  particula r  wor d 
dependin g o n th e exten t  t o whic h group s o f  judge s 
conside r  th e resultin g sentence s t o b e meaningfu l 
rathe r  tha n anomalous . 

Finally, it should be emphasized that we think of 
thes e test s a s a  se t  o f  heuristic s o r  "rule s o f  thumb " 
rathe r  tha n a s a n algorithm .  Nevertheless ,  we thin k 
tha t  the y d o a  tolerabl e jo b o f  disentanglin g th e 
affectiv e lexicon—certainl y a  bette r  jo b tha n blin d 
intuition ,  o r  tha n n o criteri a a t  all . 

While our primary goal is to Isolate the genuine 
emotio n word s fro m a  poo l  o f  candidat e emotio n words , 
we als o conside r  i t  interestin g t o attemp t  t o classif y 
th e majo r  kind s o f  word s appearin g i n th e pool .  Th e 
pool  comprise s th e unio n o f  severa l  list s claimin g t o 
be list s o f  emotion s and/o r  o f  feelings .  I n 
constructin g i t  we dre w primaril y fro m list s use d i n 
variou s psychologica l  treatment s o f  emotio n (Bush , 
1972 ;  Dah l  &  Stengel ,  1978 ;  Davitz ,  1969 ;  Russell , 
1980) .  Th e fina l  poo l  consiste d o f  abou t  50 0 words , 
th e larges t  contributio n comin g fro m Dah l  an d 
Stengel' s extensiv e list .  A  sizeabl e numbe r  als o came 
fro m Bus h (1972) ,  wh o ha d reduce d a  prio r  lis t  o f 
2,18 6 adjective s fro m Allpor t  an d Odber t  (1936) .  Fro m 
thes e Bus h selecte d th e 26 3 word s tha t  rater s agree d 
wer e mor e relevan t  t o emotion s ("wha t  a  perso n feels" ) 
tha n t o personalit y ("wha t  a  perso n i s  like" )  o r  t o 
behavio r  ("wha t  a  perso n does") .  Als o Include d was 
Davltz' s lis t  o f  word s fro m Roget' s Thesaurus ,  an d 
othe r  smalle r  lists . 

We found as we examined these lists that while we 
coul d no t  giv e a  satisfactor y definitio n o f  a n 
emotion ,  w e coul d readil y eliminat e many o f  th e 
candidate s a s word s tha t  di d no t  refe r  t o emotions . 
For  example .  I n th e list s o f  word s designatin g 
emotion s an d feeling s use d b y Dah l  an d Stenge l  (1978 ) 
or  Bus h (1972) ,  ther e ar e numerou s "Intruders "  suc h a s 
tired ,  hungry ,  breathless ,  an d revived — word s whic h 
seem t o designat e bod y states ,  a"n d word s lik e 
confused ,  baffled ,  an d sure ,  whic h see m t o represen t 
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aon-affectlv e cognitiv e states .  Stil l  othe r  entrie s 
nic e abandoned ,  abused ,  an d appreciate d represen t  th e 
act s o r  belief s o f  other s relevan t  t o th e self ;  the y 
coul d certainl y caus e emotion s bu t  d o no t  themselve s 
denot e emotions . 

The linguistic tests that we propose are attempts 
t o classif y suc h "Intruders "  I n a  reasonabl y 
systemati c wa y whil e als o separatin g ou t  emotio n 
words .  Th e firs t  distinctio n w e mak e I s betwee n word s 
tha t  designat e trait s o r  emotion s an d word s tha t  d o 
not .  Word s tha t  d o designat e trait s o r  emotion s ar e 
of  thre e kinds :  (a )  "pure "  trai t  words ,  whic h refe r 
onl y t o trait s (an d no t  t o emotions) ,  (e.g .  studious , 
ambitious ,  mean) ,  (b )  "pure "  emotio n words ,  whic h 
refe r  onl y t o emotion s (an d no t  t o traits )  (e.g . 
jubilant ,  distressed ,  embarrassed) ,  an d (c )  polysemou s 
word s tha t  ca n b e use d t o refe r  t o bot h emotion s an d 
trait s (e.g .  cheerful ,  happy ,  proud) .  Fo r  brevit y w e 
shal l  refe r  t o suc h word s a s "emotlon-tral t  hybrids" . 
Althoug h les s centra l  t o ou r  concerns ,  stil l  o f 
Interes t  ar e th e thre e kind s o f  word s alread y 
mentione d tha t  constitut e th e othe r  hal f  o f  th e pool . 
These w e cal l  "body-state "  words ,  "cognitive-state " 
words ,  an d "other-action "  words .  Th e test s tha t  w e 
discus s i n thi s pape r  ar e al l  designe d t o dea l  wit h 
adjective s o r  participia l  forms .  Rephrasin g o f  th e 
test s i s require d t o handl e nou n an d ver b forms . 

Words denoting emotions or traits 

The first test that we propose is actually a pair 
of  sentenc e frames .  One ,  Fram e A ,  deal s wit h 
negativel y valence d words ,  an d one .  Fram e B ,  deal s 
wit h positivel y valence d ones .  Thes e frame s ca n b e 
though t  o f  a s linguisti c filters .  Thei r  logi c i s t o 
contras t  candidat e word s wit h somethin g explicitl y 
emotiona l  s o tha t  word s tha t  d o no t  denot e emotion s 
wil l  produc e meaningfu l  (a s oppose d t o anomalous ) 
sentences .  Th e tes t  separate s th e entir e poo l  int o 
two halves :  (a )  a n ite m tha t  fail s  th e tes t  (i.e . 
produce s a n anomalou s sentence )  i s mos t  probabl y a 
wor d tha t  denote s a  trai t  o r  a n emotion ,  and ,  (b )  a n 
ite m tha t  passe s th e tes t  (i.e .  produce s a n acceptabl e 
sentence )  i s probabl y a  body-stat e word ,  a n other -
actio n word ,  o r  a  cognitive-stat e word .  Thus ,  th e 
tes t  I s intende d t o allo w a s sensibl e completion s onl y 
word s lik e puzzle d an d certai n (cognitive-stat e 
words) ,  breathles s an d refreshe d (body-stat e words) , 
and abandone d an d appreciate d (other-actio n words) . 
Test 1. 
Frame A :  Althoug h a t  tha t  moment  Mar y wa s xxxxx , 

she wa s emotionall y content 
Frame B :  Althoug h a t  tha t  moment  Mar y wa s xxxxx , 

she wa s no t  emotionall y conten t 

The word although anticipates a contrast, and in the 
context s o f  thes e frames ,  i t  i s  a  contras t  o f  valence . 
However ,  th e presenc e o f  th e phras e emotionall y 
content ,  constrain s th e contras t  t o non-emotiona l 
terms . 

Accordingly, emotion words will fail the test, 
but  body-stat e words ,  cognitive-stat e words ,  an d 
other-actio n word s al l  pas s it .  Fo r  example ,  word s 
lik e breathless ,  puzzled ,  an d abandone d pas s th e tes t 
becaus e the y fi t  th e sentenc e fram e fo r  negativ e word s 
(Fram e A ) ,  an d word s lik e refreshed ,  certain ,  an d 
appreciate d pas s becaus e the y fi t  th e fram e fo r 
positiv e word s (Fram e B ) .  Trait s ar e prevente d fro m 
fittin g int o th e sentenc e frame s b y incorporatin g i n 
th e frame s a  referenc e t o a  particula r  moment  s o tha t 
a qualit y tha t  i s  endurin g wil l  giv e ris e t o a n 
anomalou s sentence .  Thus ,  trai t 
emotio n word s fai l  th e tes t  (e.g . 
jubilant ,  an d distressed) . 

Sinc e ou r  primar y goa l  i s  t o separat e trai t 
descriptor s fro m emotio n words ,  w e shal l  dea l  firs t 
wit h tha t  par t  o f  th e Initia l  poo l  tha t  fail s  Tes t  1 . 
Recall ,  first ,  tha t  term s lik e proud ,  sad ,  an d happ y 
ar e sometime s use d a s trai t  descriptor s an d sometime s 
as emotio n words .  Thus ,  th e hal f  o f  th e poo l 
containin g trait s an d emotion s actuall y contain s word s 
of  thre e kinds—th e "pure "  emotio n word s tha t 
unambiguousl y designat e emotion s (e.g .  embarrassed , 
disgusted ,  Jubilant) ,  th e "pure "  trai t  word s tha t 
unambiguousl y designat e trait s (e.g .  thrifty , 
intelligent ,  studious ,  dishonest) ,  an d th e "emotion -
trai t  hybrid "  word s tha t  hav e tw o senses ,  on e 
referrin g t o a n emotio n an d on e t o a  trait . 

The test that we now describe is designed to 
separat e pur e trai t  term s an d emotion-trai t  hybrid s 
fro m pur e emotio n terms .  Becaus e th e context  provide d 
by th e sentenc e fram e resist s temporar y state s i n 
favo r  o f  perserverin g qualities ,  i t  allow s a s sensibl e 
completion s onl y trait s an d hybri d word s wit h a  trai t 
as on e meaning . 

Test 2: John was well-known as a(n) xxxxx person 

The result of applying this test is to separate 
example s lik e th e following : 

(PASS) 

pure traits and hybrids 

anxious 
happ y 
prou d 
materialisti c 
superstitiou s 

(FAIL ) 

pure emotions 

disgusted 
distresse d 
embarrasse d 
jubilan t 
love-sic k 

I n orde r  t o separat e th e hybrid s fro m th e pur e 
traits ,  anothe r  test .  Tes t  3 ,  i s  needed .  Thi s tes t 
may b e applie d t o th e sam e se t  o f  word s a s Tes t  2 . 
The hybrid s ca n the n b e isolate d b y takin g th e 
intersectio n o f  word s passin g Tes t  2  an d o f  thos e 
passin g Tes t  3 .  Thi s i s becaus e Tes t  2  detect s word s 
tha t  hav e trai t  readings ,  whil e Tes t  3  detect s tha t 
subse t  o f  the m tha t  als o hav e emotio n reading s (se e 
Fig .  1 ) . 

The rationale behind Test 3 is that emotions can 
be experience d t o varyin g degrees ,  an d ca n b e 
experience d i n th e absenc e o f  a n interpersona l 
exchange .  Thus ,  reflectin g o n a  situatio n ca n giv e 
ris e t o a n emotio n bu t  no t  t o a  trait ,  although ,  i f  a 
ter m i s ambiguou s a s betwee n a  trai t  an d a n emotion , 
i t  wil l  fi t  th e tes t  becaus e o f  it s  emotio n sense . 

Test 3: As he reflected on what had happened, 
Joh n wa s quit e xxxx x 

The result of applying this test is to separate 
example s lik e th e following : 

(PASS) 

pure emotions and hybrids 

cheerful 
distresse d 
disguste d 
ecstati c 
frightene d 
prou d 

(FAIL ) 

pure traits 

ambitious 
intelligen t 
knowledgeabl e 
mean 
sensitiv e 
thrift y 

word s a s wel l  a s 
honest ,  unkind , 
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Our  primar y goa l  ha s no w bee n achieved .  We think 
we hav e propose d a  reasonabl y methodica l  procedur e fo r 
isolatin g emotio n word s fro m a  poo l  tha t  contain s som e 
word s tha t  d o no t  denot e emotions .  Furthermore ,  w e 
hav e separate d tw o kind s o f  emotio n words ,  thos e tha t 
see m t o denot e emotion s exclusively ,  an d thos e 
(hybrids )  tha t  als o denot e traits .  We conside r  thi s 
t o b e a  potentiall y  Importan t  distinction .  Th e 
result s o f  multidimensiona l  scalin g studies ,  fo r 
example ,  i n whic h subject s mak e similarit y judgment s 
ca n b e muddie d b y th e unwittin g inclusio n o f  a  subse t 
of  ambiguou s stimul i  (i.e .  hybrids) . 

Words not denoting emotions or traits 

There may be occasions on which one might want to 
compar e emotio n word s t o som e othe r  kind s o f  words , 
say ,  cognitive-stat e words ,  o r  other-actio n words . 
Althoug h o f  secondar y interes t  t o us ,  th e sam e kin d o f 
procedure s ca n b e use d t o separat e th e thre e kind s o f 
word s appearin g i n th e othe r  hal f  o f  th e initia l  pool , 
namel y th e hal f  comprisin g word s tha t  passe d Tes t  1 
(se e Fig .  2 ) . 

The first kind of words that we attempt to 
isolat e ar e thos e tha t  d o no t  represen t  a n interna l 
stat e o f  a  perso n a t  all .  Thes e w e cal l  "other -
action "  word s becaus e the y characteriz e th e action s 
(o r  th e attitudes )  o f  other s tha t  ar e relevan t  t o 
(althoug h no t  necessaril y  directe d towards )  th e self . 
Perhap s becaus e the y ar e s o strongl y associate d wit h 
emotiona l  response s man y other-actio n word s hav e foun d 
thei r  wa y int o list s o f  emotion s an d traits .  Fo r 
example ,  th e wor d abandone d appear s i n th e list s o f 
Dahl  an d Stenge l  (1978 )  an d o' f  Bus h (1973) .  I t  als o 
appear s i n th e Persona l  Trait s colum n o f  Allpor t  an d 
Odbert' s  (1936 )  list .  However ,  i n moder n Englis h 
abandone d designate s neithe r  a  trai t  no r  a n emotion . 
One canno t  b e dispose d t o behav e "abandonedly" , 
(althoug h w e d o speak  o f  behavin g "wit h ga y abandon " 

meanin g wrecklessly) ,  an d on e doe s no t  experienc e 
"bein g abandoned "  a s <i  separat e emotion .  Rather , 
abandone d represent s th e action s o f  som e othe r  vi s a 
vi s th e self .  It s specia l  quality ,  it s  emotiona l 
loading ,  presumabl y come s fro m th e fac t  tha t  th e 
knowledg e tha t  on e ha s bee n abandone d typicall y give s 
ris e t o (negativel y toned )  emotions .  I t  is ,  however , 
as muc h o f  a n erro r  t o assum e tha t  "abandoned "  i s a n 
emotio n o r  a  trai t  a s i t  woul d b e t o suppos e tha t 
"kicke d i n th e groin "  was . 

We shall assume that unlike emotion words, the 
most  salien t  characteristi c  o f  other-actio n word s i s 
tha t  other s ca n engag e i n thos e action s withou t  Ch e 
perso n t o who m the y ar e relevan t  necessaril y  bein g 
awar e o f  them .  Sinc e on e ca n b e abandone d an d no t 
kno w it ,  abandone d canno t  represen t  a n emotio n o r  an y 
othe r  kin d o f  Interna l  state ;  i t  i s  a n other-actio n 
word .  Notic e tha t  i t  doe s no t  follo w fro m thi s tha t 
awarenes s entail s a n emotiona l  state .  Normally , 
awarenes s i s a  necessar y bu t  no t  sufficien t  conditio n 
fo r  a n emotion .  Thus ,  Tes t  4  i s designe d t o identif y 
other-actio n words .  Th e logi c o f  th e tes t  i s  (a )  t o 
den y awarenes s b y usin g th e expressio n "totall y 
unaware" ,  an d (b )  t o tak e advantag e o f  th e fac t  tha t 
"other-actio n words "  requir e action s b ^  other s tha t 
migh t  influenc e th e sel f  b y explicitl y  makin g th e 
agen t  o f  th e actio n a n other . 

Test 4: John was totally unaware that he 
had bee n xxxx x b y th e woman 

For  thi s sentenc e fram e reasonabl e completion s 
ar e restricte d t o word s tha t  denot e th e action s 
(physica l  o r  mental )  o f  others .  A s wit h th e earlie r 
tests ,  som e word s wil l  fal l  t o fi t  simpl y becaus e the y 
ar e o f  th e wron g syntacti c type ,  but ,  a s always ,  th e 
more interestin g case s ar e thos e fo r  whic h th e 
resultin g sentenc e i s no t  syntacticall y ill-forme d bu t 
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rathe r  I s semantlcall y anomalous .  Fo r  example ,  th e 
wor d puzzle d doe s no t  fi t  ver y wel l  becaus e I t  I s od d 
t o suppos e tha t  Joh n coul d b e puzzle d an d no t  realiz e 
it .  We thin k tha t  puzzle d fit s bette r  Int o th e 
categor y tha t  w e cal l  "cognitive-state' '  words .  A  mor e 
difficul t  exampl e i s  revived .  Becaus e revive d 
suggest s th e poaslblllt y o f  prio r  unconsciousnes s I t 
seems bette r  abl e t o fi t  Int o th e sentence  frame ,  ye t 
we lik e t o thin k tha t  revive d I s a  body-stat e word . 
I f  thi s i s  so ,  the n subject s shoul d Judg e I t  t o fi t 
bette r  i n th e body-stat e fram e (se e Tes t  5 ,  below) , 
eve n thoug h i t  migh t  d o tolerabl y wel l  i n th e other -
actio n frame .  Sinc e subject s ar e aske d t o Judg e ho w 
wel l  a  targe t  wor d fit s i n a  frame ,  i t  woul d b e 
sufficien t  fo r  ou r  purpose s t o discove r  tha t  word s 
lik e abandone d an d Ignore d fi t  bette r  tha n word s lik e 
revived .  I t  i s  no t  necessar y tha t  word s no t  i n th e 
categor y upo n whic h w e ar e focussin g giv e ris e t o 
seriousl y anomalou s sentences .  Ou r  expectatio n i s 
onl y tha t  th e mos t  reasonabl e completion s ar e produce d 
by other-actio n words .  Interna l  stat e word s mak e poo r 
completions .  Thus ,  w e ca n separat e other-actio n word s 
usin g thi s test .  When subject s i n ou r  experiment s ar e 
Instructe d t o mak e meanlngfulnes s Judgment s the y ar e 
warne d t o ignor e on e particula r  interpretatio n o f  th e 
sentence-fram e I n Tes t  4  tha t  woul d confoun d th e 
result s b y renderin g spuriou s "meaningful "  Judgments . 
Subject s ar e tol d tha t  th e focu s o f  th e sentenc e 
shoul d b e o n John' s lac k o f  awareness ,  no t  o n th e 
identit y o f  th e agen t  responsibl e fo r  th e action . 
Thus ,  the y ar e instructe d t o ignor e th e interpretatio n 
i n whic h Joh n migh t  hav e wrongl y attribute d hi s bein g 
ignored ,  appreciated ,  revive d etc .  t o someon e othe r 
tha n th e woman.  Th e followin g ar e example s o f  word s 
tha t  w e thin k pas s Tes t  4  mos t  easily . 

Other-actio n words : 

abused 
abandone d 
appreciate d 
defeate d 
disgrace d 
ignore d 
neglecte d 
slighte d 
welcom e 

I t  i s  wort h pointin g ou t  a  coupl e o f  thing s a t 
thi s Juncture .  Th e firs t  concern s th e differenc e 
betwee n "being "  an d "feeling "  something .  Th e 
inclinatio n t o trea t  other-actio n word s a s interna l 
stat e word s i s  muc h greate r  whe n the y occu r  wit h 
"feel "  tha n wit h "is" .  Th e reaso n i s  tha t  "feel "  ca n 
be ,  an d ofte n i s  interprete d t o mea n "fee l  a s on e 
woul d I f  (on e realize d that )  on e wa s xxxxx" .  Thus , 
tha t  Joh n wa s Ignore d entail s nothin g abou t  wha t  Joh n 
felt .  I t  merel y assert s tha t  somebod y ignore d John . 
Whethe r  o r  no t  Joh n responde d t o thi s other-actio n 
emotionall y wil l  depen d o n al l  kind s o f  factor s (e.g . 
Was h e awar e o f  th e fact ? Di d h e expec t  anythin g else ? 
Di d h e care ? etc. )  I n othe r  words ,  th e Inferenc e t o 
an emotiona l  respons e I s a  pragmati c one ,  no t  a 
logica l  one .  Yet ,  I f  on e say s tha t  "Joh n fel t 
Ignored" ,  w e hav e muc h mor e licens e t o infe r  tha t  Joh n 
was I n a n (emotional )  interna l  state .  We infe r  tha t 
Joh n responde d emotionally .  Ther e i s n o doub t  tha t 
feelin g ignore d i s a  uniqu e kin d o f  (negative ) 
feeling—s o to o i s th e feelin g o f  bein g pricke d b y a 
needle .  Bu t  thi s fac t  I s no t  sufficien t  fo r  I t  t o 
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coun t  a s a n emotion .  On e canno t  confus e 
thei r  highl y correlate d effects . 

cause s wit h 

The secon d poin t  pertain s t o th e proble m o f 
ambiguity .  Conside r  th e wor d encouraged .  Ther e 
certainl y i s a n other-actio n sens e o f  th e word .  Fo r 
example ,  someon e migh t  no t  realiz e tha t  the y wer e 
bein g encourage d t o ge t  hooke d o n drug s b y th e perso n 
tha t  kep t  givin g hi m fre e samples .  Bu t  ther e i s als o 
anothe r  sens e o f  th e wor d i n whic h on e ca n b e 
encouraged ,  namel y th e sens e I n whic h on e become s mor e 
optimisti c abou t  somethin g o r  other ,  an d I n thi s sens e 
th e action s o f  a n othe r  ar e b y n o mean s necessary . 
So,  fo r  example ,  a  perso n migh t  b e encourage d abou t 
th e prospect s o f  a  goo d day' s sailin g o n wakin g u p an d 
seein g th e su n shinin g an d feelin g a  fin e breeze . 
Words lik e encourage d an d relieve d see m t o hav e bot h 
an other-actio n sense ,  an d a n emotio n sense .  I t  i s 
our  expectatio n (bu t  onl y th e dat a wil l  tell )  tha t 
wher e suc h word s hav e a n emotiona l  sense ,  tha t  sens e 
i s mor e salient .  I f  thi s i s th e case ,  the y wil l  fai l 
Test  1  an d wil l  b e treate d i n th e emotio n an d trai t 
pool .  Thi s we conside r  mor e importan t  tha n tha t  the y 
surviv e fo r  treatmen t  i n th e poo l  presentl y unde r 
consideratio n (i.e .  tha t  par t  o f  th e initia l  poo l  no t 
denotin g emotion s o r  traits) .  Thi s particula r  kin d o f 
cross-poo l  ambiguit y woul d onl y becom e a  proble m i f  a 
significan t  numbe r  o f  emotion s wer e lost ,  a n outcom e 
tha t  w e conside r  unlikely . 

Our  fina l  tes t  i s  designe d t o separat e ou t  body -
stat e words .  Thes e ar e term s tha t  pertai n t o th e 
physica l  stat e o f  a n animat e being—the y ar e no t 
restricte d t o humans ,  althoug h som e o f  the m migh t  b e 
used mor e frequentl y wit h respec t  t o humans .  Again , 
thes e word s ca n b e valenced ,  an d ar e often ,  bu t  b y n o 
means necessarily ,  associate d wit h emotiona l 
responses .  Thei r  appearanc e i n variou s list s o f 
emotio n word s (e.g. ,  again ,  thos e o f  Dah l  &  Stengel , 
and o f  Bush ,  an d o f  Russell )  i s  probabl y du e t o th e 
fac t  tha t  the y appea r  i n (Colum n I I  of )  th e Allpor t 
and Odber t  (1936 )  list .  Thi s categor y i s loosel y 
characterize d b y thes e author s a s "term s designatin g 
mood,  emotiona l  activity ,  o r  causa l  an d temporar y 
form s o f  conduct "  (p.vll) .  I n i t  appea r  word s lik e 
thirst y an d breathles s whic h i n ou r  opinio n d o no t  fi t 
even thi s loos e characterization .  What  i s i t  t o b e i n 
a thirst y mood ? I s bein g thirst y a n emotiona l 
activity ,  o r  a  for m o f  conduct ? We suspec t  tha t  thes e 
term s appea r  i n Colum n I I  no t  becaus e the y belon g 
there ,  bu t  becaus e the y ar e les s Incongruou s ther e 
tha n i n on e o f  th e othe r  thre e categorie s use d b y 
Allpor t  an d Odbert . 

Test 5 attempts to separate out these terms by 
usin g a  sentenc e fram e tha t  focuse s o n bod y state s (a s 
oppose d t o othe r  kind s o f  sensations ,  o r  perceptions) , 
and tha t  minimize s th e cognitiv e conten t  b y 
predicatin g the m o f  a  newbor n infant : 

Test  5 :  Th e pediatricia n explaine d tha t  on e o f  th e 
physica l  characteristic s o f  a  newbor n infan t 
was t o b e xxxxx . 

It seems to us that this test only allows as good 
completion s term s tha t  designat e bod y feelings .  I t 
seems t o u s t o mor e readil y allo w completion s wit h 
word s tha t  d o no t  entai l  awarenes s an d tha t  d o no t 
sugges t  cognitiv e activit y (emotiona l  o r  otherwise) . 
Thus i t  woul d b e od d t o complet e thi s fram e wit h a n 
other-actio n wor d lik e ignored ,  an d i t  woul d b e od d 
wit h word s lik e certain .  Th e oddnes s arise s bot h fro m 
attemptin g t o predicat e highe r  leve l  cognitiv e 
function s involvin g socia l  awarenes s an d metacognitio n 
t o newbor n infants ,  an d fro m th e fac t  tha t  thes e 

predicate s d o no t  refe r  t o physica l  characteristics . 

Examples of words which would pass this test with 
relativ e eas e are : 

Body-stat e words : 

breathless 
dizz y 
drows y 
fatigue d 
feveris h 
il l 
itch y 
nauseou s 
thirst y 
revive d 
refreshe d 
satiate d 

Finally ,  I t  i s  ou r  hope ,  an d agai n we shal l  hav e 
t o wai t  unti l  th e dat a ar e in ,  tha t  thos e word s tha t 
do no t  fi t  wel l  th e sentenc e fram e fo r  eithe r  Tes t  4 
or  Tes t  5 ,  fal l  t o d o s o becaus e the y ar e poo r 
example s o f  other-actio n word s an d o f  body-stat e 
words .  I n tha t  cas e I t  I s ou r  expectatio n tha t  the y 
wil l  b e goo d example s o f  cognitive-stat e word s suc h a s 
th e following : 

Cognitive-stat e words : 

bored 
disbelievin g 
distracte d 
doubtfu l 
overworke d 
puzzle d 
uncertai n 
uninspire d 
amused 
awar e 
certai n 
impresse d 
intereste d 
sur e 
vindicate d 

Conclusion 

The question of the psychological validity of the 
variou s categorie s tha t  we hav e propose d i s obviousl y 
an importan t  issue .  We fin d thes e categorie s t o b e 
intuitivel y reasonabl e an d we believ e tha t  the y d o 
represen t  psychologicall y importan t  distinctions . 
However ,  ultimatel y we woul d lik e t o kno w tha t  thes e 
distinction s correlat e wit h behaviora l  differences . 
For  example ,  i n a  pilo t  stud y conducte d b y Lor d an d 
Orton y memor y fo r  emotio n word s wa s foun d t o b e ver y 
much superio r  t o memor y fo r  cognitive-stat e words . 
These ar e th e kin d o f  dat a tha t  on e need s t o 
demonstrat e th e psychologica l  validit y o f  th e 
distinction s w e hav e proposed . 

Finally, we should point out that we are more 
wedded t o th e genera l  principle s tha t  w e hav e propose d 
tha n we ar e t o th e specifi c  tests .  Indeed ,  som e o f 
th e test s we fin d rathe r  inelegant .  I t  remain s t o b e 
seen ho w effectiv e thes e test s are ,  an d we ar e 
convince d tha t  ther e i s roo m fo r  considerabl e 
Improvement .  However ,  som e procedur e alon g th e line s 
of  th e on e w e hav e suggeste d seem s essentia l  i f  on e i s 
t o avoi d th e kind s o f  problem s i n th e analysi s o f 
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enotlon s tha t  w e Identifie d a t  th e outset .  We hop e 
tha t  ou r  discussio n wil l  aler t  thos e wh o ar e studyin g 
th e emotion s t o th e nee d t o distinguis h betwee n state s 
tha t  genuinel y ar e emotiona l  i n natur e an d thos e tha t 
ar e not . 
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Affec t  amd th e Perceptio n o f  Ris k 

Amos Tversky and Eric J, Johnson 
Stanfor d Universit y 

As cognitiv e scientist s tur n thei r  attentio n t o 
emotion ,  the y fac e th e tas k o f  integratin g affec t  int o 
model s o f  cognition .  Th e perceptio n o f  risk s seem s 
an idea l  are a t o examin e th e relationshi p betwee n cog -
nitiv e an d affectiv e processes .  When w e witnes s a n 
accident ,  o r  rea d a  newspape r  stor y abou t  a  natura l 
disaster ,  w e d o mor e tha n simpl y revis e ou r  subjectiv e 
probabilities .  We ar e ofte n quit e disturbe d an d shake n 
by suc h events .  Ou r  encounter s wit h ris k ar e inevitabl y 
connecte d wit h feelings ,  includin g thos e o f  surprise , 
dismay ,  an d worry . 

Previou s wor k i n ris k perceptio n ha s concentrate d 
on th e cognitiv e domain .  Lichtenstei n e t  al .  (1978) , 
fo r  exampl e hav e aske d peopl e t o estimat e th e frequenc y 
of  deat h du e t o variou s causes .  The y argu e tha t  th e 
availabilit y  o f  instance s i n memor y help s determin e 
thes e perceive d frequencies .  Thus ,  homicid e i s see n a s 
much mor e common tha n suicide ,  althoug h actuall y th e 
revers e i s true .  Cause s o f  deat h whic h ar e spectacula r 
and th e subjec t  o f  medi a coverag e appea r  t o b e overest -
imate d whil e mor e mundan e cause s ar e underestimated . 

We conducte d thre e studie s usin g a n experimenta l 
paradig m simila r  t o th e on e use d b y Lichtenstei n e t  al . 
Befor e the y mad e thei r  estimates ,  however ,  subject s rea d 
a newspaper-lik e accoun t  o f  th e deat h o f  a  singl e in -
dividua l  unde r  th e guis e o f  a  newspape r  reportin g study . 
Thes e stories ,  althoug h quit e graphic ,  wer e relativel y 
devoi d o f  information .  The y were ,  however ,  effectiv e 
i n changin g mood ,  causin g reader s t o repor t  the y fel t 
much mor e depresse d tha n a  contro l  grou p whic h ha d no t 
rea d th e stories .  Later ,  i n a n apparentl y unrelate d 
questionnaire ,  thes e subject s wer e aske d t o estimat e th e 
frequenc y o f  deat h du e t o variou s causes .  Th e cause s 
of  deat h range d fro m thos e closel y relate d t o th e topi c 
of  th e story ,  suc h a s stomac h an d lun g cance r  fo r  a 
stor y abou t  leukemia ,  t o unrelate d cause s suc h a s tor -
nado s an d airplan e accidents . 

The potentia l  impac t  o f  thes e stories ,  an d thei r 
accompanyin g change s i n mood ,  represen t  a  continuum . 
At  on e en d o f  th e continuum ,  w e migh t  expec t  th e stor y 
t o hav e n o effec t  o n th e estimates .  Thi s i s th e norm -
ativel y justifie d response ,  sinc e th e storie s containe d 
no informatio n abou t  th e frequenc y o f  th e deat h i n th e 
population .  I n contrast ,  th e reade r  o f  th e stor y migh t 
generaliz e fro m th e instanc e i n th e newspaper-lik e stor y 
and increas e thei r  estimat e o f  th e frequenc y o f  tha t 
caus e o f  death .  We wil l  ter m thi s a  loca l  generaliza -
tion . 

The impac t  o f  th e stor y migh t  als o generaliz e t o 
other ,  relate d risks .  A  stor y abou t  a  leukemi a victi m 
migh t  als o rais e ou r  subjectiv e probabilit y  o f  relate d 
disease s suc h a s lun g an d stomac h cancer ,  bu t  no t  un -
relate d risk s suc h a s airplan e accidents .  Thi s gra -
dien t  generalizatio n shoul d b e closel y relate d t o th e 
similarit y o f  th e risks .  Finall y ther e i s abundan t 
evidenc e i n socia l  psycholog y (Isen ,  Shalker ,  Clark , 
and Kar p 1978 )  fo r  mor e pervasiv e Influence s o f  affect . 
We migh t  expec t  tha t  increase s i n estimate d frequenc y 
migh t  occu r  fo r  al l  risks ,  a  possiblit y w e ter m globa l 
generalization . 

I n th e firs t  tw o studie s w e examine d th e general -
izatio n o f  negativ e affec t  acros s th e responses .  De -
spit e ou r  attempt s t o provid e a  sensitiv e tes t  o f  lo -
ca l  o r  gradien t  generalization ,  bot h studie s demon -
strat e sizabl e globa l  generalization .  Reader s o f  th e 
newspape r  storie s estimate d tha t  al l  cause s o f  deat h 
wer e abou t  40 % mor e common tha n th e control .  Sinc e 
th e change s wer e unrelate d t o th e topi c o f  th e story . 

thes e dat a suggeste d tha t  th e effec t  wa s du e t o mood in -
duced ,  an d tha t  th e ba d mood s wer e mor e tha n unpleasan t 
states .  I n addition ,  the y ha d pervasiv e influence s o n 
an importan t  clas s o f  risk-relate d judgments . 

I n th e thir d experiment ,  w e broadene d th e estimate s 
we requeste d t o includ e item s no t  relate d t o eithe r  deat h 
or  risk .  Fo r  example ,  subject s wer e aske d t o repor t  th e 
frequenc y o f  bankruptc y an d divorce .  Eve n wit h thes e 
widel y divergen t  estimates ,  w e hav e foun d stron g globa l 
generalizatio n o f  affect ,  wit h n o evidenc e fo r  eithe r 
loca l  o r  gradien t  generalization .  We als o include d a 
conditio n whic h rea d a n additiona l  newspape r  stor y fre e 
of  ris k relate d content ,  bu t  whic h describe d a  serie s 
of  negativ e event s whic h occurre d t o th e mai n character . 
Sinc e th e stor y mad e n o referenc e t o ris k o r  death ,  it s 
principl e effec t  wa s th e negativ e moo d i t  induce d i n 
th e reader .  Thi s depressin g stor y resulte d i n a  patter n 
of  result s almos t  identica l  t o thos e induce d b y th e 
risk-relate d newspape r  stories . 

Thes e data ,  viewe d a s a  whole ,  demonstrat e tha t 
affec t  ca n hav e a  larg e an d pervasiv e influenc e o n on e 
importan t  clas s o f  judgments ,  estimate s o f  th e fre -
quenc y o f  risk-relate d event s i n th e population .  S o 
fa r  w e hav e foun d n o indicatio n o f  a  connectio n betwee n 
th e informatio n containe d i n a  stor y an d it s impac t  o n 
th e estimate d frequenc y o f  death.  Th e overridin g facto r 
i n thes e increase s doe s no t  appea r  t o b e th e stor y told , 
but  rathe r  th e moo d o r  affec t  stat e i t  convey s t o th e 
reader .  Thes e effect s ar e no t  limite d t o area s o f  death , 
but  hav e bee n show n fo r  estimate s o f  non-fata l  hazard s 
and lifestyl e threatenin g risk s suc h a s divorc e an d 
bankruptcy . 

Any mode l  o f  affec t  mus t  accoun t  fo r  tw o importan t 
aspect s o f  thi s phenomenon :  (1 )  Inductio n o f  a  neg -
ativ e moo d alon e i s sufficien t  t o chang e estimates , 
and (2 )  th e siz e o f  th e chang e i s unrelate d t o th e 
semanti c similarity ,  eithe r  amon g th e estimate s them -
selves ,  o r  betwee n th e caus e o f  th e moo d an d th e 
estimates . 
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Generativ e Analogie s a s Menta l  Model s 

Dedre Gentner 

Subjec t  explainin g electri c current :  I f  yo u in -
creas e resistanc e I n th e circuit ,  th e curren t  slow s 
down.  No w that' s lik e a  h1gh--car s o n a  highwa y 
wher e you--i f  yo u notic e a s yo u clos e dow n a  lane , 
you hav e car s movin g along .  Okay ,  a s yo u g o dow n 
int o th e thing ,  th e car s mov e slowe r  throug h tha t 
narro w point . 

When peopl e ar e reasonin g abou t  a n unfamilia r  do -
main ,  the y ofte n appea r  t o us e analogies ,  a s I n th e 
abov e exampl e fro m a  protocol .  Analogie s ar e als o use d 
i n teaching ,  a s i n th e followin g excerpt : 

The ide a tha t  electricit y flow s a s wate r  doe s i s a 
good analogy .  Pictur e th e wire s a s pipe s carryin g 
wate r  (electrons) .  You r  wal l  plu g i s a  high-pres -
sur e sourc e whic h yo u ca n ta p simpl y b y insertin g 
a plug .  Th e plu g ha s tw o prongs--on e t o tak e th e 
flo w t o th e lamp ,  radio ,  o r  ai r  conditioner ,  th e 
secon d t o conduc t  th e flo w bac k t o th e wall .  A 
valv e (switch )  i s usa d t o star t  o r  sto p flow . 

If implicit or explicit analogies are an important 
determinan t  o f  th e wa y peopl e thin k abou t  comple x sys -
tems ,  the n i t  become s crucia l  t o kno w exactl y ho w suc h 
analogie s work .  Thi s pape r  consider s th e psychologica l 
rol e o f  thes e analogie s I n structurin g th e targe t 
domain . 

The firs t  questio n tha t  mus t  b e pose d i s whethe r 
suc h seemin g analogica l  model s d o i n fac t  strongl y 
affec t  th e person' s conceptualizatio n o f  th e targe t 
domai n (th e Generativ e Analog y hypothesis) ,  o r  whethe r 
the y ar e merel y convenien t  way s o f  talkin g abou t  th e 
domai n (th e Mer e Terminolog y hypothesis) .  Th e mer e us e 
of  term s borrowe d fro m a  give n domain--as ,  fo r  example , 
when electricit y i s discusse d i n term s o f  movin g vehi -
cle s o r  flowin g water--1 s no t  i n Itsel f  proo f  tha t  th e 
speake r  i s conceivin g o f  electricit y a s deepl y analo -
gous t o traffi c  o r  t o wate r  flow . 

To dem.onstrat e tha t  a n analog y ha s generativ e con -
ceptua l  power ,  w e mus t  sho w tha t  nontrivla l  inference s 
specifi c  t o th e bas e occu r  i n th e target .  Thes e infer -
ence s mus t  b e suc h tha t  the y canno t  b e attribute d t o 
shallo w lexica l  associations ;  e.g .  i t  i s  no t  enoug h t o 
fin d tha t  th e perso n wh o speak s o f  electricit y a s 
"flowing "  als o use s term s suc h a s "capacity "  o r 
''pressure" .  Suc h usag e I s certainl y suggestiv e o f  a 
Generativ e Analogy ,  bu t  i t  coul d als o occu r  unde r  th e 
Mere Terminolog y hypothesis . 

The goa l  her e i s t o sho w that ,  a t  leas t  som e o f 
th e time ,  th e Generativ e Analog y hypothesi s holds : 
tha t  deep ,  indirec t  inference s i n th e targe t  follo w 
fro m us e o f  a  give n bas e domai n a s a n analogica l  model . 
To d o this ,  w e mus t  firs t  decid e wha t  inference s shoul d 
follo w fro m us e o f  a  give n analogy ,  an d the n observ e 
whethe r  th e analogie s peopl e adop t  appea r  t o affec t  th e 
set  o f  inference s the y readil y make . 

The pla n o f  thi s pape r  i s (1 )  t o propos e a 
structure-mappin g theor y o f  analog y tha t  wil l  allo w u s 

Thi s researc h wa s supporte d b y th e Offic e o f  Nava l  Re -
searc h an d wa s carrie d ou t  a t  Bol t  Berane k an d Newman 
and a t  U.C.S.D .  Donal d Gentne r  collaborate d o n al l 
aspect s o f  thi s work ,  bu t  particularl y i n developin g 
th e tw o analogica l  model s o f  electricity .  I  than k Alla n 
Collins ,  Ke n Forbus ,  E d Smit h an d A l  Steven s fo r  man y 
insightfu l  comment s o n thi s research .  Pleas e addres s 
correspondenc e t o Dedr e Gentner ,  Bol t  Berane k &  Newman, 
50 Moulto n Street ,  Cambridge ,  MA 02138 . 

t o predic t  th e se t  o f  inference s tha t  shoul d follo w 
fro m us e o f  a  give n analogy ;  (2 )  contras t  tw o analogi -
cal  model s fo r  th e domai n an d sho w tha t  the y lea d t o 
differen t  indirec t  Inferences ;  (3 )  t o sho w tha t  people' s 
inference s concernin g simpl e circuit s var y accordin g t o 
whic h o f  thes e model s the y use ;  an d finall y (4 )  t o 
discus s th e genera l  issu e o f  analogica l  model s an d 
structure-mapping . 

A structure-mapping theory of analogy. The claim 
her e i s tha t  analogie s selec t  certai n aspect s o f  exist -
in g knowledge ,  an d tha t  thi s selecte d knowledg e ca n b e 
structurall y characterized .  First ,  let' s  conside r  wha t 
an analog y I s not .  A n analog y suc h a s 

(1 )  A n electri c circui t  wit h a  batter y an d resisto r 
much lik e a  plumbin g syste m wit h a  reservoi r 
and a  constricte d sectio n o f  pipe . 

clearl y doe s no t  conve y tha t  alj _ o f  one' s knowledg e 
abou t  th e plumbin g syste m shoul d b e attribute d t o th e 
circuit .  Th e inheritanc e o f  characteristic s i s onl y 
partial .  Thi s migh t  sugges t  tha t  a n analog y i s a  wea k 

similarit y statement ,  conveyin g tha t  som e bu t  no t 
al l  o f  th e characteristics  o f  th e bas e syste m appl y t o 
th e targe t  system .  Bu t  thi s wea k characterizatio n fail s 
t o captur e th e distinctio n betwee n litera l  similarit y 
and analogica l  relatedness .  Contras t  statemen t  (1 )  wit h 
a litera l  similarit y statemen t  lik e 

(2 )  A  hos e i s lik e a  pipe . 
The litera l 

similarit y statemen t  (2 )  convey s tha t  th e pip e an d 
th e hos e shar e objec t  attributes--e.g .  cylindrica l 

shape--a s wel l  a s sharin g simila r  relationship s wit h 
othe r  objects--e.g .  CONVEY (hose ,  water)/C0NVE Y (pipe , 
water) .  Statemen t  (1 )  als o convey s considerabl e overla p 
i n functiona l  relations :  e.g .  imped e (resistor ,  curren t 
/IMPEDE (constriction ,  water) .  However ,  i t  doe s no t 
conve y overla p o f  object s an d thei r  attributes .  Th e 
resisto r  a s a  separat e objec t  nee d no t  hav e an y quali -
tie s i n common with^constriction .  Th e analogy ,  i n 
short ,  convey s overla p i n th e syste m o f  relation s 
among objects ,  bu t  n o particula r  overla p i n th e charac -
teristic s o f  th e object s themselves .  Th e litera l 
similarit y statemen t  convey s overla p bot h i n relation s 
among th e object s an d i n th e attribute s o f  th e indivi -
dual  objects . 

The analogica l  model s use d i n scienc e ca n b e 
characterize d a s structure-mapping s betwee n comple x 
systems .  I n thes e analogies ,  th e object s o f  th e know n 
domain ,  th e bas e domain ,  ar e mappe d ont o th e object s o f 
th e domai n o f  inquiry ,  th e targe t  domain ;  th e predicate s 
of  th e bas e domain--particularl y th e relation s tha t  hol d 
among th e nodes--ar e the n applie d i n th e targe t  domain . 
Structure-mappin g analog y assert s tha t  identica l  opera -
tion s an d relationship s hol d amon g nonidentica l  things . 
The relationa l  structur e i s preserved ,  bu t  no t  th e 
objects . 

Give n a  particula r  prepositiona l  representatio n 
of  knowledg e w e ca n procee d wit h a n explici t  charac -
terizatio n o f  analogica l  mapping .  A  structure-mappin g 
analog y betwee n a  targe t  syste m T  an d a  bas e syste m B 
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i s  a n assertio n tha t 
1.  Give n a  decompositio n o f  th e bas e an d targe t 

domains into object nodes b,,b.,...,b of the 

base system B and object nodes t,,t„,...,t 
1 ^  HI 

of  th e targe t  syste m T , 

2. The analogical mapping M maps the nodes of B 

M:b. - t .  int o th e node s o f  T . 

3. Then predicate s vali d i n B  ca n b e applie d i n 
T,  usin g th e nod e substitution s dictate d b y 
th e mapping : 

M :  CHb.,h.) J -^CHt.,t.) J 

Further ,  th e probabilit y  tha t  th e derive d 
propositio n i s vali d i n th e targe t  T  i s 
greate r  fo r  relationa l  predicate s tha n fo r 
attributes ,  an d greate r  fo r  high-orde r  rela -
tion s tha n fo r  lower-orde r  relations .  Th e 
strengt h o f  th e analogica l  predicatio n in -
crease s a s w e mov e dow n th e list . 

(i )  M:A(b. ) A(t. ) 

(ii )  ̂ :CHb^,b.) J -)-Z:F(t .  .t̂ )  J 

{iii)M:£G{Fj(b.,bj), F^{b.,h.)J —^ 

£G(F^(t.,tj), F^{t.,t.)J 

Thus, TRUE ZrA(b.)J does not strongly suggest 

TRUE £"A(t.)7. Attributional predicates (i) are less 

likely to carry over than relational predicates (ii); 
and lower-orde r  relation s les s likel y tha n higher-orde r 
relation s (iii) . 

Two models of simple electric circuits. One common 
analog y use d t o teac h simpl e electricit y i s base d o n 
plumbin g systems .  Figur e 1  show s th e structure-mappin g 
conveye d b y thi s analogy .  Th e object-node s o f  th e 
hydrauli c bas e domai n (e.g .  th e reservoi r  an d constric -
tion )  ar e mappe d ont o th e object-node s (th e batter y an d 
resistor )  o f  th e circuit .  Give n thi s correspondenc e o f 
nodes ,  th e analog y convey s tha t  th e relationship s tha t 
hol d betwee n th e object s an d object-attribute s o f  th e 
hydrauli c syste m als o hol d betwee n th e node s o f  th e 
electri c system-.fo r  example ,  tha t  curren t  increase s 
wit h voltag e jus t  a s rat e o f  wate r  flo w increase s wit h 
pressure ;  an d tha t  curren t  decrease s wit h resistanc e 
jus t  a s th e rat e o f  wate r  flo w decrease s wit h degre e 
of  constriction . 

A secon d kin d o f  analog y fo r  electri c circuit s i s 
base d o n object s movin g throug h chutes .  Curren t  i s 
seen a s a  movin g crow d o f  smal l  objects :  voltag e i s th e 
forwar d pressur e o r  pushines s o f  th e objects .  Lik e th e 
plumbin g model ,  th e moving-objec t  mode l  provide s rela -
tion s tha t  map usefull y int o th e electrica l  system :  I f 
we imagin e a  sourc e o f  pushines s correspondin g t o th e 
battery ,  an d gate s i n th e chut e correspondin g t o th e 
resistors ,  the n th e mor e pushiness ,  th e highe r  th e rat e 
of  aggregat e motion ;  th e narrowe r  th e gates ,  th e lowe r 
th e rat e o f  aggregat e motion . 

Althoug h thes e tw o analogie s conve y many o f  th e 
same relations ,  i n som e respect s the y diffe r  i n th e 
aptnes s o f  th e relationa l  matc h wit h th e targe t  domain , 
particularl y i f  w e conside r  slightl y mor e comple x 
circuit s (se e Gentne r  an d Genti"" "  i n press. ) 

in g analog y i s particularl y ap t  fo r  combination s o f 
batteries ,  whil e th e moving-objec t  mode l  i s superio r 
fo r  combination s o f  resistors . 

Figur e 1 
Structura l  representation s o f  wate r  flo w an d o f 

simpl e electri c circuit ,  showin g structura l  overla p 
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Combinationa l  problems .  One wa y t o observ e dee p 
indirec t  inference s i n th e targe t  domai n i s t o as k 
about  differen t  combination s o f  components .  Fo r  example , 
we ca n as k ho w th e curren t  i n a  circui t  wit h tw o resis -
tor s i n serie s o r  i n paralle l  compare s wit h tha t  i n a 
simpl e one-resisto r  circuit .  Th e answer s ar e no t  ob -
vious .  Th e fou r  circuit s generate d b y serie s an d para -
lle l  combination s o f  batterie s an d resistor s ar e non -
transparent .  The y provid e a n excellen t  wa y t o observ e 
tru e inferences ,  a s oppose d t o shallo w verba l  associa -
tions .  T o deduc e th e curren t  i n thes e fou r  circuits , 
th e perso n mus t  mov e beyon d th e first-stag e naiv e model 
of  circuitr y (show n i n Figur e 1) .  Thi s firs t  leve l  o f 
insigh t  i s tha t  batterie s mak e fo r  mor e current ,  resis -
tor s mak e fo r  les s current .  Thes e rule s hol d fo r 
batterie s an d resistor s i n series ,  bu t  no t  fo r  paralle l 
combinations ,  a s show n i n Figur e 2 .  Paralle l  batterie s 
giv e th e sam e curren t  a s a  singl e system ,  no t  more ; 
whil e paralle l  resistor s allo w mor e curren t  tha n i n a 
simpl e circuit ,  no t  less . 
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Again I have all these people coming along 
here .  I  hav e thi s bi g are a her e wher e peopl e 
ar e millin g around .  I  thin k i t  i s  crucia l 
tha t  I  separat e the m thoug h befor e the y ge t 
t o th e gate s . . .  I  ca n mode l  th e tw o gat e 
syste m b y jus t  puttin g th e tw o gate s righ t 
int o th e aren a jus t  lilc e that .  S o thi s i s 
one possibl e mode l  o f  th e tw o gat e system . 
Ther e ar e tw o gate s instea d o f  on e whic h 
seems t o impl y tha t  th e resistanc e woul d b e 
hal f  a s grea t  i f  ther e wer e onl y on e gat e 
fo r  al l  thos e people . 

Thi s protoco l  suggest s tha t  model s d o affec t  infer -
ences .  Th e followin g stud y test s thi s possibilit y  mor e 
on a  large r  scale .  I n thi s study ,  fairl y  naiv e hig h 
schoo l  an d colleg e student s wer e firs t  show n a  simpl e 
circui t  wit h a  batter y an d a  resistor ,  an d the n aske d 
t o giv e qualitativ e solution s fo r  th e fou r  combinatio n 
circuit s show n i n Figur e 2 .  The y wer e aske d t o circl e 
whethe r  th e curren t  (an d voltage )  i n eac h o f  th e combin -
atio n circuit s woul d b e greate r  than ,  equa l  to ,  o r  les s 
tha n tha t  o f  th e simpl e battery-resisto r  circuit .  Afte r 
the y gav e thei r  answer s fo r  al l  fou r  combinatio n cir -
cuits ,  the y wer e aske d t o describ e th e wa y the y though t 
about  electricity .  Then ,  fo r  eac h o f  th e fou r  circui t 
problems ,  the y wer e aske d t o circl e whethe r  the y ha d 
though t  abou t  flowin g fluid ,  movin g objects ,  o r  som e 
othe r  wa y o f  conceivin g o f  electricity .  The y wer e als o 
aske d question s abou t  water ,  t o b e sur e tha t  the y under -
stoo d th e bas e domain . 

Figur e 3  show s a  schemati c diagra m o f  paralle l  an d 
seria l  resistor s i n th e targe t  an d i n th e tw o bas e 
systems . 

F igu r e 3 

S E R I A L RESISTORS PARALLEL RESISTOR S 

Do analogie s mak e a  d i f f e r e n c e .  I f  sub jec t s ar e 
reall y usin g thei r  analogica l  mode l s t o unders tan d 
electronic s the y shoul d d ra w o n thei r  know ledg e o f  com -
binationa l  re la t ion s amon g th e co r respond in g componen t s 
i n thei r  respect iv e bas e d o m a i n s .  Eve n thoug h th e com -
ple x circui t  p rob lem s ar e couche d pure l y i n term s o f 
electronics ,  w e shoul d se e d i f f e rence s i n s u b j e c t s ' 
prediction s depend in g o n wh ic h mode l  the y u s e . 

For  examp le ,  her e a r e tw o sec t ion s o f  a  protoco l 
of  a  subjec t  t ry in g t o p red ic t  th e cu r ren t  i n a 
paral le l - resisto r  c i r cu i t .  I n th e f i r s t  s e c t i o n ,  sh e 
use s a  hydraul ic s mode l  w i t h reservo i r s fo r  b a t t e r i e s , 
whic h wa s he r  init ia l  m o d e l ,  an d der ive s th e wron g 
answe r  o f  les s cu r ren t .  I n th e secon d s e c t i o n ,  sh e 
use s a  crow d mode l  suggeste d t o he r  b y th e exper imen te r 
t o der iv e th e cor rec t  answe r  o f  m o r e c u r r e n t : 
HYDRAULICS MODEL WITH RESERVOIR 

We starte d of f  a s on e p i p e ,  bu t  the n w e sp l i t 
int o two .  No w doe s tha t  mak e an y d i f f e rence ? 
I  gues s i t  seem s t o m e tha t  thi s doe s mak e a 
d i f ference .  S o wha t  w e hav e her e i s  on e p i p e , 
on e sor t  o f  l in e comin g of f  an d the n w e le t  i t 
go l ik e tha t  fo r  a  w h i l e .  We le t  i t  sp l i t  o f f . 
We hav e a  d i f f e ren t  cu r ren t  i n th e sp l i t -o f f 
sec t ion ,  an d the n w e br in g i t  bac k toge the r . 
That' s a  who l e d i f f e ren t  th ing .  Tha t  jus t 
funct ion s a s on e bi g p ip e o f  som e obscu r e 
descr ip t ion .  S o y o u shoul d no t  ge t  a s  muc h 
current . 
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Subjec t  wh o use d th e flui d mode l  shoul d d o wel l  o n 
th e batter y quest ions .  Thi s i s becaus e seria l  an d 
paralle l  reservoir s combin e i n th e sam e manne r  a s ser -
ia l  an d paralle l  bat ter ies ,  an d th e combinationa l  d is -
t inction s ar e spatiall y  quit e distinc t  i n th e wate r 
domain .  Tw o equa l  reservoir s i n serie s (on e abov e th e 
other )  giv e mor e pressur e an d henc e a  greate r  rat e o f 
wate r  flo w tha n a  singl e reservoir .  However ,  sinc e 
wate r  pressur e depend s onl y o n height ,  no t  o n volume , 
tw o reservoir s i n paralle l  (sid e b y side )  yiel d onl y a 
rat e o f  flo w equa l  t o tha t  o f  a  singl e reservoir .  Thus , 
i f  th e flowin g flui d analog y i s generat ive ,  the n sub -
ject s wit h thi s mode l  (assumin g the y kno w th e wa y 
pressur e work s i n th e base )  shoul d b e abl e t o differ -
entiat e seria l  an d paralle l  configuration s o f  batteries . 
For  res is tors ,  however ,  th e flui d flo w mode l  wit h it s 
constr ict ion s shoul d no t ,  i n genera l ,  lea d t o a  stron g 
di f ferent iat io n betwee n seria l  an d paralle l  resistors . 
As th e protoco l  abov e shows ,  th e differen t  be -
twee n seria l  an d paralle l  constriction s i s fairl y 
opaqu e i n th e flui d flo w domain ;  therefor e subject s 
wit h thi s mode l  canno t  impor t  th e correc t  combination -
al  dist inctio n int o th e electricit y domain .  Thus ,  th e 
predictio n i s tha t  subject s wit h th e flui d flo w mode l 
shoul d d o bette r  wit h brtterie s tha n wit h resistors . 

For  subject s wit h th e moving-object s model ,  th e 
patter n shoul d b e quit e dif ferent .  I n thi s mode l , 
configuration s o f  batterie s shoul d b e relativel y di f f i -
cul t  t o d i f ferent iate ,  sinc e analogie s fo r  batterie s 
ar e har d t o find .  I n contrast ,  resistor s shoul d b e 
bette r  understood .  Thi s i s becaus e i n th e moving -
object s model ,  resistor s ar e ofte n see n a s gates .  Con -
ceivin g o f  resistor s a s gate s shoul d lea d t o bette r 
dif ferentiat io n betwee n th e paralle l  an d seria l  config -
urat ions .  I f  al l  th e object s mus t  pas s throug h tw o 
gate s on e afte r  th e othe r  (serial )  the n th e rat e o f 
flo w shoul d b e lowe r  tha n fo r  jus t  on e gate .  O n th e 
othe r  hand ,  i f  th e flo w split s an d move s throug h tw o 
paralle l  ga tes ,  the n th e rat e o f  flo w shoul d b e twic e 
th e rat e fo r  a  singl e gate .  Thu s subject s usin g thi s 
model  shoul d correctl y respon d tha t  paralle l  resistor s 
giv e mor e curren t  tha n a  singl e resistor ;  an d seria l 
res is tors ,  less . 

Overa l l ,  i f  thes e model s ar e trul y generativ e 
analogies ,  w e shoul d fin d tha t  th e fluid-flo w peopl e 
do bette r  wit h batterie s tha n resistors ,  an d th e 
moving-objec t  peopl e d o bette r  wit h resistor s tha n wit h 
batter ies . 

Results. Figure 4 shows the results for subjects 
who use d eithe r  th e fluid-flo w analog y o r  th e moving -
object s analog y consistently ,  o n al l  fou r  problems . 
For  th e fluid-flo w subjects ,  onl y thos e wh o correctl y 
answere d th e latte r  question s abou t  th e behavio r  o f 
reservoir s wer e included .  Thi s wa s t o insur e tha t 
subject s possesse d th e requisit e knowledg e i n th e bas e 
domain .  Ther e wer e nin e fluid-flo w subject s an d seve n 
moving-objec t  subjects . 

The pattern s o f  combinationa l  inferenc e ar e dif -
feren t  dependin g o n whic h mode l  th e subjec t  had .  A s 
predicted ,  peopl e wh o use d th e fluid-flo w mode l  per -
forme d bette r  o n batterie s tha n o n resistors .  Th e 
revers e i s tru e fo r  th e moving-objec t  people .  I n a 
Model  typ e x  Componen t  typ e x  Topolog y analysi s o f 
var iance ,  th e interactio n betwee n mode l  typ e an d cir -
cui t  componen t  i s signi f icant ;  ¥{i,is }  ='i(i ;  p  <  .0 5 . 

Conclusions .  Th e result s o f  th e stud y indicat e 
that ,  fo r  ou r  subjects ,  th e analogie s use d fo r  elec -
tricit y wer e trul y generative .  Us e o f  differen t  ana -
logie s le d t o systemati c difference s i n th e pattern s 
o f  correc t  an d incorrec t  inference s i n th e targe t 
domain .  Moreover ,  thes e combinatoria l  difference s ar e 
no t  easil y attr ibutabl e t o shallo w verba l  association s 
and communicativ e patterns .  Thes e analogie s see m t o 
be trul y generativ e fo r  ou r  subjects ;  structura l  re -

Flgur e I * 
Proportio n correc t  o n differen t  Itind s o f  circuit s fo r 

subject s usin g differen t  modei s o f  electricit y 
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lation s fro m th e bas e domai n ar e mappe d int o th e targe t 
domain ,  wher e the y genuinel y affec t  th e person' s con -
ceptua l  vie w o f  th e domain . 

The structure-mappin g interpretatio n o f  th e pro -
ces s avoid s tw o extrem e position s tha t  ofte n aris e i n 
discussion s o f  analog y a s explanation :  th e "vagu e 
metaphoricizing "  posit ion ,  whic h hold s tha t  analog y i s 
inherentl y illogica l  an d unhelpful ,  an d th e "appropri -
at e abstractions "  posit ion ,  whic h emphasize s th e fac t 
tha t  analogie s conve y correc t  knowledg e abou t  th e 
targe t  domain .  Th e structure-mappin g vie w i s neutra l 
wit h respec t  t o whethe r  analog y pe r  s e i s helpfu l  o r 
harmful .  Accordin g t o th e structure-mappin g view ,  th e 
inference s conveye d b y a  give n analog y ar e no t  neces -
saril y  eithe r  correc t  o r  incorrect ;  the y ar e predicta -
bl e fro m th e predicat e structur e i n th e tw o domains . 
Relationa l  predicates ,  particularl y thos e tha t  parti -
cipat e i n higher-orde r  system s o f  relat ions ,  ar e mos t 
likel y t o b e mapped ;  bu t  thes e ma y b e eithe r  correc t 
(a s i n th e cas e o f  th e moving-objec t  mode l  applie d t o 
paralle l  resistors )  o r  incorrec t  o r  indeterminan t  (a s 
when th e moving-objec t  mode l  i s applie d t o batteries) . 
The mor e w e kno w abou t  th e structur e o f  analogy ,  th e 
bette r  w e ca n desig n goo d educationa l  analogie s an d 
predic t  th e proble m tha t  wil l  occu r  i n us e o f  an y give n 
analogy . 
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In recen t  year s ther e ha s bee n a  growin g bod y o f  researc h 
dealin g wit h "naiv e physics: "  wha t  people ,  prio r  t o extensiv e 
Instruction ,  expec t  ar e th e principle s governin g th e everyda y 
working s o f  th e physica l  world .  Th i s researc h I s extremel y 
interestin g a s a  stud y o f  untutore d learnin g sinc e presumabl y 
whateve r  systemati c understandin g physics-naiv e Individual s arriv e 
at  mus t  b e du e primaril y t o thei r  direc t  experienc e wit h th e physica, ^ 
world .  Her e w e woul d lik e t o summariz e briefl y som e result s o 1 
tha t  experimenta l  wor k an d a  tentativ e theoretica l  Interpretatio n o l 
it .  The n w e wil l  b e i n a  positio n t o speculat e o n th e genera l  natur < 
of  th e model s peopl e mak e o f  thei r  experienc e i n orde r  t o cop e wit ! 
i t 

W h at  ha s emerge d fro m naiv e physic s researc h I s i 
surprisingl y robus t  an d systemati c se t  o f  idea s abou t  mechani c 
whic h ar e often ,  however ,  decidedl y non-Newtonian .  Studie s fro n 
age 1 0 upwar d t o universit y student s an d physics-naiv e adult s ha v 
give n i n man y case s ver y unifor m result s (Viennot ,  1979 ;  C leme m 
1979;  McCloskey ,  e l  al .  1980 ;  White ,  1981) .  I n on e stud y (diSess ! 
1981 )  w e le t  elementar y schoo l  student s an d universl f 
undergraduate s pla y wit h th e sam e compute r  simulatio n o f  a n obje < 
obeyin g Newton' s Laws .  Despit e man y mor e year s experience , 
yea r  o f  hig h schoo l  physic s an d a  universit y leve l  cours e o 
mechanic s on e coul d se e a  clea r  overla p i n th e se t  o f  strategie s t h 
universit y student s use d a s compare d t o th e elementar y studen t 
Moreover ,  man y o f  thes e commo n strategie s wer e no t  neutral ,  m 
merel y base d o n other-than-textboo k analyses ,  bu t  wer e overtl y no i 
Newtonia n T h e universit y student s ofte n ha d difncult y applyl r 
th e simples t  classroo m concept s t o th e simulation ,  eve n whe n ask e 
O ne o f  th e prominen t  expectation s mos t  student s showe d wa s t h 
forc e act s b y directl y producin g motio n i n th e directio n o f  th e fo r 
rathe r  tha n b y combinin g wit h previou s motion .  T h u s the : 
student s side d wit h Aristotl e agains t  Newton . 

Beside s th e obviou s pedagogica l  problems ,  dat a suc h a s t h 
pos e I n a  ver y direc t  for m th e fundamenta l  questio n o f  wha t  o 
learn s fro m experience .  H o w ca n i t  b e tha t  peopl e com e t o a  rob i 
non-Newtonia n understanding ,  eve n resistin g instruction ,  o f  a  wo r 
wit h whic h the y dea l  everyday ,  a  worl d governe d b y Newton i 
principles ? 

No on e expect s th e answer s t o suc h a  questio n t o b e sim p 
But  som e analysi s o f  a  se t  o f  naiv e conception s (dISessa ,  t o appe : 
suggest s tha t  somethin g lik e th e followin g mechanis m m a y pla y 
Importan t  role .  I t  I s a  mechanis m concernin g incrementa l  learn i 
base d o n experience .  T h e basi c Ide a I s  tha t  a m o n g al l  t 
experience s on e ha s regardin g a  clas s o f  phenomena ,  fo r  exam | 

pushin g an d pullin g thing s around ,  a  fe w ar e selecte d t o stan d a s 
prototypica l  fo r  th e clas s an d ar e systematicall y use d I n bot h 
explanation s an d prediction s I t  I s not ,  o f  course ,  a  litera l  recal l  o f 
an observe d phenomeno n whic h serve s thi s purpos e bu t  wha t  th e 
perso n establishe s a s a  conventiona l  Interpretatio n o f  th e phenomeno n 
I n term s whic h tha t  perso n alread y understand s I  cal l  thes e 
paradigmati c Interpretation s o f  experienc e 'phenomenologlca l 
primitives. "  I n th e cas e o f  th e Aristotelia n expectatio n o f  motio n 
alway s I n th e directio n o f  force ,  on e migh t  hypothesiz e tha t  th e 
c o m m on even t  o f  pushlnga n objec t  fro m res t  serve s a s a n Importan t 
prototype .  T h u s th e phenomenologlca l  primitiv e her e I s th e "theory " 
tha t  thing s simpl y m o v e i n th e directio n yo u pus h them ,  an d 
previou s m o m e n t u m I s generall y Ignore d sinc e I t  play s n o rol e I n th e 
prototype .  I  suspec t  tha t  th e Interpretatio n o f  pushing  fro m res t  I s 
base d o n prior ,  common-sens e notion s o f  agenc y an d causalit y whic h 
one find s associate d wit h naiv e conception s o f  forc e I n m a n y ways . 
Indeed ,  wha t  i s mor e surprising ,  on e ca n mak e a  rathe r  stron g cas e 
tha t  thes e s a m e idea s ha d a  grea t  impac t  o n th e historica l 
developmen t  o f  th e scienc e o f  mechanic s a s well ,  (Se e diSessa ,  1980 ) 

Thoug h th e notio n o f  phenomenologlca l  primitiv e migh t  hel p 
accoun t  fo r  th e origin s o f  fals e "theories "  lik e th e Aristotelia n 
expectation ,  w e mus t  loo k t o th e knowledg e syste m i n whic h thes e 
structure s operat e i n orde r  t o accoun t  fo r  thei r  lon g ter m stability . 
Her e w e ca n offe r  onl y th e briefes t  suggestio n a s t o th e characte r  o f 
thi s system ,  agai n b y example .  T h e exampl e involve s a  counter -
exampl e t o th e Aristotelia n expectation .  Imagin e a  ten-to n truc k 
hurtlin g d o w n th e highwa y an d a  smal l  pus h o n It s side .  W h o coul d 
believ e th e truc k wil l  mov e I n th e directio n o f  th e push ? Indeed ,  n o 
on e does !  W h e n subject s ar e prompte d i n suc h a  w a y ,  th e 
Aristotelia n intuitio n I s no t  eve n considered ,  or .  I f  I t  Is ,  excuse s fo r 
it s inapplicabilit y  ar e found :  T h e forc e (sic )  o f  th e truc k I s to o big ; 
It' s  overcomin g th e sideway s push. "  Bu t  eithe r  way ,  (throug h 
selectiv e cuein g o r  maintainin g excuse s a s par t  o f  th e knowledg e 
base )  th e Aristotelia n expectatio n i s Isolate d an d kep t  saf e fro m 
refutation . 

W h at  generalization s ca n w e dra w fro m thi s stor y o f  naiv e 
physic s abou t  th e model s peopl e spontaneousl y make ? T h e firs t  I s 
tha t  thes e model s ar e robust ,  tha t  naiv e Idea s an d th e Interpretation s 
of  experienc e on e make s wit h the m ca n hav e a  powerfu l  effec t  o n 
lon g ter m understandin g o r  misunderstanding .  Al l  th e evidenc e 
point s t o th e conclusio n tha t  naiv e physic s play s a  larg e rol e I n 
learnin g textboo k physics .  T o dra w a  caricature ,  i t  i s  almos t  a s i f 
one I s tryin g t o teac h physic s t o a  stabl e cognitiv e syste m whic h 
alread y know s a  differen t  physics . 

T h e secon d generalit y i s th e Importanc e o f  knowin g th e 
particula r  pre-existin g notion s W h a t  on e carrie s awa y fro m a n 
experienc e I s one' s interpretatio n o f  i t  Suc h a  truis m onl y warrant s 
attentio n whe n w e remin d ourselve s o f  ho w littl e w e kno w abou t  th e 
naiv e vocabular y an d abou t  ho w on e build s deepe r  understandin g 
out  o f  it .  T h e surpris e o f  a  Newtonia n worl d teachin g Aristotelia n 
physics ,  however ,  shoul d serv e a s a  reminder . 

T h e thir d generalit y concern s th e fragmentatio n exhibite d 
by spontaneou s models .  O n e ca n fin d peopl e bot h believin g an d 
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disbelievin g thei r  Aristotelia n expectation s dependin g o n 
circumstances .  Thi s apparen t  Incoherenc e I s puiiling .  Afte r  all , 
what  othe r  tha n a  coheren t  syste m coul d exhibi t  suc h robustness .  I n 
fact .  I t  I s i n thi s area ,  coherence ,  tha t  I  believ e ou r  ow n naiv e Idea s 
abou t  knowledg e system s mos t  nee d refining . 
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THE FORM AND FUNCTION OF MENTAL MODELS 

P.  N .  Johnson-Lair d 

Centre for Research on Perception and Cognition 
Laborator y o f  Experinenta l  Psycholog y 

Universit y o f  Susse x 
Brighto n BNl  9Q G Englan d 

You ar e los t  i n th e maz e a t  Hampto n Cour t  Palace . 
You com e t o a  turnin g an d fo r  a  moment  yo u ar e no t 
sur e whic h wa y t o go .  Yo u recogniz e tha t  yo u hav e 
been a t  thi s poin t  before ,  and ,  i n you r  imagination , 
you tur n right ,  procee d dow n a n alley ,  an d ar e the n 
confronte d b y a  dea d end .  An d s o thi s tim e around , 
you decid e t o tur n left .  What  yo u di d wa s t o 
reconstruc t  a  rout e throug h th e maz e o n th e basi s 
of  a  menta l  mode l  o f  it .  Yo u may hardl y hav e 
experience d an y imager y a t  all ;  o r  yo u may hav e ha d 
a successio n o f  vivi d image s lik e a  snippe t  fro m a n 
imaginar y movi e tha t  culminate s i n a  leaf y cul-de -
sac .  I n eithe r  case ,  ther e wa s nothin g verba l 
abou t  you r  reasoning :  yo u navigate d you r  wa y 
throug h you r  mode l  o f  th e maz e muc h a s a  ra t  i n a 
psychologica l  laborator y migh t  hav e don e (O'Keef e 
and Nadel ,  1978) .  Yet ,  ther e i s anothe r  metho d 
tha t  yo u coul d us e t o mak e you r  decision .  Yo u 
recal l  instea d tha t  th e wa y t o ge t  ou t  o f  th e maz e 
i s t o kee p turnin g lef t  a t  ever y availabl e 
opportunity ,  and ,  sinc e yo u ar e presente d wit h suc h 
an opportunity ,  yo u accordingl y decid e t o tur n left . 
Thi s metho d make s us e o f  a  menta l  representatio n 
of  verba l  propositions . 
The two alternatives illustrate the contrast 
betwee n exploitin g a  menta l  mode l  (perhap s wit h 
accompanyin g imagery )  an d makin g us e o f  a  proposi -
tiona l  representation .  My ai m i n thi s pape r  i s t o 
show tha t  th e contras t  i s  rea l  - -  tha t  ther e ar e 
bot h form s o f  menta l  representatio n - -  an d t o offe r 
an accoun t  o f  th e purpos e tha t  the y serve .  Indeed , 
i f  ther e ar e menta l  models ,  the n th e tw o mos t 
importan t  question s abou t  the m are :  wha t  for m d o 
the y take ? wha t  functio n d o the y serve ? I  wil l  tr y 
t o answe r  bot h questions . 

Direct empirical evidence for the contrast 
betwee n propositiona l  representation s an d menta l 
model s come s fro m a  serie s o f  experiment s tha t 
Kannan Man i  an d I  hav e carrie d ou t  (Man i  an d 
Johnson-Laird ,  i n press) .  I n th e mos t  recen t  o f 
our  studies ,  th e subject s hear d a  verba l  descriptio n 
of  a  spatia l  layout ,  suc h as : 

The spoon is to the left of the knife 
The plat e i s t o th e righ t  o f  th e knif e 
The for k i s i n fron t  o f  th e spoo n 
The cu p i s i n fron t  o f  th e knife . 

They were then shown a diagram, such as: 

spoon knife plate 

for k cup 

and the y ha d t o decid e whethe r  o r  no t  th e diagra m wa s 
consisten t  wit h th e description .  (I f  yo u thin k o f 
th e diagra m a s depictin g th e arrangemen t  o f  th e 
object s o n a  tabl e top ,  the n obviousl y i t  i s 

consisten t  wit h th e description. )  Hal f  th e descrip -
tion s tha t  th e subject s receive d wer e determinat e 
lik e th e exampl e above ,  an d th e othe r  hal f  wer e 
indeterminate .  Th e indeterminat e description s wer e 
constructe d merel y b y changin g th e las t  wor d i n th e 
secon d sentence : 

The spoon is to the left of the knife 
The plat e i s t o th e righ t  o f  th e spoo n 
The for k i s i n fron t  o f  th e spoo n 
The cu p i s i n fron t  o f  th e knife . 

This description is consistent with two radically 
differen t  diagrams : 

(1 ) 

spoon knife plate 

(2 ) 

spoon plate knife 

for k cup for k cup 

The material s wer e counterbalance d s o tha t  fo r  eac h 
se t  o f  fiv e objects ,  a  subjec t  receive d eithe r  th e 
determinat e o r  els e th e indeterminat e description . 
Afte r  th e subject s ha d judge d a  serie s o f  eigh t  des -
cription s an d diagrams ,  the y wer e give n a n unexpecte d 
tes t  o f  thei r  memor y fo r  th e descriptions .  On eac h 
trial ,  the y ha d t o ran k fou r  alternative s i n term s o f 
thei r  resemblanc e t o th e origina l  description :  th e 
origina l  description ,  a n inferrabl e description ,  an d 
tw o "foils '  wit h a  differen t  meaning .  Th e inferrabl e 
descriptio n fo r  th e exampl e abov e containe d th e 
sentence: 

The fork is to the left of the cup 

in place of the sentence interrelating the spoon and 
th e knife .  Th e descriptio n ca n therefor e b e inferre d 
fro m th e layou t  correspondin g t o th e origina l  descrip -
tio n i n th e cas e o f  bot h th e determinat e an d th e 
indeterminat e descriptions . 

The subjects remembered the layouts of the 
determinat e description s ver y muc h bette r  tha n thos e 
of  th e indeterminat e descriptions .  Th e percentage s 
of  trial s o n whic h the y ranke d th e origina l  an d th e 
inferrabl e description s prio r  t o th e foil s wa s 88 % 
fo r  th e determinat e descriptions ,  bu t  onl y 58 % fo r  th e 
indeterminat e descriptions .  Al l  twent y o f  th e 
subject s conforme d t o th e trend ,  an d ther e wa s n o 
effec t  o f  whethe r  o r  no t  a  diagra m ha d bee n consisten t 
wit h a  description .  However ,  th e percentage s o f 
trial s o n which  th e origina l  descriptio n wa s ranke d 
highe r  tha n th e inferrabl e descriptio n wa s 68 % fo r  th e 
determinat e descriptions ,  bu t  88 % fo r  th e indetermin -
at e descriptions .  Thi s differenc e wa s highl y 
reliable ,  too . 

Evidently, subjects tend to remember the layout 
of  determinat e description s bette r  tha n tha t  o f 
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indeterminat e descriptions ,  bu t  the y ten d t o remembe r 
verbati m detai l  o f  indeterminat e description s bette r 
tha n tha t  o f  determinat e descriptions .  Thi s 'cross -
over '  effec t  i s  impossibl e t o explai n withou t 
postulatin g a t  leas t  tw o sort s o f  menta l  representa -
tion .  A  plausibl e accoun t  o f  th e result s i s indee d 
tha t  subject s construc t  a  menta l  mode l  o f  th e 
determinat e description s bu t  abando n suc h a  represen -
tatio n i n favou r  o f  a  superficia l  propositiona l  on e 
as soo n a s the y encounte r  a n indeterminac y i n a 
description .  Menta l  model s ar e easie r  t o remembe r 
tha n propositiona l  representations ,  perhap s becaus e 
the y ar e mor e structure d an d elaborate d (cf .  Crai k 
and Tulving ,  1975 )  an d requir e a  greate r  amoun t  o f 
processin g t o construc t  (cf .  Johnson-Lair d an d 
Bethell-Fox ,  1978) .  But ,  model s encod e littl e o r 
nothin g o f  th e linguisti c for m o f  th e sentence s o n 
whic h the y ar e based ,  an d subject s accordingl y 
confus e inferrabl e description s wit h th e originals . 
Propositiona l  representations  ar e relativel y har d t o 
remember ,  bu t  the y d o encod e th e linguisti c for m o f 
sentences .  Hence ,  whe n the y ar e remembered ,  th e 
subject s ar e likel y t o mak e a  bette r  tha n chanc e 
recognitio n o f  verbati m content . 

It is natural to suppose that propositional 
representation s ar e produce d a s par t  o f  th e norma l 
proces s o f  comprehendin g discours e (cf .  Kintsch , 
1974 ;  Fodor ,  Fodor ,  an d Garrett ,  1975) ,  bu t  the y 
can als o serv e th e usefu l  purpos e o f  providin g a n 
economica l  representatio n o f  radicall y indeterminat e 
discourse .  Th e functio n o f  menta l  model s i s 
profoundl y semantic :  a  propositiona l  representatio n 
i s tru e o r  fals e wit h respec t  t o a  menta l  mode l  o f 
tF e worl? 7 TfvT s relatio n i s establishe d b y mappin g 
propositiona l  representations  ont o menta l  models ,  an d 
I  hav e argue d elsewher e fo r  a  procedura l  semantic s 
tha t  carrie s ou t  thi s tas k (see ,  e.g .  Johnson-Laird , 
1980 ,  fo r  a  descriptio n o f  a  progra m tha t  build s u p 
spatia l  array s fro m verba l  descriptions) .  Trut h o r 
falsit y wit h respec t  t o realit y ultimatel y depend s o n 
th e constructio n o f  menta l  model s o n th e basi s o f 
perceptua l  experience . 

There is one other crucial function served by 
menta l  models .  Th e fundamenta l  semanti c principl e 
of  trut h i s tha t  a n assertio n i s tru e provide d tha t 
ther e i s n o counterexampl e t o it .  Th e assertion , 
"Socrate s i s dead, "  ha s onl y on e possibl e counter -
example ,  namely ,  tha t  Socrate s i s no t  dead ;  th e 
assertion ,  "Al l  men ar e mortal, "  ha s a  larg e numbe r 
of  potentia l  counterexamples .  Likewise ,  give n th e 
trut h o f  a  se t  o f  premises ,  a  conclusio n i s 
necessaril y  tru e onl y i f  ther e i s n o counterexampl e 
t o it ,  tha t  is ,  n o wa y o f  interpretin g th e premise s 
tha t  render s th e conclusio n false .  I f  huma n being s 
hav e graspe d thi s principle ,  the n the y ca n reaso n 
validl y withou t  possessin g an y menta l  logic ,  rule s o f 
inference ,  o r  inferentia l  schemata .  I t  i s  a 
straightforwar d matte r  t o writ e compute r  program s tha t 
make inference s withou t  recours e t o rule s o f  inference : 
the y construc t  model s o f  th e premises ,  dra w a  putativ e 
conclusio n o n th e basi s o f  a  simpl e heuristic ,  an d 
the n searc h fo r  counterexample s t o th e conclusion . 
On th e previou s occasio n tha t  I  presente d thi s ide a 
(Johnson-Laird ,  1980) ,  i t  wa s viewe d a s o n a  pa r  wit h 
th e Pelagia n heres y i n som e quarters .  Ye t  cognitiv e 
scientist s shoul d b e prepare d t o accep t  tha t  th e 
doctrin e o f  menta l  logi c may b e jus t  a s mistake n a s 
th e ide a o f  origina l  sin .  Abandonin g th e doctrin e 
certainl y solve s th e otherwis e intractabl e myster y o f 
how childre n coul d acquir e logi c withou t  bein g abl e 
t o reaso n validly .  Th e thesi s tha t  logi c i s innat e 
i s th e onl y plausibl e solutio n bu t  i t  ha s n o mor e 
explanator y valu e o r  empirica l  conten t  tha n a n appea l 
t o divin e intervention .  I f  ther e i s n o menta l  logic . 

the n th e questio n o f  o f  it s  origin s doe s no t  eve n 
arise .  Th e theor y o f  menta l  model s als o reveal s 
th e majo r  caus e o f  inferentia l  error :  th e greate r 
th e numbe r  o f  menta l  model s tha t  hav e t o b e construct -
ed i n orde r  t o mak e a  vali d deduction ,  th e greate r 
loa d o n workin g memory ,  an d th e mor e likel y a n erro r 
i s t o b e made .  My colleague s an d I  hav e checke d thi s 
predictio n i n a  variet y o f  inferentia l  tasks .  Tabl e 
1 present s th e relevan t  dat a fro m fou r  o f  ou r  experi -
ment s i n whic h th e subject s ha d t o dra w thei r  ow n 
conclusion s fro m syllogisti c premises :  i t  give s th e 
percentage s o f  vali d conclusion s tha t  wer e draw n de -
pendin g o n th e numbe r  o f  menta l  model s tha t  ha d t o b e 

Tabl e 1 The percentage s o f  correc t  vali d 
conclusion s draw n fro m syllogisti c 
premise s i n fou r  experiments .  Th e 
percentage s ar e show n a s a  functio n 
of  th e numbe r  o f  menta l  model s tha t 
hav e t o b e constructe d i n orde r  t o 
dra w a  vali d conclusion . 

Experimen t  1 
Experimen t  2 
Experimen t  3 
Experimen t  4 

One mode l 
problem s 

92 
80 
62 
58 

Two mode l 
problem s 

46 
20 
20 

0 

Thre e mode l 
problem s 

28 
9 
3 
0 

constructed .  I n Experimen t  1 ,  2 0 student s a t  Teacher s 
College ,  Columbi a University ,  wer e aske d t o stat e wha t 
followe d fro m premise s i n eac h o f  th e 6 4 logicall y 
distinc t  varietie s (se e Johnson-Lair d an d Steedman , 
1978) .  Experimen t  2  wa s a  replicatio n wit h 2 0 
student s a t  Mila n University ,  an d Experimen t  3  wa s a 
furthe r  replicatio n i n whic h 2 0 Italia n subject s wer e 
give n jus t  1 0 second s i n whic h t o mak e eac h o f  thei r 
responses .  Thes e experiment s wer e carrie d ou t  i n 
collaboratio n wit h Brun o Sara .  Finally ,  i n Experimen t 
4,  whic h Debbi e Bul l  an d I  designed ,  1 9 childre n 
betwee n 1 1 an d 1 2 year s o f  ag e wer e aske d t o dra w 
conclusion s fro m 2 0 ou t  o f  th e 6 4 possibl e pair s o f 
syllogisti c premises .  Th e tren d i n eac h experimen t 
was remarkable :  no t  a  singl e subjec t  tha t  w e hav e 
teste d ha s eve r  faile d t o perfor m bes t  o n thos e 
syllogism s tha t  requir e onl y a  singl e mode l  t o b e con -
structed .  I t  i s  difficul t  t o resis t  th e conclusio n 
tha t  inferentia l  abilit y  i s  base d o n th e manipulatio n 
of  menta l  models . 

Let me finish with one final conjectural flourish. 
The psychologica l  cor e o f  understandin g an y phenomeno n 
consist s i n you r  havin g a  'workin g model '  o f  i t  i n 
you r  mind .  I f  yo u understan d inflation ,  a  mathemati -
cal  proof ,  th e wa y a  compute r  works,DN A o r  a  divorce , 
the n yo u hav e a  menta l  representatio n o f  i t  tha t  serve s 
as a  mode l  i n muc h th e sam e wa y as ,  say ,  a  cloc k 
function s a s a  mode l  o f  th e sola r  system .  Lik e a 
clock ,  a  menta l  mode l  nee d no t  b e wholl y accurat e t o b e 
useful ,  whic h i s jus t  a s wel l  because ,  o f  course ,  ther e 
ar e n o complet e model s o f  an y empirica l  phenomena . 
I f  a  televisio n se t  i s  mentall y represente d a s contain -
in g a  bea m o f  electron s tha t  ar e magneticall y deflecte d 
acros s th e screen ,  the n thi s componen t  o f  th e mode l 
serve s a n explanator y function .  I t  accounts ,  fo r 
example ,  fo r  th e distortio n o f  th e pictur e tha t  occur s 
when a  magne t  i s hel d nea r  t o th e screen .  Othe r  com -
ponent s o f  th e mode l  may serv e n o suc h function .  One 
migh t  imagine ,  say ,  eac h electro n a s deflecte d b y th e 
magneti c fiel d muc h a s a  ball-bearin g i s diverte d fro m 
it s cours e b y a  magnet ,  bu t  withou t  havin g an y 
representatio n o f  th e natur e o f  magnetism :  th e 
'picture '  i s  jus t  a  picture ,  whic h simulate s realit y 
rathe r  tha n model s it s underlyin g principles .  A t 
leas t  on e othe r  componen t  o f  ever y dynami c mode l  i s 
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neithe r  modelle d no r  simulated .  Thi s elemen t  i s 
time .  Tim e i s no t  represente d i n a  dynami c model , 
but  rathe r  th e mode l  unwind s i n rea l  tim e i n muc h 
th e sam e wa y a s d o th e event s tha t  ar e modelled , 
thoug h perhap s a t  a  differen t  rate .  I n model s tha t 
ar e no t  dynamic ,  o f  course ,  tim e ca n b e represente d 
by a  spatia l  axis .  What  on e shoul d expec t  i n 
examinin g th e growt h o f  expertis e i n a  particula r 
domai n i s th e gradua l  transitio n fro m mer e 
prepositiona l  principle s t o a  full y  articulate d 
menta l  model ,  an d th e gradua l  replacemen t  o f 
simulate d element s b y thei r  modelle d counterparts . 
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Learnin g Throug h Growt h o f  Skil l 

i n Menta l  Modeling ^ 

Jill H. Larkin 
Herber t  A .  Simo n 

Carnegie-Mello n Universit y 

Th e menta l  model s o f  a  skille d scientist ,  ar e ofte n differen t  fro m 
tfios e o f  a n untraine d person .  Fo r  example ,  i n tfiinkin g abou t  th e 
interactio n o f  physica l  objects ,  th e untraine d perso n seem s largel y 
restricte d t o envisionin g object s i n a  sequenc e o f  motions .  Th e 
entitie s i n thes e "naive "  o r  Immediat e menta l  model s correspon d 
directl y t o object s i n th e rea l  v*/orld .  Th e inferentia l  rule s tha t  contro l 
th e runnin g o f  thes e model s correspon d roughl y t o rule s reflectin g 
h o w event s unfol d i n rea l  time .  Whil e suc h menta l  model s ar e 
perfectl y adequat e fo r  gettin g aroun d i n everyda y situations ,  the y ar e 
sometime s dramaticall y wron g (Green ,  McCloskey ,  an d Caramazza , 
1980 ,  Clement ,  1981 )  an d the y certainl y see m les s effectiv e i n 
solvin g scientifi c  problem s tha n ar e th e mor e extende d 
representation s o f  th e scientist . 

Th e menta l  model s o f  a  perso n wit h trainin g i n physic s ar e no t 
limite d t o entitie s an d inferentia l  rule s base d directl y o n experience . 
Instead ,  thes e model s ca n an d d o includ e entitie s tha t  hav e 
technica l  meaning s define d onl y b y th e scientifi c  discipline ,  an d tha t 
ar e relate d b y specia l  inferentia l  rule s agai n define d i n th e discipline . 
For  example ,  a  perso n wit h trainin g i n physic s i s no t  restricte d t o 
considerin g perceivabl e object s lik e cat s an d coffe e cups ,  bu t  m a y 
als o represen t  situation s i n term s o f  technica l  entitie s lik e force s o r 
pressur e drops .  Similarly ,  capacit y t o m a k e inference s abou t  a 
situatio n nee d no t  paralle l  imagine d developmen t  o f  th e situatio n i n 
time ,  bu t  instea d m a y reflec t  specia l  constrain t  law s o f  physics ,  e.g. , 
tha t  th e m o m e n t u m o f  a n isolate d syste m mus t  remai n constant . 
Thes e ideas.ar e discusse d mor e full y i n (Larkin ,  1981a )  an d i n th e 
discussio n o f  physica l  intuitio n i n (Simo n an d Simon ,  1978) . 

I n thi s pape r  w e conside r  h o w a n individua l  migh t  develo p th e 
abilit y t o re-represen t  situation s i n term s o f  scientifi c  entities . 
Presumabl y thi s developmen t  i s on e goa l  o f  scienc e instruction .  W e 
shal l  presen t  preliminar y result s fro m a n experimenta l  an d 
theoretica l  cas e stud y i n suc h development .  Subject s wit h 
background s i n physic s studie d section s take n fro m a  physic s 
textboo k tha t  describe d materia l  (flui d statics )  the y ha d no t 
previousl y encountered ,  an d the n use d thi s materia l  i n effort s t o 
solv e problems .  I n a  coordinate d theoretica l  effor t  w e ar e 
developin g a  computer-implemente d mode l  o f  learnin g fro m tex t  tha t 
i s  capabl e o f  usin g declarativ e statement s o f  fact s (i n thi s case , 
relation s o f  physics )  bot h t o "understan'd "  th e derivatio n o f  n e w 
result s an d t o appl y thes e result s i n solvin g problems . 

1.Th e A B L E syste m 
Th e system ,  calle d A B L E ,  i s a  descendan t  o f  a  syste m tha t  learne d 

throug h practic e t o appl y principle s o f  mechanics ,  an d tha t 
accounte d fo r  strateg y difference s betwee n skille d an d les s skille d 
individual s (Larkin ,  1981b) . 

A B LE i s a  productio n syste m writte n i n th e curren t  implementatio n 
of  O P S .  a  LISP-base d efficien t  productio n syste m languag e (Forgy , 
1980 ,  Forgy .  1979) .  Thu s A B L E ha s a  workin g m e m o r y compose d o f 
passiv e element s o f  knowledg e tha t  ar e acte d o n b y a  larg e 
productio n m e m o r y compose d o f  element s o f  procedura l  knowledg e 
encode d a s condition-actio n pairs .  W h e n th e condition s o f  a 
particula r  productio n ar e foun d t o matc h s o m e o f  th e content s o f 
workin g memory ,  thi s matc h cue s th e executio n o f  th e 
correspondin g action s whic h the n ac t  t o modif y workin g memory . 

The n th e condition s o f  s o m e n e w productio n ar e foun d t o match , 
an d th e cycle s continue .  Productio n system s hav e a  continue d 
histor y o f  fruitlulnes s i n psychologica l  modelin g (Newel l  an d Simon , 
1972 ,  hJewell ,  1973 ,  McDermott ,  1978 )  bu t  th e majo r  featur e use d i n 
A B LE i s th e eas y modelin g o f  learning .  Eac h productio n i s a n 
independen t  piec e o f  knowledge ,  an d th e circumstance s unde r 
whic h i t  applie s ar e determine d Onl y b y th e content s o f  it s ow n 
conditions .  Thu s th e additio n o f  knowledg e (learning )  i s modele d 
simpl y b y th e additio n o f  n e w productions . 

To explai n th e workin g o f  A B L E w e conside r  it s applicatio n t o 
solvin g par t  o f  th e proble m give n i n Tabl e 1  an d Figur e la ,  an d 
presente d a s a  worke d exampl e i n Hallida y &  Resnic k (1970) .  Th e 
firs t  paragrap h o f  th e exampl e state s th e problem .  W e currentl y giv e 
A B LE a  goo d understandin g o f  thi s paragraph ,  i.e. ,  a  goo d 
immediat e representatio n o f  th e problem .  I t  i s  code d a s a  se t  o f 
relate d declarativ e element s i n workin g memory ,  indicate d b y th e 
grap h structur e i n Figur e lb . 

1.1 .  Encodin g o t  Principle s 
Afte r  achievin g thi s immediat e representatio n o f  th e situation ,  ho w 

doe s a  solve r  m a k e scientifi c  inference s o f  th e kin d illustrate d b y th e 
textboo k solutio n give n i n Tabl e 1 ? I n othe r  word s h o w i s a  scientifi c 
menta l  mode l  run ? 

Suc h inference s mus t  b e base d o n scientifi c  principle s tha t  ar e i n 
s o me sens e "known "  t o th e solver .  " K n o w n "  migh t  initiall y  mea n 
tha t  th e appropriat e textboo k pag e i s availabl e fo r  inspection .  W e 
discus s late r  th e growt h o f  othe r  kind s o f  knowing .  Thu s w e provid e 
A B LE wit h knowledg e o f  relevan t  principle s i n th e for m illustrate d i n 
Figur e 2 .  Lik e al l  principle s an d definition s i n A B L E ,  i t  include s a 
symboli c statemen t  o f  th e principl e A p pg h togethe r  wit h a  settin g 
t o whic h th e principl e applie s an d i n term s o f  whic h o f  th e .symbol s i n 
th e statemen t  ar e (Jefined ,  Her e th e sellin g include s a  portio n o f 
liqui d v/it h densit y p .  tw o point s i n tlia :  liqui d sepaiate d b y a  heigh t 

Tabl e 1 :  Worke d exampl e fro m a  textboo k 
(Hallida y an d Resnick ,  1970 )  showin g th e applicatio n o f  relation s 

of  flui d static s t o relat e densitie s o f 
liquid s i n a  U-shape d tube . 

A U-tub e i s partl y fille d wit h water .  Anothe r  liquid ,  whic h doe s no t 
mi x wit h water ,  i s  poure d int o on e sid e unti l  i t  stand s a  distanc e d 
abov e th e wate r  leve l  o n th e othe r  side ,  whic h ha s meanwhil e rise n a 
distanc e I  (Fig .  la) .  Fin d th e densit y o f  th e liqui d relativ e t o tha t  o f 
water . 

I n Fig .  1  point s C  ar e a t  th e s a m e pressure ^  Hence ,  th e pressur e 
dro p fro m C  t o eac h surfac e i s th e same^ ,  fo r  eac h surfac e i s a t 
atmospheri c pressure" ' 

Th e pressur e dro p o n th e wate r  sid e i s p  21* ,  wher e th e 21 ^  come s 
fro m th e fac t  tha t  th e wate r  colum n ha s rise n a  distanc e I  o n on e 
sid e an d falle n a  distanc e I  o n th e othe r  side ,  fro m it s initia l  position . 
Th e pressur e dro p o n th e othe r  sid e i s pg( d +  21)^ ,  wher e p  i s th e 
densit y o f  th e unknow n liquid .  Hence , 

n8 p 02 1 =  pg( d +  21) " 

and 

Thi s wor k wa s supporle d b y NI E NS F gran t  numbe r  1  5586? .  b y NS F gran t 
number  1  5503 5 .in d b y th e Dt-lcns e Advance d Researc h Proiecl s Agenc y (DOO) . 
ARPA Otclrj i  N o ,359 7 monitof'.* d b y th e Ai r  Forc e Avronic s Labor.itnr y unde r 
Contr-jr. t  F;UGI57 U C  115 1 Tli. > Jiiilhor s ncknovvlfdo e lli o rmpi.rl.in t  coirlrrbulrcin s o f 
f>u;..'ir i  ('.(tŴi i  m llu -  rrll .  r  li.ji ;  h.-in'.ciiplio n .in. I  codrnr j  •  , 1 Ih e pr.jldro l  il-jt; i 

p / p ^  2l/(2Ud)9 . 

Th e rati o o f  th e densit y o f  substanc e t o th e densit y o f  wate r  i s 
calle d th e relativ e densit y (o r  th e specifi c gravity )  o f  tha t  substance . 

•̂ ^  Thes e number s labe l  inference s fo r  referenc e late r  i n th e text . 

h.  Th e "gravitationa l  acceleration "  g  =  9.8m/ s i s no t  specifie d bu t 
assume d t o b e know n outsid e th e contex t  o f  thi s principle . 

Thi s knowledg e o f  a  principl e i s encode d a s a  passiv e link-nod e 
structur e involvin g n o knowledg e o f  hov, '  o r  whe n t o appl y th e 
principl e I n thi s sens e i t  i s  dcclarain e knowledge ,  althoug h clearl y 
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Fig u r e 1 :  (a )  Diagra m provide d b y th e textboo k fo r  th e exampl e I n 
Tabl e 1  (b )  Annotate d "diagram "  (immediat e representation ) 

provide d fo r  A B L E i n startin g t o wor k th e example . 

(a) 

P8 

Figur e 3 :  Goal s use d i n A B L E wit h labele d arrow s indicatin g 
production s tha t  chang e goals . 

Expressio n fo r  a  quantit y 

Find principle . 

Establish principle 

P3 

Compar e pri r 

P5 

incipl e P 4 j 

-Chec k established -

(b ) 

P7 

Recurse on 

non-matche d quantit y 

Fai l 

liquid-to p 

water-to p 

9 wate r original-leve l 

I 

•liquid-botto m 

wjle r 

-tub e connectio n 

Figur e 2 :  Grap h structur e representatio n o f  th e principl e 
Ap =  pgh . 

Setting : poin t  A 

Statement : 

liqui d ̂ t : ; ^ 

pressur e dro>\_^ ^  ^^densit y 

\~.^poin t  B 

•Ap = pgh 

heigh t 

it  goe s beyon d minima l  propositiona l  encodin g o f  th e phrase s tha t 
may hav e bee n use d t o describ e i t  i n th e textboot̂ .  T o illustrat e ho w 
ABLE use s thi s knowledg e o f  principles ,  w e conside r  it s applicatio n 
t o develo p th e inferenc e labele d 4  i n Tabl e 1 ,  tha t  i s t o infe r  tha t  th e 
pressur e dro p fro m 0  t o A  o n th e wate r  sid e o f  th e tub e i s pg2l . 

1.2 .  Interpretiv e Us e o f  Principle s 
ABLE applie s declarativ e knowledg e throug h genera l  procedura l 

knowledg e tha t  firs t  matche s th e settin g o f  th e principl e t o th e 
settin g o f  th e problem ,  an d the n use s th e statemen t  o f  th e principl e 
(interprete d i n th e settin g o f  th e problem )  t o mak e inferences . 

The contro l  structur e o f  ABLE ,  show n i n Figur e 3 ,  i s  base d o n tha t 
propose d b y Neve s an d Anderso n (1981 )  fo r  th e analogou s tas k o f 
supplyin g reason s fo r  th e statement s i n a  geometr y proof .  Th e 
followin g paragraph s provid e Englis h statement s o f  th e production s 
tha t  contro l  th e shif t  o f  goals .  Figur e 3  indicate s thes e production s 
by labele d arrow s linkin g goa l  statements . 

ABLE start s b y usin g th e knowledg e i n productio n P I  tha t  i f  th e 

goal  i s t o fin d a n expressio n fo r  a  quantit y i n a  proble m setting ,  the n 
on e shoul d searc h fo r  a  principl e tha t  ca n provid e furthe r 
informatio n abou t  tha t  quantity .  Th e initia l  searc h ca n b e base d o n a 
variet y o f  criteri a (cf .  Simo n &  Simo n (1978) ,  Larki n 1981 b )  .  A B L E 
currentl y use s a  ver y roug h process ,  embodie d i n P2 ,  tha t  t o b e 
considere d a  principl e mus t  involv e a  quantit y o f  th e typ e currentl y 
desire d (her e pressur e drop) . 

ABLE the n applie s th e knowledg e i n productio n P 3 t o se t  th e goa l 
of  comparin g element s o f  th e proble m situatio n wit h element s o f  th e 
principle ,  includin g it s statemen t  an d setting .  Productio n P 4 
contain s knowledg e o f  ho w t o trac e an d compar e th e grap h 

structure s representin g th e curren t  proble m situatio n (e.g. ,  Figur e 
lb )  an d th e principl e situatio n (Figur e 2) .  W h e n al l  possibl e 
correspondence s betwee n th e tw o grap h structure s hav e bee n 
matched ,  productio n P 5 set s a s a  goa l  t o chec k whethe r  al l  part s o f 
th e principl e hav e bee n matched .  I f  the y have ,  th e goal s ar e 
successivel y marke d a s succeeded .  I f  thi s i s no t  th e case , 
productio n P 6 recognize s tha t  par t  o f  th e situatio n crucia l  t o th e 
applicabilit y  o f  th e principl e ha s no t  bee n satisfied .  Th e goal s ar e 
the n successivel y marke d a s failed ,  an d A B L E ultimatel y mus t  see k a 
differen t  principle .  If ,  however ,  th e onl y par t  o f  th e principl e situatio n 
tha t  doe s no t  hav e a  correspondenc e i n th e proble m situatio n i s a 
particula r  theoretica l  entit y (quantity )  the n productio n P 7 recognizes -
tha t  i f  thi s correspondenc e coul d b e establishe d the n th e principl e 
woul d succeed .  Thu s i n ou r  example ,  i f  A B L E ha d no t  alread y 
establishe d th e correspondenc e h  =  2 1 (a s th e tex t  solutio n ha s no t  -
-  se e Tabl e 1) ,  the n ABL E woul d se t  a s a  subgoa l  t o establis h a n 
expressio n fo r  th e heigh t  h ,  beginnin g wor k agai n wit h productio n 
PI  i n Figures . 

Î uc h o f  ABLE' s wor k involve s establishin g a  detaile d matc h 
betwee n a  principl e settin g an d a  subse t  o f  th e proble m setting .  I n 
th e singl e inferenc e discusse d above ,  o f  th e tota l  o f  9  cycle s o f 
productio n execution ,  5  wer e concerne d wit h matchin g settings . 
Thi s costl y an d compulsiv e matchin g seems ,  however ,  t o b e 
necessar y fo r  goo d proble m solving .  Fo r  example ,  i n th e curren t 
proble m ther e ar e severa l  densities ,  pressures ,  an d heights .  Withou t 
carefu l  matchin g betwee n settings ,  th e solve r  ca n easil y "infer " 
relation s betwee n quantitie s tha t  i n fac t  hav e n o connection . 

1.3 .  Reducin g th e Cost s o f  Interpretiv e Matchin g 
Becaus e matchin g a  principl e t o a  settin g i s costly ,  i t  i s  crucia l  tha t 

a solve r  develo p goo d searc h procedure s fo r  locatin g principle s 
likel y t o produc e usefu l  inferences .  Th e primitiv e searc h algorith m 
embodie d i n productio n P I  (pic k a  principl e involvin g th e kin d o f 
quantit y you'r e tryin g t o solv e for )  i s certainl y no t  goo d enough .  Th e 

107 



followin g paragraph s describ e ABLE' s abilit y t o develo p bette r 
searc h mechanisms . 

A B LE learn s throug h tw o mechanism s proceduralizatio n an d 
generalization .  Th e mechanism s implemente d her e ar e adapte d 
fro m thos e describe d b y Neve s an d Anderso n (1981) .  Simila r 
mechanism s hav e bee n implemente d b y (Newell ,  Shaw ,  &  Simo n , 
1960 ,  Lewis ,  1978 ,  Haye s an d Simon ,  1974) . 

Proceduralizatio n i s  a  mechanis m throug h whic h declarativ e 
knowledg e (e.g. ,  th e statemen t  o f  a  principl e an d a  situatio n t o whic h 
It  applies )  can ,  throug h applicatio n i n a n example ,  b e converte d t o 
procedura l  knowledg e o f  h o w t o appl y tha t  principl e t o analogou s 
situations .  Compositio n i s th e collapsin g o r  compilin g o f  procedure s 
s o tha t  the y ru n mor e quickl y an d wit h reduce d nee d fo r  consciou s 
monitorin g (Haye s an d Simon ,  1974) . 

I n A B L E production s P I  an d P 4 (Figur e 3 )  contai n th e capacit y fo r 
proceduralization .  (Thes e ar e th e production s tha t  us e directl y 
declarativ e knowledg e o f  relations. )  W h e n eac h o f  thes e 
production s executes ,  i t  build s a  cop y o f  itsel f  involvin g th e specifi c 
declarativ e entitie s fro m th e relatio n bein g applied .  Thu s fo r 
example ,  whe n P 4 applie s t o th e principl e A p pgh ,  i t  ma y appl y i n 
th e form : 

IF If the goal is to compare a principle to the current setting 
an d ther e ar e correspondin g theoretica l  entitie s i n th e 
principl e an d proble m setting s 
an d thes e entitie s refe r  t o tv̂ o physica l  entitie s o f  th e sam e 
typ e 

T H EN mar k th e tw o physica l  entitie s a s corresponding . 

This production builds a copy of itself of the form: 

I F th e goa l  i s t o compar e th e principl e A p =  pg h t o th e 
cui  ren t  settin g 
an d th e densit y o f  a  liqui d i n th e proble m settin g 
correspond s t o th e densit y i n th e principl e settin g 

T H EN mar k thi s liqui d i n th e proble m a s correspondin g t o th e 
liqui d i n th e principl e A p =  pgh . 

This new production is part of the procedural knowledge needed to 
appl y th e principl e A p =  pgh . 

As Neve s an d Anderso n (1981 )  poin t  out .  thes e proceduralize d 
production s ar e almos t  alway s shorte r  (contai n fewe r  conditions ) 
tha n th e origina l  genera l  production s tha t  buil t  them .  Thu s the y ma y 
immediatel y provid e th e advantag e o f  reducin g working-memor y 
load .  However ,  thei r  mai n importanc e i s tha t  the y ar e th e ingredient s 
fo r  buildin g efficien t  production s tha t  recogniz e usefu l 
configuration s i n a  proble m an d relat e thes e configuration s t o 
potentiall y  usefu l  principles . 

Th e secon d mechanis m o f  learnin g i s  composition .  I f  tw o 
proceduralize d production s (an y o f  thos e buil t  b y  P I  an d P4 ) 
execut e i n sequence ,  the y ar e combine d t o for m a  singl e productio n 
tha t  doe s th e wor k o f  both .  Thi s i s don e firs t  b y collectin g th e 
conditio n an d actio n element s fro m bot h an d deletin g repetitions . 
(Furthe r  detail s give n b y Neve s an d Anderso n (1981). )  Fo r  example , 
th e proceduralize d productio n abov e ca n b e compose d wit h a 
productio n buil t  b y P I  i n Figur e 3  t o for m th e following : 

IF the goal is to find an expression for Ap of a fluid 
an d ther e i s a  densit y fo r  th e flui d 

T H EN se t  th e goa l  t o compar e t o th e curren t  situatio n th e 
principl e A p =  pg h 
wit h th e correspondenc e betwee n th e pressur e drop s an d 
th e densitie s alread y established . 

Productions of this form, indicated by PS in Figure 3 short circuit the 

primitiv e searc h algorith m o f  PI .  The y d o not ,  however ,  shor t  circui t 
al l  th e interpretiv e matchin g betwee n th e principl e an d proble m 
settings .  I n th e curren t  case ,  A B L E mus t  stil l  matc h line s an d point s 
and heights. -  I n huma n languag e th e knowledg e i n a  productio n lik e 
P8 migh t  b e expressed ,  " I  hav e t o relat e pressur e drop s t o densit y 
an d I  remembe r  ther e wa s a  principl e abou t  that ,  s o le t  m e chec k 
whethe r  i t  applies. "  Althoug h suc h knowledg e doe s no t  replac e th e 
us e o f  a  genera l  abilit y  t o appl y a  principl e i n a  situation ,  a  collectio n 
of  thi s kin d o f  knowledg e provide s a  mean s o f  locatin g principle s 
tha t  ar e likel y t o prov e useful .  Furthermore ,  a s proceduralizatio n 
an d compositio n proceed ,  the y buil d production s wit h mor e 
informatio n i n thei r  conditions .  Thu s th e abilit y t o recogniz e a ' 
configuratio n i n whic h a  certai n principl e wil l  b e usefu l  become s 
mor e an d mor e accurate . 

I n th e limit ,  i f  A B L E ha s worke d man y simila r  problems ,  i t  build s 
production s lik e th e following : 

IF the goal is to find or justify an expression for pressure drop 
an d ther e i s a  densit y associate d wit h a  flui d 
an d ther e ar e tw o point s i n th e flui d separate d b y a  heigh t 

T H EN ther e i s a  pressur e dro p betwee n th e tw o points ,  an d it s 
valu e i s A p =  pgh . 

At this point ABLE has at least one of the capabilities necessary 
fo r  buildin g wha t  w e hav e calle d a  scientifi c  representatio n fo r  a 
problem .  O n encodin g a  proble m involvin g appropriat e height s an d 
densities ,  A B L E immediatel y know s tha t  th e proble m als o involve s 
relate d pressur e drops ,  an d ba n us e thes e entitie s a s readil y a s an y 
i n th e immediat e representations . 

1.4 .  Setting s fo r  Learnin g 
W h en ca n th e learnin g involve d i n proceduralizatio n an d 

coinposit'c n occur ? Clearl y solvin g problem s i s on e suc h setting . 
However ,  a s vj e sIki M se e i n ou r  dir;ussio n o f  huma n learners ,  i t 

seems likel y tha t  thi s learnin g als o take s plac e durin g stud y o f  tex t 
material .  Th e followin g i s on e mechanis m throug h whic h thi s migh t 
occur . 

Conside r  th e textboo k exampl e i n Tabl e 1 .  Suppos e th e learne r 
consider s th e variou s inference s (labele d 1-9 )  a s statement s t o b e 
understoo d o r  verifie d o n th e basi s o f  previou s knowledge .  The n 
understandin g th e sentenc e involvin g inferenc e 4  involve s exactl y 
th e proces s discusse d above ,  justifyin g th e expressio n fo r  th e 
pressur e drop s b y usin g th e principl e A p pgh .  I f  suc h reason -
givin g i s pai t  o f  activ e stud y o f  scientifi c  text ,  the n throug h readin g 
th e learne r  shoul d acquir e s o m e abilit y  t o recogniz e situation s t o 
whic h principle s wil l  apply . 

Thes e comment s ar e no t  limite d t o th e stud y o f  tex t  examples . 
N ew principle s themselve s ar e presente d i n m u c h th e sam e manner . 
A settin g i s described ,  an d a  sequenc e o f  inference s ar e stated , 
ultimatel y leadin g t o a  statemen t  o f  a  ne w principle . 

2.  Huma n Learner s 
I n previou s wor k (Simo n an d Simon ,  1978 .  Larkin ,  McDermott , 

Simon ,  an d Simon ,  1980a ,  Larkin ,  1981b) ,  w e hav e compare d th e 
proble m solvin g o f  tru e experts ,  individual s wit h extensiv e 
professiona l  experienc e i n physics ,  wit h tha t  o f  novices ,  individual s 
whos e experienc e i s  limite d t o th e equivalen t  o f  les s tha n on e 
colleg e leve l  course .  Th e performanc e o f  th e expor t  subject s woul d 
correspon d her e t o th e A B L E mode l  afte r  al l  proceduralizatio n an d 
compositio n ha d occurre d Thi s ver y A B L E mode l  i s essentiall y 
equivalen t  i n performanc e t o th e model s o f  exper t  subject s 
describe d i n earlie r  papers .  Proceduralizatio n an d compositio n hav e 
produce d a  collectio n o f  sensitiv e production s tha t  ca n recogniz e a 
configuratio n o f  knowledg e i n a  proble m situation ,  an d mak e a n 
iininetliat e inferenc e base d o n a n appropriat e principle . 

The hiim:i n solver s considere d her e ar e al l  novice s wit h respec t  t o 
th e phy-̂ ic: ;  i!i,il>.ri,il .  the y kno w varyin y ;imount s o f  genera l  physics . 
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but  non e ha d previousl y studie d flui d statics .  Th e questio n i s the n t o 
what  exten t  d o huma n learners ,  confronte d wit h a  nove l  sectio n o f 
physic s tex t  an d associate d problems ,  perfor m lik e th e A B L E 
system ? Th e 2tnswe r  i s tha t  i n interestin g way s h u m a n learner s ar e 
more an d les s able .  I n thi s discussio n w e shal l  focu s o n th e 
performanc e o f  fou r  subjects ,  tw o w h o loo k ver y m u c h lik e th e A B L E 
syste m an d tw o w h o loo k ver y different .  Thes e dat a ar e preliminar y 
and th e suppor t  fo r  feature s o f  th e A B L E mode l  i s suggestiv e rathe r 
tha n conclusive . 

I n individua l  session s eac h subjec t  wa s aske d t o tal k alou d a s 
much a s possibl e whil e readin g a  six-pag e discussio n o f  flui d static s 
fro m a  physic s textboo k (Hallida y an d Resnick ,  1970 )  an d workin g 
thre e associate d problems .  Subject s wer e give n on e an d one-hal f 
hour s fo r  th e task ,  an d wer e encourage d t o wor k jus t  a s i f  the y wer e 
completin g a n assignmen t  fo r  a  scienc e course . 

Tabl e 2  summarize s th e characteristic s o f  subject s w e conside r 
more an d les s abl e learners ,  characteristic s w e discus s i n th e 
followin g paragraphs . 

2.1 .  Mo r e Abl e Learner s 
Readin g 

We hav e suggeste d i n th e precedin g sectio n tha t  carefu l  activ e 
readin g o f  tex t  ma y b e a n importan t  settin g fo r  acquirin g th e partiall y 
proceduralize d an d compose d production s tha t  ai d i n locatin g 
usefu l  principles .  Indee d th e tw o mor e abl e subject s use d a  grea t 
deal  o f  effor t  i n processin g th e text .  First ,  bot h subject s bega n thei r 
wor k b y readin g th e tex t  completel y fro m beginnin g t o end ,  althoug h 
bot h glance d a t  th e problem s befor e beginnin g t o read . 

Second ,  thes e learner s sho w consisten t  evidenc e tha t  the y ar e 
processin g wha t  the y rea d carefull y an d conscientiously .  Th e tw o 
subject s interrupte d thei r  readin g 5 3 an d 7 0 time s respectivel y t o 
make comment s o n wha t  the y wer e reading .  Mos t  o f  thes e 
comment s (75% ,  81% )  sugges t  tha t  th e subjec t  i s  relatin g wha t  i s 

Table 2: Characteristics of more and less able learners. 

Mor e Abl e ' 
Reading : 
Aloud , 

many comment s 
Readin g precede s 

proble m solvin g 
Slowl y 

(e.g.,19min ,  20min ) 

Problem solving: 
Correc t  o r  facto r 

of  2  erro r 
No searc h 
Orde r  o f  principle s 

lik e A B L E 

Les s Abl e 

Often silently, 
usuall y fe w comment s 

Proble m solvin g befor e 
al l  tex t  rea d 

Rapidl y 
(e.g.,7min ,  5min ) 

Othe r  error s 
Searc h c o m m o n 
Orde r  o f  principle s 

means-end s 

bein g rea d t o previou s knowledg e ("Ok ,  intuitio n woul d tel l  yo u 
that" ;  "...whic h i s analogou s t o jus t  th e weigh t  o f  somethin g i n 
mechanics") ,  o r  expression s o f  understandin g (e.g. ,  "Ok ,  that' s 
eas y enough") . 

Proble m Solvin g 
We conside r  her e performanc e o n th e followin g problem ,  whic h i s 
ver y analogou s t o th e worke d exampl e i n th e tex t  (Tabl e 1) . 

A simpl e U-tub e contain s mercury .  W h e n 13. 6 c m o f 
wate r  i s poure d int o th e righ t  arm ,  ho w hig h doe s th e 
mercur y ris e i n th e lef t  ar m fro m it s initia l  position ? 

The tex t  provide s th e densitie s o f  wate r  (1. 0 x  10"'kg/m'' )  an d 
mercur y (1.3 6 x  10*kg/m^) . 

The tw o subject s solve d thi s proble m withou t  an y searc h throug h 

Tabl e 3 :  Orde r  o f  majo r  step s i n solutio n t o th e U  tub e proble m b y 
(a )  ABLE ,  (b )  an d (c )  Mor e abl e h u m a n solvers ,  (d )  an d (e )  les s abl e 

h u m an solvers ,  (f )  Tex t  example . 
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th e text .  The y readil y recalle d th e relevanc e o f  th e U-tub e example , 
foun d th e righ t  pag e i n th e text ,  an d base d thei r  solution s o n 
inference s m a d e i n tha t  example .  Thu s befor e beginnin g th e 
proble m solution ,  thes e subject s ha d som e internalize d knowledg e 
of  usefu l  principle s t o appl y t o a  U-tub e setting . 

The orde r  i n whic h principle s ar e applie d i s simila r  t o tha t 
generate d b y th e A B L E system ,  an d differ s slightl y fro m th e orde r 
presente d i n th e origina l  exampl e i n tha t  informatio n i s generate d i n 
a forwar d workin g manne r  s o tha t  informatio n i s alway s availabl e a t 
th e tim e i t  i s  needed .  Thes e dat a ar e presente d i n Tabl e 3 .  Par t  (f )  o f 
Tabl e 3  show s th e nin e inferences ,  labele d 1- 9 i n Tabl e 1 ,  use d b y 
th e textboo k i n solvin g th e analogou s proble m state d i n Tabl e 1 .  Th e 
remainin g solution s ar e fo r  th e proble m solve d b y th e h u m a n 
subjects . 

The tw o subject s considere d her e bot h solve d thi s proble m 
correctly .  Al l  o f  th e subject s w e conside r  t o b e mor e abl e eithe r 
solve d thi s proble m correctl y o r  m a d e th e simpl e erro r  o f  solvin g fo r 
th e heigh t  o f  th e origina l  flui d (mercury )  abov e th e poin t  C  (Figur e 
la) ,  rathe r  tha n solvin g fo r  hal f  tha t  distance ,  th e distanc e th e 
mercur y rose . 

2.2 .  Les s abl e Learner s 
Readin g 

Unlik e A B L E an d th e mor e abl e solvers ,  th e les s abl e solver s 
skimme d throug h th e tex t  rapidly .  Th e tw o considere d her e 
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complaine d tha t  readin g alou d interfere d wit h understandin g an d 
wer e permitte d t o rea d th e tex t  silently ,  whic h the y di d rapidl y (se e 
Tabl e 2) ,  Thes e subject s als o bot h stoppe d readin g an d bega n 
solvin g th e /irs t  proble m a s soo n a s the y encountere d materia l 
relevan t  t o it . 

Prob le m Solvin g 
Unlik e th e mor e abl e subjects ,  th e les s abl e subject s d o searc h 
throug h th e tex t  to r  appropriat e relations .  A s Tabl e 3  shows ,  S 3 an d 
S4 eac h trie d tw o differen t  principles .  I n al l  case s th e selectio n w a s 
precede d b y a n episod e o f  searchin g th e tex t  material . 

As show n i n Tabl e 3  th e orde r  i n whic h principle s ar e applie d by , 
th e les s abl e subject s i s ver y differen t  fro m tha t  produce d b y th e 
mor e abl e subjects ,  b y th e A B L E system ,  an d i n th e analogou s tex t 
example .  Th e procedur e o f  thes e subject s seem s t o b e th e 
following :  (1 )  searc h throug h th e tex t  fo r  a n equatio n tha t  involve s 
distance s (presumabl y becaus e a  distanc e i s th e quantit y t o b e 
found) .  Thi s equatio n ma y b e th e equatio n resultin g fro m th e U  tub e 
exampl e (subjec t  S 3 i n Tabl e 3 )  bu t  i t  ma y no t  b e (subjec t  84) .  (2 ) 
Substitut e value s fo r  quantitie s appearin g i n thi s equation ,  usin g a s a 
criterio n fo r  substitutio n merel y lef t  ove r  tha t  th e valu e substitute d 
must  b e o f  th e s a m e typ e a s th e symbo l  fo r  whic h i t  i s  substitute d 
(i.e. .  a  heigh t  fo r  a  height ,  a  densit y fo r  a  density) .  Indeed ,  eve n thi s 
simpl e constrain t  i s  sometime s violate d whe n subject s fai l  t o 
distinguis h betwee n pressur e p  an d densit y p .  (3 )  I f  afte r  thi s 
substitutio n al l  value s i n th e quantit y hav e bee n used ,  an d ther e i s i n 
th e equatio n a  quantit y o f  th e appropriat e typ e (her e distance )  lef t 
over ,  the n solv e th e equatio n i f  possible .  (4 )  I f  i t  i s  impossibl e t o fi t  al l 
th e informatio n i n th e proble m int o th e equation ,  the n abando n i t  an d 
get  a  ne w on e (5 )  I f  ther e remai n i n th e equatio n symbol s no t 
assigne d values ,  the n searc h eithe r  fo r  a n expressio n involvin g thi s 
symbol ,  o r  fo r  s o m e "standard "  valu e fo r  thi s symbo l  (e.g. , 
atmospheri c pressure) . 

Thi s procedur e i s ver y differen t  fro m tha t  execute d b y ABLE . 
However ,  i t  i s  no t  har d t o se e ho w suc h performanc e migh t  b e 

prodi.:ced by ABLE through appropriate delation of strategic 
knovjledge .  First ,  on e v.oul d hav e t o us e Ih o initia l  A B L E system , 
befor e i t  ha d buil t  an y procedura l  knowledg e abou t  applyin g 
principles .  Thi s absenc e correspond s t o th e lac k o f  processin g o f 
th e tex t  observe d i n thes e huma n solvers .  Second ,  on e woul d hav e 
t o remov e fro m A B L E it s strategi c knowledg e tha t  a  principl e ca n b e 
applie d onl y i f  al l  aspect s o f  th e settin g o f  th.i t  principl e ar e matche d 
agains t  th e settin g o f  th e proble m (productio n P 4 i n Figur e 3) .  Thi s 
productio n woul d b e replace d wit h on e tha t  woul d allo w us e o f  a 
relatio n i f  al l  symbol s i n i t  coul d b e matche d b y quantitie s o f  th e 
same typ e i n th e proble m b y quantitie s o f  th e sam e typ e (i.e. ,  a 
lengt h fo r  a  length) .  Thi s uncritica l  matchin g perhap s i s associate d 
wit h th e les s abl e subject s poo r  abilitie s fo r  selectin g usefu l 
principles .  The y hav e t o matc h a  lo t  o f  principles ,  an d s o ma y d o i t  i n 
a les s costl y way .  eve n thoug h thi s econom y ha s devastatin g effect s 
on thei r  proble m solutions .  Wit h thes e change s th e A B L E syste m 
coul d produc e an y o f  th e incorrec t  solution s w e hav e observe d i n 
th e les s abl e subjects . 

The resul t  i s  a  wea k means-end s procedur e o f  searchin g fo r 
relevan t  principle s observe d elsewher e i n novic e solver s (Simo n an d 
Simon .  1978 ,  Larkin ,  fvlcDermott ,  Simon ,  an d Simon ,  1980b) .  A  firs t 
principl e i s propose d becaus e i t  contain s a  quantit y o f  th e typ e t o b e 
solve d for .  Subsequen t  principle s ar e propose d becaus e the y .  ca n 
be use d t o replac e i n th e origina l  equatio n quantitie s withou t  know n 
values .  Substitutio n i s base d o n th e wea k criterio n tha t  th e tw o 
quantitie s mus t  b e o f  th e sam e typ e (e.g. ,  tw o lengths ,  tw o 
pressures) . 

Becaus e o f  thei r  uncritica l  matchin g o f  principle s t o th e proble m 
situation ,  th e error s m a d e b y th e les s abl e subject s ar e varie d an d 
exoti c compare d t o th e simpl e "sensible "  erro r  characteristi c o f  th e 
mor e abl e subjects .  Th e mos t  c o m m o n erro r  i s  illustrate d b y subjec t 
S3 i n Tabl e 3 .  Th e equatio n fro m th e U-tub o exampl e i s used ,  th e 
distanc e 13 6 c m i s substitute d fo r  on e o f  th e distance s i n th e 
•  equation .  /  an d rf,  an d th e equatio n i s solved '  lo r  th e remainin g 

symbol  fo r  distanc e However ,  a s illustrate d b y subjec t  S4 ,  th e 
error s ca n b e fa r  mor e exotic .  However ,  al l  error s ar e produce d b y 
copyin g som e equatio n fro m th e problem ,  substitutin g fo r  th e 
symbol s in .  tha t  equatio n value s tha t  correspon d i n type ,  an d the n 
solvin g fo r  a  symbo l  fo r  distance . 

3.  Conclusio n 
As w e hav e note d elsewher e (Larkin ,  1981a ,  Simo n an d Simon , 

1978 )  individual s traine d i n physic s see m t o wor k wit h menta l  model s 
tha t  ar e differen t  tha n thos e use d b y les s traine d individuals .  I n 
particular ,  skille d individual s re-represen t  th e problem s i n term s o f 
technica l  entitie s (e.g. ,  pressur e drops )  tha t  hav e n o specia l 
meanin g outsid e th e disciplin e o f  physics .  Her e w e sugges t  tha t  th e 
genera l  learnin g mechanism s o f  proceduralizatio n an d compositio n 
provid e s o m e explanatio n o f  ho w thi s abilit y  t o re-represen t 
problem s migh t  b e acquired . 

Our  prototyp e A B L E syste m acquire s a  principl e i n declarativ e 
form ,  a s a  studen t  migh t  b y readin g a  chapter .  Thi s initia l  encodin g 
doe s no t  itsel f  includ e an y informatio n abou t  ho w o r  wher e t o appl y 
th e principle .  Thu s initia l  application s o f  th e principl e ar e 
interpretive :  achieve d throug h genera l  procedura l  knowledg e abou t 
h o w t o appl y an y principl e o r  definition .  Throug h suc h applicatio n 
A B LE build s ne w specifi c  procedura l  knowledg e associate d wit h th e 
principle .  Initiall y  fragment s o f  procedura l  knowledg e ai d i n th e 
searc h process .  The y contai n pattern s o f  informatio n tha t  hav e bee n 
use d wit h tha t  principl e i n th e past ,  thu s short-circuitin g ABLE' s 
origina l  genera l  an d wea k metho d o f  selectin g principles .  Ultimatel y 
a principl e ca n b e completel y proceduralize d (fo r  a  se t  o f  analogou s 
contexts )  s o tha t  applicatio n i s completel y automatic .  Thi s fina l 
automati c knowledg e m a y wel l  b e a n ingredien t  o f  vi/ha t  on e woul d 
want  t o cal l  a n expert' s  menta l  mode l  i n whic h technica l  entitie s 
(e.g. .  pressur e drops )  ar e see n a s readil y a s visibl e entitie s lik e 
heights . 

References 

Clement. J. Students preconceptions in introductory mechanics. 
America n Journa l  o f  Physics ,  '\QQ\ ,  ,  i n press . 

Forgy, C.L. Implerventing a Fast Syntactic Pattern l^atcher. 
Technica l  Report ,  Compute r  Scienc e Department ,  Carnegie -
fulello n University ,  Augus t  1979 . 

Forgy, C.E. Preliminary 0PS5 Manual. Technical Report, Computer 
Scienc e Department ,  Carnegie-K/lello n University ,  1980 . 

Green, B., McCloskey, M.. Caramazza, A. Curvilinear fulotion in the 
Absenc e o f  Externa l  Forces :  Naiv e Belief s Abou t  th e Motio n o f 
Object s Sc/ence ,  Decembe r  1980 ,  270(5J ,  1139-1141 . 

Halliday. D. and Resnick, R. Fundamentals of Physics. New York; 
Joh n Wile y &  Son s 1970 . 

Hayes, J.R., and Simon, H.A. Understanding written task 
instructions .  I n Gregg ,  L.W .  (Ed.) .  Knowledg e an d Cognition . 
Hillsdale ,  NJ :  Lawrenc e Eribau m Assoc ,  1974 . 

Larkin, J.H., McDermott, J., Simon, D.P,, Simon, H.A. Ivlodels of 
competenc e i n solvin g physic s problems .  Cognitiv e Science , 
1980,4,317-345 . 

Larkin, J,H., fvlcDermott, J., Simon, D.P., and Simon, H.A. Expert and 
novic e performanc e i n solvin g physic s problems .  Science ,  Jun e 
1980,208 ,  1335-1342 . 

Larkin. J.H. The Role of Problem Representation in Physics. C.I.P. 
429 ,  Carnegie-fvlello n University ,  1981 ,  Presente d a t  a 
Conferenc e o n fvlenta l  fvlodels ,  L a Jolla ,  CA .  October ,  1980 . 

Larkin, J.H Enriching formal knowk ige: A model for learning to 

110 



solv e problem s i n physics .  I n J  R .  Anderso n (E d ) ,  Cognitiv e 
skill s  an d thei r  acquisition .  Hillsdale ,  H.J. ;  La.'.icnc e drlbau m 
Associates ,  Inc. ,  1981 . 

Lewis, C H. Production system models ol practice ellccts. PhD 
thesis ,  Universit y o f  Michigan ,  1978 . 

McDermott. J. Some strengths of production system architectures. In 
N A TO A.S.I ,  proceedings :  Stry-tural/proces s theorie s o f 
comple x huma n behavior .  Th e Netherlands :  A.W .  Sijthoff , 
Internationa l  Publishin g Company ,  1978 . 

Neves. D. and Andersen, J.R. Knowledge Compilation: Mechanisms 
fo r  th e Automatizatio n o f  Cognitiv e Skills .  I n Anderson ,  J.R .  (Ed.) , 
Cognitiv e Sl<ili s  an d The n Acquisition. ,  Hillsdale ,  NJ :  Lawrenc e 
Eribau m Associates ,  Inc. ,  1981 . 

Newell, A. and Simon, H. A. Human Problem Solving. Englewood 
Cliffs ,  NJ :  Prentic e Hall ,  Inc .  1972 . 

Newell. A,. Shaw, J.C.. & Simon, H.A. A variety of intelligent learning 
i n a  genera l  proble m solver .  I n Yovits ,  M.C .  &  Cameron ,  S  (Eds.) , 
Internationa l  Tract s i n Compute r  Scienc e an d Technolog y an d 
Thei r  Application ,  :  Pergamo n Press ,  1960 . 

Newell. A. Production systems: Models of control structures. In 
Chase ,  W.G .  (Ed) ,  Visua l  informatio n processing .  N e w York : 
Academi c Press ,  1973 . 

Simon,  D.P. and Simon, HA. Individual differences in solving physics 
problems .  I n Siegler ,  R .  (Ed.) ,  Children' s thinking :  Wha t 
develops? .  Hillsdale ,  NJ. :  Lawrenc e Eribau m Associates ,  1978 . 

Il l 





S U B M I T T E D P A P E R S 





IntereBtingnei i  an d Nenor y fo r  Storie s 

Joh n B .  Black ,  Steve n P .  Shwart z 
and Wendy G .  Lehner t 

•Yal e Universit y 

Abstrac t 

Two experiments investigated the effects of 
th e numbe r  o f  interestin g event s i n a  stor y o n 
memory fo r  tha t  story .  Th e result s differe d dep -
endin g o n whethe r  o r  no t  th e stor y followe d a  ste -
reotypica l  script .  Fo r  script-base d stories ,  ad -
din g interestin g event s space d throughou t  th e 
storie s decrease d th e stories '  memorability .  How -
ever ,  fo r  non-script-base d stories ,  addin g a  fe w 
interestin g event s aide d memor y fo r  th e stories , 
but  addin g to o man y decrease d memory .  Thes e re -
sult s wer e interprete d i n term s o f  a  limite d res -
ourc e mode l  o f  stor y understandin g tha t  focusse s 
processin g o n interestin g events . 

Introductio n 

One of the major problem areas for theories of 
languag e understandin g i s ho w t o determin e whic h 
inference s ar e importan t  t o mak e whil e understan -
din g a  stor y an d whic h inference s ar e no t  importan t 
t o make .  When inferencin g i s lef t  uncontrolled ,  a 
combinatoria l  explosio n o f  inference s i s ofte n th e 
result . 
Schank and Abelson (1977) proposed a group of 
highe r  leve l  knowledg e structure s (scripts ,  plans , 
goal s an d themes )  tha t  constrai n inferencin g t o 
onl y th e mos t  relevan t  paths ,  bu t  Schank  (1979 ) 
conclude d tha t  eve n more  constrain t  wa s needed .  I n 
particular ,  h e propose d tha t  interestingnes s b e 
used t o guid e inferencing :  i.e. ,  tha t  th e infer -
encin g proces s shoul d concentrat e o n th e mos t  in -
terestin g event s i n a  narrative .  Schank  argue d 
tha t  a n interestingnes s valu e coul d b e assigne d t o 
event s i n narrative s usin g th e criteri a tha t  som e 
event s ar e inherentl y interestin g (e.g. ,  sex ,  deat h 
and violenc e ar e alway s interesting )  an d othe r  e -
vent s ar e interestin g i n certai n context s (e.g. , 
takin g of f  one' s clothe s i n publi c i s interestin g 
but  no t  i n private) .  Thes e interestingnes s value s 
can the n b e use d t o focu s th e inferencin g processe s 
on onl y th e mos t  interestin g event s i n a  narrative . 
Lehnert (1979) extended this analysis by ad-
din g th e notio n o f  resourc e limitation s an d makin g 
prediction s fo r  th e recal l  o f  stories .  On e o f  th e 
prediction s wa s tha t  addin g interestin g event s t o a 
stor y wil l  improv e it s memorabilit y  becaus e the y 
provid e marker s aroun d whic h event s i n th e stor y 
can b e organized .  However ,  becaus e processin g 
resource s ar e limited ,  addin g interestin g event s t o 
a stor y wil l  onl y ai d memor y u p t o a  certai n point . 
I f  a  stor y contain s to o man y interestin g event s 
the n ther e wil l  b e to o man y hig h priorit y event s 
competin g fo r  th e limite d processin g resources ,  s o 
thi s "overload' '  conditio n shoul d als o b e detrimen -
ta l  t o recal l  o f  th e story .  We conducte d tw o ex -
periment s t o tes t  thes e predictions . 

Number  o f  Interestin g Event s 
Experimen t 

In this experiment we explicitly tested the 
predictio n tha t  a s th e numbe r  o f  interestin g event s 
i n a  stor y increased ,  th e memor y fo r  th e stor y 
woul d firs t  b e aide d an d the n b e hurt .  I n partic -
ular ,  w e designe d fou r  storie s o f  2 0 event s eac h 
suc h tha t  u p t o nin e unrelate d bu t  inherentl y in -
terestin g event s coul d b e substitute d fo r  uninter -
estin g event s wit h minima l  chang e i n th e sentences . 
For  example ,  on e stor y abou t  a  visi t  t o a  librar y 
containe d th e followin g tw o uninterestin g event s 
On her way Mary passed a friend 

and remembere d sh e wa s i n he r  class . 

The first sentence here can be made interesting by 
merel y substitutin g "prostitutfe "  fo r  "friend. " 

Two of these four stories were based on ste-
reotypica l  script s (visitin g th e librar y an d eatin g 
at  a  restaurant )  whil e th e othe r  tw o wer e no t 
(walkin g i n th e par k an d visitin g a  privat e club) . 
We wrot e fou r  version s o f  eac h o f  thes e stories . 
Thes e version s differe d onl y i n th e numbe r  o f  in -
terestin g events .  On e versio n ha d 0 ,  anothe r  ha d 
3,  a  thir d ha d 6  an d th e fina l  on e 9 .  Thes e in -
terestin g event s wer e distribute d evenl y throughou t 
eac h stor y version .  :Ou r  mai n interes t  wa s i n ho w 
thi s numbe r  o f  interestin g event s woul d affec t  th e 
subjects '  recal l  o f  th e stories .  We gav e th e fou r 
storie s (on e i n eac h version )  t o 3 2 subject s t o 
rea d ( 8 subject s sa w a  give n versio n o f  a  give n 
story) ,  the n afte r  a  1 5 minut e intervenin g tas k th e 
subject s wer e give n th e stor y title s an d aske d t o 
recal l  a s muc h a s the y coul d fro m th e stories . 
Thes e recal l  protocol s were  the n score d fo r  th e 
gis t  o f  th e event s i n th e stories . 
^able 1 gives the percentage of the story 
statement s recalle d fo r  eac h versio n o f  th e stor -
ies . 

Tabl e i 

Percent of Story Statements Recalled in First 
Experimen t 

Type of Story Number of Interesting Events 

0 3 6 9 

Script 65 51 52 56 

Non-script 53 59 49 A2 

The result s were  quit e differen t  fo r  th e differen t 
kind s o f  story .  I n particular ,  th e non-scrip t 
storie s followe d th e predicte d pattern :  i.e. ,  ad -
din g 3  interestin g event s improve d recal l  bu t  ad -
din g mor e hur t  recall .  However ,  recal l  o f  th e 
scrip t  storie s wa s bes t  wit h 0  interestin g events , 
secon d bes t  wit h 9 ,  an d wors e wit h th e intermediat e 
value s o f  3  an d 6 . 
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Our  interpretatio n o f  thes e result s i s tha t  i n 
th e script-base d storie s ther e i s alread y a  stor y 
organizatio n (namely ,  th e script) ,  s o addin g in -
terestin g event s i s harmfu l  t o recal l  becaus e th e 
existin g organizatio n i s disrupted .  I n th e 0  in -
terestin g event s condition ,  subject s ca n recon -
struc t  a  script-base d stor y durin g recal l  b y merel y 
remembering  tha t  i t  wa s a  typica l  implementatio n o f 
th e scrip t  (e.g. ,  a  typica l  librar y story) .  Howe -
ver ,  addin g interestin g event s make s straigh t  re -
constructio n n o longe r  possible .  Th e sligh t  uptur n 
at  9  interestin g event s migh t  occu r  becaus e b y thi s 
tim e th e subject s hav e completel y abandone d tryin g 
t o us e th e scrip t  a s a  reconstructio n ai d an d 
merel y focuse d o n th e interestin g event s a s memor y 
organizers . 

namely ,  rememberin g th e stor y a s a 
lis t  o f  deviations . 

scrip t  plu s a 

Wit h th e non-scrip t  sto r 
hand ,  suc h a  representatio n i s 
ther e ar e n o organizin g script s 
th e interestin g event s provid e 
th e stor y an d th e constructio n 
durin g readin g i s facilitate d 
estin g event s space d throughou t 
interestin g event s ar e massed , 
ces availabl e fo r  processin g 
loaded "  s o th e memor y fo r  a  s 
terestin g event s i s eve n wors e 
interestin g events . 

les ,  o n th e othe r 
not  possibl e becaus e 

I n thes e stories , 
th e organizatio n fo r 
of  thi s organizatio n 
by havin g th e inter -

th e story .  I f  th e 
th e limite d resour -

ar e "locall y over -
tor y wit h masse d in -

tha n on e wit h n o 

Wit h th e non-scrip t  stories ,  o n th e othe r 
hand ,  th e result s wer e a s predicte d becaus e ther e 
was n o stron g preexistin g organizatio n i n th e in -
terestin g event s condition .  Specifically ,  addin g 3 
interestin g event s aide d recall ,  bu t  th e 6  an d 9 
event s condition s le d t o wors e recal l  becaus e o f  a n 
overabundanc e o f  interestin g events . 
Massed and Spaced Interesting Events 

Experimen t 

In this experiment we explicitly tested the 
predictio n fro m Lehnert' s  limite d resourc e mode l 
tha t  i t  i s  th e densit y o f  interestin g event s rathe r 
tha n th e absolut e numbe r  tha t  determine s recall . 
I n th e firs t  experiment ,  th e numbe r  o f  interestin g 
event s i n th e stor y wa s confounde d wit h th e densit y 
of  interestin g events .  I n thi s experimen t  w e use d 
th e sam e basi c storie s bu t  ha d onl y th e 0  an d 3 
interestin g event s conditions .  Now ,  however ,  w e 
varie d densit y independentl y o f  numbe r  b y havin g 
th e interestin g event s eithe r  b e locate d adjacen t 
t o on e anothe r  (th e masse d condition )  o r  b e evenl y 
space d throughou t  th e stor y a s befor e (th e space d 
condition) .  Th e procedur e wa s th e sam e a s i n th e 
firs t  experimen t  wit h 2 4 subject s thi s tim e (bu t 
stil l  8  pe r  group) . 
Table 2 gives the percentage of the story 
statement s recalle d i n th e version s o f  th e stories . 

Tabl e 2 

Percent of Story Statements Recalled in Second 
Experimen t 

Type of Story Number of Interesting Events 

0 3 Spaced 3 Massed 

Script 55 58 64 

Non-script 50 55 46 

As wit h th e firs t  experiment ,  th e result s wer e 
quit e differen t  fo r  th e tw o type s o f  stories .  Wit h 
th e scrip t  stories ,  ther e wa s essentiall y  n o 
differenc e betwee n th e 0 -  an d 3-space d conditions , 
but  th e 3-masse d conditio n le d t o bette r  recal l  o f 
th e story .  Wit h th e non-scrip t  stories ,  o n th e 
othe r  hand ,  th e result s confirme d th e expectatio n 
tha t  th e space d interestin g event s woul d improv e 
recall ,  whil e th e masse d one s woul d decreas e 
recall . 

Conclusion s 

The non-script stories conformed to our ex-
pectation s tha t  addin g a  fe w interestin g event s 
space d throughou t  a  stor y woul d increas e th e 
story' s memorability ,  bu t  tha t  addin g to o man y in -
terestin g event s o r  havin g the m masse d togethe r 
woul d decreas e th e story' s memorability .  Th e re -
sult s wer e different ,  however ,  i f  th e storie s wer e 
highl y stereotyped ,  script-base d stories .  I n par -
ticular ,  addin g interestin g event s t o script-base d 
storie s disrupt s th e existin g scrip t  organizatio n 
and henc e le d t o les s memorabl e storie s unles s 
thes e disruptiv e event s wer e masse d togethe r  i n th e 
story .  Thu s a  write r  ca n "spic e up "  a  tex t  b y ad -
din g inherentl y interestin g statements ,  bu t  thi s 
procedur e wil l  increas e th e reader' s memor y onl y i f 
th e tex t  wa s poorl y organize d originally . 
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a gran t  fro m th e 

Our  interpretatio n o f  thes e result s i s tha t 
wit h th e script-base d stories ,  havin g th e disrup -
tiv e interestin g event s masse d allow s th e reade r  t o 
stor e the m i n memor y a s separat e unit s whic h i s 
harde r  t o d o i f  th e interestin g event s ar e space d 
throughou t  th e story .  Thu s th e masse d conditio n 
facilitate s a  memor y representatio n lik e th e on e 
propose d b y Graesser ,  Gordon ,  an d Sawye r  (1979 )  — 
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Use o f  Goal-Pla n Knowledg e 
I n Understandin g Storie s 

Edward E. Smith & Allan M. Collins 
Bol t  Berane k an d Newman Inc . 

Ther e seem s t o b e a  growin g 
consensu s amon g researcher s tha t 
understandin g a  stor y involve s 
constructin g a  representatio n o f  th e 
characters '  goal s an d plan s (e.g. , 
Rumelhart ,  1977 ;  Schan k &  Abelson ,  1977 ; 
Wilensky ,  1978) .  Ther e is ,  however , 
relativel y littl e experimenta l  evidenc e 
fo r  people' s on-lin e constructio n o f  suc h 
goal-pla n representations ,  an d th e 
purpos e o f  th e presen t  experimen t  wa s t o 
provid e suc h evidence . 
In our paradigm, subjects are 
presente d a  five-lin e story ,  on e lin e (o r 
sentence )  a t  a  time .  Subject s pres s a 
butto n a s soo n a s the y understan d a 
sentence ,  an d th e sequenc e o f  readin g 
time s obtaine d wit h a  particula r  stor y i s 
assumed t o offe r  a  line-by-lin e 
descriptio n o f  th e proces s whereb y a 
representatio n i s constructe d fo r  tha t 
story .  Th e genera l  ide a behin d ou r 
stud y wa s t o systematicall y delet e 
mentio n o f  certai n goal s an d plan s neede d 
t o understan d th e story ,  an d t o se e i f 
reader s the n too k longe r  a t  line s wher e 
the y woul d hav e t o infe r  thes e missin g 
goal s an d plans . 
To get more specific, we have to 
deal  wit h a  stor y i n detail .  Conside r 
the n th e followin g stor y abou t  a n 
operation . 
1. While John was laid off, his 

wif e becam e seriousl y ill . 
2. John needed money to pay for an 

operation . 

3a. He decided to borrow money from 
hi s Uncl e Harry . 

3b. He would give his Uncle Harry a 
quic k call . 

3c.  H e ha d t o fin d ou t  Uncl e Harry' s 
phone number . 

4. John reached for the most recent 
suburba n directory . 

5. John was overjoyed Uncle Harry 
agree d t o th e loan . 

By ou r  analysis ,  thi s stor y ca n b e 
represente d b y fou r  level s o f  embedde d 
goal s an d 
contain s on e 
plan .  A t  th e 
John' s goa l 
(a n inferenc e 
of  gettin g 

plans ,  wher e eac h leve l 
goal  an d it s associate d 

firs t  o r  to p leve l  woul d b e 
of  hi s wif e gettin g bette r 
fro m lin e 1 )  an d hi s pla n 

her  a n operatio n (inferenc e fro m lin e 2 ) .  A 
"operation "  plan , 
perso n hav e money , 
becomes th e goa l 

preconditio n fo r  th e 
however ,  i s  tha t  th e 

and thi s preconditio n 
at  th e secon d leve l  (i t 

i s  explicitl y  state d i n lin e 2 ) ,  whil e 
th e pla n a t  th e secon d leve l  i s  t o borro w 
money (se e lin e 3a) .  Th e "borrow "  pla n 
als o ha s a  precondition ,  namel y bein g i n 
contac t  wit h th e lender ,  an d thi s become s 
th e goa l  a t  th e thir d leve l  (se e lin e 
3b) ;  th e pla n a t  thi s leve l  i s  t o phon e 
th e lende r  (se e lin e 3b) .  Finally ,  th e 
"phone "  pla n ha s a s a  preconditio n tha t 
one kno w th e telephon e number ,  an d thi s 
i s th e goa l  a t  th e fourt h leve l  (se e lin e 
3c) ;  th e pla n a t  thi s leve l  i s  t o us e th e 
director y (se e lin e 4 ) . 
None of our subjects saw this full 
versio n o f  th e operatio n story .  Rathe r 
the y sa w a  versio n wit h tw o line s 
deleted .  A s a n example ,  som e subject s 
rea d th e stor y wit h line s 3 a an d 3 b 
deleted .  We expecte d thes e subject s t o 
be relativel y slo w i n readin g lin e 3 c 
becaus e ther e i s a  sizeabl e ga p betwee n 
th e goa l  mentione d i n i t  an d th e goa l 
and pla n give n b y th e directl y precedin g 
lin e 2 .  Tha t  is ,  b y deletin g line s 3 a 
and 3b ,  w e gappe d a  coupl e level s o f 
goal s an d plan s an d ou r  subject s mus t 
fil l  thi s ga p whe n readin g lin e 3c ,  whic h 
shoul d tak e time .  When thes e subject s 
get  t o lin e 4 ,  however ,  the y shoul d rea d 
i t  relativel y quickly ;  fo r  no w ther e i s 
no ga p i n th e underlyin g goal-pla n 
representatio n tha t  need s t o b e filled . 
I n contras t  t o th e cas e jus t  described , 
othe r  subject s rea d th e operatio n stud y 
wit h line s 3 b an d 3 c deleted .  Thes e 
subject s shoul d rea d lin e 3 a relativel y 
quickl y (ther e i s n o ga p t o fil l  i n th e 
goal-pla n representation) ,  bu t  rea d lin e 
4 relativel y slowl y (tw o level s o f  goal s 
and plan s hav e bee n gapped ,  an d nee d t o 
be fille d a t  thi s point) -
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So,  b y varyin g whic h line s o f  th e 
stor y ar e deleted ,  w e ca n manipulat e th e 
siz e o f  th e ga p tha t  a  reade r  mus t  fil l 
when readin g a  particula r  stor y line . 
Sinc e thes e gap-size s ar e measure d i n 
unit s o f  underlyin g goal s an d plans ,  a 
findin g tha t  readin g tim e increase s wit h 
gap siz e woul d b e evidenc e fo r  th e 
on-lin e constructio n o f  a  goal-pla n 
representation . 
With stories like the operation one, 
we hav e obtaine d th e predicte d gap-siz e 
effec t  — th e tim e t o rea d a  lin e 
increase s monotonicall y wit h th e numbe r 
of  goal s an d plan s tha t  hav e t o b e fille d 
i n a t  tha t  poin t  - -  thoug h it s magnitud e 
tend s t o b e greate r  o n som e line s tha n 
others .  We wer e concerned ,  however ,  tha t 
th e gap-siz e effec t  migh t  onl y occu r  wit h 
storie s tha t  explicitl y  emphasiz e 
characters '  intentions ,  i.e. ,  reader s 
migh t  onl y construc t  goal-pla n 
representation s fo r  storie s tha t 
explicitl y  us e intentiona l  construction s 
lik e woul d giv e an d decide d to .  Fo r  thi s 
reaso n (an d others )  w e rewrot e ou r 
storie s s o tha t  sentence s tha t  wer e onc e 
intentiona l  i n ton e no w becam e actional . 
Thi s require d changin g th e orde r  o f  th e 
rewritte n sentences ,  sinc e th e 
chronologica l  orde r  fo r  action s i s th e 
revers e o f  tha t  fo r  intentions .  I n th e 
actiona l  versio n o f  th e operatio n story , 
fo r  example ,  Joh n firs t  reache s fo r  th e 
directory ,  the n find s Uncl e Harry' s ne w 
number ,  the n call s him ,  an d the n ask s hi m 
fo r  a  loa n — th e opposit e orde r  o f  line s 
3a,  3b ,  3c ,  an d 4  i n th e origina l  story . 
Once having created these actional 
version s o f  th e storie s w e the n varie d 
whic h line s wer e deleted ,  thereb y varyin g 
th e siz e o f  th e goal-pla n ga p tha t  th e 
reade r  ha d t o fill .  We agai n foun d tha t 
th e tim e t o rea d a  sentenc e increase d 
wit h it s associate d ga p siz e (thoug h 
agai n th e effect' s magnitud e depende d o n 
th e exac t  lin e bein g read )  .  Thes e 
result s sugges t  tha t  peopl e construc t 
roughl y th e sam e goal-pla n representatio n 
of  a  stor y regardles s o f  whethe r  th e 
stor y emphasize s th e characters '  action s 
or  intentions . 
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INFERENCES I N STORY COMPREHENSION 

RAYMONDE GUINDON 
Departmen t  o f  Psycholog y 

Universit y o f  Colorado ,  Boulde r 

Abstrac t 

Prediction s wer e made abou t  th e type s an d 
th e numbe r  o f  inference s t o b e foun d i n 
th e verba l  protocol s o f  subject s readin g 
difficul t  t o understan d texts .  Th e pred -
iction s wer e made o n th e basi s o f  tw o al -
ternativ e model s o f  inferenc e generation , 
th e backwar d bottom-u p inferenc e an d th e 
forwar d bottom-u p inference .  I t  wa s als o 
hypothesize d tha t  plan-goa l  an d scrip t 
inference s woul d b e store d longe r  i n ST M 
tha n coreferenc e an d rol e identificatio n 
inferences .  Thi s implie s tha t  plan-goa l 
and scrip t  inference s ar e mor e likel y t o 
be reporte d tha n coreferenc e an d rol e 
Identificatio n inferences .  Th e protoco l 
analyse s suppor t  th e backwar d bottom-u p 
inferenc e mode l  an d suppor t  th e assume d 
lengt h o f  storag e i n ST M o f  th e differen t 
type s o f  inferences . 

1. 0 Introductio n 

The stud y o f  th e generatio n o f  infer -
ence s i n tex t  comprehensio n i s Importan t 
becaus e i t  i s  believe d t o b e on e o f  th e 
main mechanis m b y whic h a  cohesiv e tex t 
representatio n i s built .  Whil e inference s 
ar e no t  t o b e equate d wit h expectations , 
i t  ha s no t  alway s bee n clea r  ho w infer -
ence s interac t  wit h top-dow n processing . 

Some researchers have proposed a for-
ward bottom-u p inferenc e model .  Th e 
inference s generate d a t  th e inpu t  o f  a 
sentenc e ar e strictl y determine d b y th e 
loca l  informatio n i n th e sentenc e an d the y 
ar e unconstraine d b y th e contex t  (Rieger , 
1975;  Thorndyke ,  1976) .  I n Thorndyke' s 
model  (1978) ,  divers e forwar d bottom-u p 
inference s ar e generate d fro m eac h ne w 
inpu t  sentence .  Thei r  numbe r  depend s o n 
th e presentatio n rat e o f  th e text ,  th e 
difficult y o f  th e text ,  th e purpos e i n 
reading ,  etc .  Some o f  thes e Inference s 
coul d the n b e compatibl e wit h a n incomin g 
sentence ,  facilitatin g it s comprehension . 

Othe r  researcher s hav e propose d back -
ward ,  constraine d model s (Havllan d an d 
Clark ,  1974 ;  Kintsc h an d va n Dijk ,  1978 ; 
Wilensky ,  1978) .  Th e inference s generate d 
fro m th e inpu t  sentenc e ar e constraine d b y 
th e previou s sentences .  Th e inference s 
ar e produce d specificall y t o establis h a 
coherenc e relatio n betwee n th e semanti c 
representatio n o f  th e curren t  sentenc e an d 
th e representatio n o f  th e text .  Th e typ e 
and numbe r  o f  inference s generate d ar e 
constraine d b y th e context . 

Consider a simplified illustration of 
Wilensky' s algorith m t o explai n event s 
(1978) .  Th e inference s generate d fro m a n 
even t  ar e possibl e plan s fo r  tha t  event . 
Those plan s ar e checke d t o se e whethe r  on e 
of  thes e plan s i s a  know n plan ,  o r  i s a 
pla n fo r  a  kno w goal ,  o r  i s  a  pla n fo r  a 
known theme ,  o r  i s a n instrumenta l  pla n 
fo r  a  kno w plan .  Constraint s ar e provide d 
by alread y asserte d o r  inferre d themes , 
goal s o r  plans ,  an d b y th e fac t  tha t  ac -
tion s mus t  b e explaine d relativ e t o them . 

Experimental evidence seem to be 
somewhat  mor e i n favo r  o f  a  backward ,  con -
straine d generatio n o f  inferences .  Th e 
result s o f  Thorndyke' s experimen t  (1976 ) 
were propose d a s a  suppor t  fo r  a  forwar d 
bottom-u p Inferenc e model .  However ,  thi s 
experimen t  migh t  suffe r  a n identlflabilit y 
problem .  Usin g previousl y experimentall y 
derive d inferences ,  a  recognitio n tes t 
wit h thos e inference s an d sentence s o f  th e 
text s i s given .  I t  i s  foun d tha t  th e 
fals e alar m rat e fo r  compatibl e inference s 
i s greate r  tha n fo r  incompatibl e infer -
ences .  However ,  suc h prediction s ca n b e 
derive d a s wel l  fro m a  backwar d bottom-u p 
Inferenc e mode l  tha n fro m a  forwar d 
bottom-u p inferenc e model .  A  backwar d 
inferenc e mode l  wil l  predic t  tha t  th e com -
patibl e inferences ,  tha t  is ,  thos e whic h 
establis h coherence ,  becom e par t  o f  th e 
tex t  representatio n an d ar e likel y t o b e 
falsel y recognize d a s tex t  sentence s (se e 
Keenan,McKoo n an d Kintsch ,  i n Kintsch , 
1974) .  Incompatibl e inferences ,  whic h d o 

117 



not  establis h coherence ,  d o no t  becom e 
par t  o f  th e tex t  representatio n an d ar e 
not  likel y t o b e falsel y recognized . 

In an experiment by Miller and 
Kintsc h (1980) ,  subject s hav e t o produc e 
continuation s fo r  a  sentenc e presente d b y 
Itself ,  I n a  specifi c  contex t  establishin g 
clearl y a  mai n topic ,  o r  I n a  non-seclfl c 
contex t  suggestin g many topics .  I t  I s 
predicte d an d foun d tha t  th e subject s i n 
th e n o o r  non-specifi c  contex t  wil l  rel y 
on th e loca l  constraint s provide d b y th e 
targe t  sentenc e t o produc e thes e continua -
tions -  On th e othe r  hand ,  i t  i s  predicte d 
and foun d tha t  subject s i n th e specifi c 
contex t  conditio n wil l  produc e continua -
tion s relate d t o th e mai n topic .  An y 
model  o f  inferenc e generation ,  backwar d o r 
forward ,  wil l  predic t  th e continuation s t o 
be determine d b y th e loca l  constraint s i n 
th e n o o r  non-specifi c  contexts .  However , 
a forwar d inferenc e mode l  canno t  accoun t 
fo r  th e fac t  tha t  th e continuation s pro -
duce d i n th e specifi c  contex t  conditio n 
ar e al l  relate d t o th e mai n topi c (con -
strained) ,  whil e a  backwar d Inferenc e 
model  predict s jus t  that . 

2. 0 Metho d an d Prediction s 

The stud y t o b e presente d make s pred -
iction s ove r  th e type s an d th e numbe r  o f 
inference s likel y t o h e foun d i n th e ver -
bal  protocol s o f  subject s readin g diffi -
cult-to-understan d texts .  Thes e predic -
tion s ar e base d o n th e tw o alternativ e mo -
del s o f  inferenc e generation ,  th e forwar d 
and th e backwar d models ,  the y ar e base d o n 
assumed o r  know n propertie s o f  th e memor y 
storag e o f  inferences ,  an d the y ar e base d 
on th e theor y o f  verba l  report s (Ericsso n 
and Simon ,  1980) . 

Nine subjects were trained to make 
thlnking-alou d an d retrospectiv e report s 
on thei r  inference s o n twelv e practic e 
texts .  I t  wa s emphasize d tha t  the y shoul d 
not  tr y t o repor t  al l  th e Inference s tha t 
the y coul d eventuall y make ,  bu t  onl y re -
por t  th e inference s the y wer e makin g auto -
matically ,  withou t  effort .  However ,  the y 
wer e als o Instructe d tha t  som e text s migh t 
be harde r  tha n other s an d tha t  I t  woul d b e 
norma l  t o fin d th e productio n o f  infer -
ence s mor e difficul t  i n thos e cases ,  bu t 
stil l  t o repor t  them . 

The text s use d wer e "Paul' s Outing " 
(Collins ,  Brow n an d Larkln ,  1977) ,  "Th e 
Crowd" ,  a n adaptatio n o f  a  tex t  use d b y 
Bransfor d an d Johnso n (1973) ,  an d "Noon , 
Downtown" ,  a  shor t  humourou s narrative . 
I n al l  th e texts ,  th e las t  sentenc e indi -
cate d clearl y th e topi c o f  th e text .  Th e 
tex t  "Th e Crowd "  i s mor e descriptiv e tha n 
narrative . 

For an Inference to be reported, it. 
must  b e store d i n ST M an d durin g a  minima l 
amount  o f  tim e (Ericsso n an d Simon ,  1980) . 
Inference s likel y t o b e reporte d ar e 
Inference s o f  plan s an d goals ,  an d infer -
ence s o f  script s (Schan k an d Abelson , 
1977) .  I n th e protocols ,  explici t  infer -
ence s o f  plan s an d goal s woul d b e like : 
"Th e drive r  wen t  underneat h th e truc k t o 
repai r  it." .  Explici t  inference s o f 
script s woul d b e like :  "Thi s i s goin g t o 
be abou t  traffic. "  o r  "H e seem s t o g o t o a 
movie." . 

Inferences of plans and goals are 
likel y t o b e reporte d becaus e the y ar e th e 
majo r  coherenc e relation s i n th e tex t  re -
presentatio n o f  narratives .  The y nee d t o 
be store d lon g enoug h i n ST M (shor t  ter m 
memory)  t o buil d th e cohesiv e tex t  repre -
sentatio n an d the y becom e a  permanen t  par t 
of  th e tex t  representation .  Inference s o f 
script s ar e likel y t o b e reporte d becaus e 
th e script s ar e use d t o interpre t  a  cer -
tai n numbe r  o f  sentence s an d ar e th e basi s 
of  th e tex t  representation . 

Inferences not likely to be reported 
ar e coreferenc e relation s an d rol e iden -
tifications .  Coreferenc e relation s ar e 
th e determinatio n o f  th e referen t  o f  a 
pronou n o r  a  definit e description .  The y 
ar e ofte n made automatically ,  o n th e basi s 
of  th e structur e o f  th e text ,  withou t  re -
quirin g ST M t o stor e intermediat e computa -
tions ,  an d therefore ,  ar e no t  likel y t o b e 
reported .  Rol e identification s ar e th e 
recognitio n tha t  a  stor y characte r  o r  ob -
jec t  correspon d t o a  scrip t  characte r  o r 
object .  Th e recognitio n i s mad e o n th e 
basi s o f  functiona l  o r  categorica l  infor -
matio n provide d b y th e text .  Presumably , 
thi s i s accomplise d throug h direc t 
pattern-matchin g an d therefor e doe s no t 
use ST M t o stor e Intermediat e result s an d 
canno t  b e reported .  However ,  i f  th e in -
ferre d coreferenc e o r  rol e identificatio n 
reveal s itsel f  t o b e Inadequate ,  i t  i s 
likel y tha t  th e reade r  wil l  repor t  th e in -
adequac y an d wil l  repor t  th e ne w assign -
ment  . 
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For  eac h text ,  a  se t  o f  inference s 
were a  prior i  derive d an d predicte d t o ap -
pear  explicitly ,  eithe r  frequentl y o r  in -
frequently ,  i n th e protocols . 

It Is predicted that the most fre-
quent  explici t  inference s wil l  b e thos e o f 
plan s an d goals ,  an d scripts .  A  relate d 
predictio n i s tha t  th e mos t  frequentl y im -
plici t  inference s wil l  b e thos e o f  co -
reference s an d rol e identifications .  B y 
implicit ,  i t  i s  mean t  tha t  th e protoco l 
i n icate s rathe r  certainl y tha t  th e infer -
ence wa s made bu t  onl y indirectly .  Fo r 
example ,  suppos e tw o o f  th e sentence s 
were :  "Pau l  plunke d dow n $ 5 a t  th e win -
dow... .  bu t  h e refuse d t o tak e it." . 
Suppose als o tha t  th e protoco l  contain s 
somethin g like :  "Well ,  I  couldn' t  under -
stan d wh y Joh n wouldn' t  tak e th e change." . 
I t  i s  clea r  tha t  th e reade r  mad e th e co -
referenc e relatio n betwee n "he "  an d 
"John" . 

According to the backward bottom-up 
inferenc e models ,  plan-goa l  inference s 
shoul d b e reporte d onl y afte r  th e even t 
the y hel p t o explai n i s read ,  an d i n mos t 
cases ,  onl y on e coherenc e relatio n shoul d 
be reporte d fo r  tha t  event .  Accordin g t o 
th e forwar d bottom-u p inferenc e model s 
(Thorndyke ,  1976),  numerou s inference s 
coul d b e reporte d whe n a  sentenc e i s read , 
potentiall y  explainin g a n even t  i n a 
futur e sentence . 

The protocols were analysed In terms 
of  th e type s an d frequenc y o f  th e expli -
citl y  an d implicitl y  reporte d inferences . 
A simpl e consistenc y checkin g wa s per -
forme d o n th e classificatio n o f  th e Infer -
ence s usin g a  thir d o f  th e protocol s ( 9 
out  o f  27) .  Th e consistenc y estimat e wa s 
about  .95 . 

In every case of a reported coherence 
relation ,  i t  ha s bee n reporte d afte r  th e 
even t  I t  explained ,  an d i n onl y on e cas e 
has ther e ee n or e tha n on e coherenc e re -
latio n propose d (ther e wer e two) .  Thi s i s 
consisten t  wit h a  backwar d bottom-u p 
inferenc e model . 

Table 1 presents the types, predicted 
frequencie s an d observe d frequencie s i n 
th e protocol s o f  th e a  prior i  determine d 
inferences . 

reporte d tha n coreferenc e o r  rol e identif -
icatio n Inferences . 

Table 2 presents the frequencies of 
inference s explicitl y  generated ,  implicit -
l y  generate d an d o f  inference s fo r  whic h 
ther e i s n o indicatio n i n th e protocol s 
tha t  the y hav e bee n made .  Th e dat a ar e 
summed ove r  th e tw o method s becaus e whil e 
ther e i s a  sligh t  tendenc y fo r  mor e infer -
ence s t o b e reporte d i n th e thinklng-alou d 
reports ,  thi s i s no t  tru e fo r  al l  stories . 

Scrip t  an d plan-goa l  Inference s ar e 
more ofte n explici t  tha n implici t  o r  no t 
mentionned ,  whil e coreferenc e an d rol e 
Identificatio n inference s ar e mos t  ofte n 
implicit . 

The location and the number of in-
ferre d coherenc e relation s suppor t  a  back -
ward bottom-u p inferenc e model .  Th e gre -
ate r  frequenc y o f  reporte d plan-goa l  an d 
scrip t  inference s i s consisten t  wit h thei r 
assumed lengt h o f  storag e i n ST M an d LTM. 
The relativ e unfrequenc y o f  rol e identifi -
catio n an d coreferenc e inference s support s 
thei r  assume d automaticit y an d lac k o f  us e 
of  ST M t o stor e intermadiat e results . 

The somewhat less good fit of the 
dat a t o th e prediction s i n "Th e Crowd " 
migh t  b e du e t o th e fac t  tha t  "Th e Crowd " 
i s mor e descriptiv e tha n narrativ e an c 
tha t  th e model s fo r  inferenc e generatlo r 
wer e devise d fo r  narratives . 

Tabl e 1 
Observe d frequencie s o f  eac h instanc e 

of  th e predicte d inference s 
summed ove r  th e tw o method s 

NOON,  DOWNTOWN (eac h o n a  tota l  o f  5 ) 

Pitdicreo freijoooL, 
p- g caust -  p  H  p  I s p- g p ^  p- g 
5 3  4 1 4 2 3 M=. 6 

Predicted unfrequent: 
None o f  th e 6  instance s o f  coreference s 
has bee n observe d i n an y protoco l  M= . 0 

The overal l  frequenc y o f  th e predict -
ed frequen t  inference s i s .65 ,  an d o f  th e 
unfrequen t  one s i s .11 . 

As was predicted, plan-goal and 
scrip t  inference s ar e muc h mor e ferquentl y 

119 



PAUL' S OUTIN G (ove r  a  tota l  o f  6 ) 

Predicted frequent: 
p- g p- g p- g p- g 

5 5  6  5 M-  . 9 
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Predicte d unfrequent : 
cor  co r  rol e rol e rol e rol e caus e 

1 2 0  1 0 1  0 
rol e caus e 

0 2  M= . 1 

THE CROWD (ove r  a  tota l  o f  6 ) 

Predicted frequent: 
sc r  sc r  p- g sc r  sc r  caus e sc r 

1 3 4  2  4  1  3  M= . 5 

Predicted unfrequent: 
rol e rol e co r  rol e co r 

1 1 0 1 0 
imp l  Imp l 

2 1  M= . 2 

p- g =  plan-goa l  rol e = 
role-identlflcatio n 

sc r  =  scrip t  imp l  =  implicatur e 
M =  mea n 

Tabl e 2 
Type s an d frequencie s o f  inference s 

as a  functio n o f  storie s 
and methods . 

NOON,  DOWNTOWb 

EXPLICI T 
21 p- g 
0 co r 

PAUL' S OUTIN G 

EXPLICI T 
20 p- g 
3 co r 
2 rol e 
1 caus e 

THE CROWD 

EXPLICI T 
16(15 )  p- g 

5(4 )  rol e 
3 imp l 
1 caus e 

1(0 )  co r 

I 

IMPLICI T 
6(2 )  p- g 

12 co r 

IMPLICI T 
3(2 )  p- g 

9 co r 
12 rol e 

IMPLICI T 
7 rol e 
7 co r 
1(0 )  p- g 

NOT FOUND 
3(5 )  p- g 

NOT FOUND 
1(0 )  p- g 

NOT FOUND 
11(12 )  p- g 
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Self-Embeddin g i s No t 
A Linguisti c Issue * 

Joh n M Carrol l 
M I T Linguistic s an d Philosoph y Dept . 

and I B M Watso n Researc h Cente r 

Anyone familiar with language research over the last 25 years 
or  s o wil l  b e n o strange r  t o example s lik e these : 

The w o m a n died . 
The w o m a n th e m a n me t  died . 
The w o m a n th e m a n th e gir l  love d me t  died . 

Such example s hav e a n illustriou s past ,  bot h i n th e forma l  stud y o f 
languag e an d i n th e psycholog y o f  language .  Th e self-embeddin g (SE ) 
properl y the y displa y singularl y place s natura l  languag e synta x beyon d 
th e generativ e capacit y o f  finit e device s (Chomsky ,  1959).• •  Th e 
interactio n o f  S E wit h languag e comprehensio n entrain s a  remarkabl e 
phenomenon :  on e (o r  zero )  level s o f  S E caus e n o noticabl e incremen t 
i n comprehensio n difficulty ,  bu t  tw o (o r  more )  level s ar e typicall y 
associate d wit h substantia l  impairmen t  o f  comprehensio n ( e g. .  Mille r 
andlsard ,  1964) . 

Explainin g SE .  Thi s remarkabl e fac t  ha s maintaine d th e stud y 
of  S E a s a  preeminen t  topi c i n psycholinguislics .  A  variet y o f  account s 
hav e bee n produce d Th e earlies t  account s tende d t o emphasiz e th e 
exten t  t o whic h S E overtaxe d memor y resource s fo r  speaker s an d 
hearer s (Mille r  an d Chomsky .  1963 :  470ff. ;  Yngve .  I960) .  Late r 
account s tende d t o focu s o n th e kind s o f  operation s tha t  wer e invoke d 
i n th e cours e o f  processin g S E structure s (Mille r  an d Isard ,  1964 ; 
Bcver .  1970) .  Significantly ,  though ,  al l  o f  thes e account s regarde d S E 
as a  genera l  structura l  properl y — whos e expressio n i n languag e wa s o f 
specia l  interes t  - -  no t  a s a  propert y uniqu e t o languag e e x hypothesi . 
Mille r  an d Chomsk y (1963 :  484 )  writ e "Self-embeddin g o f  suc h grea t 
theoretica l  significanc e .. .  tha t  w e shoul d certainl y loo k fo r  occurrence s 
of  i t  i n non-linguisti c contexts. "  Beve r  (1970 )  cite d a s on e o f  th e 
strength s o f  hi s accoun t  o f  S E processin g problem s tha t  analogou s 
principle s seeme d t o explai n phenomen a i n visua l  perception . 

Clearl y though ,  ther e i s anothe r  theoretica l  option .  O n e coul d 
hypothcsJ7 e tha t  S E phenomen a ar e specia l  t o language .  O n suc h a 
view ,  th e natura l  explanator y mechanis m fo r  th e interactio n o f  S E wit h 
sentenc e comprehensio n woul d b e language-specifi c  - -  no t  som e gener -
al  propert y o f  memor y o r  perceptua l  proces s a s suggeste d b y Bever , 
Mille r  an d Chomsky ,  etc .  Thi s vie w i s (ofte n implicitly )  adopte d b y 
many natura l  languag e parsin g theorists .  A  recen t  exampl e i s Fodo r 
and Frazie r  (I9K0 )  w h o sugges t  tha t  th e interactio n o f  S E wit h sen -
tenc e comprehensio n b e theoreticall y reconstructe d a s a  parsin g princi -
pl e attachin g a n incomin g wor d o r  phras e int o it s surfac e structur e 
usin g th e smalles t  possibl e numbe r  o f  ne w nontermina l  node s (Fodo r 
and Frazicr .  1980 :  426-434) .  (.Se e Carroll .  1981 ;  Ford .  Bresnan ,  an d 
Kaplan ,  1981 ,  an d Wanner .  1980 ;  fo r  furthe r  discussio n o f  thi s mod -
el  ) 

The questio n o f  whethe r  generalization s abou t  S E phenomen a 
ar e linguisti c o r  stil l  mor e genera l  i s  a  questio n o f  fact .  Bu t  i t  i s  wort h 
emphasizin g tha t  assumption s on e wa y o r  th e othe r  lea d immediatel y 
t o empirica l  consequence .  Fo r  example ,  th e assumptio n tha t  S E i s 
strictl y linguisti c actuall y doe s som e wor k i n th e analysi s o f  Fodo r  an d 
Frazic r  I  h e singl e stron g distinctio n Fodo r  an d Frazie r  (1980 )  ar e 
abl e t o dra w betwee n thei r  mode l  an d tha t  o f  Wanne r  (1980 )  turn s 
precisel y o n thei r  language-specifi c  analysi s o f  S E phenomena . 

Whil e th e resolutio n o f  thi s issu e ma y ultimatel y b e decide d o n 
Ihcordica l  grounds .  I  wil l  focu s chiefl y o n th e presentotio n o f  dat a 
whose prim a faci e analysi s entail s th e vie w tha t  th e correc t  leve l  o f 
generalizatio n fo r  addressin g S E phenomen a i s somethin g lik e 
"comple x sequences "  I  wil l  discus s example s fro m film ,  dance ,  music . 
.in d socia l  interactio n Then .  1  wil l  tur n bac k t o th e theoretica l  leve l 
.in d outlin e a  proposal ,  followin g Bevcr' s (1970 )  Doubl e Functio n 
Hypothesis . 

Fil m A n obviou s candidat e fo r  S E analysi s i n fil m i s th e 
"flashh.ic k '  scene :  a n entir e scen e i s embedde d int o anothe r  scen e I n 
th e cinem a o f  D.W .  Griffith ,  fo r  example ,  a  scen e (S )  ca n consis t  o f  a 
long-sho t  (L )  followe d b y a  serie s o f  detail-shot s (D )  A  dclail-sho l 
may itsel f  includ e a  scene .  Thi s h.-x s th e effec t  o f  embeddin g a  scen e 
withi n a  scen e I n Carrol l  (1980 :  61-63 )  I  hav e discusse d th e follow -
in g grammar-fragmen t  a s th e basi s o f  a  forma l  analysi s o f  thi s sor t  o f 
compositio n 

S= =  >  L  +  D * 
D =  =  >  D '  +  S  +  D-

The right-han d sid e o f  th e secon d rul e introduce s th e "prime "  a s a notatio n t o indicat e tha t  a  retur n i s structurall y implied .  Thi s amount s 10 a  specia l  sor t  o f  indexin g 

Severa l  example s o f  thi s structur e occu r  i n Griffith' s Broke n 
Blossoms .  Richar d Barlhlemess ,  a s th e Chinaman ,  cast s a  misty-eye d 
loo k withi n a  detail-shot ,  an d immediatel y ther e i s a  cu t  awa y t o a 
flashbac k o f  hi s youth .  I t  woul d no t  hav e bee n possibl e fo r  Griffit h t o 
cut  awa y fro m Barlhlemess ,  sho u th e flashback ,  an d the n procee d wit h 
th e story-lin e withou t  firs t  returnin g t o Barlhlemes s Th e retur n i s 
obligatory ;  i t  i s  par t  o f  th e structur e o f  (Griffith's )  cinem a A s subse -
quen t  example s wil l  sho w thi s i s th e crucia l  propert y o f  sequence s tha t 
afford s SE .  I f  a  sequentia l  domai n ha s a  structur e stron g enoug h t o 
affor d obligator y returns ,  i t  ca n hav e SE .  (This ,  o f  course ,  i s  precisel y 
analogou s t o point s mad e b y Chomsky ,  1959 ,  wit h respec t  t o lan -
guage. ) 

Dance .  A  well-know n exampl e o f  danc e withi n danc e i s i n th e 
Nutcracke r  Suit e wher e severa l  episode s o f  puppet-danc e occu r  a s par i 
of  th e balle t  itself .  Mor e c o m m o n ,  bu t  als o mor e subtle ,  ar c example s 
i n whic h a  danc e phras e (Lasher ,  1981 )  i s interrupted ,  whereupo n a 
complet e an d distinc t  othe r  phras e i s danced ,  the n finall y th e origina l 
phras e run s t o completion . 

O ne clas s o f  suc h example s occur s whe n a  femal e dance r  i s 
lifte d b y a  mal e dance r  i n classica l  ballet :  th e femal e assume s a  rigi d 
postur e whil e th e mal e carrie s he r  an d continue s moving ;  whe n sh e i s 
returne d t o th e floor ,  th e femal e continue s wit h he r  o w n dance .  Anoth -
er  clas s o f  example s ar e case s i n whic h a  grou p o f  dancer s assum e rigi d 
posture s whil e a  subset ,  usuall y a  coupl e o r  a  singl e dancer ,  perfor m a 
dance .  A t  th e completio n o f  th e embedde d dance ,  th e grou p resumes . 
Thes e latte r  type s o f  example s hav e analog s i n musi c wher e the y ar e 
easie r  t o cit e becaus e o f  th e availabl e notatio n 

Music .  Musi c ha s a n extremel y articulate d structur e an d 
afford s severa l  classe s o f  S E structure s O n e o f  thes e i s th e cadenza :  a 
stron g cadenc e i s interrupte d b y a  sol o an d the n completed .  Fo r 
example ,  th e cadenc e 1-6/ 4 — V 7 — I ,  closin g a  sectio n o f  a  violi n 
concerto ,  ca n b e interrupte d b y a  violi n solo :  1-6/ 4 — V 7 — Sol o — I 

W h en th e interruptio n amount s t o a  dela y i n th e matri x struc -
ture ,  i t  i s  ofte n calle d "parenthesis "  (Meyer ,  1973) .  Meye r  discusse s 
an exampl e fro m Haydn' s Strin g Quarte t  i n E b Major ,  Opu s 5 0 N o .  3 : 
a melodi c patternin g o f  third s F.b-G ,  F-Ab ,  implyin g G-llb ,  an d rein -
force d b y harmoni c an d rhythmi c patterns ,  i s  interrupte d b y a  fou r 
measur e repeatin g a-b-a- b structure :  " .  .  th e rea l  melod y i s character -
ize d b y goal-directe d motion :  bu t  th e parenthesi s i s static."(p .  241 ) 

Socia l  interaction .  Fo r  som e year s now .  Sack s (1973 )  an d 
associate s hav e bee n developin g a  theor y o f  th e structur e o f  conversa -
tiona l  interaction s base d o n th e "adjacenc y pair "  uni t  Th e paradig m 
exampl e i s question/answer : 

A:  D o yo u kno w wha t  a n adjacenc y pai r  is ? 
B:  No . 

The implicatio n o f  th e "secon d pai r  part "  entaile d b y th e occurrenc e 
of  th e "firs t  pai r  part "  i s  sufficien t  structur e t o suppor t  S E Indeed . 
Goffma n (1979 :  258-9 )  notice d suc h examples . 

A l :  Ca n I  borro w you r  hose ? 
B2:  D o yo u nee d i t  thi s ver y momen t ? 
A 2 :  No . 
B l :  Yes . 

Instea d o f  answerin g A s initia l  questio n (an d complctein g a n adjacen -
cy pai r  structure) ,  B  initiate s a  secon d question-answe r  adjacenc y pair . 
W h en thi s secon d pai r  i s  complete ,  ther e i s a  retur n t o th e firs t  struc -
tur e Goffma n als o note d a n exampl e o f  multipl e S F ( B i s a  trainma n 
i n a  station ) 

A l :  Hav e yoi i  go t  th e lime ? 
8 2 Standar d o r  Dayligh t  Saving ? 
A 3 :  Wha t  tim e ar e yo u runnin g on ? 
B3:  Standard . 
A 2 Standar d then . 
Bl :  It' s  fiv e o'cloc k 

Jefferso n (n.d. )  ha s show n howeve r  tha t  suc h case s o f  multipl e S E ar e 
extremel y rare ,  althoug h noniterativ e S E i s quit e c o m m o n . 

Indeed ,  i t  i s  strikin g that ,  a s i n th e cas e o f  language ,  multipl e 
SF structure s simpl y d o no t  obtai n O n e certainl y ha s flashbacks ,  bu t 
neve r  flashback s withi n flashback s W h e n suc h structure s ar c em -
ploye d (a s b y Alai n Resnai s i n J c T'aime ,  J c T'aime) ,  the y ar e em -
ploye d precisel y i n orde r  t o confus e th e viewe r  wit h respec t  t o temp o 
ra l  sequenc e Analogously ,  on e canno t  imagin e straightforwar d con -
text s i n whic h a  danc e phras e withi n a  danc e phras e withi n a  danc e 
phras e coul d appea r  i n a  balle t  O n e canno t  embe d a  them e withi n a parenthesi s withi n a  them e O n e canno t  embe d a  pla y withi n a  pla y withi n a  pla y Etc .  I n th e fina l  sectio n o f  thi s pape r  I  wan t  t o retur n t o th e theoretica l  analysi s o f  S E phenomen a an d t o sugges t  a  genera l accoun t  o f  thi s intermoda l  restriction . 
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Doubl e functio n Th e doubl e functio n principl e ca n b e pu l 
quit e simpl y a s "Th e sam e stimulu s canno t  b e perceive d i n tw o incom -
patibl e way s a l  th e sam e lim e "  Th e prim a faci e forc e o f  th e principl e 
i n visua l  perceptio n an d languag e comprehensio n (Bever .  1970 )  an d 
cinem a perceptio n (Carroll ,  1980 :  190-193) ,  exclusiv e o f  S E phenome -
na,  ha s bee n reviewe d elsewher e A s applie d t o SE ,  th e lin e on e woul d 
want  t o ru n i s tha t  th e categorie s "embedder "  an d "embeddee "  ar e 
perceptuall y significan t  an d tha t  accordingl y a n objec t  o f  perceptio n 
canno t  simultaneousl y b e bot h embedde r  an d embeddee .  Fro m thi s 
th e usua l  fact s regardin g S E follow . 

Thi s remain s a n empirica l  hypothesis ,  o f  course ,  bu t  th e plausi -
bilit y  o f  th e premise s fo r  th e analysi s i s considerable .  I n contrast , 
appeal s t o memor y (Mille r  an d Chomsky ,  1963 ;  Yngve ,  1960 )  ar e les s 
compellin g i n tha t  peopl e typicall y ca n memoriz e multipl e S E se -
quence s — Ihe y jus t  can' t  understan d the m Appeal s t o processin g 
constrain t  ar e eithe r  to o vagu e t o asses s (Mille r  an d Isard ,  1964 )  o r 
tantamoun t  t o th e proposa l  unde r  discussio n (Bever ,  1970) .  Finally , 
th e cross-moda l  evidenc e o f  S E an d th e iterativ e S E constrain t  strongl y 
indicat e tha t  language-specifi c  analyse s ar e missin g th e tru e generaliza -
tion . 

Note s 
•Thi s wor k wa s facilitate d b y a  fellowshi p fro m th e Nationa l 

Scienc e Foundatio n an d a  sabbatica l  leav e fro m th e I B M Corporatio n 
I  a m gratefu l  l o T o m Bever ,  Jef f  Coulter ,  te n Meyer ,  an d Margn t 
Lasher  fo r  discussio n an d criticis m 

" I  wil l  presuppose ,  bu t  no t  review ,  th e standar d distinctio n 
betwee n "nesting "  an d "self-embedding "  (Chomsk y an d Miller ,  I963 K 
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The severe comprehension difficulty associated 
wit h certai n center-embeddin g construction s i s per -
haps th e bes t  know n o f  psychosyntacti c phenomena . 
Most  attempt s a t  explanatio n hav e bee n variation s o n 
a singl e theme--tha t  th e c.e .  configuratio n lead s t o 
an overloa d o f  short-ter m memor y durin g processing . 
That  thi s i s no t  th e whol e stor y ca n b e see n fro m con -
siderin g th e fact ,  rarel y noted ,  tha t  c.e .  construc -
tion s exis t  whic h ar e understoo d quit e easily ,  e.g . 
(1) If either the Pope is Catholic or pigs 

hav e wing s the n Napoleo n love s Josephine . 

To this observation it might be replied that it is 
not  c.e .  pe r  s e tha t  cause s difficulty ,  bu t  rathe r 
MULTIPLE c.e. ;  thus ,  (1 )  woul d no t  b e expecte d t o 
pose problem s sinc e i t  i s  embedde d onl y t o a  dept h 
of  1 .  Bu t  th e sam e i s tru e o f 

(2) If if the Pope is Catholic then pigs 
hav e wing s the n Napoleo n love s Josephine . 

which is, at best, at the outer reaches of comprehen-
sibility . 

The facts regarding (1-2) can be accounted for by 
a fe w simpl e assumptions .  Th e firs t  i s  tha t  consti -
tuen t  recognitio n i s carrie d ou t  i n stric t  left-righ t 
fashion ;  assum e furthe r  tha t  i n attemptin g t o ana -
lyz e (1-2) ,  th e parse r  ha s a t  som e poin t  buil t  a 
structur e o f  th e for m 

(3) If/either S, then/or S^ then Sy 

and that at this point the following procedures are 
invoked : 

(4) a. When an ^l. is encountered, open an S 
at  tha t  point ;  th e locat e th e firs t 
the n t o th e righ t  o f  thi s _[ £ an d clos e 
at  th e en d o f  th e S  immediatel y follow -
ing . 

b. When an either is encountered, open an 
S a t  tha t  point ;  the n locat e th e firs t 

or  t o th e righ t  o f  thi s eithe r  an d clos e 
at  th e en d o f  th e S  immediatel y follow -
ing . 

Applie d t o (1) ,  (4 )  wil l  operat e i n straightforwar d 
fashion ;  i t  wil l  clos e th e S  beginnin g wit h H  di -
rectl y afte r  S, ,  an d th e S  beginnin g wit h eithe r  di -
rectl y afte r  S? .  Applie d t o (2) ,  however ,  i t  wil l 
nisparse ,  closin g th e S  beginnin g wit h th e firs t  i_ f 
prematurel y afte r  S2-- a garde n pat h effec t  o f  a  famil -
ia r  kind .  A  paralle l  accoun t  ca n b e give n o f  th e dif -
ferenc e betwee n 
(5) a. That for Harry to like Maxine would 

anno y Fre d bother s me . 

b. That that Harry likes Maxine annoys 
Fre d bother s me . 

where both involve nesting of complementizer-verb de-
pendencies ,  bu t  wher e (5b )  i s considerabl y mor e diffi -
cul t  t o proces s tha n (5a) .  Assum e tha t  complementi -
zer s ar e associate d wit h th e verb s tha t  the y mar k a s 
non-mai n b y th e followin g procedure : 

(6 )  a .  Lin k eac h fo r  an d t o t o th e firs t 
infinitiv e t o it s right . 

b. Link each that to the first finite 
ver b t o it s right . 

In (5a), that is linked to would while the for and to 
ar e bot h linke d t o like ,  a s desired ;  i n (5b) ,  howe -
ver ,  ther e wil l  b e a  garde n pat h sinc e th e firs t  tha t 
wil l  b e erroneousl y linke d t o like s rathe r  tha n annoys . 
Thus (5a-b )  an d (1-2 )  ar e treate d analogousl y i n tha t 
tha t  error s o f  prematurit y ar e committe d i n th e case s 
tha t  pos e comprehensio n difficult y bu t  no t  i n th e case s 
tha t  don't . 
The general idea embodied in the foregoing can be 
furthe r  extended .  Conside r  Objec t  relativ e construc -
tion s lik e 

(7) a. The rat that the cat chased squeaked. 

b. The rat that the cat that the dog bit 
chase d squeaked . 

Examples of this type are perhaps most familiar from 
discussion s o f  c.e .  Tha t  (7b )  shoul d b e mor e diffi -
cul t  t o proces s tha n (7a )  fall s  directl y ou t  o f  gene -
ra l  desig n feature s o f  a  syntacti c parse r  currentl y 
unde r  investigatio n calle d MULTIGAP ('multipl e pas s 
group-analyzin g parser' )  an d is ,  moreover ,  attribute d 
t o a  garde n pat h effec t  muc h lik e th e one s hypothesize d 
i n th e earlie r  case s discussed .  I n MULTIGAP,  althoug h 
simpl e NP' s (i.e .  NP' s withou t  clausa l  modifiers )  ar e 
identifie d earl y i n parsing ,  recognitio n o f  comple x 
NP' s i s forestalle d unti l  afte r  a n explorator y phas e 
durin g whic h th e parse r  build s a  structura l  represen -
tatio n calle d a  PREANALYSIS,  i n whic h th e sentenc e be -
in g parse d i s parcelle d u p int o a  sequenc e o f  unit s 
calle d BOUNDED GROUPS (b-groups) .  A  ke y notio n her e 
i s tha t  o f  th e TRANSITIO N fro m on e predicat e t o th e 
nex t  (o r  fro m th e las t  predicat e t o # ) ,  i.e .  th e ma -
teria l  tha t  intervene s betwee n th e forme r  an d th e lat -
ter .  I f  condition s ar e satisfie d fo r  construin g th e 
latte r  a s subordinat e t o th e forme r  (e.g .  i f  ther e i s 
an over t  subordinato r  i n th e transition )  the n th e tran -
sitio n i s o f  on e type ,  labelle d B' ;  otherwise ,  i t  i s 
of  a  differen t  type ,  labelle d B .  Cross-cuttin g thi s 
dichotom y i s a  distinctio n betwee n STRONG an d WEAK 
transitions .  I f  th e transitio n fro m a  predicat e o f  n 
place s t o th e nex t  predicate ,  o r  t o # ,  contain s a t 
leas t  n- 1 NP's ,  i t  i s  strong ,  wea k otherwise .  I n (7b) , 
th e transition s fro m bi_ t  t o chase d an d fro m chase d t o 
squeake d ar e bot h weak ,  whil e tha t  fro m squeake d t o # 
i s strong .  Abbreviatorily ,  th e fou r  transitio n type s 
ar e labelle d s  (stron g B ) ,  w  (wea k B ) ,  s '  (stron g B " ) , 
and w '  (wea k B ' ) .  Th e parse r  no t  onl y type s transi -
tion s accordin g t o thi s scheme ,  bu t  als o insert s int o 
eac h a  specia l  boundar y marker ,  1  ,  t o delineat e fa-
groups .  I f  a  transitio n i s o f  an y typ e othe r  tha n s_ , 
J i s positione d directl y afte r  th e initia l  predicat e 
i n th e sequenc e unde r  consideration ,  otherwis e direct -
l y afte r  th e las t  N P o f  th e transition .  (Recal l  tha t 
simpl e N P recognitio n ha s alread y take n place. )  Th e 
preanalysi s o f  (7b )  i s thu s 
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(8 )  Th e ra t  tha t  th e ca t  tha t  th e do g 
bi t  1  chased] ]  squeake d ] ]  # 

^1 W2 

Once th e preanalysi s i s set ,  th e parse r  look s fo r  pos -
sibl e openin g point s o f  comple x NP's--sequence s o f  th e 
for m NP-SUB- V an d NP-SUB-NP .  (Th e ful l  MULTIGAP desig n 
i s capabl e o f  dealin g wit h case s wher e n o over t  subor -
dinato r  occurs ,  bu t  discussio n wil l  b e limite d her e t o 
case s wher e ther e i s suc h a  subordinator. )  Th e open -
in g i s labelle d a s belongin g t o typ e 1  (Subjec t  rela -
tive )  o r  typ e 2  (other )  dependin g o n whic h typ e o f  o -
penin g sequenc e i s found .  Accordingly ,  th e parse r  wil l 
fin d tw o typ e 2  opening s i n (8) :  th e ra t  tha t  th e ca t 
and th e ca t  tha t  th e dog .  Closur e i s effecte d b y a  pro -
cedur e which ,  i f  th e openin g i s typ e 1 ,  close s a t  th e 
firs t  s  t o th e right ,  bu t  a t  th e firs t  w  t o th e righ t 
of  a  typ e 2  opening .  Thu s i n (7a) ,  th e comple x N P wil l 
be correctl y close d afte r  chased ,  bu t  i n (7b) ,  ther e 
wil l  b e prematur e closur e o f  th e large r  N P a t  w ^  ra -
the r  tha n a t  w, ,  a n erro r  o f  prematurit y exactT y ana -
logou s t o thos e discusse d earlier .  Note ,  moreover , 
tha t  c.e .  o f  a  typ e 1  relativ e i n a  typ e 2  construc -
tio n pose s n o problems : 
(9) The mouse that the cat who chased the rat 

sa w squeaked . 
While (9) is not absolutely straightforward, it can 
be understoo d wit h a  littl e effort ,  whic h i s no t  th e 
cas e wit h (7b )  eve n thoug h (9 )  i s o f  th e sam e dept h 
of  embedding .  Th e differenc e i s accounte d fo r  i n thi s 
treatmen t  b y th e fac t  tha t  th e large r  N P i s close d of f 
directl y afte r  sa w (i.e .  afte r  th e on e w )  whil e th e 
smalle r  on e close s directl y afte r  rat--a t  th e firs t  s . 
Becaus e ther e i s onl y on e w ,  n o erro r  o f  prematurit y 
occurs . 
Complex NP's actually come in two varieties, which 
we migh t  cal l  firs t  an d secon d degree ;  i n a  firs t  de -
gre e NP .  ther e i s onl y on e predicate ,  whil e i n a  se -
con d degre e N P th e mai n predicat e o f  th e constructio n 
has a  complement .  Th e tw o type s o f  N P ar e somewha t 
differen t  i n thei r  behavio r  i n tha t  whil e typ e 2  NP' s 
of  th e firs t  degre e alway s en d i n w-transitions ,  a 
typ e 2  N P o f  th e secon d degre e ma y en d i n eithe r  a  w 
or  a n £- ,  thu s compar e 

(10) a. The boy that Harry believes U likes 
Maxin e ] ]  sa w Su e I  #  w ' 

(11 )  Th e bo y wh o believe s tha t  th e gir l  wh o 
kisse d Harr y like s Maxin e sa w Sue . 

which, like (9), requires some effort, but is with-
i n bounds ;  however , 

(12) The boy who believes that the girl who 
think s tha t  Harr y like s Maxin e sa w Su e 
kisse d Samantha . 

evidently is not. In the case of (11), the inner NP 
i s parse d first ,  the n th e oute r  one ,  an d ther e i s n o 
erroneou s closure .  I n th e cas e o f  (12) ,  b y contrast , 
ther e ar e n o firs t  degre e NP's ,  an d th e N P beginnin g 
wit h th e bojf ^  i s close d prematurely ,  afte r  Maxine . 

Honesty compels mention of a perplexing case that 
thi s approac h canno t  handle .  If ,  i n a  c.e .  typ e 2 
relativ e o f  th e firs t  degree ,  on e o f  th e NP' s i s re -
place d b y a  pronoun ,  comprehensibilit y  seem s t o in -
crease : 

(13) The rat that the cat I saw chased 
squeaked . 

I have no explanation to offer for this fact. 

A general assumption underlies the treatment ad-
vance d here ,  a s follows :  i n a n optima l  parser ,  on e 
seek s th e simples t  procedure s tha t  wil l  appl y i n error -
fre e fashio n t o th e simples t  cases--case s i n whic h a 
constructio n o f  typ e x  contain s n o othe r  construction s 
of  typ e X .  Effect s o f  th e sor t  observe d her e ar e the n 
explaine d a s bein g du e t o som e o f  th e mor e comple x ca -
ses bein g tractabl e i n term s o f  maximall y simpl e pro -
cedure s whil e other s ar e not .  Give n th e result s de -
scribe d above ,  th e principl e seem s t o hav e a  measur e 
of  plausibilit y  a s a t  leas t  a  workin g hypothesis . 

^1 ^2 

b.  Th e bo y tha t  Harr y believe s ] ]  Maxin e 
like s I  sa w Su e J  s ' 

w £ 

In (10a), the Subject NP ends at s.^ while in (10b) it 
ends a t  w ,  correspondin g t o th e fac t  tha t  i n th e for -
mer  cas e th e hea d N P i s th e Subjec t  o f  th e complemen t 
claus e whil e i n th e latte r  i t  i s  th e Objec t  o f  tha t 
clause .  Th e parse r  cope s wit h thi s fac t  b y bein g e -
quippe d wit h tw o closur e mechanisms ,  on e fo r  firs t  de -
gre e comple x NP's ,  an d anothe r  fo r  secon d degre e NP's . 
A firs t  degre e N P ca n b e identifie d b y checkin g t o se e 
tha t  n o B "  intervene s betwee n th e openin g an d th e firs t 
B t o th e righ t  thereof ;  i f  suc h a  B '  i s  found ,  closur e 
i s forestalled .  Onc e al l  firs t  degre e NP' s hav e bee n 
closed ,  th e parse r  close s secon d degre e NP' s b y simpl y 
lookin g fo r  th e firs t  availabl e B  t o th e righ t  o f  an y 
openin g fo r  whic h n o correspondin g closur e ha s bee n 
made.  (An y B  tha t  ha s alread y bee n swallowe d u p in -
t o a  previousl y recognize d N P i s n o longe r  availabl e 
fo r  consideration. )  I t  i s  a  consequenc e o f  thi s fea -
tur e o f  th e parse r  tha t  a  secon d degre e comple x NP 
wit h a  c.e .  firs t  degre e N P shoul d b e mor e easil y pro -
cesse d tha n on e wit h a  secon d degre e NP ,  a n expecta -
tio n tha t  i s evidentl y born e out :  compar e 
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The Comprehensio n o f  Focusse d an d 
Non-Focusse d Pronoun s 

Jeanette K. Gundel and Deborah A. Dahl 
Universit y o f  Minnesot a 

Gundel (1980) has shnwn that fnni<;<;pH nrnnmin^ 
lik e th e underline d for m i n (1 )  an d non-focusse d 
pronoun s lik e th e underline d for m i n (2 )  hav e differen t 
comnunicativ e functions . 
(1) Q. Who did they call? 

A.  Pa t  sai d the y calle d HER. 

(2) Q. Has Pat been called yet? 
A.  Pa t  sai d the y calle d he r  TWICE. 

The purpose of this paper is to investigate the possi-
bilit y  tha t  thes e differen t  function s ar e associate d 
wit h differen t  psychologica l  processe s underlyin g th e 
comprehensio n o f  pronouns . 

We wil l  begi n wit h a  brie f  descriptio n o f  th e 
linguisti c difference s betwee n focusse d an d non -
focusse d pronouns .  Th e focusse d pronou n i n (1 )  i s 
a referrin g expression .  It s function ,  lik e tha t  o f 
othe r  referrin g expressions ,  i s t o pic k ou t  an d cal l  th e 
addressee' s attentio n to ,  som e entit y i n th e discours e 
context .  Thesediffe r  fro m ful l  NP' s onl y i n tha t  th e 
entit y i s assume d t o b e identifiabl e o n th e basi s o f  it s 
presenc e i n th e immediat e linguisti c o r  non-linguisti c 
context .  A s wit h ful l  NP's ,  focu s o n a  pronou n i s 
obligator y whe n th e pronou n i s par t  o f  tii e cormen t  o f  a 
sentenc e (i.e .  ne w informatio n bein g asserted , 
questioned ,  etc .  abou t  a  topic) ,  a s i n (1) .  Pronoun s 
whic h ar e topic s ca n als o b e focussed ,  e.g .  i f  ther e i s 
a topi c shif t  o r  contras t  a s i n (3)-(5) . 
(3) I asked Bruce about it. HE^ said he didn't CARE. 
(4) THEM, I don't LIKE. 
(5) Q. Are Bill and Mary still here? 

A.  HE^wen t  HOME,  bu t  SHE' s i n th e othe r  ROOM. 
Non-focussed pronouns like the underlined form in (2J 
have n o independen t  referrin g function .  The y ar e 
alway s controlle d b y alread y establishe d discours e o r 
sentenc e topics .  Fro m a  communicativ e poin t  o f  view , 
the y ar e almos t  completel y redundant .  Thei r  functio n i s 
thu s primaril y syntactic .  Thi s distinctio n betwee n 
focusse d an d non-focusse d pronoun s i s independen t  o f 
whethe r  th e coreferentia l  ful l  N P i s i n th e sam e sen -
tenc e o r  i n a  previou s sentenc e i n th e discourse . 
Furthermore ,  a s see n i n (6 )  an d (7) ,  bot h focusse d 
and non-focusse d pronoun s ca n b e non-1inguisticall y 
evoked.(Hallida y an d Hasa n (1976 )  cal l  thi s exophoric. ) 

(6) (A sees B reading an application and says) 
Do yo u thin k w e shoul d ADMI T her ? (non-focussed ) 

(7 )  ( A hand s a n applicatio n t o B  an d says ) 
Do yo u thin k w e shoul d admi t  HER? 

Although focussed and non-focussed pronouns have 
differen t  lexical ,  syntacti c an d semanti c properties , 
linguisti c theorie s o f  anaphor a hav e no t  generall y  dis -
tinguishe d th e two .  Thi s i s n o doub t  du e partl y t o th e 
fac t  tha t  mos t  theorie s o f  pronomina l  anaphor a ar e 
base d o n English ,  whic h ha s identica l  form s fo r 
focusse d an d non-focusse d pronoun s an d wher e th e latte r 
diffe r  fro m th e forme r  onl y i n tha t  the y ar e unstresse d ' 
and hav e correspondin g phonologica l  reductio n i n casua l 
speech .  Th e on e exceptio n i s th e 3r d perso n neute r 
singula r  U ,  whic h i s alway s non-focussed.(se e Lind e 
(1979 )  .Fo r  exampl e 

(8) Q. Which do you want? 
A.*ri l  tak e IT . 

(9) *  IT ,  I  don' t  LIKE . 

However, in many languages non-focussed pronouns differ 
lexicall y fro m focusse d ones .  Some language s (e.g . 
Irish .  Spanis h an d Polish )  hav e lon g for m focusse d pro -
noun s an d correspondin g shor t  for m ,  usuall y clitic , 
non-focusse d pronouns .  Compar e th e Polis h example s i n 
(10 )  an d (11) . 
(lOj Jan je tutaj. Ja 30 widzia/am. (non-focussed) 

i s her e I  hi m sa w 
"Ja n i s here .  I  sa w him. " 

(11) Q. Kogo widziajas? 
who sa w "Wh o di d yo u see? " 

A.  J a JEG O widzia/am . 
I  hi m sa w 

" I  sa w HIM "  (focussed ) 

I n mos t  languages ,  th e tw o set s o f  pronoun s (cormonl y 
referre d t o a s non-emphati c an d emphati c respectively ) 
ar e relate d historically ,  th e non-focusse d pronou n 
bein g a  phonologicall y reduce d versio n o f  th e focusse d 
one .  Ther e ar e language s howeve r  whic h hav e totall y un -
relate d form s fo r  focusse d an d non-focusse d pronouns . 
For  example ,  i n Fijia n th e 3r d perso n singula r  non -
focusse d for m i s e  an d th e correspondin g focusse d for m 
i s koya .  Finally ,  ther e ar e language s whic h allow ,  an d 
i n som e case s require ,  so-calle d zer o anaphor a (i.e . 
no for m a t  all )  i n thos e case s wher e Englis h woul d 
hav e a  non-focusse d pronoun .  Th e followin g Mandari n 
exampl e fro m L i  an d Thompson(1979)i s a n illustratio n 
of  this . "(He )  brough t  th e water. " (12 )  qu-l e shu Y la i 

bring-aspec t  wate r 
Focusse d pronouns ,  however ,  canno t  b e omitte d i n thes e 
languages . 

Whil e th e existenc e o f  zer o NP-anaphor a i n 
language s lik e Spanish ,  fo r  example ,  ha s ofte n bee n 
linke d t o th e fac t  tha t  suc h language s hav e subjec t 
agreemen t  markin g o n th e verb ,  i t  i s  importan t  t o poin t 
out  tha t  suc h agreemen t  i s neithe r  a  necessar y no r  a 
sufficien t  conditio n fo r  zer o NP-anaphora .  A s ca n b e 
see n fro m th e exampl e i n (12) ,  Mandari n allow s zer o NP -
anaphor a eve n thoug h i t  ha s n o agreemen t  markin g o n th e 
verb . 

I n additio n t o th e lexica l  difference s discusse d 
above ,  focusse d pronoun s diffe r  fro m non-focusse d 
pronoun s i n thei r  syntacti c propertie s an d i n con -
dition s o n coreferenc e wit h othe r  NP' s .  I n English , 
non-focusse d pronoun s ar e exclude d fro m certai n syn -
tacti c environments .  Fo r  example ,  a  direc t  objec t  mus t 
preced e a n indirec t  objec t  i f  th e direc t  objec t  i s 
a non-focusse d pronou n ,  a s illustrate d i n (13 )  an d 
(14) . 
(13 )  Q .  Di d yo u giv e th e book s t o Tom? . 

A.  No .  I  gav e MARY th e book s 
•the m 

(14) Q. Which books did you give to Mary? 
A.  I  gav e Mar y THEM. 

As (13) shows, it is not non-focussed NP's in general, 
but  onl y non-focusse d pronouns ,  whic h ar e exclude d fro n 
fina l  positio n i n suc h sentences . 

On th e othe r  hand ,  som e syntacti c environment s 
requir e non-focusse d pronouns ,  a s illustrate d i n (15 ) 
and (16) . (15 )  My pocke t  ha s a  hol e i n i t 

^THAT 
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(16 )  Th e ol d do g stil l  ha s a  lo t  o f  lif e lef t  i n hi m 
•HI M 

Focusse d pronoun s als o diffe r  fro m non-focusse d 
pronoun s i n condition s o n coreference .  Fo r  example ,  a ; 
note d i n Akmajia n an d Jackendof f  (1970 )  onl y non -  ii > 
focusse d pronoun s ca n b e coreferentia l  wit h a  follow -
in g ful l  N P i n th e sam e sentence .  Thus ,  Joh n an d h e ca i 
be coreferentia l  i n (17 )  bu t  no t  i n (18) . 
(17) After he woke up, John went to TOWN. 

(18) After HE woke up, John went to town. 

Coreference assignments also differ depending on 
whethe r  th e pronou n i s focusse d o r  non-focusse d i n 
example s lik e (19 )  an d (20) . 
(19) Mary called Alice and then SARAH called her. 

(20) Mary called Alice and then Sarah called HER. 

Since there are clear linguistic and functional 
difference s betwee n focusse d an d non-focusse d pro -
nouns ,  w e woul d no w lik e t o addres s th e issu e o f 
whethe r  thes e difference s ar e reflecte d i n differ -
ence s i n processing . 

We suggeste d abov e tha t  focusse d pronoun s 
can refe r  t o an y entity  i n th e inmediat e discours e 
context .  Non-focusse d pronouns ,  o n th e othe r  hand , 
can onl y b e coreferentia l  wit h a  subse t  o f  these , 
namel y establishe d topics .  I f  thi s i s true ,  on e 
migh t  expec t  tha t  th e processin g o f  non-focusse d 
pronoun s woul d b e les s comple x sinc e th e se t  o f 
availabl e entitie s i s mor e restricted . 

J'll i  ineorie s o t  psychologica l  processe s unaeriyin g pro -
noun comprehensio n hav e generall y no t  distinguishe d be -
twee n focusse d an d non-focusse d pronouns .  Assumption s 
abou t  pronou n processin g ca n b e classifie d int o tw o mai n 
categories .  Th e first ,  whic h w e wil l  refe r  t o a s th e 
Referenc e Searc h Hypothesi s i s state d explicitl y  i n 
Clar k an d Clar k (1977 ,  p .  78) :  "o n findin g a  definit e 
noun phrase ,  searc h memor y fo r  th e entit y i t  wa s mean t 
t o refe r  t o an d replac e th e interpretatio n o f  th e nou n 
phras e b y a  referenc e t o th e entit y directly. "  A  simila r 
statemen t  i s foun d i n Clar k an d Sengu l  (1979) :  "Whe n 
listener s encounte r  'th e woman'  o r  'she '  the y ar e 
assumed t o trea t  thi s a s give n informatio n fo r  whic h 
the y mus t  fin d a  referent .  The y the n searc h memor y fo r 
th e uniqu e entity  t o whic h 'th e woman'  o r  'she '  wa s 
intende d t o refer."(Not e tha t  unde r  thi s hypothesi s 
pronou n comprehensio n i s no t  assume d t o b e essential -
l y  differen t  fro m comprehensio n o f  ful l  NP's.)Caramazz a 
and Gupt a (1979 )  als o see m t o implicitl y  accep t  th e 
Referenc e Searc h Hypothesi s when ,  i n discussin g som e o f 
thei r  stimulus  sentences ,  the y say:"th e sentenc e materi -
al s use d i n Experimen t  I  coul d b e expecte d t o generat e 
thi s chai n o f  event s becaus e th e prepose d subordinat e 
clause s d o no t  contai n enoug h informatio n t o guid e th e 
subjec t  i n th e searc h fo r  appropriat e referent s t o th e 
anaphori c pronoun s (emphasi s added ) 

The secon d majo r  kin d o f  pronou n processin g theor y 
may b e referre d t o a s th e Topic-Stabilit y  hypothesis . 
A pronoun ,  i n thi s view ,  serve s no t  a s a  signa l  t o th e 
listerne r  t o initiat e a  memory  search ,  bu t  rathe r  a s a 
signa l  t o assig n coreferenc e relation s betwee n th e 
pronou n an d th e discours e topic .  A  statemen t  consisten t 
wit h thi s view ,  thoug h no t  specificall y proposin g a 
processin g theory ,  ca n b e foun d i n Chaf e (1974) :  "i f 
th e explanatio n i n term s o f  consciousnes s i s correct , 
i t  i s  misleadin g t o spea k a s i f  th e addresse e need s t o 
perfor m som e operatio n o f  recover y fo r  give n informa -
tion .  Th e poin t  i s  rathe r  tha t  suc h informatio n i s al -
read y o n stag e i n th e mind. "  Karmiloff-Smit h (1980 ) 
take s a  simila r  view ;  "anaphori c pronominalizatio n 
function s a s a n implici t  instructio n fo r  th e addresse e 
not  t o recomput e fo r  retrieva l  o f  a n anteceden t 
referent ,  bu t  rathe r  t o trea t  th e pronou n a s th e de -
faul t  cas e fo r  th e themati c subjec t  o f  a  spa n o f  dis -
course. "  Sh e goe s o n t o sa y tha t  deviation s fro m th e 
defaul t  (topic )  cas e wil l  b e signalle d b y th e us e o f  a 
ful l  NP .  A s w e hav e see n (e.g .  exampl e (3 )  above ) 
suc h deviation s ca n b e signalle d a s wel l  b y th e us e o f a focusse d pronoun . 

I f  th e tw o pronou n function s discusse d abov e 
ar e associate d wit h difference s I n processing ,  i t 
may b e tha t  bot h th e Referenc e Searc h Hypothesi s an d 
th e Topic-Stabilit y  Hypothesi s ar e correct .  Referenc e 
searc h may b e use d i n processin g focusse d pronoun s 
and topic-stabilit y  may b e use d i n processin g non -
focusse d pronouns .  Assumin g tha t  executin g a  ref -
erenc e searc h i s a  mor e comple x tas k tha n assign -
ment  o f  referenc e t o a  discours e topic ,  thi s dua l 
proces s hypothesi s predict s tha t  processin g focusse d 
pronoun s shoul d b e mor e difficul t  tha n processin g 
non-focusse d pronouns .  Thi s hypothesi s woul d als o 
see m t o predic t  tha t  n o difference s shoul d b e foun d 
i n processin g betwee n sentence s whic h bot h hav e non -
focusse d pronouns .  Previou s work ,  however ,  ha s found ' 
suc h differences .  Caramazz a an d Gupt a (1979) ,  fo r 
example ,  foun d difference s i n reactio n tim e t o namin g 
th e N P coreferentia l  wit h a  non-focusse d (i t  woul d hav e 
been unstresse d ha d i t  bee n presente d luditorily ) 
pronou n dependin g o n pragmati c an d syntacti c factors . 
Accordin g t o th e Topic-Stabilit y  Hypothesis ,  thes e 
difference s shoul d no t  hav e bee n found .  However ,  th e 
predictio n mad e b y thi s hypothesi s depend s o n th e 
fac t  tha t  unstresse d pronoun s mus t  refe r  t o th e dis -
cours e topic .  Sentence s presente d i n isolation ,  a s i n 
Carmazz a an d Gupta' s study ,  may b e ambiguou s wit h 
respec t  t o discours e topic .  I f  mor e tha n on e entit y 
i s eligibl e t o serv e a s th e discours e topic ,  the n a 
referenc e searc n migh t  b e necessar y eve n fo r  a n 
unstresse d pronoun ,  althoug h th e numbe r  o f  entitie s 
t o b e examine d migh t  b e smalle r  tha n fo r  a  focusse d 
pronoun .  Thus ,  thes e result s d o no t  see m t o provid e 
a seriou s counterexampl e t o ou r  proposal . 

The onl y previou s stud y t o directl y addres s 
th e questio n o f  comprehensio n difference s betwee n 
focusse d an d non-focusse d pronoun s i s Maratso s (1973) . 
He foun d tha t  focusse d pronoun s o f  on e typ e (ths t  i s 
th e role-switc h typ e see n i n (20)) ,  wer e mor e 
difficul t  fo r  childre n t o comprehen d tha n unstresse d 
pronouns .  H e interpret s thi s differenc e t o th e 
operatio n o f  a  rol e stabilit y  strateg y tha t  tell s  th e 
chil d t o tr y t o maintai n th e sam e actor s i n syntacti c 
and semanti c roles .  Obviousl y thi s interpretatio n 
resemble s th e Topic-Stabilit y  hypothesis ,  i n tha t  i n 
th e Topic-Stabilit y  hypothesi s th e listene r  i s 
maintainin g th e sam e entit y a s a  discours e topic . 
I n th e dual-proces s hypothesis ,  a s wel l  a s i n 
Maratsos' s hypothesis ,  stres s i s see n a s signallin g 
change ,  however ,  th e fac t  tha t  som e type s o f  focusse d 
pronoun s d o no t  signa l  grammatica l  o r  semanti c rol e 
chang e (suc h a s th e exampl e i n (7) )  show s tha t 
Maratsos' s characterizatio n i s no t  quit e accurat e fo r 
a wide r  sampl e o f  focusse d pronoun s tha n th e one s h e 
use d i n hi s experiment . 

I n ligh t  o f  th e result s tha t  Maratso s obtained , 
we expecte d tha t  th e processin g o f  focusse d pronouns , 
assumed t o b e o f  th e referenc e searc h type ,  woul d b e 
more difficult  tha n th e processin g o f  unfocusse d pro -
nouns ,  assume d t o b e o f  th e topic-stabilit y  type . 

We conducte d a  pilo t  stud y t o tes t  th e hypothe -
si s tha t  ther e ar e different  kind s o f  processin g fo r 
stresse d an d unstresse d pronouns .  I n thi s study ,  1 5 
subject s listene d t o a  se t  o f  4 0 shor t  discourses ,  2 0 
experimenta l  an d 2 0 filler .  Th e experimenta l  dis -
course s occurre d i n tw o identica l  forms ,  excep t  wit h 
a biasin g contex t  tha t  mad e a  focusse d o r  non -
focusse d pronou n appropriate .  I n bot h form s o f  th e 
discours e th e referen t  o f  th e pronou n wa s th e same . 
For  example : 

(21) A. Did Bill say who would be late? 
B.  Yes ,  afte r  I  calle d hi m up .  Bil l  sai d tha t  HE 

woul d b e late . 
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(22 )  A .  Di d Bil l  sa y whethe r  h e woul d b e late ? 
B.  Yes ,  afte r  I  calle d hi m up ,  Bil l  sai d 

tha t  h e woul d b e late . 

After listening to the sentences, the subjects an-
swere d tru e o r  fals e t o a  statemen t  abou t  a  par t  o f 
th e sentenc e tha t  ha d nothin g t o d o wit h th e pro -
nomina l  reference .  Afte r  (21 )  o r  (22) ,  fo r  example , 
th e subject s migh t  hear : 

(23) True or false: Bill called me up. 

On the assumption that a difficulty in pronoun process-
in g woul d lea d t o a  genera l  degradatio n i n performanc e 
i n comprehendin g al l  part s o f  th e sentence ,  w e pre -
dicte d tha t  mor e error s woul d b e mad e i n th e sentence s 
wit h focusse d pronoun s i n them . 

We foun d tha t  subject s di d no t  mad e significant -
l y mor e error s i n eithe r  condition .  We believe ,  how -
ever ,  tha t  thi s resul t  i s  du e t o th e fac t  tha t  th e 
tas k isiimpl y to o easy .  We foun d tha t  subject s per -
forme d a t  abou t  th e 90 % leve l  o f  correctnes s fo r 
bot h focusse d an d non-focusse d pronou n discourses , 
and mos t  o f  thes e error s wer e du e t o tw o stimulu s 
discourse s tha t  wer e difficul t  fo r  othe r  reasons .  We 
als o aske d th e subject s t o judg e whethe r  the y fel t  th e 
followin g statemen t  wa s easy ,  medium ,  o r  difficul t  t o 
answer ,  an d foun d n o differenc e betwee n focusse d an d 
non-focusse d condition s i n thi s measuremen t  either . 
We di d fin d tha t  judgement s o f  difficult y wer e no t  con -
sistentl y relate d t o performance .  Ver y ofte n subject s 
though t  tha t  th e statemen t  wa s eas y t o confir m whe n 
the y gav e th e wron g answer . 

A futur e experimen t  wil l  provid e a  mor e sensi -
tiv e tes t  o f  thi s hypothesis .  Thi s experimen t  wil l 
auditoril y  presen t  subject s wit h discourse s contain -
in g pronoun s o f  th e type s w e ar e intereste d in ,  an d 
measur e reactio n tim e t o namin g th e referen t  o f  th e 
pronoun .  Thi s woul d b e simila r  t o th e procedur e use d 
i n Caramazz a an d Gupt a (1979) ,  excep t  tha t  the y use d a 
visua l  presentation . 

I f  ou r  hypothesi s i s correct ,  the n reactio n 
tim e t o namin g th e referen t  o f  a  focusse d pronou n 
shoul d b e longe r  tha n reactio n tim e t o finin g th e 
referen t  o f  a  non-focusse d pronoun .  I f  ther e i s 
no differenc e i n reactio n times ,  w e woul d conclud e 
tha t  th e referenc e searc h proces s i s use d fo r  al l 
pronou n processing .  Not e tha t  th e Topic-Stabilit y 
hypothesi s canno t  b e correc t  (a t  leas t  fo r  adults) , 
fo r  al l  pronouns ,  sinc e i t  ca n lea d t o th e wron g 
referent' s bein g selecte d fo r  som e focusse d pronouns , 
as illustrate d i n (19 )  an d (20) .  On th e othe r  hand , 
referenc e searc h coul d lea d t o th e correc t  referen t 
fo r  al l  pronouns . 

We hav e suggeste d tha t  pronoun s ca n b e divide d 
int o tw o type s o n th e basi s o f  thei r  linguisti c 
characteristics ,  an d w e hav e suggeste d tha t  peopl e 
may b e abl e t o t;k e advantag e o f  th e sever e restric -
tion s o n wha t  th e anteceden t  o f  a n unstresse d pronou n 
can b e i n processing .  N o difference s wer e detecte d i n 
a pilo t  study ,  bu t  a n additiona l  experimen t  i s  pro -
pose d tha t  wil l  us e a  mor e sensitiv e tes t  o f  pro -
cessin g difficult y tha n th e on e use d i n th e firs t 
experiment . 
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The Natura l  Natura l  Lanquaq e Understande r 

Henr y Hajnburqer ,  UCI  an d NS F 
and 

Stephe n Grain ,  U  o f  Texa s 

Ttii s  stud y o f  natura l  languaq o comprehensio n b y 
natura l  understandin g systems  (children )  i s base d 
on a  procedura l  analysi s represente d i n th e for m 
of  a  progranmin g language .  T o clarif y wha t  i s 
coqnitivel y require d fo r  a  chil d t o respon d appro -
priatel y t o certai n expression s i n English ,  w e 
sho w ho w thes e form s ca n b e translate d int o 
procedure s i n a  high-leve l  progranmin q language . 
I t  i s  the n possibl e t o discuss  tw o kind s o f  diffi -
cultie s a  natura l  languag e for m ca n presen t  t o th e 
listener :  (i )  incompatibilit y  o f  th e for m wit h it s 
associate d procedur e an d (ii )  complexit y o f  tha t 
procedure .  A n exampl e o f  procedur e complexit y i s 
th e nestin g o f  loops ,  wherea s a  contributo r  t o 
incompatibilit y  i s  a  wor d o r  contiguou s ohras e 
tha t  correspond s t o separate d piece s o f  th e proce -
dure .  Wc shal l  presen t  evidenc e o f  bot h type s o f 
difficult y frc n experiment s wit h childre n an d wil l 
compar e th e prediction s o f  ou r  procedura l  vie w 
wit h thos e o f  a  los s detaile d syntacti c explan -
atio n tha t  ha s bee n advance d fo r  a  subse t  o f  th e 
phenomena . 
Many cognitive tasks can be expressed either as a 
natura l  languag e contnan d o r  a s a  programmin g 
languag e procedure .  I n man y task s requirin g som e 
elementar y mathematica l  kjiowledq e (e.q. ,  count -
ing) ,  th e cognitiv e procedur e appears  t o b e 
substantiall y  mor e comple x tha n th e syntacti c 
structur e o f  th e conmand .  I n suc h tasks ,  a n 
explanatio n o f  children' s difficultie s ca n b e 
pursue d mor e profitabl y i n th e real m o f  cognitiv e 
procedur e tha n o f  syntacti c structur e o r  parsing . 
To take a particularly simple example, the verb 
'count '  ha s th e capacit y t o serv e a s eithe r  a 
transitiv e o r  a n intransitv e verb ,  bu t  i t  i s  prob -
abl y neve r  th e firs t  suc h verb  encountere d b y a 
child ;  compar e 'let' s  eat '  an d 'ea t  you r  cracker. ' 
Therefor e th e transitio n fro m intransitiv e us e o f 
'count '  t o it s transitiv e us e involve s n o syntac -
ti c innovatio n fo r  a  child .  Pu t  despit e bein g 
syntacticall y ordinary ,  'count '  present s complex -
itie s bot h i n it s procedur e an d i n translatio n t o 
tha t  procedure .  Jus t  as k th e nex t  three-year-ol d 
yo u se e t o count ,  an d the n t o coun t  a  fe w objects . 
Chance s ar e goo d tha t  yo u wil l  ge t  error s o n th e 
transitiv e (latter )  tas k bu t  no t  o n th e intrans -
itiv e one .  A  loo k a t  thes e error s wil l  giv e som e 
perspectiv e o n wha t  a  correc t  procedur e mus t  do . 
Oie kind of attempt at transitive counting 
involve s blithel y swingin g a  finge r  pas t  th e 
object s t o b e counted ,  whil e apparentl y countin g 
essentiall y  intransitively ,  wit h n o attemp t  t o 
coordinat e individua l  objects  t o individua l  nuntv -
bers .  A  somewha t  mor e sophisticate d performanc e 
has th e finge r  stoppin g a t  som e o r  al l  o f  th e 
objects ,  bu t  i n imperfec t  coordinatio n wit h th e 
numbers .  TTies e misperformances ,  w e believe ,  aris e 
and persis t  no t  ou t  o f  ignoranc e o f  th e lexica l 
ite m 'count '  o r  th e associate d dat a structur e o f 
positiv e integers ,  no r  fro m th e synta x o f  trans -
itiv e verb s (which ,  i t  wa s suggeste d above ,  ha s 
alread y bee n learned) ,  bu t  becaus e o f  difficult y 
inheren t  i n formin g a  correc t  procedur e fo r  th e 
tas k o f  transitiv e counting . 

Conside r  procedure s i  an d ii ,  intende d t o 
represen t  correc t  procedure s fo r  th e tw o kind s o f 
counting ,  expresse d a t  a  coars e enoug h grai n tha t 
individua l  statement s ca n b e take n a s havin q 
theoretica l  content .  Tti e token s ar e intende d t o 
be mor e o r  les s self-explanatory .  I n th e interes t 
of  simplicity ,  n o mentio n i s mad e o f  initializ -
ation ,  store d data ,  o r  output . 
i procedure: 'Count.' 

repea t  Tti e procedur e run s 
nex t  numbe r  throug h successiv e number s 

unti l  fai l  unti l  ther e ar e n o more . 

ii procedure: 'Count them.' 
repea t 

nex t  objec t  A t  eac h cycle ,  th e nex t 
nex t  numbe r  objec t  an d numbe r  ar e 

unti l  fai l  noted . 

For i to bo utilized in forming ii, it is neces-
sar y t o inser t  ne w material ,  specificall y 'nex t 
object, '  int o th e loo p alread y presen t  i n i .  TTiu s 
one approac h t o accountin g fo r  th e difficult y 
pose d b y th e transitiv e cas e i s t o hypothesiz e 
tha t  breakin g int o a  loo p i s a  difficul t  o r  low -
priorit y mov e fo r  acquisitio n o r  comprehension .  A 
relate d vie w i s implici t  i n ii i  wher e i t  ca n b e 
see n tha t  a  singl e word ,  'count, '  correspond s t o 
tw o separat e piece s o f  procedure .  Ttii s  phenomeno n 
can appropriatel y b e calle d translationa l  discont -
inuit y i n th e sens e tha t  i t  pertain s t o th e 
relationshi p betweee n tw o representations .  Sinc e 
i t  arise s i n th e translatio n fro m a  (very )  high -
leve l  languag e (English )  t o a  less-high-leve l 
languag e (o f  procedures) ,  i t  ca n als o b e calle d a 
compilin g discontinuity .  Not e tha t  ther e i s n o 
discontinuit y i n th e phras e structur e o f  th e 
languag e for m itself . 
ii i  procedure:  'Coun t  ... ' 

repea t 
next number 

unti l  fai l 
To take these ideas a step further, consider the 
phras e 'th e secon d gree n ball. '  Roepe r  (1972 ) 
foun d tha t  man y childre n interpre t  thi s phras e a s 
i f  'second '  an d 'green '  eac h modif y th e nou n i n 
th e sam e way ,  tha t  is ,  a s i f  th e phras e mean t 
somethin g lik e 'th e bal l  whic h ha s th e propertie s 
of  bein g bot h gree n an d second. '  Matthe i  (1978 ) 
expresse s thi s observatio n a s a  distinctio n i n 
syntacti c phras e structure ,  assignin g th e adul t 
interpretatio n th e phras e structur e '(secon d 
(gree n ball))' ,  an d th e non-adul t  interpretatio n 
'(secon d gree n ball). '  TVi e ide a o f  usin g syntac -
ti c phras e structur e i n thi s wa y t o encod e semant -
i c interpretation s mus t  rel y o n scm & assumption s 
abou t  ho w semantic s relate s t o syntacti c struct -
ure ,  fo r  example ,  a  compositiona l  semantic s tie d 
t o th e syntacti c phras e marker .  I n an y case ,  n o 
suc h phrase-structura l  distinctio n i s possibl e fo r 
phrase s lik e 'secon d ball, '  fo r  whic h Ttetthe i 
foun d substantia l  correspondin g errors :  36 % o f 
response s (four -  an d five-year-olds ,  mostly ) 
interprete d 'secon d ball '  a s 'th e on e tha t  i s bot h 
secon d an d a  ball, '  a s oppostx i  t o th e 52 % wh o mad e 
th e simila r  erro r  o n th e exampl e abov e tha t  ha d a n 
adjectiv e i n th e phrase . 
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Pursuin g th e procedural  approac h wit h thi s con -
struction ,  w e ne w fin d no t  onl y ccnpilin q 
discontinuit y bu t  als o neste d loops .  Thes e 
aspect s o f  th e procedur e appea r  bot h wit h an d 
withou t  th e adjective ,  a s ca n b e see n wit h refer -
enc e t o i v an d v ,  agai n emittin g initializatio n 
and an y dat a structures . 
iv procedure: 'socxxid ball' 

repea t 
repea t 

nex t  C3b]ec t 
unti l 

pre d bal l 
nex t  numbe r 

unti l 
pre d tw o 

V procedure: 'second green hall' 
repea t 

repea t 
nex t  objec t 

unti l 
pre d qreo n 
pre d bal l 

nex t  numbe r 
unti l 

pre d tw o 
The task environment is a display of several 
object s i n a  rcw ,  wit h a  left-to-righ t  orderin g 
clearl y connunicate d i n advance .  Th e chil d i s 
aske d t o 'tak e th e secon d ball '  frc n a  displa y o f 
ball s an d boxes ,  o r  t o 'tak e th e secon d gree n 
ball '  frc n a  displa y o f  re d an d gree n balls .  T o 
tak e th e forme r  case ,  suppos e tha t  th e firs t 
objec t  i s  a  box .  The n eve n i f  th e secon d objec t 
i s a  ball ,  s o tha t  i t  i s  bot h secon d an d a  ball , 
i t  i s  stil l  no t  th e secon d ball .  Procedur e i v 
correctl y make s thi s distinctio n (whic h elude s s o 
many children )  b y mean s o f  neste d loop s i n whic h 
successiv e object s ar e checke d fo r  ballhoo d i n th e 
inne r  loo p an d countin g proceed s i n th e oute r  onl y 
i n cas e th e curren t  objec t  i s  a  ball . 

With an adjective present the appropriate 
procedur e i s v ,  whic h i s  lik e i v  excep t  tha t  th e 
inne r  loo p i s  exite d onl y i n th e even t  tha t  tw o 
successiv e predicate s ar e satisfied .  Rathe r  tha n 
introduc e a n 'and '  operato r  i n v ,  w e hav e allcwe d 
th e possibilit y o f  multipl e exi t  tests ,  thereb y 
makin g conjunctio n loo k simple r  tha n disjunction . 
Even so ,  on e stil l  shoul d expec t  th e extr a 
predicat e t o ad d som e processin g burde n an d indee d 
th e phras e i n v  doe s lea d t o mor e error s tha n tha t 
i n iv .  Furthermor e th e oute r  predicat e shoul d 
als o impos e a  processin g burden .  Suppos e w e 
remov e i t  an d interpre t  th e absenc e o f  an y exi t 
tes t  a s signifyin g 'repea t  foreve r  o r  unti l  syste m 
breakdow n (sa y b y failur e o f  a  'next '  operator). ' 
What  i s  the n lef t  o f  v  i s a  procedur e fo r  'coun t 
th e qree n balls, '  whic h doe s indee d appea r  t o 
caus e childre n les s difficult y tha n 'secon d gree n 
hall. '  (Matthe i  regarde d th e tw o a s cognitivel y 
equivalent) . 
Not only do the words 'second' and "ball' together 
translat e int o neste d loops ,  bu t  the y d o s o i n a 
discontinuou s manner .  Thi s i s s o becaus e 'second ' 
i s  responsibl e fo r  th e oute r  loo p an d 'ball '  (i n 
iv )  i s  responsibl e fo r  th e inne r  loop .  Wors e yet , 
th e programin g statemen t  'nex t  obiect '  i s 
implici t  i n th e countin g loop ,  s o tha t  unde r  a n 
absolutel y left-to-righ t  contro l  structure ,  th e 
stat e o f  (cognitive )  affair s afte r  'second '  i s 
processe d woul d b e a s i n vi .  Processin g th e 
remainde r  o f  th e phras e requires ,  o n thi s model , 
locatin g 'nex t  object '  i n th e existin g loop ,  usin g 
i t  ('nex t  object' )  i n constructin g a  ne w loop ,  an d 

finall y nestin g th e ne w loo p i n th e existin g one . 
vi  procedure :  'secon d ... ' 

repea t 

next ob]ect 

nex t  numbe r 
unti l 

pre d tw o 

It is our view that these ccnplexities are what 
make suc h phrase s difficul t  fo r  children .  No t 
onl y doe s thi s accoun t  indicat e wher e corplexitie s 
lie ,  bu t  i n additio n i t  provide s a n accoun t  o f  ho w 
specifi c  error s ca n aris e fro m a  straightforwar d 
attemp t  t o avoi d breakin g int o loop s an d incurrin g 
cotnpilin q discontinuity .  Suppos e tha t  a  chil d 
simpl y taclc s o n th e appropriat e tes t  ('pre d ball' ) 
at  th e en d o f  v i  t o for m vii .  Thi s i s  possibl e i f 
th e conventio n introduce d i n v ,  above ,  i s  use d 
agai n here :  allowin g a  sequenc e o f  'pred ' 
statement s a s a  compoun d exi t  test .  TTii s plo y 
yield s precisel y tli e observe d incorrec t  resul t 
wheneve r  i t  i s  possibl e (whe n th e secon d objec t  i s 
a ball) ,  an d a n infinit e loo p otherwise . 
vii procedure: 'second ball' 

(incorrec t  interpretation ) 
repea t 

nex t  objec t 
nex t  numbe r 

unti l 
pre d tw o 
pre d bal l 

To gain perspective on the earlier examples and 
rais e som e ne w issues ,  conside r  th e phras e 'secon d 
bigges t  ball. '  Her e th e orderin g alon g whic h 
'second '  i s  t o b e counte d i s  base d no t  o n positio n 
but  o n size .  Thi s orderin g mus t  b e a t  leas t  part -
iall y  determine d b y th e subject ,  usin g a n appro -
priat e algorithm .  Tli e usua l  sortin g algorithm s 
(ripple ,  bubble .  Shell ,  etc. )  ar e probabl y poo r 
motiel s bot h becaus e the y ar e severel y nonparalle l 
and becaus e the y provid e a  complet e orderin g wher e 
onl y a  partia l  on e i s  needed . 
In addition to some sorting, this task demands 
menor y o f  som e orde r  relationship s tha t  hav e bee n 
establishe d b y tha t  sorting .  Thes e siz e relation -
ship s i n short-ter m memor y mus t  b e use d i n concer t 
wit h th e orderin g o f  positiv e integer s hel d i n 
long-ter m meinory .  Thi s requiremen t  i s  no t  presen t 
fo r  th e earlie r  task s sinc e th e positional  order -
in g i s  continuall y availabl e fro m th e display .  I n 
our  experiment s th e displa y ha s bee n a  car d wit h a 
ro w o f  picture d objects ,  s o subject s canno t  creat e 
a physica l  order .  I f  separat e physica l  object s 
wer e used ,  the n a  child' s sequenc e o f  move s migh t 
revea l  us e o f  a  specifi c  sortin g algorithm . 

Results of pilot experiments suggest that 'second 
bigges t  ball '  is ,  a s on e woul d expec t  fro m thes e 
considerations ,  a n extremel y difficul t  phras e t o 
interpret .  We devise d th e mos t  straightforwar d w e 
coul d tha t  woul d tes t  comprehensio n o f  thi s 
phrase ;  al l  th e object s wer e identica l  excep t  i n 
size ;  al l  bu t  tw o wer e o f  th e sam e snai l  size ;  th e 
remainin g tw o wer e bot h substantiall y  large r  tha n 
th e snalle r  ones ,  adjacen t  t o eac h othe r  an d 
noticeabl y differen t  fro m eac h othe r  i n size ; 
neithe r  wa s i n secon d position .  I n experiment s s o 
fa r  th e erro r  rat e ha s bee n 80% ;  w e wil l  re -
por t  mor e comprehensiv e testin g a t  th e conference . 
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I t  i s  possibl e t o se t  u p mor e oonple x display s i n 
whic h differen t  miscxjmprehension s loa d t o distinc t 
choice s a s response .  Wit h ball s an d boxe s o f  var -
iou s size s ther e exis t  array s i n which ,  say ,  on e 
objec t  i s  bot h secon d bigges t  an d a  bal l  bu t  i s 
not  th e secon d bigges t  ball ;  o r  i n whic h th e 
secon d bal l  i s  th e biggest ;  etc .  A  welte r  o f 
possibilitie s exist s fo r  testin g th e wa y i n whic h 
ordinals ,  superlatives ,  relativ e adjectives ,  abso -
lut e adjectives ,  noun s an d relativ e clause s ar e 
canprehende d b y childre n an d wha t  th e cours e o f 
developmen t  looJc s like ,  i n term s o f  th e kind s o f 
procedure s w e hav e posite d here .  Suc h develop -
menta l  sequence s are ,  i n turn ,  th e ra w materia l 
fo r  theorie s o f  a n acquisitio n device . 
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Why D o Childre n Sa y "Goed" ? 
A Compute r  Mode l  o f  Chil d Generatio n 

Hallory Selfridge 
Departmen t  o f  E E an d C S 

Universit y o f  Connecticut ,  Storrs ,  C T 

1.0 Introduction 
An importan t  questio n i n modellin g chil d 

languag e generatio n i s wh y childre n sa y regula r  form s 
of  irregula r  words ,  suc h a s "goed" ,  (Clar k an d Clark , 
1978 )  durin g development ,  althoug h the y neve r  hea r 
them.  Thre e othe r  genera l  characteristic s o f 
children' s generatio n als o requir e explanation . 
First ,  Benedict' s  (1976 )  wor k suggest s clearl y tha t 
comprehensio n o f  variou s aspect s o f  languag e preced e 
th e generatio n o f  thos e aspects .  Second ,  th e lengt h 
of  th e utterance s childre n sa y become s generall y 
longe r  a s developmen t  proceed s (Bloom ,  1973) .  Third , 
Wetston e an d Friedlande r  (1973 )  sugges t  tha t  firs t 
childre n sa y thing s i n th e wron g order ,  an d the n sa y 
thing s i n th e correc t  order . 

I n orde r  t o addres s thes e issues ,  thi s pape r  ex -
plore s th e hypothesi s tha t  learnin g t o tal k i s drive n 
by learnin g t o understand .  Thi s hypothesi s begin s b y 
assumin g tha t  th e principa l  effec t  o f  learnin g t o 
understan d i s th e developmen t  o f  th e lexico n a s addi -
tiona l  word s ar e learne d an d thei r  "definitions "  ar e 
refine d an d modified.  I t  furthe r  assume s tha t  th e 
languag e generatio n proces s i s no t  learned ,  bu t  i s a n 
innat e par t  o f  a  child' s cognitiv e repertoire .  Fi -
nally ,  i t  state s tha t  th e abilit y  t o generat e grow s 
as th e lexico n develop s durin g th e developmen t  o f 
comprehension .  Th e hypothesi s predict s tha t  a  com -
pute r  mode l  whic h incorporate d i t  woul d displa y th e 
characteristic s describe d above . 

CHILD (Selfridge ,  1980 )  wa s initiall y  develope d 
t o mode l  a  subse t  o f  th e developmen t  o f  comprehensio n 
about  a  limite d domai n i n a  chil d betwee n th e age s o f 
one an d tw o years ,  usin g context-base d inferenc e an d 
learnin g rule s t o buil d a  dictionar y aocessabl e t o a 
conceptua l  analyze r  (Birnbau m an d Selfridge ,  1979) . 
New word s wer e adde d t o th e dictionary ,  th e meaning s 
of  one s i t  ha d learne d wer e refined ,  an d syntacti c 
informatio n o n ho w t o combin e wor d meaning s wer e 
store d unde r  appropriat e words .  Meanin g wa s modelle d 
usin g Conceptua l  Dependenc y (Schank ,  1973) ,  whil e 
syntacti c knowledg e wa s represente d usin g Sequentia l 
Structur e (Selfridge ,  I98O )  whic h encode s th e utter -
ance positio n o f  th e fille r  o f  a  slo t  o f  a  wor d mean -
ing .  Thu s CHILD' S learnin g wa s base d upo n meaning , 
wit h syntacti c knowledg e indexe d upo n thi s meaning . 

CHILD ha s no w bee n equippe d wit h a  generato r 
(Cullingford ,  Krueger ,  an d Selfridge ,  I98I) ,  whic h 
has acces s t o th e dictionar y buil t  u p durin g 
comprehensio n learning .  CHIL D no w learn s t o generat e 
i n th e sam e limite d domain ,  an d offer s explanation s 
fo r  th e psychologica l  phenomen a described .  I n par -
ticular ,  althoug h CHIL D doe s no t  ye t  sa y "goed" ,  i t 
provide s a  precis e accoun t  o f  ho w i t  coul d b e give n 
experience s whic h woul d lea d i t  t o sa y "goed" . 
2.0 Learning to Generate 

Childre n spea k i n man y differen t  situations . 
CHILD onl y generate s languag e i n on e o f  these ,  tha t 
i n whic h a  chil d describe s somethin g observe d (Halli -
day ,  1975) .  Th e use r  teache s CHIL D t o understan d b y 
providin g utterance s i n situation s i n whic h CHIL D ca n 
infe r  thei r  meaning .  T o demonstrat e th e developmen t 
of  generation ,  th e use r  provide s CHIL D wit h a  Concep -
tua l  Dependenc y concept ,  simulatin g visua l  input . 
When give n suc h a  concept ,  CHIL D attempt s t o generat e 
it . 

The followin g sequenc e o f  utterance s inter -
sperse d wit h transition s summarize s th e developmen t 
of  CHILD' S generatio n capacity ,  an d i s draw n fro m a 
ful l  ru n o f  CHIL D durin g whic h i t  bot h learn s t o 
comprehen d an d generate .  Th e statement s referrin g t o 
CHILD "learning "  meanin g an d synta x summariz e th e 
learnin g o f  comprehensio n describe d i n Selfridg e 
(I98O) .  I n orde r  t o sho w development ,  CHIL D ha s bee n 
supplie d wit h th e sam e concep t  t o generat e repeated -
ly :  th e concep t  fo r  "th e paren t  put s th e bal l  o n th e 
table" ,  (PTRAN S ACTOR (PARENT1 )  OBJECT (BALL1 )  T O 
(TOP VA L (TABLED)) . 
CHILD knows no words 

CHILD says "urn" 

CHILD learns meaning of "ball" 

CHILD says "ball" 

CHILD learns meaning of "put" 

CHILD says "ball put" 

CHILD learns meaning of "table" 

CHILD says "table ball put" 

CHILD learns syntax of "put" 

CHILD says "put ball table" 

CHILD learns meaning of "on" 

CHILD says "put ball table on" 

CHILD learns syntax of "on" 

CHILD says "put ball on table" 

This progression shows that CHILD'S generation 
doe s correspon d t o th e dat a describe d earlier . 
First ,  CHIL D certainl y doe s lear n t o generat e afte r 
i t  learn s t o understand .  Second ,  th e lengt h o f  it s 
utterance s doe s indee d grow .  Third ,  th e abilit y  t o 
generat e structurall y correc t  utterance s follow s th e 
abilit y  t o generat e Incorrec t  utterances . 
3.0 Why Would CHILD Say "Goed"? 

Ther e ar e severa l  propertie s o f  CHIL D whic h 
woul d lea d i t  t o sa y "goed" .  First ,  it s  dictionar y 
i s ordere d an d th e firs t  wor d foun d durin g looku p 
whic h matctie s th e concep t  bein g generate d i s used . 
Second ,  word s ar e no t  forgotte n an d remove d fro m th e 
dictionary ,  bu t  the y may b e "covered-up "  b y word s 
learne d later .  Third ,  bot h ne w word s an d word s whos e 
meanin g ha s bee n modifie d ar e place d a t  th e to p o f 
th e dictionar y wher e the y wil l  b e foun d firs t  durin g 
lookup .  Th e followin g developmenta l  progressio n ac -
count s fo r  wh y childre n sa y "goed "  accordin g t o th e 
CHILD model .  Eac h o f  th e propose d learnin g event s ca n 
be modelle d b y CHILD' S existin g learnin g rules . 

The firs t  stag e i s tha t  i n whic h childre n lear n 
"go "  an d "went "  a s meanin g PTRANS wit h th e TIM E slo t 
containin g PRESENT an d PAST respectivly .  Th e orde r  i n 
th e dictionar y is ,  to p t o bottom ,  "went "  an d "go" . 
"Went "  i s  o n th e to p becaus e i t  i s  presumabl y learne d 
late r  tha n "go. "  A t  thi s stag e th e chil d wil l  us e 
thes e word s correctly ,  sinc e whe n h e want s t o gen -
erat e a  PTRANS wit h TIM E a s PAST h e wil l  looku p 
"went "  directly ,  an d whe n h e want s t o generat e PTRANS 
wit h TIM E a s PRESENT,  h e wil l  fin d "go "  directly . 

The secon d stag e occur s whe n h e learn s "ed "  a s a 
separat e lexica l  item ,  whos e meanin g i s th e fille r 
PAST.  Thi s i s learne d durin g comprehensio n i n th e 
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same wa y othe r  word s ar e learned ,  an d a s a  resul t 
"ed "  i s place d o n th e dictionary ,  whos e orde r  i s no w 
"ed" ,  "went" ,  "go" .  Althoug h "ed "  i s no w i n th e dic -
tionary ,  th e chil d desirin g t o generat e PTRANS wit h 
TIME eithe r  PAST o r  PRESENT wil l  stil l  us e "go "  an d 
"went" ,  sinc e dictionar y looku p matche s o n th e roo t 
concept ,  an d th e meanin g o f  "ed "  doesn' t  natc h 
PTRANS. 

At  th e thir d stage ,  th e chil d lear n tha t  th e 
meanin g o f  "go "  doe s no t  includ e th e PRESENT fille r 
of  th e tim e slot ,  perhap s becaus e th e chil d i s learn -
in g abou t  "go "  an d th e futur e tense .  H e mus t  als o 
lear n tha t  th e fille r  o f  th e TIM E slo t  o f  "go "  mus t 
follo w "go" ,  perhap s becaus e h e learn s t o understan d 
"g o ing" .  Learnin g a  modifie d meanin g o f  "go " 
result s i n "go "  bein g place d o n th e fron t  o f  th e dic -
tionary ,  an d it s orde r  i s no w "go" ,  "ed" ,  "went" .  A t 
thi s stage ,  th e chil d desirin g t o generat e PTRANS 
wit h TIM E a s PRESENT wil l  fin d th e meanin g o f  "go " 
matchin g thi s PTRANS,  an d wil l  the n searc h th e dic -
tionar y t o generat e th e PRESENT sub-concept .  Sinc e 
ther e i s nothin g there ,  h e wil l  us e "go "  alone .  How-
ever ,  t o generat e PTRANS wit h TIM E a s PAST,  h e wil l 
agai n fin d "go "  matchin g th e PTRANS,  an d wil l  searc h 
th e dictionar y t o expres s th e PAST subooncept .  Thi s 
time ,  however ,  h e wil l  fin d "ed" ,  an d wil l  thu s gen -
erat e "goed" . 

The fourt h stag e occur s whe n th e chil d hear s 
"went "  again ,  perhap s i n ordinar y discours e o r  a s a 
parenta l  correctio n t o "goed" .  Thi s correctio n 
result s i n "went "  bein g place d i n th e fron t  o f  th e 
dictionary ,  whos e orde r  i s no w "went" ,  "go" ,  "ed" .  A t 
thi s point ,  th e chil d wil l  us e "go "  fo r  PTRANS wit h 
TIME a s PRESENT,  "ed "  i s availabl e fo r  expressin g th e 
PAST tim e fo r  ordinar y actio n words ,  bu t  h e wil l 
ceas e usin g "goed" ,  sinc e h e find s "went "  expresse s 
PTRANS wit h TIM E a s PAST direoty . 
l).0 Conclusions 

CHILD offer s a n explanatio n fo r  th e psychologi-
ca l  dat a describe d earlier .  Oeneratio n follow s 
comprehensio n becaus e generatio n canno t  occu r  unti l 
comprehensio n learnin g add s word s t o th e dictionary . 
Lengt h o f  utterance s increase s becaus e th e numbe r  o f 
word s availabl e t o expres s a  concep t  increase s durin g 
comprehensio n learning .  Utterance s ar e generate d 
wit h incorrec t  structur e befor e the y ar e generate d 
wit h prope r  structur e becaus e synta x i s indexe d unde r 
wor d meanings ,  wor d meaning s ar e learne d befor e thei r 
syntax ,  an d wor d meaning s withou t  synta x ar e avail -
abl e t o th e generato r  befor e wor d meaning s wit h syn -
tax .  I n particular ,  thi s pape r  propose s a  specifi c 
explanatio n o f  wh y childre n sa y "goed" :  becaus e gen -
eratio n i s drive n b y understanding ,  becaus e th e dic -
tionar y i s ordere d an d th e firs t  wor d foun d matchin g 
th e concep t  t o b e generate d i s used ,  an d becaus e ne w 
word s an d word s wit h refine d meaning s ar e place d o n 
th e to p o f  th e dictionary . 

Thi s accoun t  o f  wh y childre n sa y "goed "  make s 
fou r  specifi c  predictions .  First ,  sinc e "went "  i s 
stil l  i n th e dictionar y eve n thoug h th e chil d say s 
"goed" ,  th e chil d wil l  stil l  understan d th e utter -
ance s containin g "went "  durin g th e stag e a t  whic h h e 
i s generatin g "goed" .  Second ,  sinc e "went "  wa s 
relearne d a s a  resul t  o f  a n experienc e specificall y 
wit h "went" ,  thi s mode l  predict s tha t  a  chil d wil l 
continu e t o sa y "goed "  a t  leas t  unti l  h e ha s hear d 
"went "  again ;  tha t  is ,  afte r  h e begin s t o us e "goed" , 
he wil l  neve r  sa y "went "  befor e h e hear s "went " 
again .  Third ,  sinc e correction s o r  relearnin g ar e 
specifi c  t o individua l  words ,  th e transitio n fro m th e 
thir d t o fourt h stage s fo r  variou s irregula r  word s 
wil l  occu r  individually .  Tha t  is ,  i f  th e chil d i s 
sayin g "goed "  an d "runned" ,  learnin g "went "  agai n 
wil l  no t  resul t  i n th e chil d als o sayin g "ran" .  Rath -
er ,  a  specifi c  experienc e wit h "ran "  i s needed . 
Fourth ,  thi s mode l  predict s tha t  a  chil d wil l  neve r 
say "goed "  unti l  afte r  h e ha s learne d t o understan d 
"go "  i n a  tens e othe r  tha n th e present ,  becaus e thi s experienc e teache s hi m tha t  th e TIM E slo t  unde r  "go " i s empty ,  a s i s neede d t o sa y "goed" . 
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Abstrac t 

A computationa l  mode l  i s propose d fo r  th e 
earl y stage s o f  developmen t  o f  th e object  con -
cep t  i n infants .  Stage s i n developmen t  ar e re -
presente d a s a  sequenc e o f  grammar s o r  rewrit e 
rule s parsin g a  se t  o f  perceptua l  phenomena . 
The infants '  change s betwee n developmenta l  stage ; 
can b e describe d b y difference s betwee n th e 
grarrma r  rule s modellin g eac h stage .  Th e progra m 
replicate s fiv e Bowe r  e t  a l  studie s o n th e de -
velopmen t  o f  th e objec t  concep t  an d reaffirm s 
th e primac y o f  res t  an d motio n parameter s a s 
explanator y invariant s i n earl y objec t  concep t 
development . 
Forty years ago, Piaget first observed and 
describe d th e problem s infant s hav e i n under -
standin g th e natur e o f  object s (Piaget ,  1936 , 
1937 ,  1946) .  Piage t  identifie d si x invarian t 
stage s o f  developmen t  throug h whic h th e infan t 
comes t o cop e wit h an d understan d externa l  ob -
jects . 

One alternative theory of object concept 
developmen t  whic h ha s bee n propose d i s th e iden -
tit y theor y o f  Bowe r  an d Wishar t  (Bower ,  1967 , 
1972 ,  1974 ;  Wishart ,  1979) .  'Identit y theory ' 
believe s th e infant' s proble m i n understandin g 
th e natur e o f  object s t o li e i n discoverin g th e 
spatio-tempora l  relationship s whic h underpi n 
th e identit y o f  an y object .  Whil e Piage t  be -
lieve d th e youn g infan t  t o hav e n o tru e differ -
entiate d awarenes s o f  eithe r  sel f  o r  object s i n 
th e firs t  yea r  o f  life .  Bowe r  an d Wishar t  believ e 
a basi c understandin g o f  th e independen t  exis -
tenc e o f  bot h t o b e presen t  a t  a  ver y earl y 
stage ,  possibl y eve n a t  birth .  Th e infan t  i s 
see n a s havin g difficulty ,  no t  i n differentiat -
in g himsel f  an d hi s action s fro m othe r  activit y 
i n th e externa l  world ,  bu t  rathe r  i n under -
standin g th e uniqu e natur e o f  object s themselves . 

The identity hypothesis can be summarised 
i n th e for m o f  a  serie s o f  thre e conceptua l  rule s 
(Bower ,  1974 ,  1981 ;  Wishart ,  1979 )  whic h ca n 
cove r  al l  si x stage s o f  searc h behavio r  foun d 
i n standar d Piagetia n objec t  permanenc e testin g 
situation s an d ca n als o explai n th e otherwis e 
puzzlin g behavio r  show n b y infant s i n othe r  ob -

ject-relate d tasks .  (Se e e.g .  Bowe r  &  Wishart , 
1973 ,  Butterworth ,  1977 ,  Wishar t  &  Bower ,  1981) . 
Whil e i t  i s  th e eventua l  ai m o f  ou r  researc h t o 
develo p a  progra m t o cove r  th e entir e sequenc e 
of  object  concep t  development ,  thi s pape r  wil l 
repor t  onl y ou r  initia l  wor k o n modellin g Stage s 
I  -  I I  o f  tha t  development ,  a  perio d which , 
accordin g t o Bowe r  an d Wishart ,  see s th e develop -
ment  o f  th e firs t  tw o conceptua l  rule s fo r  at -
tributin g identit y t o successiv e appearance s o f 
any object . 

These rules can be formulated as a sequence of 
grammar s o r  rewrit e rule s tha t  translat e per -
ceptua l  phenomen a int o set s o f  behaviora l  res -
ponses .  Th e perceptua l  phenomen a wil l  remai n 
constan t  throughou t  th e perio d o f  testing ,  i.e. , 
acros s th e runnin g o f  th e sequenc e o f  grammar s 
tha t  represent s th e earl y stage s o f  development . 

This paper hypothesizes that the symbolic 
output  o f  th e featura l  an d motio n detectio n 
mechanism s i s availabl e t o th e cognizin g subject . 

Thi s mode l  offer s n o explanatio n o f  th e physio -
logica l  origin s o f  suc h phenomena ,  bu t  rathe r 
emphasize s th e descriptiv e adequac y o f  th e inter -
nal  symbo l  structure s an d th e interpretiv e ade -
quac y o f  th e cognizin g subjects '  manipulatio n 
of  suc h symbo l  structures .  Further ,  th e change s 
i n th e computationa l  rule s expressin g th e inter -
pretiv e adequac y o f  infant s a t  variou s stage s i n 
developmen t  wil l  offe r  explanatio n o f  tha t  devel -
opment . 

Each experiment of this study is composed 
of  a  sequenc e o f  "snapshots "  representin g th e 
physica l  situatio n accordin g t o a  tim e parameter . 
Snapshot s represen t  object s b y themselves , 
partiall y  o r  totall y obscure d b y occluders ,  an d 
replace d b y othe r  objects .  A n exampl e o f  suc h 
a se t  o f  snapshot s ma y b e see n i n Figur e 1 . 
Thi s figur e represent s a  subset  o f  th e snapshot s 
take n fro m Experimen t  5  o f  Sectio n II ,  wher e 
S(n )  indicate s th e tim e parameter . 

A set of symbols represents each snapshot 
and a  se t  o f  rule s characterize s th e gramma r 
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tha t  interpret s eac h sequenc e o f  snapshot s 
Each rul e o f  a  gramma r  represent s a  differen t 
interpretiv e capacit y o f  th e subjec t  suc h a s t o 
locat e a n objec t  symbo l  structur e withi n a  fixe d 
radiu s r  o f  a  spatia l  positio n (x,y,z) . 

The grammars of this model are designed to 
implemen t  th e rule s outline d b y Wishar t  (1979) . 
An implici t  assumptio n i s tha t  th e infan t  i s 
motivate d t o maintai n contac t  throughou t  th e 
even t  S3qui?nc e wit h th e objec t  he/sh e initiall y 
identifie s a s interesting . 

This computational description of the ob-
jec t  permanenc e phenomeno n i s writte n i n PROLOG 
(Warre n an d Periera ,  1977 ;  Warren ,  1979) .  Th e 
actio n o f  PROLOG i s o f  a  unificatio n algorith m 
operatin g o n a  se t  o f  recor d structures .  Thes e 
structure s ar e o f  tw o genera l  forms :  a  se t  o f 
fact s an d a  se t  o f  inferenc e rules .  Th e PROLOG 
fact s ar e use d t o make-u p th e objec t  structur e 
fo r  th e descriptio n o f  eac h snapshot .  Fo r  ex -
ampl e th e fact s lo c (OBJN ,  X ,  Y ,  Z ,  T ) ,  colo r 
(OBJM,  CL T ) ,  an d siz e (OBJN ,  SZ ,  T )  indicat e 
OBJECTN ha s colo r  CL ,  siz e S Z an d locatio n 
(X,Y,Z )  a t  tim e T .  Th e combinatio n o f  thes e 
and othe r  descriptor s mak e u p eac h snapsho t  o f 
th e experiment .  Th e gramma r  rule s interpre t 
thes e objec t  structures . 

PROLOG rules are of the form "AhB,C,D," 
whic h may b e describe d procedurall y a s "t o 
accomplis h A  attemp t  t o accomplis h B  an d C  an d 

D."  B ,  C ,  an d D  may b e fact s (checke d t o b e true ) 
or  may themselve s b e rule s tha t  lea d t o th e proo f 
or  performanc e o f  B ,  C ,  an d D.  Fo r  example ,  Gram -
mar  1  say s t o tes t  fo r  a  permanent *  objec t  a t  a 
locatio n loo k for : 

1) An object structure within a fixed radius r of 
th e location . 

2) Check if previous snapshots would indicate a 
permanen t  objec t  shoul d b e a t  thi s location . 

3) Test the object structure for interest (par-
allax) . 

4)  Chec k whethe r  th e objec t  structur e i s intac t 
(tha t  i s  whethe r  i t  o r  an y o f  it s  boundarie s 
ar e occluded) ,  an d finally , 

5) Based on this object structure look to an 
appropriat e positio n fo r  th e nex t  objec t 
structure . 

The grammar of the second developmental 
stag e i s simila r  t o th e gramma r  fo r  stag e one . 
The essentia l  differenc e i s a  rul e calle d twic e 
by th e gramma r  fo r  th e objec t  structur e o f  eac h 
snapshot .  Thi s rul e represent s th e olde r  infant s 
abilit y  t o chec k differen t  perceptua l  value s suc h 
as siz e an d colo r  betwee n snapshots .  (Luge r  e t 
al ,  1981) . 

II .  Fiv e Experiment s 

In this section five experiments will be con-
sidere d an d th e actio n o f  th e compute r  mode l  i n 
thes e situation s described .  Th e mode l  i s i n tw o 
parts ,  eac h representin g a  stag e o f  developmen t 
of  th e infant .  Th e firs t  part .  Grammar  1 ,  repre -
sent s th e earlies t  stag e o f  developmen t  modellin g 
Rul e 1 ;  Grammar  2  model s Rul e 2  (Wishart ,  1979) . 

In the conclusion, the results of the computational 
model  ru n o n th e experimenta l  situation s wil l  b e 
compare d wit h th e result s o f  infant s teste d i n 
th e sam e situations . 

•Although this paper does not elaborate on the 
distinction s betwee n objec t  permanenc e an d objec t 
identit y interpretation s o f  objec t  concep t  be -
haviors ,  th e authors '  bia s toward s identit y 
theor y shoul d b e made clear .  A  basi c notio n o f 
objec t  permanenc e (i.e .  o f  th e continue d exis -
tenc e o f  object s whe n unperceived )  i s assume d t o 
be presen t  fro m ver y earl y o n (Bower ,  1967) ,  ac -
cordin g t o identit y theory ,  i t  i s  th e step-lik e 
discover y o f  th e precis e spatio-tempora l  natur e 
of  tha t  existenc e whic h lie s behin d th e sequenc e 
of  error s foun d i n standar d objec t  concep t  tasks , 
not  th e developmen t  o f  a  notio n o f  permanenc e pe r 

se. 

A.  Th e Experiment s 

Experiment 1. (Bower, Broughton & Moore, 1971; 
Bower  &  Paterson ,  1973) . 

An object, interesting to an infant, is mov-
in g o n a  straigh t  pat h i n ful l  vie w o f  th e infant . 
The objec t  the n stop s i n ful l  view . 

The young infant (Stages I II) typically 
pause s wit h th e objec t  fo r  almos t  hal f  a  secon d 
and the n continue s t o follo w th e objects '  forme r 
pat h acros s th e fiel d o f  vie w (movemen t  error) . 
The olde r  (Stag e III )  infan t  pause s wit h th e 
stoppe d object ,  look s ont o th e pat h th e objec t  n o 
longe r  follows ,  an d the n goe s bac k toth e stoppe d 
object . 

Experiment 2. (Bower, Broughton & Moore, 1971; 
Bower  &  Paterson ,  1973) . 

An object is at rest in full view of the in-
fant .  I t  i s  displace d an d follow s a  fixe d pat h 
at  constan t  velocity . 

The younger infant follows the displaced ob-
jec t  bu t  the n look s bac k t o th e positio n o f  th e 
origina l  stationar y objec t  (plac e error) .  Th e 
olde r  infan t  pause s an d the n follow s th e pat h o f 
th e displace d object . 
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Experimen t  3 .  (Bower ,  1974 ) 

An object moves along a path. It is re-
place d i n mid-pat h b y anothe r  objec t  tha t  con -
tinue s t o mov e alon g th e path . 

The young infant is not disturbed by the 
nid-pat h substitution .  Th e olde r  infant s ar e 
confuse d movin g thei r  eye s bac k an d fort h be -
twee n place s o f  differen t  objects . 

Experiment 4. (Bower, Broughton & Moore, 1971) 

An object moves across the field of view and 
behin d a  occluder .  A  differen t  objec t  reaopear s 
on th e othe r  sid e o f  th e occluder . 

The young infant follows the path of the ob-
jec t  an d continue s t o trac k th e change d objec t 
when i t  appears .  Th e olde r  infan t  react s t o 
th e ne w objec t  whe n i t  reappear s an d look s bac k 
t o th e occluder . 

Experiment 5. (Bower & Paterson, 1973) 

An object moves across the field of view. It 
stop s o n on e sid e fo r  a  brie f  perio d o f  tim e an d 
the n move s bac k i n th e opposit e directio n stoppin g 
i n it s origina l  positio n agai n fo r  a  brie f  time . 
Afte r  repeatin g thi s sequenc e o f  move s fou r  time s 
i t  goe s of f  i n th e opposit e direction .  Se e snap -
shot s o f  Experimen t  5  i n Figur e 1 . 

The younger infant continues to have movement 
and plac e error s a s th e objec t  move s an d stop s an d 
moves of f  again .  Wit h repeate d exposur e t o th e 
sequence ,  sh e may adop t  a  plac e t o plac e strateg y 
of  jumpin g t o th e object' s nex t  stoppin g poin t  a s 
soon a s i t  begin s t o mov e of f  fro m it s presen t 
position .  Thi s strateg y i s onl y briefl y successfu l 
sinc e i t  canno t  cop e wit h th e fina l  chang e i n 
direction .  Th e olde r  infan t  i s no t  disturbe d b y 
th e movement  an d stoppin g i n eithe r  direction . 

s(i )  D 
S(2 )  D 
s(3 )  n 

s( i5) a 
S(16) D 

S(17) D , 

S(29 )  Q  • 
S(30 )  • 

D S(31 ) 

• n S(8 ) 
a s(9 ) 

. •  S(10 ) 

" D S(22 ) 
a S(23 ) 
a S(24 ) 

••  • 

S(36) Q 

Figure 1. Snapshots from the motion and rest 
patter n tha t  make s u p Experimen t  5 . 

B. The Results 

Experiment 1. 

Grammar 1 identifies an interesting object, 
say OBJl ,  an d associate s thi s objec t  wit h a  pat h 
acros s th e fiel d o f  view .  When OBJ l  stoo s movin g 
Grammar  1  continue s t o follo w th e forme r  path ,  no t 

findin g a n objec t  i t  look s bac k t o th e no w sta -
tionar y object ,  call s i t  0BJ2 ,  an d look s bac k 
searchin g agai n fo r  OBJ l  o n it s origina l  path . 
Grammar  2  i n thi s situatio n identifie s OBJ l  a s 
interestin g an d follow s it .  When i t  stops .  Gram -
mar  2  continue s o n pat h an d the n look s bac k t o 
th e stoppe d object ,  notice s its '  similarit y i n 
siz e an d shap e t o th e origina l  OBJ l  an d continue s 
t o loo k a t  it . 

Experiment 2. 

Grammar 1 identifies an interesting object, 
OBJl ,  stationar y befor e it .  When th e objec t 
start s t o move .  Grammar  1  follow s it ,  look s bac k 
t o it s forme r  locatio n an d the n look s t o th e ne w 
movin g objec t  an d call s i t  0BJ2 .  Graimia r  2  doe s 
th e sam e a s Grammar  1  excep t  tha t  i t  recognize s 
th e siz e an d shap e o f  th e movin g objec t  t o b e 
th e sam e a s tha t  o f  th e origina l  stationar y ob -
ject ,  an d doe s no t  creat e a  ne w object . 

Experiment 3. 

Grammar 1 identifies OBJl and follows its 
pat h ignorin g th e mid-pat h substitution .  Grammar 
2 follow s OBJ l  a s interestin g an d notin g th e per -
ceptua l  change s o f  th e sustitute d objec t  call s 
thi s ne w objec t  0BJ 2 an d continue s t o follo w it . 

Experiment 4. 

Grammar 1 sees OBJl as interesting and fol-
low s i t  along .  I t  continue s t o follo w th e pat h 
behin d th e occlude r  an d follow s th e pat h a s th e 
new objec t  emerges .  Grammar  1  see s onl y on e 
bounde d volum e o f  spac e movin g o n a  path .  Gram -
mar  2 ,  notin g peceptua l  change s see s 3  objects ; 
th e original ,  th e occlude r  an d th e ne w emerge d 
object . 

Experiment 5. 

With every movement and pause Grammar 1 sees 
a differen t  objec t  fo r  eac h movemen t  an d eac h 
place .  Grammar  2  see s onl y on e object ,  th e per -
ceptua l  check s a t  eac h motio n translatio n allow -
in g transitio n t o ne w motio n sequence s withou t 
confusion . 

III. Summary and Conclusions 

Several researchers have recently reported 
on computationa l  model s o f  preverba l  children' s 
proble m solvin g skill s  (Prazdny ,  1980 ;  Young , 
1976) .  Th e behavior s modelle d i n thes e studie s 
ar e a s simpl e a s ey e movements ,  reaching ,  an d 
gros s bod y movements .  Moder n researc h technique s 
suc h a s vide o tapes ,  however ,  allo w researcher s 
t o b e quit e comfortabl e wit h th e interpretatio n 
of  suc h moto r  behavior .  Suc h dat a make s u p th e 
Bower  an d Wishar t  studies ,  an d thi s i s th e dat a 
our  progra m interprets . 

Grammars 1 and 2 follow fairly closely the 
tw o rule s suggeste d b y Wishar t  (1979) .  Grammar 
2 wit h it s perceptua l  checkin g fo r  size ,  shap e 
and colo r  factor s allow s prope r  detectio n o f 
change s betwee n th e tw o object s whe n thes e change , 
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and prope r  positin g o f  n o chang e whe n onl y th e 
motio n an d res t  factor s differ .  Thu s motio n an d 
res t  ar e establishe d i n th e "identity "  mode l  a s 
explanator y invariant s o f  th e firs t  stage s o f 
infants '  acquisitio n o f  th e objec t  concept . 

In both experiments 1 and 2, Grammar 1 iden-
tifie s 2  objects ,  on e stationar y an d th e secon d 
i n motion .  Grammar  2  wit h mor e advance d oercep -
tua l  checking ,  note s th e similarit y o f  th e objec t 
i n motio n an d th e objec t  a t  res t  an d doe s no t 
posi t  a  secon d object . 

In experiments 3 and 4 Grammar 1 sees only 
one objec t  followin g a  fixe d path .  Grammar  2 , 
notin g perceptua l  differences ,  posit s ne w dif -
feren t  object s fo r  eac h perceptua l  chang e i n th e 
objects . 

In experiment 5, Grammar 1 posits a new ob-
jec t  fo r  eac h pat h o f  movement  an d eac h station -
ar y objec t  position .  Grammar  2  see s onl y on e 
object . 

An important area for continued work is to 
develo p a  thir d gramma r  capabl e o f  interpretin g 
objec t  structure s i n mor e comple x situation s tha n 
thos e deal t  wit h above ,  i n experimenta l  situa -
tions ,  fo r  example ,  involvin g partia l  occlusio n 
of  a n objec t  o r  clos e spatia l  interactio n betwee n 
a numbe r  o f  objects .  Bowe r  an d Wishar t  hav e 
posite d a  thir d conceptua l  rul e (Rul e III )  t o 
accoun t  fo r  thes e fina l  stage s o f  th e developmen t 
of  objec t  understandin g (Piaget' s Stag e VI) . 
The rul e state s tha t  tw o o r  mor e object s can -
not  b e i n th e sam e plac e o r  o n th e sam e pat h o f 
movement  a t  th e sam e tim e unles s the y bea r  a 
spatia l  relationshi p t o eac h othe r  whic h in -
volve s th e sharin g o f  common boundaries .  Th e 
interpretativ e adequac y o f  thi s rul e coul d b e 
evaluate d agains t  experimenta l  situation s i n 
whic h suc h boundar y sharin g occurs ,  as ,  fo r  in -
stance ,  whe n a n objec t  i s  place d o n to p o f  a 
platform ,  insid e a  cu p o r  behin d a  scree n 
(Wishart? .  Bower ,  1981) .  Experiment s o f  thi s 
for m mak e u p a  valuabl e par t  o f  th e researc h t o 
explor e th e objec t  concep t  an d wil l  b e th e focu s 
of  th e nex t  stag e o f  thi s research . 

The ultimate aim of the research will, of 
course ,  b e t o mode l  th e rule s whic h produc e 
th e chang e upward s fro m on e conceptua l  stag e t o 
th e next .  A  serie s o f  cost-gai n acceleratio n 
studie s wit h infant s i s a t  presen t  i n progres s 
i n a n attemp t  t o produc e dat a whic h wil l  giv e 
us som e insigh t  int o thes e mechanism s fo r 
chang e (Bower ,  1981) . 
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A numbe r  o f  researcher s hav e discusse d th e 
importan t  rol e o f  analogica l  reasonin g i n scienc e 
and educatio n [1-12] .  Till s  pape r  describe s 
researc h o n th e spontaneou s us e o f  analogie s i n 
proble m solvin g b y scientificall y traine d subjects . 
Thi s occur s whe n th e subjec t  firs t  spontaneousl y 
shift s hi s attentio n t o a  situatio n B  whic h differ s 
i n som e significan t  wa y fro m th e origina l  proble m 
situatio n A ,  an d the n trie s t o appl y finding s fro m 
B t o A .  Thi s i s difficul t  fo r  man y peopl e t o do- , 
possibl y becaus e i t  Involve s breakin g ou t  o f  th e 
assumption s buil t  u p i n considerin g th e origina l 
problem .  A s a  result ,  althoug h spontaneou s 
analogie s ar e a  mor e naturalisti c phenomeno n t o 
stud y tha n provoke d analogies ,  the y ar e difficul t 
t o captur e an d record .  However ,  b y intentionall y 
focusin g o n subject s wh o ar e know n t o hav e don e 
creativ e wor k i n th e past ,  a  nunbe r  o f  suc h case s 
hav e bee n documented . 

Ten experience d proble m solver s wer e 
Interviewe d o n a  variet y o f  problems .  Mos t  wer e 
video-taped .  Th e subject s wer e advance d doctora l 
student s an d professor s i n technica l  fields .  Th e 
finding s summarize d her e ar e base d o n detaile d 
protoco l  analyse s o f  si x o f  th e proble m solution s 
fro m thi s grou p tha t  include d th e mos t  significan t 
use s o f  analogies .  Thi s brie f  pape r  concentrate s 
on example s fro m th e protoco l  o f  a  singl e subject . 

The firs t  findin g i s that :  spontaneou s 
analogie s hav e bee n observe d t o pla y a  significan t 
rol e i n th e solution s o f  a  numbe r  o f  scientificall y 
traine d subjects .  Solution s hav e laste d u p t o 9 0 
minute s an d som e Includ e reasonin g pattern s tha t 
ar e ver y complex .  Thi s complexit y ha s le d t o a 
researc h focu s o f  workin g towar d a  macro-leve l 
theor y o f  th e dynami c processe s b y whic h analogie s 
ar e generated ,  evaluated ,  an d applied .  Thi s i s a n 
appropriat e initia l  strateg y fo r  mappin g ou t  a 
comple x domai n o f  processe s abou t  whic h littl e i s 
known.  Fro m transcrip t  analyse s th e genera l 
hypothesi s wa s formulate d tha t  th e followin g 
processe s ar e fundamenta l  i n makin g a n Inferenc e b y 
analogy :  [2 ] 
(1) Given the Initial conception A of an 

Incompletel y understoo d situation ,  th e analogou s 
conceptio n B  ̂  generated ,  o r  "come s t o mind" ; 

(2) the analogy relation between A and B must be 
"confirmed" ; 

(3) conception B must be well understood, or at 
leas t  predictive ;  an d 

(«) the subject transfers conclusions or methods 
fro m B  bac k t o A . 

This hypothesis Is consistent with our observation 
tha t  man y successfu l  solution s b y analog y ar e no t 
"Instan t  solutions" .  Analogie s ar e ofte n propose d 
tentatively ,  an d processe s (2 )  an d (3 )  especiall y 
can b e quit e tim e consuming .  Th e las t  thre e 
processe s ca n occu r  I n an y order ,  an d subject s ar e 
ofte n observe d t o mov e bac k an d fort h betwee n the m 
severa l  time s whil e graduall y completin g eac h step . 
Thi s suggest s tha t  th e subject s d o no t  us e a 
simple ,  well-ordere d procedur e fo r  controllin g 
thei r  solutio n processe s a t  thi s level .  Thi s pape r 

focuse s o n step s (1 )  an d ( 2 ) .  A s wil l  b e show n 
ther e appea r  t o b e no t  one ,  bu t  severa l  way s o f 
generatin g analogies .  an d severa l  way s o f 
confirmin g then . 

EXAMPLE OF A SOLUTION CONTAINING ANALOGIES 
Fiv e subject s hav e generate d analogie s i n 

thinkin g alou d abou t  th e followin g problem : 

(I (2 ) 

Fig .  1 

ttrtte h 

Sprin g Coil s Problem .  A  weigh t  i s hun g o n a 
spring .  Th e origina l  sprin g i s replace d wit h a 
sprin g mad e o f  th e sam e kin d o f  wire ,  wit h th e 
same nunbe r  o f  coi ls ,  bu t  wit h coil s tha t  ar e 
twic e a s wid e I n diameter .  Wil l  th e sprin g 
stretc h fro m It s natura l  length ,  more ,  less ,  o r 
th e sam e amoun t  unde r  th e sam e weight ? (Assum e 
th e mas s o f  th e sprin g I s negligibl e compare d t o 
th e mas s o f  th e weight. )  Why d o yo u thin k so ? 

This problem was given to seven subjects. Four 
attempte d t o relat e th e proble m t o th e analog y o f  a 
bendin g rod ,  a s I n th e followin g verbatim . 
condense d transcript : 

(1 )  S2 :  Un ,  I  hav e on e goo d ide a t o star t  with . 
I t  occur s t o m e tha t  a  sprin g i s nothin g bu t  a 
ro d woun d up ,  uh ,  an d therefor e mayb e I  coul d 
answer  th e questio n fo r  a  rod .  (Draw s fig . 
2 ) . . .  I  hav e a  stron g Intuition ,  a  physica l 
imaglsti c Intuitio n tha t  thi s (ro d a )  wil l  ben d 
a lo t  mor e tha n tha t  (ro d b )  will .  I n fact ,  th e 
intuitio n i s confirme d b y takin g i t  t o th e 
limitin g case .  I t  become s intuitivel y obviou s 
t o m e tha t  a s on e move s th e weigh t  close r  an d 
close r  t o th e fulcru m tha t  th e thin g wil l  no t 
ben d a t  all . 

a 

Fig .  2 Fig .  3 

S2 goe s o n t o Infe r  tha t  i f  th e ro d situatio n i s 
trul y analogous ,  th e wide r  sprin g wil l  stretc h 
farther .  Her e th e subjec t  I s abl e t o achiev e a 
hig h degre e o f  certaint y abou t  th e behavio r  o f  th e 
rod s (proces s 3  above) .  H e report s doin g thi s o n 
th e basi s o f  wha t  h e call s physica l  Intuitio n an d 
by thinkin g abou t  a n extrem e case ,  givin g u s reaso n 
t o suspec t  tha t  h e I s usin g som e typ e o f  imaglsti c 
simulatio n process .  Bu t  h e i s uncertai n a s t o 
whethe r  h e ca n confir m th e ide a tha t  th e sprin g an d 
th e ro d ar e analogous . 

(2 )  S2 :  Bu t  i t  occur s t o m e 
somethin g clearl y wron g wit h 
because...it s  slop e [th e bendin g 
steadil y Increas e a s you.. . 
poin t  o f  attachment ,  wherea s 

tha t  there' s 
tha t  metapho r 

rod's ]  woul d 
went  awa y fro m th e 
I n a  [stretched ] spring ,  th e slop e o f  th e spira l  I s constant.. . 

I  don' t  se e ho w tha t  coul d mak e th e bo w g o away ; 
Jus t  t o win d i t  [th e rod ]  up .  Damn It !  [13 ] 

He spend s a  larg e par t  o f  hi s H 5 minut e solutio n 
tryin g t o resolv e thi s issue .  Thi s transcrip t  an d 
other s indicat e tha t  processe s 1  throug h H  abov e 
ca n indee d tak e plac e separately .  S 2 ha s 
apparentl y complete d processe s 1 ,  3 ,  an d n  s o far . 

137 



METHODS FOR CONFIRMING ANALOGY REUTIONS. 
Determinin g a  matc h betwee n ke y relationship s 

I n bot h situation s T i  th e firs t  an d mos t  obviou s 
metho d fo r  confirmin g analog y relation s (proces s 2 
above )  [5] .  Thu s subjec t  S 2 abov e i s worrie d 
becaus e h e canno t  obtai n a  matc h betwee n th e 
changin g slop e I n a  bendin g ro d an d th e constan t 
slop e I n a  stretche d spring .  However ,  othe r 
confirmatio n method s ar e als o possible . 

Confirmatio n vi a bridgin g analogies .  Rathe r 
tha n throwin g ou t  th e ro d analogy ,  S 2 proceede d t o 
generat e a  secon d relate d analogy :  th e "zig-za g 
spring "  show n I n fig .  3 .  Suc h subject s ar e 
observed  t o generat e a n Intermediat e eas e whe n the y 
refe r  t o a  situatio n tha t  ha s aspect s I n common 
wit h tw o previou s situation s A  an d B .  I t  I s 
hypothesize d tha t  S 2 attempt s her e t o for m a 
cognitiv e bridgin g analog y whic h link s hi s 
conceptua l  framework s fo r  th e ro d situatio n an d th e 
origina l  sprin g situation . 

Figur e U  show s ho w suc h a  bridgin g analog y ca n 
be effectiv e [2] .  Th e lin k labele d 1  represent s 
th e initia l  tentativ e analog y relatio n conjecture d 
t o exis t  betwee n conception s A  an d B .  Her e A  i s 
th e poorl y understoo d Initia l  proble m situatio n an d 
B i s a  wel l  understoo d situation .  Inadequatel y vs . 
well-understoo d conception s ar e represente d b y 
dotte d vs .  soli d squares ,  respectively ,  an d 
tentativ e vs .  confirme d analog y relation s ar e 
represente d b y dotte d vs .  soli d link s betwee n 
squares ,  respectively .  Figur e 4  show s ho w th e 
subjec t  migh t  establis h a  confirme d lin k betwee n A 
and B  b y bridgin g bac k t o conceptio n A  vi a 
conceptio n C .  I f  th e analog y link s (2 )  an d (3 )  ar e 
confirme d (wit h respec t  t o th e sam e salien t 
relationship s betwee n variables) ,  the n A  ca n becom e 
wel l  understoo d an d becom e analogou s t o B ,  sinc e 
unde r  th e abov e conditions ,  A  bein g analogou s t o C 
and C  bein g analogou s t o B  mean s tha t  A  i s 
analogou s t o B .  We cal l  thi s analogica l 
transitivity .  I t  shoul d b e emphasize d tha t  sinc e 
"confirmed "  generall y mean s "intuitivel y 
compelling "  rathe r  tha n "proven "  i n thi s context , 
analogica l  transitivit y i s considere d a  for m o f 
plausibl e reasonin g whic h doe s no t  lea d t o 
conclusion s carryin g th e forc e o f  a  logica l 
implication .  Thi s diagrammin g syste m als o allow s 
one t o construc t  macro-leve l  "maps "  o f  hypothesize d 
cognitiv e processe s occurrin g durin g comple x 
solution s involvin g man y analogies.[3 ] 

< 

Fig .  4 

A second bridge. Unfortunately, at this point 
th e subjec t  stil l  coul d no t  reconcil e th e bendin g 
goin g o n i n th e zig-za g sprin g wit h th e lac k o f 
chang e i n slop e i n th e origina l  helica l  sprin g 
(lin k 3  i s unconfirmed) ,  s o hi s initia l  attemp t  a t 
a bridg e failed .  However ,  h e late r  generate s a 
second ,  mor e successfu l  attemp t  a t  a  bridg e i n th e 
for m o f  a n analog y t o a  polygona l  spring .  He i s 
confiden t  tha t  a  sprin g wit h hexagona l  coll s woul d 
not  b e essentiall y  differen t  fro m on e wit h circula r 
colls ,  an d thi s lead s hi m t o a  reall y ne w insight : 

M 

(3 )  S2 :  Aha!.. .  What  i f  I  star t  wit h a  ro d an d 
bend I t  onc e (make s bendin g motio n wit h hands ) 
and...ben d i t  again. .  Clearl y ther e can' t  b e a 
hel l  o f  a  lo t  o f  differenc e betwee n th e circl e 
and say ,  a  hexagon. .  .(Draw s fig .  5 )  No w that' s 
interesting.  Jus t  lookin g a t  thi s i t  occur s t o 
me tha t  whe n forc e i s applie d here ,  yo u no t  onl y 
get  a  ben d o n thi s segment ,  bu t  becaus e there' s 
a pivo t  here ,  yo u ge t  a  torsio n effect...Aha ! 
Maybe th e behavio r  o f  th e sprin g ha s somethin g 
t o d o wit h twis t  forces.. .  Le t  me accentuat e 
th e torsio n forc e b y makin g a  squar e (draw s fig . 
6)  wher e there' s a  righ t  angle .  Now.  .. I  hav e 
tw o force s Introducin g a  stretch .  I  hav e th e 
forc e tha t  bend s this...segmen t  [a ]  an d I n 
additio n I  hav e a  torsio n forc e whic h twist s a t 
vertex ,  um ,  x...No w I  fee l  I  hav e a  goo d mode l 
of  a  spring.. .  No w makin g th e side s longe r 
certainl y woul d mak e th e [square ]  sprin g stretc h 
more . 
I :  Ho w ca n yo u tell ? 
S2:  Physica l  intuition. .  .an d als o 
recollection. .  th e longe r  th e segmen t  (move s 
hand s apart )  th e mor e th e bendabllit y  (move s 
hand s a s i f  bendin g a  rod).. .  No w th e sam e 
thin g woul d happe n t o th e torsio n I  think , 
becaus e i f  I  hav e a  longe r  ro d (move s hand s 
apart) ,  an d I  pu t  a  twis t  o n i t  (move s hand s a s 
i f  twistin g a  rod) ,  i t  seem s t o me—agai n 
physica l  intuition—tha t  i t  wil l  twis t  more.. . 
again ,  no w I' m confirmin g tha t  b y usin g thi s 
metho d o f  limits .  A s I  brin g my han d u p (move s 
righ t  hand '  slowl y towar d lef t  hand )  close r  an d 
close r  t o th e origina l  plac e wher e I  hol d It ,  I 
realiz e ver y clearl y tha t  I t  wil l  ge t  harde r  an d 
harde r  t o twist.. .  An d my confidenc e i s no w 99 J 
[tha t  th e wid e sprin g stretche s more]... I  fee l  a 
lo t  bette r  abou t  it .  [lH ] 
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Her e h e i s abl e t o firml y connec t  th e origina l 
sprin g t o th e bendin g ro d cas e vi a th e bridgin g 
analog y o f  a  polygona l  spring .  I n addition , 
considerin g th e polygona l  sprin g trigger s th e 
recognitio n o f  a  torsio n effect .  Thus ,  i n th e 
subject' s fina l  understandin g o f  th e spring ,  th e 
sprin g i s linke d vi a th e intermediat e squar e sprin g 
cas e t o tw o simple r  cases ,  th e twiste d ro d an d th e 
bent  rod ,  a s show n I n fig.7 .  Th e torsio n facto r  i s 
an importan t  insight ,  becaus e no t  onl y i s i t  tru e 
tha t  wide r  spring s stretc h farther ,  bu t  i n fac t  th e 
forc e provide d b y a  helica l  sprin g i s primaril y du e 
t o torsio n rathe r  tha n t o bending . 

I n sunmary ,  tw ;  majo r  processe s involve d i n 
confirmin g analog y relation s hav e bee n identified : 
matchin g ke y feature s o r  relationships ;  an d 
formin g z_ bridgin g analogy . 

Fig .  5 Fig .  6 
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AHALOCT GENERATION MECHANISMS 
Analysi s o f  transcript s ha s le d u s t o propos e 

th e hypothesi s tha t  ther e ar e no t  one ,  bu t  a t  leas t 
thre e type s o f  analog y generatio n mechanisms : 
generatio n vi a a n abstrac t  principle ,  generativ e 
transfonnatlons ,  an d associativ e leaps . 

Generatio n fro m a  principle .  A  plausibl e 
mechanlSB i  fo r  generatin g analogie s ca n b e derive d 
fro m th e common situatio n I n scienc e wher e a  singl e 
equatio n o r  abstrac t  principl e applie s t o tw o o r 
more differen t  contexts ,  suc h a s a  penduli m an d a n 
oscillatin g electrica l  circuit .  Thi s suggest s tha t 
analogie s may  b e forme d b y firs t  recognizin g tha t 
th e origina l  proble m situation .  A ,  i s a n exanpl e o f 
an abstrac t  equatio n o r  principle ,  P .  Th e 
analogou s situation ,  B ,  I s the n recalle d o r 
generate d a s a  secon d exanpl e o f  principl e P . 
However ,  althoug h evidenc e fo r  thi s patter n ha s 
been observe d o n occasio n i n interviews ,  littl e 
evidenc e o f  I t  wa s observe d i n th e analogie s 
generate d fo r  th e sprin g problem .  Instead ,  tw o 
othe r  type s o f  analog y formatio n processe s appea r 
t o predominate ,  whic h I  hav e calle d generativ e 
transfonmatlon s an d associativ e leaps . 

Generativ e transformations .  Thes e occu r  whe n 
a subjec t  modifie s a n aspec t  o f  proble m A  t o creat e 
a ne w situatio n B .  Example s o f  evidenc e fo r 
generativ e transformation s fro m th e presen t 
protoco l  are :  (1 )  Th e subjec t  refer s t o bendin g a 
ro d int o a  polygo n (protoco l  segmen t  3 ) .  (2 )  Th e 
subjec t  referrin g t o th e sprin g a s a  "ro d woun d up " 
i n th e firs t  lin e o f  th e transcrip t  indicate s tha t 
th e ro d ide a may hav e bee n generate d b y thinkin g 
about  unwindin g th e spring .  A t  anothe r  poin t  h e 
refer s t o th e ro d a s a n "unwoun d spring. " 

Associativ e leaps .  I n contras t  t o modifyin g 
th e proble m I n a  generativ e transformation , 
evidenc e fo r  a n associativ e lea p occur s whe n th e 
subjec t  refer s t o a n analogou s situatio n B  whic h I s 
ver y differen t  qualitativel y I n a  numbe r  o f  way s 
fro m th e origina l  situation .  Th e subjec t  ma y als o 
refe r  t o "bein g reminde d of "  B .  S 2 generate d 
evidenc e fo r  severa l  associativ e leap s i n th e 
middl e o f  th e protoco l  whe n h e said :  " I  fee l  a s 
thoug h I' m reasonin g I n circle s an d I  thin k I'l l 
make a  deliberat e effor t  t o brea k ou t  o f  th e circl e 
somehow... ,  lik e rubbe r  bands ,  molecules , 
polyesters..." ,  apparentl y attemptin g t o lin k th e 
sprin g proble m t o othe r  situation s h e know s 
somethin g about .  Althoug h h e wa s unabl e t o us e an y 
of  th e associativ e leap s abov e effectivel y I n thi s 
case ,  subject s hav e bee n observe d t o us e thi s typ e 
of  analog y generatio n techniqu e successfull y i n 
othe r  protocols .  Fo r  example ,  on e subjec t  use d a n 
analog y t o a  U-tub e t o solv e a  proble m abou t 
hydrauli c force s i n a n apparatu s whos e shap e an d 
topolog y wer e quit e different . 

I t  i s  hypothesize d tha t  a n associativ e lea p 
take s plac e whe n a n establishe d conceptua l 
framewor k fo r  situatio n B  I n memor y i s activate d b y 
an associatio n t o som e aspec t  o f  th e origina l 
situatio n A ,  an d tha t  a  generativ e transformatio n 
occur s whe n th e subjec t  focuse s o n a n interna l 
representatio n o f  th e existin g proble m situatio n A 
and change s a n aspec t  o f  i t  t o creat e situatio n B . 
Thi s lead s t o th e predictio n tha t  a n analog y 
generate d vi a a  transformatio n shoul d mor e ofte n b e 
a nove l  inventio n (suc h a s th e hexagona l  spring ) 
an3 sRoul d mor e ofte n contribut e a s a  simple r  cas e 
rathe r  tha n a s a  mor e familia r  case .  Generativ e 
transformation s an d associativ e leap s hav e bee n th e 
primar y analog y generatio n metTiod s observe d K ^  u £ 
30 fa r  [15] . 

METHODS FOR UNDERSTANDING A SITUATION AND FOR 
TRANSFERRING KNOWLEDGE FROM B  BACK T O A 

Wit h regar d t o proces s 3  above ,  th e 
requiremen t  tha t  conceptio n B  mus t  b e predictiv e o r wel l  understood ,  w e not e briefl y tha t  thi s ca n b e 

achieve d vi a factua l  knowledge ,  physica l  intuition , 
analysi s i n terra s o f  a  theory ,  o r  (recursively )  vi a 
anothe r  analogou s cas e C .  Some method s fo r 
applyin g knowledg e fro m B  t o A  (proces s t  above ) 
are :  (1 )  transferrin g a  predictio n directl y fro m B 
t o correspondin g variabl e relationship s i n A ;  (2 ) 
transferrin g a  partia l  understandin g o f  certai n 
variabl e relationships ,  whic h wit h furthe r  analysi s 
can lea d t o a  predictio n i n A ;  an d (3 ) 
transferrin g a  metho d o f  attac k fro m B  t o A .  [20 ] 
EJCTREME CASES AND PHYSICAL INTUITION 

Minimizin g o r  maximizin g a  featur e o f  th e 
proble m sometime s make s th e proble m easie r  t o 
analyze ,  an d w e cal l  thi s usin g a n extrem e case . 
Extrem e case s see m t o b e generate d primaril y vi a 
generativ e transformation s o r  proble m operators . 
Interestingly ,  th e apparen t  functio n o f  man y o f  th e 
extrem e case s observe d s o fa r  ha s bee n t o enhanc e 
th e subject' s us e o f  physica l  intuitio n i n th e for m 
of  Imaglstl c simulations .  S 2 indicate s tha t  hi s 
fina l  understandin g I s base d a t  th e lowes t  leve l  o n 
suc h physica l  intuitions .  Thi s suggest s tha t 
certai n relationship s betwee n force s an d othe r 
physica l  variable s suc h a s "bendin g '  ca n b e 
represente d a t  a  dee p leve l  i n terra s o f  imaglstl c 
Intuition s rathe r  tha n abstrac t  principle s o r 
equations .  (Se e ref .  [3]) . 
CONCLUSION 

Furthe r  researc h i s neede d i n orde r  t o 
evaluat e an d ad d t o th e result s o f  thi s explorator y 
study .  A  numbe r  o f  basi c concept s fo r  analyzin g 
pattern s o f  analogica l  reasonin g hav e bee n 
proposed ,  including :  th e generatio n o f  analogie s 
vi a transformation s an d associativ e leaps ;  th e 
evaluatio n o f  analog y relation s vi a th e formatio n 
of  bridge s an d th e matchin g o f  ke y relationships ; 
and th e understandin g o f  situation s vi a th e us e o f 
extrem e case s whic h ca n enhanc e physica l 
intuitions .  Recursiv e combination s o f  thes e 
processe s ca n accoun t  fo r  man y o f  th e pattern s 
observe d i n othe r  comple x solution s involvin g a 
number  o f  linke d analogies .  Man y solution s b y 
analog y ar e no t  "Instan t  solutions" ,  bu t  a  mor e 
extende d proces s o f  conjectur e an d testing .  Thi s 
give s u s reaso n t o believ e tha t  som e o f  thes e 
processe s ar e learnable ,  rathe r  tha n bein g 
exclusivel y a  produc t  o f  "genius" ,  an d tha t 
developin g students '  abilitie s t o us e generativ e 
transformations ,  leaps ,  an d bridge s ma y b e possibl e 
and desirable . 

Vflie n a  transformatio n lead s t o a  conflrmabl e 
analogy ,  w e cal l  I t  a  conservin g transformatio n 
sinc e i t  conserve s th e salien t  relationship s I n th e 
problem .  I n a  broade r  sense ,  conservin g 
transformation s appea r  t o pla y a  fundamenta l  rol e 
at  differen t  level s i n physics ,  mathematics , 
technologica l  invention ,  an d musi c [16-191 . 
Conservin g transformation s appea r  t o b e a n 
Importan t  cognitiv e proces s worth y o f  furthe r 
investigation . 

I n th e cas e o f  S2 ,  th e bendin g ro d analog y 
serve d a s a  firs t  orde r  mode l  whic h gav e hi m a n 
initia l  handhol d o n th e problem .  Persisten t 
criticism s an d transformation s o f  thi s mode l  durin g 
hi s vigorou s U 5 minut e solutio n eventuall y le d hlr a 
t o evolv e a  muc h bette r  mode l  i n th e for m o f  a 
squar e sprin g wit h torsio n effects .  Thus , 
sophisticate d use s o f  analog y i n relativel y 
difficul t  problem s ca n involv e a  repeate d 
conjecture ,  criticism ,  an d modificatio n proces s 
tha t  ca n produc e chain s o f  successivel y mor e 
powerfu l  analogies .  Analogou s case s ca n eithe r 
pla y a  temporar y heu r  Isti c  rol e i n helpin g t o 
generat e conjecture s durin g th e solution ,  o r  the y 
can pla y th e mor e permanen t  rol e o f  a  mode l  i n th e 
fina l  solution ,  o r  both .  Certai n parallel s betwee n 
thes e processe s an d processe s o f  scienc e describe d 
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i n [6-8,16] ,  amon g others ,  sugges t  tha t  furthe r 
researc h alon g thes e line s ma y b e o f  Interes t  t o 
thos e studyin g th e processe s o f  hypothesi s 
formatio n an d mode l  constructio n I n science . 
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Abstrac t 

Design is concerned with how things ("artifacts") ought 
t o b e i n orde r  t o attai n goal s an d function .  T o gai n a 
deepe r  understandin g o f  th e natur e o f  design ,  w e hav e 
studie d desig n processe s i n severa l  differen t  domains ; 
softwar e engineering ,  creativ e writing ,  buildin g model s 
wit h technica l  kit s an d constructin g learnin g 
environments . 

1.  Tti e natur e o f  th e desig n proces s 

Designers try to shape the components of new 
structures .  I n genera l  th e designe r  i s facin g a n 
ill-structure d proble m i n a  semanticall y ric h domain . 
An emergin g desig n i s incorporate d i n a  se t  o f  interna l 
and externa l  memor y structure s (e g o n paper ,  i n 
compute r  memory ) .  Th e proble m solvin g proces s fo r 
thi s tas k ca n bes t  b e characterize d a s a  dialectica l 
informatio n gatherin g proces s switchin g bac k an d fort h 
betwee n creatin g an d understandin g subprocesses .  A t 
eac h stag e i n th e desig n process ,  th e partia l  desig n 
(reflecte d i n th e descriptiv e structures )  serve s a s a 
majo r  steppin g ston e an d a s a  stimulu s fo r  suggestin g 
what  shoul d b e don e nex t  (se e A L E X A N D ER 196 4 an d 
SIMON 1969) . 

Ther e i s n o doub t  tha t  ther e i s domai n specifi c 
desig n knowledge :  a n architec t  know s a  lo t  abou t 
buildin g material s an d ho w t o combin e them ,  a 
softwar e enginee r  know s man y basi c algorithm s an d 
ho w t o us e the m i n constructin g softwar e components . 
The mor e interestin g questio n i n researc h abou t  desig n 
i s whethe r  ther e i s als o som e genera l  desig n 
knowledge ,  whic h i s applicabl e i n man y differen t 
domains . 

2.  Universa l  concept s fo r  desig n processe s 

Crucial processes in creating a design are: 
1)  t o develo p a  languag e fo r  specifyin g goal s an d a 
set  o f  intermediat e concept s (e g i n th e cas e o f 
technica l  constructio n systems :  a  steerin g unit ,  a 
differential ) 
2)  t o dea l  wit h set s o f  possibl e world s (i e w e hav e 
t o conside r  desig n alternatives ) 
3)  t o incorporat e th e emergin g desig n i n a  se t  o f 
externa l  memor y structure s 
'i )  t o recor d th e relevan t  part s o f  th e desig n pat h 
(an d no t  onl y th e desig n product ) 
5)  t o creat e low-cos t  modifiabl e model s whic h hel p 
us t o replac e anticipatio n b y analysi s an d 
experimentatio n 

Understandin g (analysis )  o f  existin g design s i s relevan t 
fo r  th e followin g reason s (especiall y i f  w e regar d th e 
desig n primaril y a s a n erro r  correctin g process) : 

1)  i t  i s  a  prereguisit e fo r  modificatio n (whic h i s 
necessar y becaus e i t  i s  no t  possibl e fo r  th e designe r 
nor  fo r  th e potentia l  use r  t o forese e al l  o f  th e 
opportunitie s fo r  whic h a  comple x syste m i s used) . 
2)  th e insufficiencie s o f  existin g prototyp e model s 
hav e t o b e uncovered ;  th e surfac e manifestation s o f 
problem s hav e t o b e trace d bac k t o thei r  causes . 
3)  contemplatin g an d experimentin g wit h wha t  ha s 
bee n don e s o fa r  ca n stimulat e ne w ideas ,  n e w 
generalisations ,  ne w simplification s an d ne w use s fo r 
develope d parts .  N e w possibilitie s m a y becom e 
visibl e throug h perceptio n o f  unplanne d relationships . 

Computer science has developed a set of well known 
(e g top-down ,  bottom-up ,  stepwis e refinement )  an d les s 
know n (e g us e o f  steppin g stones ,  progressiv e 
constraints ,  structure d growth ,  linguisti c uniformity , 
uniformit y o f  interaction ,  metadescription , 
context-sensitiv e descriptions ,  filters )  concept s o f 
design . 

3.  Technica l  constructio n system s an d system s fo r 
man-machin e communicatio n 

To gain a better understanding for an epistemology of 
design ,  w e hav e studie d desig n processe s i n severa l 
domains :  softwar e engineerin g (BOECKER,  FISCHE R 
and G U N Z E N H A E U S ER 1980) ,  creativ e writin g 
(F ISCHE R 1980) ,  technica l  constructio n system s 
(F ISCHE R an d B O E C K ER 1981 )  an d learnin g 
environment s (FISCHER ,  B R O WN an d B U R T ON 1978) . 
We hav e verifie d an d extende d th e basi c se t  o f 
though t  processe s underlyin g desig n an d th e 
organizatio n o f  thos e processe s whic h serv e a s 
guideline s fo r  th e implementatio n o f  desig n suppor t 
systems . 

In our own work we have chosen a specific technical 
constructio n system ,  namel y F ISCHERJECHNI K (FT) . 
F T ca n b e enjoye d b y "childre n o f  al l  ages" .  I t  allow s 
th e designe r  t o construc t  startin g wit h a  universa l 
buildin g bloc k -  ver y simpl e model s (e g a  car ,  a  cran e 
etc )  a s wel l  a s completel y functiona l  model s (e g a 
technicall y exac t  mode l  o f  a n assembl y lin e fo r  ca r 
manufacturers) .  F T i s no t  onl y a n excellen t  to y (i t 
gaine d th e "Osca r  d e Jouet "  i n 197 2 fo r  bein g electe d 
th e bes t  to y o f  th e year )  bu t  a  realisti c desig n too l 
whic h allow s t o buil d artifact s o f  comparabl e 
complexit y relativ e t o bi g softwar e systems . 
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F T i s a  goo d exampl e o f  a  desig n too l  tha t  ha s th e 
propert y "n o treshold ,  n o ceiling" :  eas y thing s ar e eas y 
t o d o an d difficul t  thing s ar e possibl e t o do .  Th e mos t 
importan t  featur e o f  F T i s probabl y th e mechanis m t o 
joi n individua l  buildin g block s (whic h i s unifor m an d 
universa l  an d ca n b e undon e i n al l  cases) .  I t  provide s 
th e basi s fo r  a n environmen t  whic h allo w u s t o stud y 
sophisticate d desig n processe s wit h grea t  similarit y t o 
softwar e engineering . 

The other major research area in our work for an 
epistemolog y o f  desig n ha s bee n th e desig n o f 
man-machin e communicatio n systems .  W e wil l  mak e 
us e o f  th e substantia l  computationa l  resource s a t  th e 
hardwar e leve l  (whic h wil l  becom e availabl e i n th e 
nea r  future )  t o creat e a  symbioti c environmen t  fo r 
m an an d machin e whic h combine s th e advantage s o f 
bot h t o cooperativel y solv e desig n task s whic h neithe r 
of  the m coul d solv e alone .  Th e mai n difficult y i n thi s 
domai n i s ou r  lac k o f  a  theor y whic h i s predictiv e 
enoug h t o provid e a  complet e se t  o f  desig n criteria . 
We tr y t o m a k e us e o f  th e knowledg e abou t  th e 
human informatio n processin g syste m (e g limite d STM, 
goo d visua l  chunkin g methods )  t o com e u p wit h som e 
principle s (e g consistenc y an d adequat e defaul t 
assumptions )  fo r  th e desig n o f  thes e systems .  Th e fe w 
derivation s w e ca n m a k e fro m thes e principles , 
however ,  immediatel y lea d t o seriou s desig n conflicts . 
To poin t  ou t  a  specifi c  example :  i f  w e wan t  t o delet e 
a fil e (ou t  o f  a  larg e se t  o f  successiv e versions) ,  th e 
defaul t  optio n shoul d b e t o delet e th e oldes t  versio n 
wherea s i f  w e prin t  o r  edi t  a  fil e th e defaul t  shoul d 
be th e newes t  version .  A t  th e surfac e leve l  thi s i s 
obviousl y a n inconsistency .  Onl y i f  th e use r  ha s a n 
explici t  conceptua l  mode l  o f  thes e processe s (e g abou t 
th e semantic s o f  "delete" ,  "print "  an d "edit" )  thi s 
seems t o b e th e obviou s way . 

One of the long range goals of our research is to 
construc t  computer-base d convivia l  tool s (ILLIC H 
1973) .  Thes e ar e tool s tha t  giv e th e use r  a s muc h 
contro l  a s possibl e s o tha t  h e ca n d o wha t  eve r  h e 
want s t o do .  W e conside r  Fischertechni k a  goo d 
exampl e o f  a  convivia l  too l  (e g compare d wit h a 
plasti c ca r  whic h ca n neve r  b e modified) . 

Our empirical research verified some of our intuitions, 
namel y 

1)  ther e exis t  commo n feature s fo r  desig n processe s 
i n differen t  domain s 
2)  desig n i s a n incrementa l  activity ;  a  partiall y 
complete d produc t  i s importan t  an d usefu l  t o gai n a 
deepe r  understandin g o f  th e problem ; 
3)  th e majo r  difficult y i n desig n task s i s no t  t o 
understan d th e intrinsi c semantic s o f  individua l 
buildin g block s bu t  t o predic t  ho w a n assemblag e o f 
suc h component s wil l  behav e 
4)  i t  i s  importan t  fo r  th e understandin g o f  a n 
artifac t  tha t  w e hav e acces s no t  onl y t o th e fina l 
produc t  bu t  t o th e importan t  part s o f  th e 
evolutionar y pat h whic h le d t o i t 
5)  th e languag e develope d i n Compute r  Scienc e an d 
specificall y I n A l  i s  adequat e fo r  th e descriptio n o f 
desig n processe s i n differen t  domains . 

H.  A  compute r  syste m t o suppor t  desig n processe s 

Many design problems (including social planning, VLSI 
design ,  softwar e engineering )  hav e demonstrate d t o u s 
tha t  ther e ar e inheren t  limitation s t o th e complexit y 
tha t  th e unaide d designe r  ca n contro l  i n an y situation . 
Our  syste m I N F O R M ca n bes t  b e describe d a s a n 
integrated ,  knowledge-base d desig n environmen t 
(primaril y use d fo r  softwar e creation ,  maintenanc e an d 
modification )  usin g multipl e window s t o provid e 
uniform ,  direc t  interactiv e facilitie s t o th e user .  We 
expec t  tha t  system s o f  thi s sor t  (se e als o GOLDSTEI N 
and B O B R O W,  1980 )  wil l  mak e majo r  contribution s t o 
cop e wit h th e problem s o f  constructin g larg e softwar e 
product s b y keepin g th e whol e programmin g proces s i n 
th e machin e (an d no t  onl y th e result )  an d b y allowin g 
t o exten d ou r  specificatio n technique s wit h 
prototyping . 

3. Conclusions 

Our goals doing this research were: to gain a better 
understandin g o f  desig n ( a cognitiv e scienc e task )  an d 
t o us e thi s understandin g t o buil d system s whic h supor t 
th e desig n proces s ( a cognitiv e engineerin g task) .  We 
believ e tha t  domai n independen t  desig n knowledg e an d 
skill s  exis t  an d tha t  desig n concept s ar e th e righ t 
vocabular y t o describ e complicate d processe s i n 
proble m solving ,  exper t  system s researc h an d softwar e 
engineering . 
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Constraint s o n Applyin g Cognitiv e Scienc e 

Janet L. Lachman and Roy Lachman 

University of Houston 

One measur e o f  th e valu e o f  a  scienc e I s it s 
Impac t  o n othe r  sector s o f  society .  Cognitiv e 
theor y ha s undergon e unprecedente d growt h i n th e 
pas t  decad e an d ther e ar e man y area s o f  potentia l 
application .  On e o f  thes e i s th e Institutio n o f 
law .  However ,  la w I s a n intricatel y structure d 
system ,  an d effort s t o appl y cognitiv e scienc e re -
searc h finding s i n lega l  setting s wil l  com e fac e 
t o fac e wit h a  fundamenta l  reality :  th e system s 
propertie s o f  th e law ,  an d no t  th e exten t  o f  ou r 
expertise ,  wil l  determin e th e natur e an d exten t  o f 
suc h contributions .  La w i s a n intellectua l  enter -
prise ,  an d muc h cognitiv e dat a appear s strikingl y 
pertinen t  t o it s operation .  However ,  substantia l 
difference s betwee n scientifi c  an d lega l  outloo k 
can resul t  i n differen t  judgment s o f  pertinence . 
Many o f  ou r  colleagues ,  eve n thos e wh o hav e fre -
quentl y testifie d a s experts ,  hav e bee n puzzle d 
and eve n outrage d b y th e exclusio n o f  som e o f 
thei r  mos t  salien t  inputs .  On e wh o understand s 
th e syste m i s likelie r  t o produc e informatio n tha t 
wil l  b e welcomed ,  o r  a t  leas t  appreciat e th e fac -
tor s leadin g t o rejectio n whe n i t  occurs .  Thi s 
paper  wil l  conside r  certai n o f  th e objective s o f  a 
tria l  tha t  determin e wha t  exper t  testimon y i s 
likel y t o b e admitted ,  an d t o sugges t  fou r  point s 
at  whic h cognitiv e expertis e migh t  fin d entre e t o 
Institution s o f  law . 

Ther e i s muc h mor e t o la w tha n th e tria l  o f 
cases ,  bu t  th e tria l  i s  a  centra l  featur e o f  ou r 
lega l  system .  I t  i s  ou r  ultimat e too l  fo r  resol -
vin g dispute s an d fo r  Imposin g crimina l  sanction . 
I t  i s  als o th e mos t  common settin g fo r  th e intro -
ductio n o f  non-lega l  expertise .  Th e natur e an d 
exten t  o f  expertis e tha t  i s admitte d i s determine d 
by th e purpose s o f  th e tria l  an d th e value s th e 
syste m ha s place d o n certai n competin g purposes . 
A tria l  i s  essentiall y  a  determinatio n whethe r  th e 
fact s o f  a  particula r  cas e fi t  a  give n pattern , 
wher e th e patter n ha s lega l  consequences .  Fo r  ex -
ample ,  i f  a  physicia n commit s malpractic e an d 
thereb y Injure s hi s patient ,  th e lega l  consequenc e 
I s tha t  h e owe s th e patien t  money .  "Malpractice " 
I s essentiall y  a  lega l  patter n consistin g o f  fail -
ur e t o provid e th e leve l  o f  car e th e docto r  im -
plicitl y  promise d whe n h e undertoo k t o trea t  th e 
patient .  When a  patien t  sue s hi s docto r  fo r  mal -
practice ,  th e tria l  wil l  b e a n effor t  t o fin d ou t 
what  leve l  o f  car e th e docto r  implicitl y  promised , 
and whethe r  th e treatmen t  fel l  belo w tha t  level ; 
whethe r  th e patien t  wa s reall y injured ,  an d i f  so , 
whethe r  th e doctor' s conduc t  cause d th e Iniury . 
These fact s ar e establishe d o n th e basi s o f  th e 
evidenc e admitte d a t  th e trial ,  whic h Include s th e 
testimon y o f  witnesses ,  exper t  an d otherwise .  I n 
a Jur y trial ,  th e jur y determine s th e facts ,  with -
i n certai n limits ,  an d applie s th e la w a s Instruc -
te d b y th e judge .  I n a  benc h trial ,  th e judg e 
find s th e fact s an d applie s th e law .  I n eithe r 
rase ,  th e factua l  determination s ar e mad e i n a 
contex t  o f  competin g values ,  o f  whic h achievemen t 
of  trut h I s onl y one . 

The lega l  standar d o f  trut h i s not ,  an d neve r 
has been ,  absolute .  Fo r  centuries ,  court s hav e 
decide d th e trut h o f  claim s wher e absolut e accura -
cy I s unobtainable .  What  j ^  obtainabl e i n ou r  ad -
versar y syste m i s procedura l  fairness ;  an d a s ou r 
syste m ha s evolved ,  procedura l  fairnes s ha s becom e th e measur e o f  th e trut h achieved .  On e dimensio n of  th e fairnes s o f  th e syste m i s th e spee d wit h 

whic h a  resul t  i s  reached :  "justic e delaye d i s 
justic e denied. "  Moreover ,  th e perceptio n o f 
fairnes s I s a  significan t  dimensio n o f  Ch e system ; 
I f  peopl e d o no t  trus t  institutiona l  method s o f 
disput e resolution ,  the y wil l  tur n t o non-institu -
tiona l  remedies .  An d o f  course ,  a  majo r  purpos e 
of  a  justic e syste m i s t o avoi d resor t  t o suc h 
remedies . 

The presidin g Judg e a t  a  tria l  i s  attemptin g 
t o structur e a  procedur e tha t  achieve s th e bes t 
compromis e o f  thes e sometime s competin g values . 
He mus t  no t  prejudic e th e Interest s o f  a  party ;  h e 
must  no t  depriv e a  part y o f  a  fai r  trial .  Bu t  th e 
syste m doe s no t  requir e hi m t o giv e an y part y th e 
bes t  tria l  possible .  Ther e ar e man y differen t  Ju -
dicia l  decision s tha t  ar e consisten t  wit h fairness ; 
and typicall y th e judg e wil l  no t  b e reverse d a s 
lon g a s hi s decision s hav e no t  denie d a  part y a 
fai r  hearing .  Among th e decision s th e judg e make s 
i s whether  an y witness ,  exper t  o r  otherwise ,  shal l 
be heard .  H e mus t  admi t  testimon y onl y I f  i t 
woul d b e unfai r  t o exclud e it .  H e wil l  admi t  tes -
timon y i f  h e think s i t  wil l  hel p th e Jur y decid e 
th e issu e i t  mus t  decide ,  sufficien t  t o offse t  th e 
cost s i n cour t  time . 

The trial ,  then ,  i s a  metho d fo r  determinin g 
dispute d fact s b y mean s o f  structure d procedures . 
The distinctio n betwee n "facts "  an d "law "  i s a 
fundamenta l  one .  "Facts "  i n th e malpractic e law -
sui t  previousl y mentione d ar e th e natur e o f  th e 
doctor' s implie d promise ,  an d whethe t  hi s conduc t 
cause d th e patient' s injury ,  etc .  Th e "law "  en -
compasse s virtuall y al l  else ,  includin g th e tria l 
procedure s themselves .  Witnesse s ar e suppose d t o 
testif y t o fact s only ;  exper t  witnesse s ar e per -
mitte d t o expres s opinion s o n factua l  matters . 
However ,  n o witnes s i s suppose d t o testif y t o mat -
ter s o f  law .  Consequently ,  testimon y tha t  i s  rel -
evan t  t o a n ultimat e fac t  i n issu e tend s t o b e 
freel y admitted ;  bu t  testimon y tha t  ha s implica-
tion s fo r  th e fairnes s o f  th e procedure s i s les s 
welcome .  Certai n type s o f  psychologica l  expertise , 
particularly ,  ten d t o relat e rathe r  Intimatel y t o 
th e conduc t  o f  th e tria l  itself ,  an d i n thes e ar -
eas court s may b e surprisingl y resistan t  t o hear -
in g wha t  th e exper t  ha s t o say .  We shal l  retur n t o 
thi s point . 

How,  then ,  doe s cognitiv e expertis e exer t  a n 
Impac t  o n th e lega l  system ? Th e mechanic s o f  im -
pac t  ar e multifarious ;  bu t  ther e appea r  t o b e fou r 
"point s o f  syste m operation "  a t  whic h cognitiv e 
researc h migh t  b e received .  Th e firs t  o f  thes e 
migh t  b e calle d "procedura l  reform" .  Procedura l 
refor m involve s change s i n procedura l  rule s them -
selves .  Thi s i s th e leve l  a t  whic h researc h o n 
th e effect s o f  jur y siz e impact s th e system,  fo r 
example .  Procedura l  reform s ar e basicall y a  leg -
islativ e prerogative ,  an d researc h concernin g pro -
cedura l  reform s i s mos t  likel y t o Impac t  th e sys -
te m i n legislativ e committe e hearings ,  direc t  lob -
bying ,  an d th e like .  I f  cognitiv e researc h o n Ju -
dicia l  decision-makin g ha s procedura l  Implications , 
thi s woul d b e th e appropriat e leve l  fo r  It s intro -
duction . 

The secon d poin t  a t  whic h cognitiv e scienc e 
i s likel y t o Impac t  th e la w i s a t  th e traditiona l 
leve l  o f  assistin g I n fac t  finding .  Thi s for m o f 
impac t  i s achieve d b y th e familia r  mean s o f  testi -
fyin g a t  trial ,  regardin g som e are a o f  expertis e 
tha t  ha s becom e a n issu e i n a  particula r  lawsuit . 
One exampl e i s testimon y abou t  th e effec t  o f  fa -
tigu e o n reactio n tim e i n a n automobil e acciden t 
case . 

The thir d poin t  i s  subtle ,  fallin g somewher e 
betwee n th e firs t  an d second .  We shal l  labe l  I t 
"judicia l  contro l  processes" ,  bu t  th e labe l  i s  no t 
self-explanatory .  A t  thi s level ,  th e cognitiv e scientis t  appear s t o b e testifyin g t o facts ,  i n th e conventiona l  manner ,  bu t  th e testimon y ha s Im -plication s fo r  tria l  procedures .  A s previousl y mentioned ,  testimon y o f  thi s typ e may b e resisted . 
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Cognitiv e researc h specificall y designe d t o hav e 
lega l  significanc e may impac t  th e lega l  syste m a t 
thi s level ,  bu t  i t  require s a  sympatheti c Judg e 
fo r  I t  t o b e heard .  On e exampl e i s eyewitnes s 
identificatio n research .  Th e cognitiv e scientis t 
I s called ,  usuall y b y th e defens e i n a  crimina l 
case ,  t o tel l  th e Jur y th e result s o f  researc h o n 
eyewitnes s identification .  Th e researcher' s tes -
timon y i s receive d a s "fact "  testimony ,  nominall y 
t o hel p th e Jur y evaluat e th e credibilit y  o f  th e 
eyewitness .  However ,  i t  ha s wide r  implications , 
becaus e I t  suggest s tha t  Jurie s nee d assistanc e i n 
evaluatin g th e genera l  credibilit y  o f  eyewitnesse s 
— no t  jus t  th e eyewitnes s i n a  particula r  case . 
Jurie s ar e presume d t o posses s withou t  advic e pro -
per  perspicacity  o n suc h matters .  Th e Judicia l 
impuls e may b e t o exclud e th e testimony ,  perhap s 
on th e basi s tha t  i t  wil l  no t  hel p th e jury .  An d 
i n on e sense ,  i t  won't :  I f  th e prosecution' s cas e 
depend s heavil y o n th e eyewitness ,  ho w ca n I t  hel p 
th e jur v t o b e tol d tha t  thei r  bes t  sourc e o f  in -
formatio n i s unreliable ? N o comparabl e proble m 
exist s wher e th e testimon y i s mor e traditional ;  i t 
need no t  unsettl e th e Judg e I f  a  witnes s swear s 
tha t  hi s researc h show s tha t  tire d peopl e reac t 
slowly.  Despit e pressure s t o exclud e exper t  tes -
timon y o n th e reliabilit y  o f  eyewitnesses ,  ther e 
i s a  tren d towar d admittin g it .  Thi s tren d may 
reflec t  a  facto r  tha t  countervail s judicia l  resis -
tance :  onl y th e defendan t  ca n appea l  i n a  crimi -
nal  case ,  an d i t  i s  usuall y defendant s wh o see k t o 
introduc e exper t  testimon y t o counte r  th e effect s 
of  a n eyewitness .  B y givin g th e defendan t  th e 
benefi t  o f  ever y doubt ,  th e Judg e minimize s th e 
occasion s o n whic h hi s decisio n i s reverse d o n ap -
peal . 

A secon d exampl e o f  cognitiv e scienc e re -
searc h impactin g th e lega l  syste m a t  thi s thir d 
leve l  i s  wor k o n hypnosis .  Man y witnesse s hav e 
prove d abl e t o recal l  additiona l  an d importan t  de -
tai l  unde r  hypnosi s tha t  the y coul d no t  recal l 
otherwise .  Ther e ar e importan t  lega l  Issue s in -
volve d i n th e us e o f  hypnosis :  Ca n th e witnes s 
meaningfull y swea r  th e oat h t o tel l  th e trut h 
whil e hypnotized ? Ca n th e witnes s swea r  befor e 
bein g hypnotized ,  an d compl y wit h th e oat h after -
ward ? Ca n th e witnes s b e meaningfull y cross-exam -
ined ? Cognitiv e researc h o n hypnotis m may prov e 
considerabl y mor e valuabl e t o ou r  lega l  syste m 
tha n tha t  o n eyewitnes s identification ,  fo r  i t  po -
tentiall y  add s t o th e fact-findin g arsenal .  I t 
has als o me t  wit h initia l  resistance ;  lik e eyewit -
nes s identificatio n reliability ,  i t  ha s implica -
tion s fo r  th e conduc t  o f  th e tria l  itself .  How-
ever ,  i f  th e natur e o f  hypnosi s ca n b e understood , 
th e lega l  Issue s ca n b e addresse d rationall y an d 
th e syste m eventuall y wil l  encompas s it . 

The fina l  are a o f  potentia l  impac t  migh t  b e 
calle d "indirec t  inputs" .  Empirica l  dat a availa -
bl e i n cognitiv e scienc e tha t  ar e rejecte d a t  th e 
othe r  level s ca n nevertheles s b e use d informall y 
by attorneys .  A  well-know n exampl e o f  impac t  a t 
thi s leve l  come s fro m socia l  psychology ,  wher e em-
pirically-base d theorie s o f  small-grou p interac -
tio n hav e bee n use d t o assis t  lawyer s i n th e jury -
selectio n process .  Comparably ,  a  cognitiv e scien -
tis t  whos e forma l  testimon y o n eyewitnes s identi -
ficatio n ha s bee n rejecte d b y th e tria l  judg e may 
nevertheles s sugges t  t o th e attorne y th e mos t  vul -
nerabl e aspect s o f  th e eyewitness '  account ,  an d 
thes e suggestion s may b e use d t o advantag e i n 
cross-examination . 

By fa r  th e smoothes t  entr y t o th e lega l  syste m 
i s i n th e conventiona l  rol e o f  exper t  o n a  dispute d 
issu e o f  pur e fact .  Muc h o f  ou r  researc h ha s im -
plication s fo r  importan t  area s o f  th e law ,  whic h 
woul d b e quickl y notice d b y th e lega l  professio n 
i f  i t  wer e properl y packaged .  Fo r  example ,  psycho -linguisti c researc h o n languag e comprehensio n i s typicall y don e usin g narrativ e prose .  However , readin g th e instruction s o n equipment,  medicin e 

bottle s an d th e lik e als o involve s languag e com -
prehensio n — an d als o figure s i n a n importan t 
clas s o f  product s liabilit y  cases .  Ther e may b e 
some question s tha t  coul d b e meaningfull y ad -
dresse d i n eithe r  context ;  i f  so ,  wh y no t  us e th e 
one wit h practica l  utility ? Incidenta l  learnin g 
and recognitio n memory ,  tw o familia r  area s o f  mem-
or y research ,  ar e significan t  factor s i n trademar k 
infringemen t  cases .  Some o f  thes e researc h ques -
tion s migh t  b e addresse d by  usin g rea l  o r  simula -
te d trademark s a s stimuli ;  an d th e researche r 
woul d becom e a  potentia l  contributo r  t o th e paten t 
and copyrigh t  bar .  Researc h o n cognitiv e develop -
ment  coul d sugges t  whe n a  chil d i s ol d enoug h t o 
make informe d decision s o n matter s affectin g hi s 
own welfare ,  suc h a s medica l  treatmen t  (includin g 
abortion) ,  whic h paren t  shal l  hav e custody ,  etc . 
Psychologica l  an d psycholingulsti c inquir y int o 
th e concep t  o f  intentionallt y potentiall y  ha s pro -
foun d implications .  Man y additiona l  area s o f  re -
searc h coul d b e suggeste d tha t  woul d b e bot h qual -
it y cognitiv e scienc e an d oriente d towar d signifi -
can t  Issue s o f  law . 

We hav e suggeste d fou r  distinc t  way s tha t 
cognitiv e scientist s ca n see k t o mak e contribu -
tion s t o ou r  lega l  Institutions .  Th e receptio n 
wil l  b e differen t  dependin g upo n th e poin t  o f  im -
pact ;  th e cognitiv e scientis t  wh o understand s th e 
propertie s o f  th e lega l  syste m wil l  b e i n a  bette r 
positio n t o comprehen d it s respons e t o hi s prof -
fere d contribution . 
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Abstract: This essay conjectures that an author's planning 
proces s wil l  b e lacililale d b y a  too l  tha t  represent s hi s pla n a t 
variou s level s o f  abstractio n a s a  netvi/or k o f  subgoals ,  wit h th e 
subgoal s no t  necessaril y  restricte d t o a  linea r  order .  Machin e 
reasonin g o n suc h structure s ha s bee n explore d i n artificia l 
intelligenc e research ;  ou r  proposa l  i s  t o m a k e thes e structure s 
availabl e t o th e write r  a s a  calculu s fo r  representin g hi s essay s 
and t o us e th e compute r  a s a n interactiv e editin g too l  t o 
manipulat e them . 
Writing and Planning 
Machine planning If we examine the literature on machine 
plannin g [1] ,  i t  i s  apparen t  tha t  dat a structure s lo r  plan s mus t 
hav e a  capacit y t o represen t  plan s a t  variou s level s o f 
abstraction .  Otherwis e th e plannin g progra m i s prematurel y 
mire d i n unnecesar y detail .  Furthermore ,  a t  an y particula r  level , 
th e representatio n shoul d minimiz e constraint s o n th e orde r  i n 
whic h goal s mus t  b e accomplished :  i t  shoul d b e possibl e t o 
expres s tha t  tw o goal s mus t  b e satislie d a t  a  certai n poin t  i n th e 
plan ,  bu t  i n a n unspecifie d order .  Again ,  thi s i s t o avoi d havin g 
th e plannin g proces s becom e prematurel y committe d t o a 
particula r  solution .  I t  shoul d als o b e possibl e t o expres s a t  a 
more concret e leve l  tha t  th e goal s i n questio n mus t  b e 
accomplishe d i n a  fixe d orde r  t o satisf y constraint s tha t  aris e a t 
tha t  level . 
Problems ol writing: These characteristics of the planning 
proces s appl y t o organizin g a n essa y jus t  a s m u c h a s the y appl y 
t o a  robo t  choosin g a  pat h t o s o m e destination .  A n autho r  lia s 
a variet y o f  topic s t o present-hi s goal s an d ough t  no t  t o b e 
prematurel y lie d d o w n t o a  particula r  orde r  earl y i n hi s plannin g 
proces s Furthermore ,  h e shoul d b e abl e t o conside r  th e 
organizatio n o l  thes e topic s independentl y o l  thei r  details . 
Limilations ol paper: Authors can meet the demands of 
plannin g wit h penci l  an d paper .  The y ma y wor k wit h outline s t o 
deal  wit h thei r  matena l  abstractl y an d 3x 5 card s t o avoi d 
prematur e commitmen t  t o a  particula r  ordering .  However ,  a s a 
mediu m lo r  planning ,  pape r  ha s a  numbe r  o f  difficulties . 
Explorin g alternative s i s cumbersom e I t  i s  difficul t  t o maintai n 
tw o version s o l  a n outlin e o r  a  fil e o f  cards .  Backin g u p t o a 
previou s versio n i s equall y dillicult ,  especiall y i f  s o m e change s 
hav e bee n m a d e tha t  appl y t o bot h th e n e w an d ol d versions . 
Avoidin g prematur e commitmen t  t o a  particula r  organizatio n i s 
hindere d b y th e linea r  natur e o f  prose .  Constraint s regardin g 
length ,  ligure s o r  citation s mus t  b e remembere d b y th e autho r 
wit h n o hel p Iro m th e mediu m itself . 
Virtues ol the computer The computer is a more flexible 
mediu m tha n pape r  fo r  plannin g becaus e i t  support s dat a 
structure s tha t  captur e th e natur e o f  plan s bette r  tha n linea r 
string s o f  tex t  o r  file s o f  inde x cards .  Th e compute r  ca n 
represen t  alternativ e version s wit h share d structure ,  maintai n a 
histor y o l  previou s versions ,  represen t  nonlinea r  org.inization s 
ol  goal s b y mean s o l  nptworks ,  an d expres s constraint s a s 
program s tha t  monito r  th e evolvin g pla n Thes e dat a structure s 
can .  o l  course ,  b e sketche d o n paper ,  bu t  the y rapidl y becom e 

to o comple x t o edi t  easily .  Th e compute r  ca n serv e a s a n 
editin g devic e tha t  simplilie s thes e dat a structure s b y m e a n s o f 
filtere d view s an d present s the m graphicall y t o a n autho r  s o a s 
t o mak e the m comprehensibl e an d eas y t o edit . 
An Example 

To exemplify this, I will use my own experience in writing the 
introductio n t o thi s essay .  Whil e i t  i s  short ,  it s  generation 
nevertlieles s require d th e solutio n o l  a  variet y o f  typica l  writin g 
problems .  I  shal l  sho w h o w th e compute r  wa s employe d a s a 
too l  fo r  copin g wit h thes e problems . 
This example is offered with an awareness that the value 

of  th e compute r  a s a  plannin g ai d increase s i n 
proportio n t o th e complexit y o f  th e writin g task .  I n thi s 
respect ,  plannin g a  journa l  articl e o r  a  boo k woul d b e a 
mor e compellin g exampl e tha n plannin g a n introductio n 
t o a  shor t  essay .  However ,  suc h a n exampl e woul d als o 
be mor e comple x an d tim e consumin g t o present . 
Hence ,  I  hav e chose n a  simple ,  bu t  rea l  cas e t o present . 
The reade r  i s aske d t o generaliz e thi s exampl e t o writin g 
problem s tha t  h e ha s encountered ,  especiall y i n th e 
contex t  o f  longe r  an d mor e comple x documents . 

As with any introduction to a research article, my subgoals were 
t o presen t  a  brie f  statemen t  o f  th e proble m tha t  tha t  I  wa s 
attemptin g t o solve ,  th e natur e o f  previou s solutions ,  thei r 
limitations ,  th e particula r  solutio n tha t  I  wa s proposing ,  an d th e 
evidenc e lo r  thi s solution .  Th e proble m tha t  I  lace d w a s h o w 
much t o sa y abou t  eac h o f  thes e topic s an d i n wha t  order . 
Had I pursued this task with pencil and paper, I would typically 
hav e writte n severa l  dralt s o l  th e introduction .  Th e draft s woul d 
hav e include d change s t o bot h organizatio n an d th e conten t  o f 
individua l  paragraphs .  I  migh t  als o hav e create d an d revise d a n 
outlin e o f  topic s t o b e discussed ,  sometime s t o serv e a s a n 
initia l  plan ,  sometime s t o analyz e a n existin g draft . 
Instead, I wrote this introduction using a writing environment 
implemente d i n PIE ,  a  prototyp e persona l  informatio n 
environmen t  fo r  th e representatio n o f  design s [2J .  Figur e 1  i s a 
graphi c representatio n o l  th e to p leve l  networ k tha t  I 
constructe d t o represen t  a n earl y pla n lo r  thi s introduction .  Th e 
nod e labelle d Introductio n represent s th e mai n goal .  I t  i s 
precede d b y th e Abstrac t  nod e an d followe d b y th e nod e tha t 
represent s th e goa l  lo r  thi s section .  Th e bo x i n boldfac e linke d 
t o th e Introductio n nod e i s th e pla n lo r  accomplishin g thi s goal . 
It  consist s o l  lou r  subgoal s tha t  mus t  preced e th e statemen t  o f 
my particula r  solution ,  bu t  ar e a s ye t  unordered . 
The first return that I obtained Irom using PIE is rellected in its 
abilit y  t o expres s an d manipulat e a  nonlinea r  sequenc e o f 
topic s Pla n 1  di d no t  commi t  m e t o a  particula r  orde r  fo r 
discussin g G 4 throug h G7 . 
Figures 2 and 3 show two alternative refinements of Plan 1. 
Thes e relinement s diffe r  i n th e orde r  i n whic h the y propos e t o 
discus s th e subgoals .  The y ar e simila r  i n tha t  G 6 ha s bee n 
eliminate d i n bot h Th e basi s fo r  thi s decisio n i s tha t  i t  i s  no t  a 
topi c o f  sufficien t  interes t  t o th e intende d audience -  th e 
members o f  th e cognitiv e scienc e society .  Th e detail s o f  fi6  stil l 
remai n i n th e compute r  databas e an d availabl e lo r  olhe r 
discussion s o l  thi s research . 
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G 1:  Abstrac t  [-»JG2 :  Introductio n [* \  G 3 :  E x a m p l e [ • 

G 4:  P rob lem s o f  Writin g — i 

G 5:  Limitation s o f  P a p e r  — 

G 6:  Presen t  Tex t  Editor s • 

G 7:  M a c h i n e Plannin g —' 

G 8:  Virtue s 

of  C o m p u t e r 

Fig .  1 .  Pla n 1 ,  a n earl y pla n i n whicf i  th e orderin g o f 
subgoal s h a s not ,  a s yet ,  b e e n entirel y determined . 

G 1:  AbstracTj-^ l  G 2 :  Introductio n f> |  G 3 :  E x a m p l e | -

E 

G 4:  P rob lem s o t  Writin g 
d 

-»|G5 :  Limitation s o f  Pape r  -

G 7:  M a c h i n e P l a n n i n g ] — 

G 8:  Virtue s 
of  C o m p u t e r 

Fig .  2 .  Pla n 2 ,  a  refinemen t  t o pla n 1  i n wh i c h G 6 ha s 
b e e n suppresse d a n d th e remainin g goal s ordered . 

G 1:  Abstract~l-» |  G 2 :  lntroductiorr}> |  G 3 :  E x a m p l e [ -

r 

G 4:  P rob lem s o f  Writin g —i 

G 5:  Limitation s o f  Pape r  | -
G 8:  Virtue s 
of  C o m p u t e r 

••  G 7 :  M a c h i n e Plannin g - J 

Fig .  3 .  Pla n 3 ,  a n alternativ e t o pla n 2  i n wh i c h a 
differen t  orde r  fo r  th e subgoal s i s chosen . 

The abilit y  t o manipulat e alternative s i s tti e secon d retur n ttia t  I 
obtaine d fro m usin g PIE .  Wit h pape r  an d pencil ,  multipl e draft s 
presen t  th e difficult y tha t  on e canno t  edi t  som e paragrap h 
c o m m on t o tw o draft s an d hav e th e change s sho w u p i n both . 
Nor  ca n on e easil y plac e tv/ o draft s sid e b y side ,  wit h thei r 
dillerence s highlighte d Bot h capabilitie s ar e presen t  i n a 
compute r  base d plannin g system .  Th e lin k fro m G' t  i n bot h 
plan s ca n poin t  t o th e sam e subnetwork ;  hence ,  change s t o tha t 
networ k wil l  b e rellecte d i n bot h plans .  Analysi s program s ca n 
examin e tw o networ k structure s an d highligh t  thei r  dillerences . 
Ultimately, I chose Plan 3 based on a belief that the Initial 
discussio n o l  writin g difficuitie s cafle d lo r  i n Pla n 2  wa s 
unnecessar y becaus e the y wer e wel l  known .  Th e relevan t 
difficultie s o l  writin g ar e mentione d thre e paragraph s late r  i n th e 
contex t  o f  describin g th e applicatio n o f  machin e plannin g t o th e 
writin g tas k Th e appea l  o f  Pla n 3  i s tha t  th e discussio n 
occupie s les s space ,  a  significan t  virtu e give n a  iimi t  o f  200 0 
words . 

Thi s lead s t o a  discussio n o f  a  thir d virtu e o f  PI E fo r  documen t 
planning :  th e abilit y  t o asser t  constraint s o n th e pla n an d hav e 
th e compute r  monito r  thes e constraints .  PI E allow s th e 
designer-i n thi s case ,  autho r  •t o asser t  predicate s regardin g 
propertie s Of  th e networ k tha t  h e wishe s t o b e monitored .  On e 
suc h predicat e assigne d t o th e nod e representin g th e documen t 
as a  whol e i s tha t  It s entir e lengt h no t  excee d 200 0 words . 
Anothe r  kin d o f  predicat e assigne d t o paragraph s tha t  referenc e 
bibliographi c materia l  i s  tha i  thes e citation s appea r  i n th e 
bibliography .  Simila r  consistency-relate d predicate s appl y t o 
sectio n an d figur e references .  Thes e predicate s serv e a s 
reminder s t o th e autho r  an d a s a  mechanis m t o preserv e 
consistenc y amon g th e variou s part s o f  th e documen t  bein g 
edited . 
A fourth virtue of the system that is closely related to 
constraint s i s th e abilit y  t o vie w th e networ k throug h a  filler . 
Her e a  constrain t  i s  impose d fo r  th e purpos e o f  limitin g th e 
portio n o l  th e networ k tha t  appear s i n a  give n view .  Figure s 2 
and 3  exemplif y on e suc h lifter :  node s tha t  ar e no t  finke d t o a 
pfa n ar e suppressed .  Th e resuf t  i s  tha t  th e nod e labelle d 
Presen t  Tex t  Editors ,  whic h appear s i n Figur e 1 ,  i s  no t  presen t 
I n thes e views .  I n general ,  a  lifte r  i s  a  predicat e o n th e networ k 
and result s i n som e se t  o f  node s and/o r  link s bein g suppressed . 
Objeclions 
The reader has no doubt thought of objeclions to the claim that 
thi s approac h wil l  facifital e goo d writing .  Her e ar e thre e 
common criticisms ,  an d possibl e replies . 
Structures appropriate lor representing machine plans are not 
appropriat e lo r  representin g huma n plans . 
Clearly some data structures appropriate for computers are 
entiret y inappropriat e a s a  calculu s lo r  peopl e t o emplo y fo r 
simila r  tasks .  An d an y machin e dat a structur e i s inappropriat e i f 
presente d t o peopl e a t  to o lo w a  leve l  o f  implementation . 
However ,  thi s i s no t  t o sa y tha t  al l  formalization s o f  cognitiv e 
processe s develope d fo r  machin e proble m solver s ar e useles s 
lo r  people . 
I believe that the formalization of planning described here is 
usefu l  becaus e i t  i s  fargef y base d o n th e natur e o f  pfanning , 
rathe r  tha n o n th e idiosyncracie s o f  computers .  A s evidenc e lo r 
this ,  pfannin g network s hav e bee n devefope d i n th e contex t  o f 
PERT chart s t o anafyz e an d guid e th e pfannin g o f  comple x 
project s fik e th e constructio n o f  ships .  Th e similaritie s betwee n 
thes e network s an d th e A l  structure s i s fa r  greate r  tha n thei r 
differences . 
Conscious planning to the degree proposed here will act as a 
barrie r  t o creativ e writing . 
This is a version of the centipede argument- namely, that if a 
centiped e though t  abou t  o r  planne d hi s perambulatio n to o 
carefully ,  h e woul d fal l  ove r  int o a  ditc h i n utte r  confusion . 
Bette r  t o jus t  engag e i n th e proces s withou t  consciou s 
examination . 
Teachers  of writing courses would lake issue with the centipede 
argument .  I n suc h courses ,  student s ar e taugh t  man y strategie s 
fo r  organizin g thei r  material ,  an d th e clai m i s mad e tha t 
attentio n t o organizationa l  issue s repay s th e write r  man y time s 
ove r  a t  late r  stage s o l  th e writin g process .  Ou r  positio n i s tha t 
il  plannin g i s usefuf ,  suret y th e compute r  ca n provid e a  bette r 
mechanis m tha n 3x 5 cards . 
We do not argue that a document should always be approached 
i n a  to p dow n mode .  A t  certai n times ,  th e bes t  strateg y i s t o 
writ e a  particula r  sectio n i n som e detai l  belor e completin g th e 
pla n lo r  th e entir e documen t  Usin g th e compute r  doe s no t 
preven t  this .  Th e autho r  ca n mov e fro m on e leve l  o l  th e dat a 
structur e t o anothe r  a t  hi s choic e Figur e 2 ,  fo r  example ,  migh t 
hav e bee n th e firs t  pla n create d b y a n author .  Later ,  i n 
searchin g fo r  a n alternativ e organization ,  h e migh t  ste p bac k 
and expres s th e fes s committe d pfa n o f  Figur e 1 ,  the n refin e i t 
t o th e pla n o f  Figur e 3 . 
The overhead in using the computer is too high: belter pencil 
and pape r  becaus e i t  i s  eas y t o us e an d doe s no t  itsel l  obstruc t 
th e writin g process . 
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Unles s carefu l  attentio n i s  pai d t o th e h u m a n factor s o f 
designin g a  plannin g editor ,  thi s objectio n I s a  tellin g one . 
Powerfu l  plannin g structure s ar e useles s unles s the y ar e eas y t o 
manipulat e an d comprehend .  Th e graphi c displa y o f  th e 
plannin g networ k use d i n th e figure s o f  thi s articl e constitute s 
an implici t  proposa l  fo r  a  presentatio n m o d e tha t  i s eas y t o 
understand .  Th e PI E syste m presentl y use s a  no n graphi c 
displa y o f  th e networit :  on e tha t  require s mor e tutelag e tha n th e 
networ k diagrams ,  bu t  i s easie r  t o implemen t  Researc h int o th e 
menta l  model s tha t  user s hav e o f  suc h network s an d int o user -
interfac e desig n tha t  the y fin d comfortabl e t o emplo y i s critica l 
t o th e succes s o f  suc h tools . 
However, even with a good interface, some planning overhead 
wil l  remain .  Hence ,  anothe r  repl y t o thi s objectio n i s tha t  onl y 
some document s justif y th e overhead .  O n e pag e m e m o s d o not . 
But  ou r  hypothesi s i s tha t  fo r  mor e comple x documents ,  th e 
plannin g overhea d require d b y th e compute r  ca n b e les s tha n 
th e overhea d require d b y  penci l  an d paper . 
A third response is that while authors are presently more 
familia r  wit h penci l  an d pape r  tha n wit h computers ,  thi s wil l  no t 
be s o a  decad e hence .  Fo r  a  larg e numbe r  o f  reasons ,  i t  i s 
reasonabl e t o predic t  tha t  computer s wil l  becom e a  universa l 
technology ,  an d tha t  compute r  literac y wil l  b e a s c o m m o n a 
subjec t  a s penmanship .  Hence ,  tha t  par t  o f  th e overhea d du e 
t o unfamillarit y wit h computer s i s o n th e wane . 
Extensions 
We did not attempt to formalize the kinds of plans that an 
autho r  migh t  employ ,  beyon d providin g a  mean s t o represen t 
subgoal s an d successo r  relationships .  However ,  book s o n 
rhetori c an d debat e contai n list s o f  suc h plans .  Thi s suggest s 
tha t  on e migh t  b e abl e t o defin e a  se t  o f  generi c plannin g 
schemat a t o represen t  differen t  argument s suc h a s argument -
by induction ,  argument-b y authority ,  an d argumen t  by-deductive -
prool .  A  give n schem a woul d contai n slot s fo r  th e variou s 
position s tha t  a  give n argumen t  requires :  th e axiom s an d logi c 
of  a  proof ;  th e se t  o f  example s lo r  a n inductiv e argument ,  etc . 
A write r  coul d the n expan d a  pla n fo r  a  documen t  a s a  serie s o f 
instantiation s o f  differen t  schemata .  Whethe r  thi s woul d resul t 
i n mor e coheren t  o r  compellin g pros e remain s t o b e seen ,  bu t  i t 
woul d a t  leas t  b e usefu l  a s a  devic e t o articulat e a  forma l  theor y 
of  argumen t  structure . 
An application of the computer complementary to its use as a 
writin g too l  i s  it s  us e a s a  readin g instrument .  Th e plannin g 
structure s create d b y th e autho r  ca n serv e a s a  roadma p an d 
th e compute r  ca n ac t  a s a  devic e lo r  examinin g thes e 
structure s Potentially ,  thi s increase s th e reader' s abilit y t o 
brows e throug h materia l  i n idiosyncrati c ways ,  rathe r  tha n bein g 
tie d t o a  fixe d orde r  o f  presentatio n selecte d b y th e author .  I t 
may als o simplil y  th e writer' s tas k b y eliminatin g th e nee d t o 
fin d a  singl e linearizatio n appropriat e lo r  al l  audiences .  H o w 
comlorlabl e a  reade r  wil l  b e wit h nonlinea r  informatio n 
structure s an d whethe r  ther e ar e writin g an d readin g skill s 
uniquel y appropriat e t o the m ar e researc h question s tha t  mus t 
ti e addressed . 
Conclusions 
This essay has proposed that planning is one writing skill that 
ca n b e lacilitate d b y th e us e o f  th e compute r  a s a n desig n tool . 
Experiment s t o veril y  thi s proposa l  an d researc h t o investigat e 
what  othe r  skill s  o f  writin g migh t  b e facilitate d b y thi s mediu m 
remai n lo r  th e future :  wha t  i s certai n no w i s tha t  i f  w e progra m 
thes e machine s t o imitat e paper ,  a s i s th e cas e lo r  th e curren t 
generatio n o f  tex t  editin g systems ,  w e wil l  neve r  kno w i f 
qualitativ e improvement s i n th e handlin g o f  word s ca n b e 
obtained . 
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1.  Introductio n an d backproun d 

This paper describes our current efforts towards 
th e systemati c improvemen t  o f  a  LOGO-lik e softwar e 
environmen t  calle d SOLO (Eisenstadt ,  1978) ,  whic h 
has bee n use d b y ove r  150 0 Cognitiv e Psycholog y 
student s a t  th e Ope n University .  SOLO i s geare d 
toward s th e manipulatio n o f  aasertiona l  dat a 
bases ,  an d provide s th e student s wit h a  handfu l  o f 
eas y t o us e primitive s wit h whic h the y ca n addres s 
some elementar y problem s o f  knowledg e represen -
tation .  Student s logi n t o on e o f  ou r  DECsystem-20 s 
fro m a  regiona l  stud y centre ,  an d experienc e abou t 
10 hour s o f  hands-o n activit y earl y i n th e 
academi c year .  Late r  on ,  the y atten d a  residentia l 
summer  schoo l  a t  whic h the y ca n acquir e a n 
additiona l  5 0 hour s o f  hands-o n experience . 
Although SOLO is a toy language in some respects, 
th e tota l  use r  environmen t  ha s man y feature s whicV i 
make i t  idea l  fo r  providin g th e vas t  majorit y o f 
our  student s (80 ? o f  who m ar e computer-naive )  wit h 
thei r  firs t  exposur e t o computing .  Among thes e 
feature s ar e a  spellin g corrector ,  syntax-directe d 
editin g aids ,  automatai c displa y o f  dat a bas e 
change s a s the y occur ,  "undo "  facilities ,  an d a n 
easil y modifiabl e user-profile . 
An in-depth analysis of our students' errors 
(Lewis ,  1980 )  ha s le d t o a n improve d desig n t o 
hel p ensur e tha t  beginner s ca n writ e syntacticall y 
correc t  program s wit h a  minimu m o f  fuss .  A  micro -
compute r  implementation ,  whic h use s screen -
oriente d syntax-directe d editin g (of .  Teitelbau m 
*  Reps ,  1980 )  i s bein g pilote d jus t  prio r  t o thi s 
conference . 
Even with SOLO's extensive user aids and carefully 
pre-teste d curriculu m materials ,  ou r  student s 
stil l  experienc e problem s i n writin g program s 
whic h perfor m precisel y a s intended .  Becaus e o f 
this ,  w e hav e undertake n a  detaile d analysi s o f 
thei r  programmin g behaviour .  Ou r  empirica l 
studies ,  describe d i n sectio n 2 ,  hav e highlighte d 
th e us e o f  a  smal l  numbe r  o f  programmin g schema s 
by a  larg e proportio n o f  ou r  students .  Thes e 
schemas serv e a s th e basi s fo r  a n automate d debug -
gin g assistant ,  whic h i s describe d i n sectio n 3 . 
2.  Th e behaviou r  o f  SOLO programmer s 
As part of their SOLO activities at the beginning 
of  th e year ,  ou r  student s ar e aske d t o "writ e a 
progra m whic h make s th e followin g inference :  I f 
someone i s foun d t o b e guilty ,  the n whoeve r  tha t 
perso n work s fo r  i s als o guilty. "  I n solvin g th e 
problem ,  student s ar e invite d t o inven t  thei r  ow n 
dat a structure s an d algorithms .  We analyze d a 
sampl e o f  16 0 studen t  program s t o se e i f  som e 
underlyin g orde r  coul d b e foun d amon g a  potential -
l y  larg e variet y o f  database s an d progra m struc -
tures .  A s i t  turn s out ,  th e program s writte n 
by thes e student s ar e buil t  fro m a  handfu l  o f 
basi c progra m schemas .  Thes e schema s ar e langauge -
independen t  programmin g construct s suc h a s FILTER , 
CONJUNCTION,  SIDE-EFFECT ,  an d GENERATE-HEXT-OBJECT, 
whic h ar e closel y relate d t o thos e foun d i n th e 
LI" P "pla n library "  o f  Shrobe ,  Water s *  Sussma n 
(1979) . 

The students '  database s ca n b e broke n dow n int o 
basi c relationa l  patterns .  Thes e pattern s ar e 
reliabl y associate d wit h particula r  progra m 
structures ,  allowin g u s t o predic t  i n 80 ^  o f  th e 
case s precisel y wha t  th e students '  progra m 
organizatio n wil l  be .  T o illustrat e thi s point , 
conside r  th e followin g typica l  (student-generated ) 
database : 
BURGESS 

' -  —IS A —>COHMUNIST 
I—WASAT—>CAMBRIDGE 
I—WORKSFOR—>PHILBY 

PHILBY 
;  —ISA—>cohmi;nis t 
—-WASAT—>CAHBRIDGE 
—WORKSFOR—>BLUNT 

BLUNT 
I — I S A —>COMMUNIST 
I  —WASAT—>CAHBRIDGE 
I  —WORKSFOR—>THEQUEEN 

This database exhibits the following patterns: 

Transitive-Relation: 
WORKSFOR (BURGESS PHILB Y BLUNT THEQUEEN) 

Shared-Successor: 
(IS A COMMUNIST)  (BURGESS PHILB Y BLUNT) 
(WASAT CAMBRIDGE)  (BURGESS PHILB Y BLUNT) 

Several items (BURGESS, PHILBY, BLUNT) are present 
i n bot h th e Transitive-Relatio n an d th e Shared -
Successo r  lists .  On e o f  th e progra m structure s 
typicall y accompanyin g suc h a  databas e structur e 
contain s thre e segments :  a  CONJUNCTION (COMPLEX-
FILTER) ,  SIDE-EFFECT ,  an d GENERATE-NEXT-OBJECT. 
The Shared-Successor s wil l  b e use d a s a  FILTE R 
selectivel y t o choos e node s o n whic h a  SIDE-EFFEC T 
i s perpetrate d (e.g .  assertin g X  IS A SPY )  an d th e 
Transitive-Relatio n lis t  wil l  b e use d t o GENERATE-
NEXT-OBJECT.  Sinc e th e Shared-Successo r  lis t 
contain s tw o patterns ,  a  COMPLKX-FILTE R wil l 
almos t  surel y b e used :  I F x  is n communis t  AND 
X wasa t  Cambridg e THEN .. . 
But why should a student write a program like this 
i n th e firs t  place ? Ou r  ?inalysi s indicate s tha t 
student s hav e thei r  ow n stylise d interpretations , 
or  menta l  models ,  o f  th e tas k a t  hand .  Fo r 
instance ,  som e student s thin k tha t  a  progra m 
involvin g tw o inference s i s calle d for :  "I f  X  ha s 
done somethin g crimina l  the n h e i s guilty .  An d i f 
thi s i s so ,  the n hi s employe r  i s subjec t  t o th e 
same scrutiny ,  an d s o o n fo r  al l  employers."  Othe r 
student s fee l  tha t  onl y on e inferenc e i s calle d 
for :  "Assumin g X  i s guilty ,  hi s employer ,  b y 
association ,  i s  guilt y also ,  an d s o o n fo r  al l 
employers. " 
The observed program structures ought to 
correspon d t o students '  menta l  model s o f  th e task . 
Some o f  thes e menta l  model s ar e "appropriate'' ,  i n 
tha t  the y addres s th e proble m a s stated ,  whil e 
other s introduc e certai n anomalie s whic h preclud e 
a satisfactor y solution .  Suc h "inappropriate " 
model s coul d actuall y b e artifact s o f  Rt<ident s 
"thinkin g i n SOLO"  an d gettin g le d astray . 
In order to test these ideas we have begun study-
in g individua l  student s i n depth ,  collectin g 
videotape d protocol s an d termina l  sessio n 
transcripts .  Th e firs t  subjec t  bega n he r  projec t 
sessio n wit h th e clea r  intentio n o f  writinp ,  a 
progra m involvin g tw o inferpnces .  Becaus e o f 
preconceive d an d inaccurat e notion s abou t 
constraint s o n th e wa y sh e wa s allowe d t o approac h 
th e proble m an d becaus e o f  misconception s arisin g 
fro m he r  interactio n wit h SOLO,  sh e twic e altere d 
her  intentions .  A t  th e en d o f  th e sessio n th e 
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studen t  ha d a  workin g progra m fo r  a  "one -
inference "  interpretatio n o f  th e tas k describe d 
above ,  a  conpromis e wit h whic h sh e hersel f  wa s no t 
completel y satisfied .  Al l  o f  he r  programmin g 
behavio r  throughou t  thi s session ,  he r  variou s 
ipproache a t o solvin g th e problem ,  an d th e bug s 
she encountered ,  fel l  withi n th e scop e o f  th f 
structure s w e ha d identifie d i n th e earlie r 
analysi s o f  16 0 programs . 
Our ibility to categorize standard database 
structure s an d predic t  implementatio n strategie s 
on th e basi s o f  thos e structure s mean s tha t  w e ca n 
develo p tool s fo r  assistin g student s i n term s o f 
th e wa y i n whic h the y prefe r  t o thin k abou t  th e 
tas k a t  hand .  On e suc h too l  i s  describe d i n th e 
next  section . 
7.  Debuggin g Aid s 
We have designed and partially implemented a 
tutoria l  debuggin g assistan t  whic h attempt s t o 
articulat e th e cause s o f  bug s i n terra s whic h ar e 
clos e t o th e wa y w e believ e th e student s actuall y 
thin k abou t  thei r  ow n implementations .  Th e bug s 
deal t  wit h rang e fro m domai n independen t 
violation s o f  th e semantic s o f  SOLO t o domai n 
specifi c  error s tha t  ca n b e detecte d onl y i f 
knowledg e abou t  th e tas k a t  han d i s used . 
The debugging assistant uses symbolic evaluation 
(cf .  Ruth ,  1976 )  a s a  too l  fo r  (l )  recognizin g 
proceduro n a a part s o f  a  give n "librar y plan" , 
(2 )  detectin g error s o f  th e followin g types : 
unreachabl e progra m steps ,  purposeles s steps , 
referenc e t o absen t  databas e objects ,  infinit e 
recursio n becaus e o f  a  missin g o r  unsatisfiabl e 
terminatio n condition . 

In the tutorial situation, a student's goal is to 
writ e a  progra m t o accomplis h som e modellin g task . 
The debuggin g assistan t  i s provide d wit h a  proto -
typica l  solutio n i n term s o f  a  canonica l  effec t 
description .  Th e tas k o f  th e assistan t  i s t o 
recogniz e a  matc h betwee n th e canonica l  effec t 
descriptio n an d a n effec t  descriptio n derive d fro m 
th e student' s ow n program . 
In penoral these will not match, and the nature of 
th e deviatio n wil l  enabl e th e assistan t  t o dra w 
th e studpnt' a attentio n t o shortcoming s o f  hi s o r 
her  progra m whic h may b e classifie d i n th e 
followin g way : 
- The program will achieve the desired effect only 

i n certai n cases .  A  counter-exampl e outsid e thi s 
rang e ca n provok e th e studen t  t o discove r  th e 
cause . 

- The program would work if missing data or 
inconsisten t  entrie s i n th e dat a bas e wer e 
corrected .  Thes e correction s ca n b e pointe d 
out  directly . 

A partic\ilar sub-procedure, if corrected using 
heuristic s abou t  typica l  error s (e.g .  missin g 
indirec t  link ,  violatio n o f  a  progra m schema) , 
woul d mak e th e overal l  progra m correct .  I n thi s 
case ,  » n appropriat e hin t  ca n b e provide d fo r 
th e st\ident . 

None of the above. 

In the last case, the student may initiate a 
dialogue ,  reqiiestin g hel p o n a  particula r 
procedure .  Durin g th e dialogu e th e asr̂ î tan t  trie s 
t o fin d ou t  th e intende d effec t  o f  tha t  procedur e 
(Eisenstad t  *  Laubsch ,  1980) .  I t  doe s thi s b y 
categorizin g th e procedur e int o on e o f  severa l 
programmin g schema s store d i n a  langunge -
independen t  "pla n library" ,  usin g a  notatio n 
develope d b y Ric h «  Shrob e (1978) . 

Conside r  th e cas e i n whic h th e neares t  matchin g 
schema i a "conjunctiv e filte r  an d sid e effect" . 
The assistan t  examine s th e deviatio n betwee n th e 
user' s procedur e an d th e store d schema .  Th e 
followin g violation s o f  th e us e o f  tha t  schem a ma y 
be recognized :  omissio n o f  a  conjunct ,  omissio n o f 
th e sid e effect ,  wron g (o r  transposed )  argument s 
i n th e slot s o f  th e schema ,  o r  wron g contro l  flo w 
links .  Th e assistan t  ca n describ e thes e violation s 
i n term s whic h th e studen t  ca n relat e to ,  sinc e 
th e librar y plan s ar e themselve s base d upo n 
schemas know n t o occu r  i n students '  code . 

Since the students' procedures depend on their 
databases ,  an d vic e versa ,  th e debuggin g assistan t 
relie s heavil y o n domain-specifi c  knowledg e t o 
deal  wit h alternativ e way s o f  formulatin g a 
solutio n t o a  give n problem .  Althoug h th e student s 
hav e a  grea t  dea l  o f  freedo m t o choos e way s o f 
implementin g solutions ,  the y typicall y resor t  t o a 
fe w common approaches .  Th e assistan t  know s abou t 
these ,  an d use s thes e bot h t o mak e sens e o f  wha t 
th e student s ar e attemptin g an d t o explai n wh y 
the y hav e gon e astray . 
4.  Conclusion s 

Our experience with SOLO leads us to believe that 
a SOLO-lik e language/environment/curriculu m coul d 
be o f  us e t o a  broade r  grou p o f  cognitiv e scienc e 
students — fo r  instanc e a s th e basi s o f  a 
beginners '  LIS P curriculu m oriente d entirel y 
toward s pattern-matchin g an d assertiona l  dat a 
bases .  Fo r  thi s t o becom e a  reality ,  i t  i s 
importan t  t o understan d precisel y wha t  remainin g 
problem s student s hav e i n thi s typ e o f  environ -
ment ,  an d why .  Ou r  empirica l  wor k i s a  ste p i n 
thi s direction .  I t  ha s immediat e spinoff s i n tha t 
i t  provide s a  foundatio n fo r  ou r  debuggin g 
assistant .  Th e assistan t  provide s student s wit h a 
too l  fo r  attainin g thei r  goals ,  an d provide s u s 
wit h a  too l  fo r  analyzin g an d describin g thei r 
behaviour . 
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â  thir d leve l  course .  Milto n Keynes :  Ope n 
Universit y Press ,  1978 . 

Eisenstadt, H. « Laubsch, J. Towards an 
automate d debuggin g assistan t  fo r  novic e 
programmers .  Proceeding s o f  th e AISB-8 0 
conferenc e o n Artificia l  Intelligence , 
Amsterdam ,  1980 . 

Lewis, M. Improving SOLO's user-interface: an 
empirica l  stud y o f  use r  behaviou r  an d 
proposal s fo r  cost-effectiv e enhancement s 
t o SOLO.  Technica l  repor t  no .  7 ,  Compute r 
Assiste d Learnin g Researc h Group ,  Th e Ope n 
University ,  1990 . 

Rich, C. a Shrobe, H. Initial report on a Lir.P 
programmer' s apprentice .  IEE E Transaction s o n 
Softwar e Engineering ,  SE-4:6, "  1978 . 

R\ith, G.R. Intelligent program analysis. 
Artificia l  intelligence ,  7 ,  1976 . 

Shrobe, H., Waters, R., « Suasman, G. A 
hypothetica l  monologu e illustratin g th e 
knowledg e underlyin g progra m analysis .  MI T 
Artificia l  Intelligenc e Laborator y Memo 507 , 
1979 . 

Teitelbaum, T., S Reps, T. The Cornell program 
synthesizer :  a  syntax-directe d progrnmmin g 
environment .  Technica l  repor t  flO-4?1, 
Departmen t  o f  Compute r  Science ,  Cornel l 
University ,  1980 . 

149 



New Tool s fo r  Cognitiv e Science * 

Leonard Friedman 
Je t  Propulsio n Laboratory , 

Californi a Institut e o f  Technolog y 
Pasadena .  C A 9110 9 

Bot h A I  an d Cognitiv e Scienc e mus t  dea l 
wit h uncertaint y muc h o f  th e time .  T o cop e wit h 
thi s problem ,  ne w system s ar e bein g develope d i n A I 
fo r  representin g an d propagatin g subjective  belie f 
usin g semanti c nets .  I n thes e systems ,  propagatio n 
of  uncertaint y goe s o n whil e logica l  inference s ar e 
drawn .  Cognitiv e scientist s may fin d thes e method s 
usefu l  fo r  application s i n learnin g an d 
problem-solving ,  s o thi s pape r  wil l  describ e th e 
natur e o f  th e tool s an d mentio n som e examples  o f 
applications . 
There is a long history of attempts by 
logician s an d mathematician s t o represen t  huma n 
reasonin g mor e o r  les s realistically .  Tw o basi c 
method s hav e bee n employed .  On e approac h i s th e 
pat h o f  inference ,  th e drawin g o f  conclusion s fro m 
"givens" .  Th e othe r  i s th e pat h o f  likelihood ,  th e 
estimatio n o f  certaint y o n th e basi s o f  experience 
of  som e kind .  Th e firs t  theorie s t o b e solidl y 
founde d hav e bee n forma l  mathematica l  logi c an d th e 
theor y o f  probability .  Unfortunately ,  forma l  logi c 
applie s onl y t o a  narro w clas s o f  situations ,  an d 
most  huma n reasonin g i s outsid e it s scope . 
Similarly ,  t o b e applied ,  probabilit y  ofte n demand s 
knowledg e no t  possesse d b y people .  What  woul d b e 
most  desirabl e woul d b e a  weddin g o f  inferenc e an d 
likelihood ,  s o tha t  degree s o f  ignoranc e coul d b e 
associate d wit h assertion s withou t  requirin g 
unavailabl e knowledge . 
In order to make the contributions of the 
new method s clearer ,  w e shal l  describ e th e natur e 
of  th e modellin g limitation s i n th e olde r 
formalisms .  Logic s suc h a s prepositiona l  calculu s 
and first-orde r  predicat e calculu s deman d certaint y 
of  belie f  i n th e trut h o r  falsit y o f  assertions . 
I n addition ,  the y ar e monotonic ;  i.e. ,  the y ar e 
unabl e t o alte r  belief s onc e established ,  an d als o 
posses s n o representatio n o f  passag e o f  time .  On e 
by on e thes e modellin g limitatation s ar e bein g 
overcome .  A  variet y o f  non-monotoni c logic s hav e 
been develope d whic h permi t  th e alterin g o f 
establishe d beliefs .  The y d o thi s b y representin g 
th e passag e o f  tim e i n successiv e "context "  layers , 
eac h o f  whic h i s a  snapsho t  o f  th e stat e o f  belie f 
i n th e fact s o f  th e univers e o f  discourse .  A s ne w 
evidenc e i s introduced ,  concomitan t  shift s o f 
belie f  ar e permitte d an d propagated . 
Psychologists long ago proved that ordinary 
human reasonin g i s ofte n i n disagreemen t  wit h th e 
dictate s o f  stric t  probabilit y  theory .  Tha t  theor y 
demands knowledg e o f  probabilit y  distributions , 
gathere d i n a  usuall y laboriou s fashion . 
Situation s i n whic h th e probabilit y  o f  a n even t 
depend s conditionall y o n man y othe r  event s ar e 
compute d b y usin g Baye s formula .  Bayesia n 
statistic s require s a  knowledg e o f  a  larg e numbe r 
of  probabilities ,  no t  ofte n know n t o th e 
investigator .  On th e othe r  hand ,  human s may reaso n 
successfull y i n situation s wher e the y ar e uncertai n 
and posses s n o statistica l  o r  probabilisti c 
knowledge . 
The new methods offer the possibility of 
modellin g som e aspect s o f  thi s typ e o f  reasoning . 
The technique s assum e a  genera l  knowledg e o f  fact s 
and interrelationship s whil e no t  requirin g detaile d 
statistics .  The y hav e bee n develope d b y modifyin g 
logi c o n th e on e han d an d Introducin g parameter s 
tha t  replac e probabilit y  o n th e other .  We shal l 

not  mentio n th e numerou s logician s wh o hav e 
contribute d t o wha t  i s calle d confirmatio n theory . 
Zadeh ,  a s earl y a s 1965 ,  bega n th e developmen t  o f 
"Fuzz y Logic "  (Zade h '65) .  Some year s later , 
Shortliff e an d Buchana n develope d a  metho d o f 
representin g degree s o f  subjectiv e belie f  o r 
disbelie f  numericall y (Shortliff e an d Buchana n '75 , 
Shortliff e '76) . 

Drawing on the work of the confirmation 
theorist s i n logic ,  Shortliff e an d Buchana n foun d a 
formulatio n b y whic h the y coul d fulfil l  certai n 
criteri a establishe d b y thes e worker s an d a t  th e 
same tim e dra w "reasonable "  inference s wit h whic h 
the y associate d numerica l  degree s o f  certainty . 
Thei r  wor k wa s limite d t o a  narro w clas s o f 
expression s i n th e propositiona l  calculus .  Th e 
implementatio n wa s monotonic ;  i.e. ,  belie f  i n a 
fac t  coul d onl y gro w a s ne w supportin g evidenc e wa s 
adduced .  Contrar y evidenc e als o permitte d 
disbelie f  t o gro w whe n tha t  wa s appropriate . 
Evidenc e fo r  an d agains t  a  hypothesi s wa s weighe d 
by takin g th e difference  betwee n belie f  an d 
disbelief .  I n th e MYCI N system ,  the y applie d a 
singl e mod e o f  inference ,  confirmation ,  t o medica l 
diagnosis ,  an d calle d i t  inexac t  reasoning .  Thei r 
significan t  contributio n wa s t o provid e a  mean s fo r 
makin g logica l  inference s base d o n subjectiv e 
certainties .  Exac t  formula s wer e give n fo r  th e 
propagatio n o f  subjectiv e belief .  Th e formula s 
depende d o n a n initia l  assignmen t  o f 
belief-transfe r  coefficient s b y a  huma n "expert" . 

My own work has been concerned with 
generalizin g th e method s an d refinin g th e formula s 
t o appl y t o arbitrar y expression s o f  th e 
propositiona l  calculus ,  employin g fou r  rule s o f 
inferenc e (ponens ,  tollens ,  confirmation ,  an d 
denial )  rathe r  tha n th e singl e confirmatio n rule . 
Also ,  th e implementatio n i s a  non-monotoni c logic , 
thu s permittin g bot h belie f  an d disbelie f  t o 
fluctuat e accordin g t o th e evidence .  Th e se t  o f 
logica l  rule s i s calle d plausibl e inferenc e an d th e 
implementatio n i s name d th e P I  syste m (Friedma n 
'80a ,  '81) .  I t  i s  a  genera l  logica l  system , 
reasonin g i n eithe r  direction ,  unlik e r̂YCI N whic h 
was limite d t o backwar d chainin g o f  expression s i n 
a simpl e form .  I t  als o ha s th e ability ,  o n th e 
basi s o f  ne w evidence ,  t o mak e it s ow n dynami c 
assignment s o f  belief-transfe r  coefficient s i n 
certai n situations .  Thi s abilit y  i s  essentia l  fo r 
learning ,  a s th e coefficient s ar e u  measur e o f  th e 
relevanc e o f  on e fac t  t o another .  Th e P I  syste m 
has bee n applie d t o faul t  diagnosi s o f  a  spacecraf t 
(Friedma n '80b) . 

While this line of development was taking 
place ,  tw o mathematicians ,  Dempste r  an d hi s pupi l 
Shafer ,  wer e independentl y developin g a 
mathematica l  theor y o f  evidenc e (Shafe r  '76) .  Thi s 
theor y tackle d th e proble m o f  representin g th e 
degre e o f  ignoranc e an d calculatin g th e likelihoo d 
of  evidenc e whethe r  base d o n objectiv e o r 
subjectiv e considerations .  B y objectiv e w e mea n 
base d o n forma l  probability .  The y showe d tha t 
measure s coul d b e devise d i n a  ver y genera l  wa y t o 
* This paper incorporates the results of research 
carrie d ou t  a t  th e Je t  Prtpulsio n Laboratory , 
Californi a Institut e o f  Technology ,  unde r  contrac t 
NAS-700 ,  sponsore d b y th e Nationa l  Aeronautic s an d 
Space Administration . 
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calculat e subjectiv e likelihoods .  Their  formula s 
had a s limitin g case s th e result s o f  probabilit y 
theory .  Barret t  ha s show n tha t  fo r  certai n 
condition s tha t  appl y t o ou r  representation , 
Dempster' s genera l  combinin g formul a fo r  th e 
calculatio n o f  likelihoo d o r  certaint y reduce s t o 
tha t  employe d b y Shortliff e an d Buchanan ,  an d b y 
mysel f  i n plausibl e inferenc e (Barnet t  '81) . 
However ,  Shortliff e an d Buchanan' s basi c 
formulatio n wa s a n a d ho c attemp t  t o fi t  certai n 
logica l  criteria ,  s o bot h thei r  rule s an d thos e o f 
plausibl e inferenc e lac k a  soli d mathematica l 
foundatio n i n th e computatio n o f  belief .  Shafer' s 
work show s tha t  th e presen t  rule s o f  plausibl e 
inferenc e ar e applicabl e onl y fo r  a  restricte d se t 
of  cases ,  bu t  als o provide s th e informatio n tha t 
makes i t  possibl e t o augmen t  th e rule s s o tha t  i t 
i s  applicabl e t o mos t  case s o f  interest ,  an d 
solidl y founded . 
For his thesis, a doctoral candidate in AI, 
John Lowrance ,  i s applyin g Dempste r  an d Shafer' s 
work t o a  proble m i n vision .  Recentl y h e an d 
severa l  co-worker s hav e drafte d a  pape r  tha t 
applie s th e Dempste r  an d Shafe r  rule s t o a 
differen t  proble m (Garvey ,  Lowranc e an d Fischle r 
'81) .  The y ar e estimatin g th e sourc e o f  a  give n 
set  o f  nois y measurement s whe n th e origi n o f  thos e 
measurement s come s fro m on e o f  a  know n se t  o f 
emitters .  Th e measurement s ar e combine d t o giv e 
th e degre e o f  suppor t  an d th e uncertaint y 
associate d wit h th e evidenc e fo r  eac h emitte r 
befor e tha t  belie f  i s  propagate d t o other 
assertion s vi a inference . 

Such quantities are exactly what is needed. 
i n completel y automate d diagnosti c o r 
decision-makin g inferenc e system s tha t  mus t  dea l 
wit h uncertainty .  Th e measurin g device s woul d fee d 
degre e o f  belie f  int o assertion s linke d int o a 
knowledg e base ,  an d b y plausibl e inferenc e th e 
knowledg e bas e coul d dra w conclusion s abou t  wha t  t o 
do o r  wha t  wen t  wrong .  Garvey ,  Lowranc e an d 
Fischle r  als o poin t  ou t  th e possibilit y  o f 
constructin g a n evidentia l  prepositiona l  calculu s 
simila r  Co plausibl e inference ,  an d sugges t 
couplin g th e measure d estimate s base d o n Dempster' s 
rul e wit h suc h a n inferenc e system . 
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Summing up ,  extension s t o bot h forma l  logi c 
and likelihoo d theor y ar e converging .  Th e 
representatio n an d propagatio n o f  subjectiv e 
uncertaint y i n a  knowledg e bas e hav e bee n reduce d 
t o a  se t  o f  logica l  an d computationa l  procedure s 
whic h hav e prepositiona l  calculu s a s a  limitin g 
case .  Earlie r  attempt s i n cognitiv e scienc e t o 
model  suc h phenomen a includ e Colby' s mode l  o f 
paranoi a implemente d i n PARKY (Colb y '73) ,  an d 
Rieger' s us e o f  inferenc e t o mode l  languag e 
understandin g (Riege r  '76) .  Th e ne w method s hav e 
alread y bee n applie d t o a  variet y o f  problem s i n 
diagnosis ,  visio n analysis ,  an d nois y measurement . 
Thei r  applicatio n t o learnin g a s a  proble m solvin g 
activit y appear s attractive .  Furthe r  development s 
i n th e theor y may b e possibl e suc h a s a 
modificatio n o f  firs t  orde r  predicat e calculu s tha t 
represent s uncertainty . 
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Starting from Kant's notion of schemata as be-
in g rule s o f  synthesis ,  thi s pape r  atteirpt s t o 
dei/elo p a  unifie d characterizatio n o f  innat e 
and culturall y mediate d schemata .  Th e cor e 
concep t  fo r  thi s approac h i s th e translatio n 
or  transformatio n fro m on e cod e t o anothe r  o r 
t o som e others ,  whic h preserv e a  se t  o f  invari -
ants .  I t  i s  argue d tha t  th e allege d mechanis m 
of  transformatio n make s possibl e th e develop -
ment  o f  schemat a fo r  comple x externall y medi -
ate d tasks ,  whic h ar e a t  varianc e wit h innat e 
schemata ,  example s fo r  suc h task s ar e dancin g 
tang o o r  understandin g perspectiv e drawings . 

Such a notion of schema bears a strong struc-
tura l  similarit y t o algebrai c group s wit h cer -
tai n invariant-preservin g transformations . 
Thi s concep t  ca n bin d togethe r  Helmholtz ' 
'unconsciou s conclusions '  an d Hering' s expla -
natio n o f  perceptua l  constancies .  I t  i s  sug -
geste d t o appl y heuristicall y th e Gestal t  prin -
ciple s an d law s o f  perceptio n a s invariant -
preservin g transformation s o n th e conten t  o f 
scherr.ata .  B y mean s o f  a n analysi s o f  differen t 
task s th e heuristi c valu e o f  thi s approac h i s 
demonstrated . 

Exactly 200 years ago Kant turned around the 
arguren t  o f  Berkele y an d othe r  Empiricist s 
concernin g th e trut h o f  abstrac t  ideas ,  b y 
statin g tha t  th e a-prior y existenc e o f  certai n 
rule s make s possibl e th e perceptio n o f  parti -
cula r  instance s a s suc h an d no t  vic e versa.1 ) 
The juxtapositio n o f  a-prioristi c an d Empiri -
cis t  view s o f  perceptio n an d representatio n o f 
knowledg e wa s n.odifie d furthe r  b y Helmholtz , 
who deronstrate d tha t  th e geometr y o f  th e per -
ccj-rua l  spac e i s no t  Euclidea n unde r  certai n 
conditions .  Therefor e th e impose d rule s ar e 
net  a-prior i  bu t  depen d o n th e perceptua l  tas k 
and th e cultura l  and/o r  phylogeneti c develop -
ment .  A n eve n mor e radica l  modificatio n i s 
state d i n th e Sapir-Whor f  hypothesis ,  whic h 
pointe d ou t  th e importan t  intermediat e 
rol e o f  language .  Despit e it s apparen t  rel -1)Nietzsch e summarize d th e conten t  o f  Kant' s 

Critiqu e o f  Pur e Reaso n i n a  witticism :  "Th e 
conten t  i s quit e simple ;  Kan t  showe d tha t 
th e ordinar y man i s righ t  abou t  perceptio n 
and tha t  th e scientist s ar e wrong .  Unfortu -
natel y thi s conten t  i s hidde n i n language , 
whic h ca n onl y b e understoo d b y scientists. " 

evanc e fo r  model s o f  huma n knowledg e represen -
tatio n th e ver y rol e o f  cultura l  knowledg e i n 
th e developmen t  an d usag e o f  individua l  knowl -
edge ha s remaine d largel y undefined . 

The comparison of the well-known Necker cube 
i n figur e 1 ,  an d o f  a  slightl y varie d for m i n 
figur e 2  raise s immediatl y th e question ,  wh y 
figur e 2  appear s t o b e mor e 'right' . 

Figure s 1  i  2 

Comparison of two ways 
t o dra w a  cub e 

Figur e 1 

parallel edges of the drawn 
objec t  ar e mappe d int o para -
lle l  line s o f  th e sam e lengt h 
as i n th e draw n objec t 

Figur e 2 

parallel edges are drawn as 
line s wit h th e sam e vcinishin g 
poin t  an d th e lengt h o f  th e 
line s depend s o n th e perspectiv e 
foreshorte n in g 
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The answe r  tha t  figur e 2  i s exactl y draw n a s 
we perceiv e a  cube ,  i s no t  quit e convincing ; 
fo r  i t  provoke s th e furthe r  question ,  wh y th e 
ar t  o f  perspectiv e drawin g i s a  comparativel y 
recen t  developmen t  (abou t  50 0 year s old) ,  wh y 
most  peopl e ar e no t  abl e t o d o i t  withou t  in -
struction ,  an d wh y i n culture s no t  influence d 
by Wester n Renaissanc e ar t  o r  Chines e ar t  on e 
does no t  fin d geometrica l  perspective .  Eve n i f 
thes e broade r  cultura l  consideration s ar e no t 
take n int o account ,  ther e remain s th e puzzlin g 
question ,  wh y i n th e contex t  o f  th e cub e draw -
ing s i n figure s 1  an d 2  th e slante d line s a 
and b  i n 2  ar e easil y see n a s th e paralle l 
edges o f  th e righ t  sid e o f  th e cube ,  wherea s 
th e reall y paralle l  line s a '  an d b '  i n figur e 
1 d o no t  elici t  thi s impressio n a s easily . 
Various investigations have corroborated the 
existenc e o f  perceptua l  regularitie s lik e th e 
ones o f  Gestal t  psychology ;  on e strikin g ex -
ampl e i s th e groupin g du e t o th e 'sam e fate ' 
(e .  g. ,  paralle l  curves) .  I f  i t  i s  assume d 
tha t  groupin g paralle l  line s i s a n innat e rul e 
fo r  informatio n processin g —and i t  i s  diffi -
cul t  t o se e ho w thes e line s coul f  giv e ris e t o 
th e impressio n o f  a  cub e otherwisel )  --the n 
th e equatin g o f  'straigh t  line s meetin g i n th e 
same vanishin g point '  wit h 'paralle l  line s o n 
a slante d plane '  point s out ,  ho w cultura l  con -
straint s ca n influenc e th e rules ,  whic h gover n 
human informatio n processing . 
This notion of rules, which allow the percep-
tio n o f  spatia l  form s a s such ,  i s du e t o Kan t 
i n hi s argumen t  agains t  Berkeley' s denia l  o f 
trut h i n geometr y (Critiqu e o f  Pur e Reason) . 
Even i f  Kant' s insistin g o n thes e rule s a s 
a-prior i  truth s i s dismisse d nowadays ,  hi s de -
velopmen t  o f  a  schem a theor y gav e ris e t o con -
ceptualization s i n psychology ,  whic h opene d way s 
out  o f  th e paradoxica l  situations ,  int o whic h 
overconfiden t  reductionis m ha d le d psychology . 
I n thi s contex t  i t  suffice s t o reconstruc t 
Kant' s ide a an d som e o f  it s application s an d 
furthe r  development s i n orde r  t o poin t  out , 
what  a  schem a theoreti c approac h t o th e intro -
ductor y proble m coul d loo k like . 
Berkeley had stated that there can be no truth in 
geometr y sinc e theorem s o f  geometr y pertai n t o 
infinit e classe s o f  object s i n spac e (e .  g. , 
triangles )  .  Accordin g t o th e empiristi c  cri -
terio n o f  trut h a s base d o n perceptio n (ess e 
est  percipi) ,  ther e canno t  exis t  trut h fo r  in -
finit e collections ,  becaus e tha t  woul d neces -
sitat e th e storag e o f  a n infinit e numbe r  o f 
sens e impression s (images )  fo r  eac h suc h clas s 
i n th e huma n brain .  Kan t  (i n 'Critiqu e o f  Pur e 
Reason' )  invert s Berkeley' s argumen t  b y start -
in g fro m th e concep t  o f  rule s givin g ris e t o 
an infinit e numbe r  o f  images ,  whic h ca n b e 

paire d wit h figure s i n space :  'Th e schem a o f 
th e triangl e ca n exis t  nowher e bu t  i n though t 
and signifie s a  rul e o f  synthesi s o f  th e im -
aginatio n i n respec t  t o it s  figure s inspaoe."1 ) 
The connectio n betwee n th e figure s i n spac e 
and thei r  representatio n i n th e huma n brai n i s 
made possibl e throug h activ e perception : 
".. .  imaginatio n i s a  necessar y ingredien t  o f 
perceptio n itself. "  An d Kan t  resolve s Berkeley' s 
paradoxica l  conclusio n abou t  th e storag e o f 
infinitel y man y image s fo r  abstrac t  concepts , 
by couplin g th e abstrac t  concep t  wit h th e ac -
tiv e devic e o f  th e schema ,  whic h i s abl e t o 
produc e al l  possibl e example s fo r  a  give n con -
cept :  "Thes e image s ca n b e connecte d wit h th e 
concep t  onl y b y mean s o f  th e schem a t o whic h 
the y belong .  I n themselve s the y ar e neve r  com -
pletel y a t  on e wit h th e concept. " 
These ideas have had a strong influence on 
physiologist s i n th e las t  centur y an d i n th e 
beginnin g o f  thi s century :  o n Helmholt z an d 
Herin g i n Germany ,  o n Hea d i n England .  Th e 
transformation s o f  Kant' s schem a theor y b y 
thes e scientist s i n tur n influence d Gestal t 
psycholog y i n continenta l  Europe -  an d Bartlett' s 
conceptualizatio n o f  psycholog y i n England . 
Especiall y th e applicatio n o f  thi s theoretica l 
framewor k b y Hea d an d Bartlet t  ha s obscure d 
th e distinctio n betwee n th e abstrac t  concept , 
th e activ e schema ,  an d th e ad-ho c produce d 
images .  Thi s le d t o suc h a  vagu e definitio n o f 
schema,  tha t  thi s labe l  coul d b e use d t o denot e 
any step s i n th e chai n o f  informatio n pro -
cession ,  whic h seeme d t o b e to o comple x t o b e 
analyze d further .  Rumelhar t  (1980 )  an d other s 
hav e argue d tha t  fo r  th e concep t  o f  schem a t o 
pla y a n importan t  par t  i n cognitiv e psychol -
ogy ,  i t  i s  necessar y t o clarif y it s definitio n 
an d  t o develo p mechanism s t o tes t  th e feasi -
bilit y  o f  th e concept .  Bu t  eve n Rumelhart' s 
notio n o f  'Schemat a a s Buildin g Block s o f  Cog -
nition '  organize d i n a  hierarchica l  way ^  seem s 
t o hav e certai n weaknesses : 
-  i t  necessitate s th e assumptio n o f  primitive s 

i n orde r  t o avoi d infinit e regres s downwards , 
whil e lackin g self-eviden t  criteri a o f  de -
marcatio n betwee n schemat a an d primitive s 

- it does not exclude a possible infinite re-
gres s upwards ;  ther e alway s i s stil l  anothe r 
schema necessar y t o contro l  th e to p mos t 
schema 

An alternative strategy to define the concept 
of  schem a an d a t  th e sam e tim e t o circumven t 
some o f  th e mentione d pitfalls ,  ca n star t  b y 
goin g bac k t o Kant' s notio n o f  schem a a s ' a 
rul e o f  synthesis' ,  whic h forme d th e theoreti -
ca l  framewor k fo r  Helmholtz',  Hering' s an d 
Gelb' s explanation s o f  constancie s i n huma n 
perception .  Helmhotz :  ".. .  th e la w o f  suffi -
cien t  reaso n i s reall y nothin g mor e tha n th e 

DTher e i s a n infinit e numbe r  o f  tw o an d thre e 
dimensiona l  form s whic h ar e i n agreemen t  wit h 
th e topologie s o f  figur e 1  an d 2 ,  whic h b y 
th e wa y ar e topologicall y equivalent . 

1)italic s b y th e autho r 
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'urge '  o f  ou r 
ception s unde r 
knowledg e an d 
possibl e b y t h 
ide a o f  invar i 
ca l  proble m o f 
portance ,  ha s 
th e mos t  intu i 
perception. " 

intellec t  t o brin g al l  ou r  per -
control. "  Hering :  ".. .  objectiv e 

objectiv e judgmen t  ar e rendere d 
i s constancy, "  an d Gelb :  "Th e 
ance ,  whic h i s a n epistemologi -

validit y o f  th e foremos t  im -
one o f  it s  roots ,  an d perhap s 
tiv e on e i n th e psycholog y o f 

The searc h fo r  suc h invariant s an d fo r  th e re -
late d classe s o f  transformation s forme d th e 
researc h progra m o f  Gestal t  psychologists ,  a s 
can b e see n i n Kohler' s summin g u p th e basi c 
idea s o f  Ehrenfols :  "I t  i s  characteristi c o f 
phenomenal  form s tha t  thei r  specifi c  proi:iertie s 
remai n unchanged ,  whe n th e absolut e dat a upo n 
whic h the y rest ,  underg o certai n modification. " 
I n Gestal t  psycholog y rule s hav e bee n develope d 
whic h pi n dow n invariant s an d thei r  transforma -
tion s i n perception :  th e 'laws '  o f  grouping , 
of  salienc y (Pragnanz) ,  etc .  Unfortunatel y i n 
th e generalization s t o mor e comple x form s o f 
human behavio r  muc h o f  th e origina l  clarit y 
has bee n lost .  Anothe r  limitatio n o f  th e Ge -
stal t  approac h i s it s nativisti c orientation , 
whic h prevente d Gestal t  psychologist s t o real -
iz e th e interactio n betwee n thes e innat e rule s 
and externa l  (e .  g. ,  socia l  o r  cultural )  knowl -
edge . 
Various analyses (e. g., Uttal, Julesz) have 
shown ho w th e applicatio n o f  simpl e filter s 
or  auto -  an d cross-correlatio n technique s ar e 
abl e t o detec t  regularitie s (e .  g. ,  figures ) 
i n apparentl y rando m patterns ;  thes e result s 
ar e unde r  certai n condition s (type s o f  symme-
try ,  paralle l  curves ,  straigh t  lines )  th e sam e 
ones ,  a s on e get s wit h huma n observers .  I f  on e 
take s th e underlyin g rules ,  whic h enabl e th e 
organis m t o detec t  form s i n rando m nois e o r  t o 
discriminat e betwee n differen t  forms ,  a s th e 
most  primitiv e buildin g block s o f  perception , 
the n i t  i s  possibl e t o explai n th e emergenc e 
of  schemata .  Thes e schemat a ca n b e define d a s 
uniqu e combination s o f  th e primitiv e buildin g 
block s unde r  constraint s o f  th e organis m (e.g. , 
channe l  capacity ,  codin g capacity )  an d th e en -
vironment ,  upo n whic h thes e schemat a ar e ap -
plied . 

One major objection to this view could be that 
th e invoke d rule s migh t  b e tru e onl y fo r  cer -
tai n modalities ;  th e fac t  tha t  'Gestalt-laws ' 
mostl y ste m fro m researc h i n visua l  perceptio n 
seems t o corroborat e thi s critique .  What  woul d 
be th e consequenc e fo r  a n assumptio n o f  mo -
dalit y specifi c  rules ? A t  firs t  i t  necessitate s 
furthe r  non-analyzabl e units ,  whic h mak e pos -
sibl e th e translatio n fro m on e sensor y cod e 
int o another ,  i n orde r  t o explai n highl y inte -
grate d huma n activities  suc h a s script-writin g 
(integratio n o f  kinesthetic ,  visua l  an d 'sym -
bolic '  codes )  o r  dancing ,  wher e kinesthetic , 
vestibular ,  an d acousti c code s influenc e eac h 
other .  Thes e activities  ar e no t  onl y highl y 
learnable ,  bu t  the y exhibi t  th e mentione d kin d 
of  integratio n fro m th e ver y beginnin g (con -
cededl y i n varyin g degrees) .  Furthermor e i t 
woul d b e difficul t  unde r  thi s assumptio n t o ex -
plai n synesthetics ,  th e emergenc e o f  immediat e 
impresslons/o f  similarit y betwee n experience s 
i n differen t  modalitie s (whic h giv e ris e t o 
self-explainin g simile s an d metaphors )  o r  in -
termoda l  rivalr y an d it s resolution .  T o su m up : 
The assumptio n o f  modalit y specifi c  rule s give s 
ris e t o a  les s parsimoniou s explanatio n o f  in -
ner  organismi c communication . 

Thi s hegativ e argumen t  fo r  modalit y indepen -
dent  rule s ca n b e supporte d b y th e demonstra -
tio n o f  structurall y equivalen t  rule s i n dif -
feren t  codes :  e .  g .  I n groupin g perceive d ob -
ject s th e rule s o f  linea r  successio n an d par -
alle l  movement s exer t  stron g influence .  Thes e 
ver y rule s ar e structurall y equivalen t  t o th e 
mechanis m assume d fo r  th e solutio n o f  analogi -
ca l  problem s b y Rumelhar t  &  Abrahamso n (1973) , 
as ca n b e see n i n figur e 3 : 
If b is linear succession of a, and b' is a 
linea r  successio n o f  a' ,  an d i f  th e movement 
fro m a  t o b  an d fro m a '  t o b '  ar e parallel , 
the n b '  is t  th e solutio n o f  th e analogica l  prob -
le m a  :  b  =  a '  :  ? 

a, b, a", and b' can stand for verbally stated 
concepts ,  fo r  bodil y movements ,  o r  fo r  aooxisti -
ca l  phenomena ,  an d thu s ca n giv e ris e t o th e 
resolutio n o f  suc h differen t  task s a s findin g 
th e correc t  verba l  expression ,  a s doin g th e 
righ t  leg-ar m coordinatio n i n skiing ,  o r  a s 
composin g a  fugue .  I t  i s  apparen t  tha t  i n thes e 
application s onl y th e se t  o f  rule s remaine d in -
variant ,  wherea s th e interna l  a s wel l  a s th e 
externa l  constraint s change d totally . 
Figure 3 

linea r  successio n 

I 
a fc b 

paralle l  movement 

linea r  successio n 

perceptua l  rule s underlyin g analogica l  prob -
lem s o f  typ e 

a : b = a' : 7 

On the background of this discussion a schema 
i s a  se t  o f  primitiv e rule s whic h ar e couple d 
i n a  uniqu e combinatio n unde r  intra-organismi c 
and extra-organismi c constraint s fo r  a  certai n 
task .  I n th e framewor k o f  thi s tas k th e schem a 
appear s a s a  no-further-analyzabl e uni t  an d 
can b e considere d a s a  pragmati c primitive . 
Task hierarchie s the n impl y hierarchie s o f 
schema too ,  thu s indicatin g tha t  th e foca l 
poin t  i n th e perceptio n o f  th e tas k hierarch y 
influences ,  wha t  ca n b e determine d a s a  prag -
mati c primitive .  For m thi s poin t  o f  vie w th e 
functio n o f  th e schem a ca n b e assume d a s twofold : 
ly  1  th e generatio n o f  possibl e constellation s 

(e .  g. ,  string s o f  symbols ,  sequence s o f 
movements ,  figures )  an d thei r  compariso n 
wit h perceive d constellation s 

H2 the extrapolation of future states of the 
organis m an d thei r  compariso n wit h per -
ceive d states . 
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Whereas th e forme r  allow s identificatio n an d 
classificatio n o f  informatio n an d events ,  th e 
latte r  make s self-regulate d goal-directe d be -
havio r  possible .  A  combinatio n o f  bot h func -
tion s underlie s behavior ,  whic h i s regulate d 
by externa l  feedback . 

The influence of cultural constraints on the 
functionin g o f  schemat a ca n b e observe d bes t 
i n instances ,  wher e th e rule s o f  th e cultura l 
constraint s interfer e wit h th e rule s o f  a n 
eithe r  inbor n schem a (e .  q. ,  uprigh t  walkin g 
of  human s wit h a  characteristi c  arm-le g coordi -
nation )  o r  a n individuall y develope d schem a 
(e .  g. ,  certai n moto r  pattern s whic h mak e u p 
th e invidua l  characteristic s o f  script ,  draw -
ing ,  o r  gesticulation) .  Suc h a n interferenc e 
i s mostl y possible ,  i f  th e existin g schem a ca n 
produc e particular s (i n Cassirer' s sense )  i n 
agreemen t  wit h th e cultura l  constraint s i n th e 
limitin g cas e bu t  no t  i n th e genera l  casa . 
Thi s situatio n ca n b e clarifie d b y tw o exanple s 
fro m differen t  domains . 

The cultural constraints on a mode of argumen-
tatio n typica l  fo r  th e Wester n cultur e ca n b e 
foun d i n th e rule s o f  syllogisti c reasoning . 
Psychologica l  analyse s o f  thi s tas k sinc e 
Wertheime r  hav e demonstrated ,  tha t  formall y 
equivalen t  problem s lea d t o totall y differen t 
pattern s o f  successe s an d errors ,  an d tha t 
framing ,  whic h doe s no t  alte r  th e logica l  struc -
ture ,  influence s th e probabilit y  o f  succes s i n 
a highl y predictabl e way .  I f  th e rule s o f  per -
ceptio n ar e take n a s primitive s fo r  a  schem a 
of  argumentation ,  the n thes e rules ,  especiall y 
'neighDorhood' ,  'succession' ,  'sam e fate' ,  an d 
'paralle l  curves' ,  ca n b e take n a s th e underlyin g 
caus e fo r  Johnson-Laird' s figurativ e effec t 
as wel l  a s fo r  th e superiorit y o f  concret e 
problem s ove r  abstrac t  problem s o f  th e sam e 
logica l  structure . 

The learning of movements in dancing is cinother 
exampl e fo r  th e interferenc e o f  cultura l  con -
straint s wit h inbor n schemata .  Physiologica l 
as wel l  a s psychologica l  analyse s o f  huma n 
motor  behavio r  hav e demonstrate d tha t  it s ap -
paren t  smoothnes s i s du e t o CNS-controlle d 
'pre-enervations' ,  whic h allo w a  ver y fas t 
sequenc e o f  th e sam e o r  differen t  movements , 
e.  g .  i n walkin g (same) ,  o r  jumpin g (different) . 
A necessar y preconditio n o f  thes e 'pre-ener -
vations '  seem s t o be ,  tha t  on e movement  fol -
low s th e athe r  i n ' a natura l  way' .  I f  th e per -
ceptua l  rule s ar e assu.ne d t o characteriz e thi s 
'natura l  way' ,  the n i t  become s plausible ,  wh y 
tang o seem s t o b e on e o f  th e mos t  difficul t 
dance s t o learn .  Th e initia l  sequenc e o f  step s 
makes us e o f  th e patter n o f  norma l  walking . 
Par t  o f  th e walkin g schem a i s stopping ,  bu t  i n 
tang o instea d o f  a  simpl e sto p wit h subsequen t 
chang e o f  directio n a  kin d o f  oscillatio n o f 
th e bod y i s prescribed ,  whic h i s onl y foun d i n 
thi s typ e o f  dancing .  Thu s th e invariant s o f 
tang o ar e incompatibl e wit h th e schemat a o f 
walkin g a s wel l  a s o f  othe r  kind s o f  dancing . 
The obviou s fact ,  tha t  thi s movement  ca n b e 
learne d nevertheless ,  may b e mad e possibl e b y 
th e translatio n o f  th e rhythmi c invariant s 
containe d i n th e melody ,  int o rhythmi c pattern s 
of  bodil y movements .  Th e fact ,  tha t  dancin g 
tang o withou t  hear d o r  imagine d musi c i s nearl y 
impossible ,  make s thi s conclusio n plausible . 

In order to resolve all the questions and 
viciou s circle s i n relatio n t o schem a theor y 

and it s interdependenc e wit h cultura l  con -
straint s a  mor e detaile d an d experimentall y 
corroborate d theor y i s necessar y tha n thi s ad -
mittedl y uneve n an d loophole d sketc h o f  a n 
alternativ e startin g poin t  ca n be .  Nevertheles s 
i t  i s  hope d tha t  a t  leas t  i t  stimulate s clarify -
in g discussion s abou t  thi s centra l  concep t  o f 
cognitiv e psychology . 

Thes e idea s hav e gaine d muc h fro m Davi d Rumel -
hart' s  lecture s an d discussion s wit h Jennife r 
Frey d an d Regin e May .  Th e remainin g lac k o f 
clarit y mus t  totall y b e contribute d t o th e 
autho r 
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Some thought s o n logic ,  language ,  min d an d realit y 

Rachel Joffe Falmagne 
Clar k Universit y 

This discussion will be predicated upon the 
notio n tha t  adul t  huma n cognitio n include s a n 
internalize d syste m o f  logica l  relationship s an d 
principles ,  i n othe r  woras ,  tha t  logi c ha s som e 
psychologica l  realit y i n tha t  a t  leas t  a  fragmen t 
of  i t  i s  include d i n huma n competence . 

To avoid some likely misconstruals, it seems 
a goo d ide a t o stat e her e wha t  thi s discussio n i s 
not .  I t  doe s no t  examin e whethe r  standar d logic , 
as a  complet e system ,  adequatel y represent s huma n 
reasonin g -  a  questio n tha t  ha s preoccupie d 
psychologist s an d som e philosopher s fo r  som e tim e 
(e.g .  Cohen ,  i n press )  -  no r  doe s i t  attemp t  t o 
determin e whethe r  a n alternativ e logica l  syste m 
woul d b e mor e suitabl e fo r  thi s purpos e a s som e 
psychologist s hav e proposed.  No r  doe s i t  tak e a 
stanc e i n th e debat e regardin g th e adequat e logi -
ca l  syste m i n term s o f  logicians '  an d philo -
sophers '  criteri a (ostensibl y distinc t  fro m thos e 
of  th e psychologist) .  Rathe r  i t  i s  assume d tha t 
some logic ,  possibl y incomplete ,  i s  par t  o f  huma n 
knowledge ;  whic h for m i t  ha s doe s no t  matte r  fo r 
th e sak e o f  th e presen t  discussion . 

Given this premise, the aims of this paper are 
(i )  t o provid e a  firs t  ste p toward s integratio n o f 
some issue s i n philosoph y o f  logi c wit h analogou s 
issue s concernin g huma n logica l  cognition ,  i n 
particula r  t o examin e th e relationship s betwee n 
logi c an d languag e an d logi c an d realit y fro m 
thos e tw o vantag e points ;  (ii )  t o addres s som e 
genera l  question s concernin g th e developmen t  o f 
logica l  cognitio n withi n tha t  perspective .  I n 
relatio n t o thi s secon d aim ,  I  wil l  argue ,  mor e 
generally ,  fo r  th e necessit y o f  articulatin g th e 
epistemologica l  an d developmenta l  foundation s o f 
th e cognitiv e function s o r  knowledg e structure s 
tha t  w e ar e investigatin g i n cognitiv e science ,  i f 
our  accoun t  o f  thos e function s an d structure s i s 
t o hav e an y genuin e substance . 
The relationships between logic, language, and 
realit y ar e notoriousl y controversia l  amon g philo -
sopher s an d linguists .  Thi s pape r  canno t  begi n 
t o giv e a n adequat e accoun t  o f  th e debat e an d o f 
it s  philosophica l  an d conceptua l  ramifications , 
but  a s a n oversimplifie d approximation ,  th e issue s 
tha t  wil l  concer n u s here ,  hav e t o d o wit h th e 
natur e o f  proposition s as ,  alternatively ,  empiri -
ca l  linguistic ,  o r  subjectiv e entities ,  and , 
correspondingly ,  whethe r  logi c i s mor e properl y 
sse n a s formalizin g necessar y relation s i n th e 
empirica l  world ,  o r  analyti c relation s withi n 
natura l  language .  What  follow s i s a  schemati c 
surve y o f  a  fe w alternativ e positions ,  limite d t o 
highlightin g th e relevan t  contrasts .  Thus ,  fo r 
example ,  Carna p (1951 )  an d Kat z (1972) ,  o n differ -
ent  grounds ,  pu t  fort h a  vie w o f  logica l  relation s 
as linguisti c relations ,  an d characteriz e logica l 
truths  i n term s o f  linguisti c structures ,  takin g 
sentence s rathe r  tha n abstrac t  proposition s a s 
primitives .  Putna m (1971) ,  o n th e othe r  han d 
"find s somethin g ridiculou s i n th e theor y tha t 
logi c i s abou t  sentences "  (ibid ,  p.6 )  and ,  i n thi s 
articl e an d others ,  defend s a  realis t  positio n 
wit h respec t  t o th e entitie s subsume d withi n logi c 
(classes ,  properties ,  etc...) ,  and ,  presumably , 
wit h respec t  t o logica l  truths .  Freg e (1918/1956 ) 

similarl y "assign s t o logi c th e tas k o f  discover -
in g th e law s o f  truth ,  no t  o f  assertio n o r  thought " 
(ibi d p.289) ,  thereb y excludin g bot h languag e an d 
min d fro m th e foundation s o f  logic .  Quine ,  o n th e 
othe r  hand ,  argue s agains t  th e distinctio n betwee n 
analyti c an d syntheti c truth s (Quine ,  1953 )  and , 
relatedly ,  see s logi c a s on e par t  o f  a  "whol e 
interlocke d scientifi c  system" ,  a n integra l  par t 
of  an y scientifi c  prediction ,  an d therefor e 
ultimatel y revisabl e o n th e basi s o f  empirica l 
evidenc e (Quine ,  1970) ;  th e clos e relation s be -
twee n logi c an d languag e ar e acknowledge d bu t  th e 
foundation s o f  logi c ar e nonlinguisti c (and , 
additionally ,  empirical) .  Interestingly ,  a  some -
what  analogou s relationshi p betwee n logi c an d 
othe r  form s o f  knowledge ,  i s presen t  i n Wittgen -
stei n (1922/1961) ,  despit e th e radica l  divergenc e 
of  thos e tw o philosopher s o n mos t  othe r  matters : 
startin g with  th e premis e tha t  th e worl d i s th e 
totalit y o f  facts ,  th e earl y Wittgenstein' s thesi s 
i s tha t  w e pictur e fact s t o ourselves ,  tha t  a 
pictur e i s a  mode l  o f  reality ,  an d ha s i n common 
wit h i t  it s  pictoria l  form .  A  logica l  pictur e o f 
realit y i s on e whic h onl y ha s logica l  for m i n 
common wit h th e realit y i t  depicts ;  therefore , 
ever y pictur e i s a t  th e sam e tim e a  logica l  pic -
ture .  Thus ,  o n thi s accoun t  logica l  relation s d o 
not  hav e a  statu s distinc t  fro m tha t  o f  othe r 
modes o f  representin g reality :  the y ar e grounde d 
directl y i n th e structur e o f  events ,  a s othe r 
modes o f  representatio n are ,  althoug h the y ar e 
more basi c an d o f  wide r  applicability . 

Analogous questions arise with respect to 
logica l  cognitio n an d wil l  b e discusse d here . 
They articulat e wit h th e genera l  contex t  o f  th e 
philosophica l  issue s jus t  mentione d i n tw o ways . 
First ,  examinin g huma n logica l  cognitio n entail s 
assumption s abou t  th e natur e o f  logica l  knowledge . 
Second ,  examinin g logica l  developmen t  entail s 
assumption s abou t  th e source s fro m whic h logica l 
knowledg e i s derived . 

Regarding the former question, the specific 
issu e i s whethe r  logica l  knowle'dg e primaril y  con -
sist s o f  knowledg e abou t  th e structur e o f  languag e 
or  o f  knowledg e abou t  th e structur e o f  event s i n 
th e empirica l  world .  Th e psychologica l  angl e o n 
thi s issu e highlight s consideration s o f  a  somewha t 
differen t  kin d tha n thos e o f  th e philosopher .  Th e 
concer n i s no t  s o muc h abou t  th e foundation s o f 
logi c bu t  rathe r  abou t  th e wa y i n whic h logica l 
knowledg e articulate s wit h th e othe r  component s o f 
an individual' s knowledg e structure .  I n a n impor -
tan t  sense ,  logica l  knowledg e i s knowledg e abou t 
bot h languag e an d th e empirica l  worl d t o th e ex -
ten t  tha t  languag e itsel f  i s  semanticall y grounde d 
i n th e empirica l  worl d t o whic h pcirt s o f  i t  refer . 
However ,  cognitivel y i n term s o f  th e organiza -
tio n o f  th e min d -  logica l  knowledg e may o r  may 
not  hing e o n linguisti c knowledge .  Thus ,  fo r 
example ,  regardles s o f  th e fat e o f  th e philo -
sophica l  debat e abou t  whethe r  th e notio n o f 
analyti c trut h i s well-founded ,  (e.g .  Quine ,  1953 ; 
Putnam ,  1962) ,  on e may as k whether ,  cognitively , 
peopl e ca n discove r  ne w logica l  truth s vi a linguis -
ti c  structure s exclusivel y -  a  cognitiv e analogu e 
of  th e "analytic "  situation .  Thi s questio n i s see n 
most  clearl y whe n pu t  i n a  developmenta l  light ,  a s 
wil l  b e don e presently . 

The secon d questio n raise d previousl y concerne d 
th e epistemolog y an d developmen t  o f  logica l  cogni -
tion .  I t  wil l  b e assume d her e tha t  logica l 
knowledg e i s derive d constructivel y bot h fro m lin -
guisti c an d nonlinguisti c sources . 156 



Regardin g th e linguisti c foundatio n first ,  th e 
assumptio n i s tha t  logica l  knowledg e i s derive d 
bot h fro m awarenes s o f  th e structur e o f  languag e 
itsel f  an d fro m th e correspondence s betwee n 
linguisticall y expresse d proposition s an d empirica l 
state s o f  affairs ,  wit h th e latte r  sourc e o f 
knowledg e ensurin g tha t  th e resultin g logica l 
syste m remain s semanticall y soun d an d internall y 
consisten t  (thoug h no t  necessaril y  complete) . 

More specifically, the initial comprehension 
of  "logical "  relation s i s certainl y semanticall y 
base d an d contextuall y restricted ,  a s ha s bee n 
shown i n th e languag e developmen t  literatur e fo r 
othe r  kind s o f  relations .  However ,  i t  seem s 
compellin g t o assum e tha t  furthe r  eleiboratio n o f 
thes e logica l  relation s involve s a  proces s o f  ab -
stractio n fro m thei r  initia l  content-boun d 
meanin g an d a n elaboratio n o f  thei r  linguisti c 
properties .  Th e developmen t  o f  negatio n may b e a 
paradig m exampl e o f  thi s microdevelopmenta l 
process .  Negatio n i n th e earl y stage s o f  languag e 
developmen t  appear s t o signif y disappearanc e o r 
nonexistence ,  an d i t  onl y subsequentl y emerge s a s 
a prepositiona l  operato r  i n childre n o f  2- 3 year s 
of  ag e (Pea ,  1980) .  However ,  b y ag e 5  o r  6 ,  i t 
seems hardl y questionabl e tha t  th e logica l  proper -
tie s o f  negatio n ar e mastere d b y th e chil d a t  a 
fairl y  abstrac t  level ,  i n th e sens e tha t  th e chil d 
knows tha t  i f  a  statemen t  p  i s true ,  it s  negatio n 
i s fals e acros s a  wid e rang e o f  content s an d pre -
sumabl y o n inferentia l  grounds .  Thus ,  negatio n 
initiall y  appear s t o refe r  directl y t o th e event s 
or  object s themselves ,  an d it s meanin g i s grounde d 
i n direc t  verificatio n o f  th e oresenc e o r  absenc e 
of  thes e obiects .  Furthe r  developments ,  however . 
ar e o f  a  mor e "syntactic "  kind ,  thoug h presumabl y 
retainin g th e initia l  meanin g a s thei r  semanti c 
foundation .  Wit h regar d t o thi s late r  development , 
i t  i s  usefu l  t o remembe r  tha t  logi c an d synta x a s 
forma l  systems ,  hav e a  highl y simila r  statu s wit h 
respec t  t o natura l  language .  Althoug h th e detail s 
of  th e parallel ,  it s  limitations ,  an d th e result -
in g issue s ar e beyon d th e scop e o f  thi s paper ,  i t 
i s  enoug h t o not e tha t  th e tw o system s ar e alterna -
tiv e formalization s o f  natura l  languag e an d tha t 
bot h logi c an d synta x interfac e wit h semantics , 
i n way s tha t  ar e partl y similar .  I f  on e recognize s 
thi s parallel ,  i t  i s  the n natura l  t o loo k a t  bot h 
syntacti c an d logica l  developmen t  a s a  proces s o f 
gradua l  structurin g o f  th e linguisti c environment . 
Furthermore ,  i t  i s  natura l  t o speculat e that ,  i n 
a wa y somewha t  simila r  t o th e wa y i n whic h th e 
chil d learn s t o structur e her/hi s linguisti c 
environmen t  syntacticall y (presumabl y b y exploit -
in g th e interconnection s betwee n th e syntactic , 
semanti c an d contextua l  aspect s o f  language )  s(he ) 
may als o b e assume d t o structur e th e linguisti c 
environmen t  i n term s o f  wha t  statement s ca n b e 
legitimatel y derive d fro m wha t  othe r  statements , 
and unde r  wha t  conditions .  Thus ,  wha t  i s suggeste d 
her e i s a  proces s o f  abstractio n o f  logica l  form s 
fro m conten t  specifi c  instance s embodyin g thi s 
form .  If ,  i n addition ,  a s som e hav e proposed , 
logica l  an d grammatica l  structure s ar e i n clos e 
correspondence ,  th e acquisitio n o f  gramma r  an d o f 
logica l  form s woul d procee d concurrentl y i n part . 

Turnin g no w t o th e nonlinguisti c source s o f 
logica l  development ,  tw o position s ar e possible . 
Piage t  take s th e mos t  radica l  optio n i n locatin g 
th e foundation s o f  logica l  structure s i n th e 
system s o f  action s o f  th e chil d upo n th e worl d an d 
i n positin g tha t  logica l  relation s ar e constructe d 
by reflectiv e abstractio n o n th e propertie s o f  th e 
worl d a s apprehende d b y th e child' s action s (e.g . 

Piage t  an d Inhelder ,  1969) .  Thi s i s a  radicall y 
nonlinguisti c account .  A  differen t  accoun t  ca n b e 
given ,  base d o n th e notio n that ,  excep t  fo r  th e 
ver y initia l  perio d o f  cognitiv e development ,  th e 
event s i n th e worl d an d th e relationship s betwee n 
thes e event s ca n b e represente d mentall y i n term s 
of  propositions ,  s o tha t  e.g. ,  vali d pattern s o f 
inferenc e ca n b e abstracte d fro m th e structur e o f 
event s i n th e worl d vi a prepositiona l  encoding . 
An exampl e wil l  hel p concretiz e thi s notion :  i n 
observin g th e functionin g o f  a n electrica l  circui t 
possessin g implicativ e propertie s (turnin g o n 
eithe r  on e o f  tw o switches ,  S ^  o r  S- ,  cause s th e 
same ligh t  t o g o on) ,  a  perso n ma y observ e that , 
when th e ligh t  i s  on ,  on e doe s no t  kno w whic h 
switc h ha s bee n use d -  a  typica l  indeterminat e 
conditiona l  inference .  Comin g bac k t o th e earlie r 
par t  o f  thi s discussion ,  i f  logi c i s see n a s form -
alizin g necessar y relation s i n th e empirica l 
world ,  observation s o f  th e kin d jus t  sketche d ma y 
provid e a  direct ,  (ostensibly )  nonlinguisti c 
foundatio n fo r  suc h logica l  knovSledge . 
So far, abstraction of logical knowledge from 
linguisti c an d nonlinguisti c sources ,  ha s bee n dis -
cusse d i n genera l  terms .  A  mechanism  implementin g 
thi s conceptio n wil l  b e outlined ,  extendin g notion s 
discusse d i n Falmagn e (1980) ,  i n whic h variou s 
modes o f  representatio n o f  linguisti c an d nonling -
uisti c informatio n ar e assume d t o b e possibl e 
(th e forma l  mod e bein g on e o f  them ,  an d menta l 

model s a s propose d b y Johnson-Lair d (1980 )  bein g 
another )  an d i n whic h functiona l  an d developmenta l 
relationship s betwee n thos e mode s o f  representatio n 
ar e described .  Thi s conceptio n i s somewha t 
parallel ,  i n a  mentalisti c way ,  t o th e earl y 
Wittgensteinia n notion s discusse d earlier ,  an d th e 
way i n whic h perhap s logica l  form s ar e abstracte d 
fro m th e structur e o f  menta l  model s togethe r  wit h 
th e operation s carrie d ou t  o n them ,  wil l  b e dis -
cussed . 

The precedin g discussio n shoul d no t  b e mis -
take n a s reflectin g a n empiricis t  epistemology .  I t 
seems clea r  t o me tha t  a  strictl y empiricis t 
accoun t  o f  logica l  developmen t  an d a  strictl y 
rationalis t  accoun t  ar e equall y untenabl e and , 
furthermore ,  intellectuall y unappealing .  A n assump -
tio n tha t  seem s mor e apt ,  bot h o n empirica l  an d 
philosophica l  grounds ,  i s tha t  natura l  logi c i s 
bot h constraine d an d mad e possibl e b y fundamenta l 
propertie s o f  th e min d -  minimall y b y fundamenta l 
cognitiv e way s o f  processin g experience .  What 
shoul d b e invoke d o n th e "constraint "  sid e i s fa r 
fro m bein g clea r  a t  thi s point .  Some proposal s 
whose relevanc e t o th e presen t  issu e need s t o b e 
examine d o r  develope d ar e notion s o f  natura l  con -
nectives ,  (Osherson ,  1977 )  notion s o f  conceptua l 
naturalness ,  and ,  wit h som e qualifications ,  som e 
linguists '  ques t  fo r  linguisti c universals . 

On th e "positive "  side ,  regardin g thos e prop -
ertie s o f  th e min d tha t  mak e natura l  logi c pos -
sible ,  on e o f  thes e basi c cognitiv e function s i s 
th e huma n capacit y fo r  abstraction ,  whic h provide s 
th e mechanis m fo r  emergen t  discontinuitie s i n mode s 
of  thinkin g an d o f  processin g languag e i n th e 
cours e o f  developmen t  o r  o f  learnin g (thos e dis -
continuitie s whic h radica l  empiricis m i s poorl y 
equippe d t o accoun t  for) .  I n th e sam e wa y a s thi s 
capacit y permit s th e chil d t o acquir e a  linguisti c 
mediu m whic h stand s i n a  symboli c relatio n t o th e 
referen t  world ,  and ,  late r  on ,  t o underg o th e 
forma l  structurin g underlyin g advance d syntacti c 
development ,  perhap s i t  permit s fo r  logica l  form s 
and logica l  truth s themselves ,  t o b e abstracte d 
fro m languag e (an d nonlinguisti c  experience) ,  a s 157 



has bee n propose d here .  Thus ,  th e progra m a s I  se e 
i t  i s  t o understan d th e interpla y betwee n learnin g 
mechanisms ,  an d th e cognitiv e constraint s an d 
possibl e a  prior i  disposition s withi n whic h 
learnin g operates . 
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Time an d Cognition : 
The Domesticatio n o f  th e May a Min d 

Hugh Gladwin 
Universit y o f  California ,  Irvin e 

In his provocative book The Domestication of 
th e Savag e Min d Jac k Good y argue s tha t  th e adven t 
of  writin g ha s profoundl y altere d th e growt h an d 
structur e o f  huma n knowledge ,  an d beyon d that , 
human cognitio n itself : 

Writing is critical not simply because it 
preserve s speec h ove r  tim e an d space ,  bu t 
becaus e i t  transform s speech ,  b y abstractin g 
it s components ,  b y assistin g backwar d scanning , 
so tha t  communicatio n b y ey e create s a 
differen t  cognitiv e potentialit y  fo r  huma n 
being s tha n communicatio n b y wor d o f  mouth . 
(Good y 1977:128 ) 

Goody argues that the making of written tables and 
list s ha s expande d th e potentia l  o f  cognitiv e 
activities .  Th e list ,  h e says , 

is connected in a direct and intimate way with 
cognitiv e processes .  Fo r  th e makin g o f  lists , 
actua l  o r  figurative ,  tha t  I  hav e calle d 
shoppin g list s i s par t  o f  th e mor e genera l 
proces s o f  plannin g huma n action .  . . .  I t  i s 
not  s o muc h th e makin g o f  plans ,  th e us e o f 
symboli c thought ,  a s th e externalizin g an d 
communicatio n o f  thos e plans ,  transaction s i n 
symbolism ,  tha t  ar e th e mark s o f  man .  .  .  . 
[lis t  making ] 
represent s on e aspec t  o f  th e proces s o f 
decontextualizatio n (o r  bette r 
'recontextualization' )  tha t  i s  intrinsi c t o 
writing ,  no t  merel y a s a n externa l  activit y bu t 
as a n interna l  on e a s well .  T o pu t  th e matte r 
i n anothe r  way ,  writin g enable s yo u t o tal k 
freel y abou t  you r  thoughts .  (p .  159 ) 

The book concludes that writing 

encourages special forms of linguistic activity 
associate d wit h development s i n particula r 
kind s o f  proble m raisin g an d proble m solving , 
i n whic h th e list ,  th e formula ,  an d th e tabl e 
playe d a  semina l  part .  I f  w e wis h t o spea k o f 
th e 'savag e mind' ,  thes e wer e som e o f  th e 
instrument s o f  it s  domestication .  (p .  162) . 

In this paper I suggest that Goody's argument 
fit s  wel l  wit h a  vie w o f  cognitio n whic h wa s 
dominan t  i n th e 1960's .  Bu t  th e las t  decade' s 
development s i n cognitiv e theor y hav e mad e Goody' s 
conclusion s abou t  th e effec t  o f  writin g o n huma n 
cognitio n les s tenabl e (o f  necessit y my revie w 
her e i s cryptic ;  se e Colby ,  Fernande z an d 
Kronenfeld' s [1981 ]  coverag e o f  th e sam e groun d 
fro m a  slightl y differen t  viewpoint) .  1  wil l 
illustrat e thes e point s wit h a  brie f  exampl e fro m 
wel l  know n fact s abou t  May a arithmeti c an d 
chronologica l  reckoning . 

First, I should note that there are many of 
Goody' s argument s tha t  I  fin d ver y convincing . 
Surel y writin g ha s facilitate d a n explosiv e growt h 
i n huma n knowledg e store d i n libraries ,  dat a 
banks ,  an d othe r  places .  Thi s growt h i n store d 
knowledge ,  alon g wit h th e growt h i n siz e an d rol e 
differentiatio n o f  moder n society ,  make s learnin g 
even th e smal l  fractio n o f  knowledg e on e mus t  hav e 

t o b e a  competen t  member  o f  societ y a  staggerin g 
tas k (D'Andrad e 1980:2-3) .  An d writin g ha s 
change d man y activities ,  suc h a s mos t  o f  th e arts : 
th e ac t  o f  composin g music ,  an d o f  writin g poetr y 
and play s i s no w usuall y separat e fro m th e 
performance .  Thi s i s s o muc h s o tha t  Aaro n 
Copelan d note d recentl y that ,  a s a  composer , 
conductin g fo r  hi m wa s a  grea t  jo y - -  ".. .  i t 
migh t  no t  b e a s goo d a s somebod y else' s 
interpretation ,  bu t  nevertheles s it' s  th e wa y yo u 
though t  o f  it" .  An d th e performanc e o f 
performances ,  a s wit h th e performance s o f  man y 
tasks ,  ha s change d radicall y wit h th e adven t  o f 
writing .  I t  i s  har d t o tak e exceptio n t o Goody' s 
argument s o n thes e topics . 

It is Goody's extension of the argument to 
cognitio n itsel f  tha t  I  wan t  t o question .  Hi s 
argumen t  i s ver y subtle :  writin g reinforce s th e 
cognitiv e facilit y  t o represen t  concept s b y 
symbol s (words )  whic h ca n b e move d aroun d int o 
lists ,  tables ,  an d formulae .  I n purel y ora l 
speec h on e i s alway s i n th e "flo w o f  speech" ,  an d 
rarel y conscious  o f  individua l  word s (Good y 
1977:115) .  Writing ,  o n th e othe r  hand ,  allow s on e 
t o reflec t  o n concepts ,  operat e logicall y o n them , 
and categoriz e them . 

This view of Goody's is congenial with the view 
of  languag e an d cognitio n whic h wa s dominan t  i n 
th e 1960's .  I n anthropolog y frame s whic h coul d b e 
elicite d i n speec h wer e use d t o generat e lists , 
tables ,  an d formula e whic h wer e though t  t o 
accuratel y reflec t  cognition .  I f  thi s activit y i s 
a fundamenta l  par t  o f  cognition ,  the n surel y Good y 
i s righ t  i n thinkin g tha t  writin g reinforce s a n 
importan t  typ e o f  cognitiv e activity .  I n 
anthropolog y an d i n transformationa l  linguistic s 
meanin g wa s see n a s bein g compose d o f  th e 
semantic s o f  individua l  word s (ofte n representabl e 
i n featur e notation )  plu s th e logica l  function s 
operatin g o n th e differen t  part s o f  th e sentenc e 
generate d b y th e syntax .  I t  wa s a  vie w o f 
languag e an d cognitio n whic h wa s ver y precis e an d 
operational .  Eve n anthropologist s occasionall y 
use d th e expressio n "machin e translation "  t o 
expres s th e ultimat e goal s o f  cognitiv e science . 
Again ,  i f  thi s i s cognition ,  writin g shoul d trai n 
and expan d it . 
In the 1970's another view of the relationship 
betwee n languag e an d cognitio n asserte d itself . 
Thi s positio n wa s no t  new ;  F -  C .  Bartlet t  state d 
i t  i n 1932 ,  an d i t  ha s alway s ha d advocate s i n 
some area s o f  philosophy .  I n essenc e thi s vie w 
argue s tha t  th e mai n "work "  i n communicatio n 
involve s memor y structure s (schemas )  ofte n loosel y 
connecte d wit h language .  Semantic s i s  thus , 
demote d t o th e accessin g o f  memor y schemas .  A s I 
onc e pu t  it . 
In schema theory the job of semantics is not to 

completel y defin e words ,  bu t  rathe r  t o sho w ho w 
word s ar e relate d t o memor y schema s i n th e 
interpretatio n o f  sentences .  When tw o peopl e 
ar e talkin g the y us e arbitrar y soun d signals , 
word s i n sentences ,  an d ther e mus t  b e som e 
basi s fo r  agreemen t  betwee n the m o n wha t 
knowledg e th e word s an d sentences  refe r  to . 
Semantic s i s th e basi s fo r  thi s agreement . 
(Gladwi n 1972 ,  3-5 ) 
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Roger  Schank' s firs t  presentatio n o f  th e 
conceptua l  dependenc y mode l  o f  processe s 
underlyin g th e productio n an d interpretatio n o f 
conversation ,  a s wel l  a s th e late r  wor k b y hi m an d 
his  colleagues ,  (Schan k 1972 ,  Schan k an d Abelso n 
1977 )  als o posite d a  muc h loose r  vie w o f  th e 
relationshi p betwee n phonology/synta x o n on e han d 
and conceptua l  structure s (memory )  o n th e other . 
A branc h o f  transformationa l  linguistics , 
generativ e semantics ,  gre w eve r  mor e elaborat e 
semanti c trees ,  whic h bega n t o loo k mor e lik e 
model s o f  cognitiv e proces s tha n semanti c 
operation s closel y tie d t o syntacti c an d 
phonologica l  rules .  Fe w o f  thes e cognitiv e 
researcher s den y th e brillian t  achievement s o f 
Chomsky an d hi s follower s i n synta x an d phonology , 
but  the y argu e tha t  th e syntacti c an d phonologica l 
structure s o f  speec h ar e generate d an d interprete d 
almos t  automatically ,  outsid e th e consciou s 
attentio n o f  speake r  o r  hearer .  Th e threa d o f  th e 
conversatio n i s carrie d b y conceptua l  structure s 
whic h see m unlik e eithe r  syntacti c tree s o r 
componentia l  paradigms . 

Recent work further emphasizes the focus on 
conceptua l  structures .  Lakof f  an d Johnso n (1980) , 
argu e tha t  metaphor ,  a  cognitiv e analogy ,  i s 
fundamentall y importan t  i n th e productio n an d 
interpretatio n o f  speec h an d text ;  Quin n (1980 ) 
has employe d th e analysi s o f  metapho r  i n 
understandin g th e conversation s o f  peopl e abou t 
thei r  marriages .  Mos t  curren t  wor k o n fol k tale s 
emphasize s conceptua l  rathe r  tha n syntacti c 
structure s (Colb y 1981) .  Brow n an d Suchma n (1981 ) 
hav e argue d tha t  th e powerfu l  concept s underlyin g 
skille d technica l  behavio r  ar e base d o n 
qualitativ e compariso n wit h device s whic h ar e 
known t o wor k i n way s simila r  t o th e devic e 
involve d i n th e tas k t o b e performed .  Precis e 
quantitativ e calculatio n an d logica l  deductio n 
see m relativel y les s importan t  tha n ha d bee n 
thought . 

The Brown and Suchman argument has much in 
common wit h othe r  wor k o n cognitiv e structure s 
underlyin g highl y skille d behavior ,  wor k whic h 
depart s markedl y fro m th e logi c an d language-base d 
model  o f  skilled ,  intelligen t  thought .  I t  wa s 
onc e widel y assume d tha t  ches s masters ,  fo r 
example ,  coul d operat e logicall y an d deductivel y 
on th e symbol s an d token s o f  ches s t o evaluat e 
many move s ahea d t o th e consequence s o f  curren t 
possibl e moves .  Bu t  Chas e an d Simo n (1973 )  foun d 
tha t  th e firs t  move s maste r  player s atten d t o ar e 
usuall y th e bes t  moves :  "Master s invariabl y 
explor e stron g moves ,  wherea s wea k player s spen d 
considerabl e tim e analyzin g th e consequence s o f 
bad moves .  Th e bes t  move ,  o r  a t  leas t  a  ver y goo d 
one ,  jus t  seem s t o com e t o th e to p o f  a  master' s 
lis t  o f  plausibl e move s fo r  analysis "  (1973:216) . 
They als o foun d tha t  th e memor y contex t  i n whic h 
bes t  move s ar e "recognized "  i s associate d wit h 
known boar d configurations ;  whe n presente d wit h 
randoml y generate d boar d configuration s master s 
di d muc h wors e tha n whe n dealin g wit h 
configuration s likel y t o occu r  i n actua l  play . 

The Chase and Simon study illustrates two 
aspect s o f  cognitiv e processe s underlyin g highl y 

skille d behavio r  whic h hav e recentl y bee n noted . 
First ,  th e memorie s recalle d ar e highl y dependen t 

on tas k environment s (e.g .  boar d configurations) . 
Work b y member s o f  th e Adul t  Mat h Skill s  Projec t 
at  U .  C .  Irvin e (1979 ,  1980 ,  1981 ,  Lav e 1981 )  ha s 

emphasize d th e interactio n o f  tas k environmen t  an d 
skil l  knowledge ,  interactio n resultin g i n a  notio n 
of  "situationa l  memory "  closel y analogou s t o th e 
memory o f  boar d configuration s i n th e Chas e an d 
Simon study .  Th e Brow n an d Suchma n stud y 
emphasize s analogie s betwee n device s engineer s 
(an d copie r  operators )  kno w an d one s the y ar e 
tryin g t o figur e out .  Device s becom e wel l  know n 
i n a  give n tas k environment .  Second ,  th e proces s 
of  figurin g ou t  wha t  t o d o i n skille d behavio r 
seems t o wor k muc h mor e lik e a  recognitio n tas k 
tha n a  deductiv e task .  On e "sees "  th e situatio n 
of  th e task ,  an d "recognizes "  wha t  t o do ,  lik e th e 
ches s master s se e th e boar d an d recogniz e wha t  t o 
do .  Muc h o f  th e actua l  problem-solvin g i s 
accomplishe d preattentivel y an d befor e th e settin g 
up o f  wha t  Newel l  an d Simo n (1972 )  woul d c l̂ l  th e 
"proble m space" :  th e proble m tha t  peopl e 
attentivel y conside r  an d ca n verball y repor t  on . 

At  thi s poin t  i n my pape r  som e reader s ar e 
boun d t o objec t  tha t  cognitiv e processe s 
underlyin g skille d proble m solvin g may see m lik e 
recognition ,  an d may see m t o b e environmentall y 
situated ,  bu t  a  mode l  o f  th e competenc e require d 
t o perfor m th e tas k nee d no t  b e concerne d wit h 
wher e a  tas k i s situated ,  o r  whethe r  it s 
performanc e i s consciousl y attende d t o o r  not . 
Thi s objectio n may o r  may no t  b e vali d (it' s  no t 
th e purpos e o f  thi s pape r  t o debat e it) .  My 
argumen t  i s rathe r  tha t  attentio n an d performanc e 
greatl y affec t  learning ,  an d i n th e lon g ru n woul d 
affec t  th e cumulativ e expansio n o f  cognitiv e 
abilit y  tha t  Good y argue s writin g bring s about . 
I n othe r  words ,  it' s  har d t o lear n somethin g yo u 
don' t  understan d o r  ar e no t  awar e of .  Th e 
researc h reporte d o n her e argue s tha t 
understandin g i s base d largel y o n conceptua l 
operations ,  lik e metapho r  an d qualitativ e 
comparison .  An d awarenes s o f  a  tas k i s usuall y o f 
a tas k i n it s environment .  I t  thu s seem s t o me 
unlikel y th e "recontextualization "  o f  tas k 
instructions ,  fo r  example ,  t o printe d formula e o r 
tables ,  wil l  i n an d o f  itsel f  improv e learnin g o r 
cognitiv e skill s  i n general .  I t  i s  les s likel y t o 
facilitat e learnin g i f  th e tas k contex t  i s 
completel y remove d fro m th e writte n dscriptio n o f 
th e tas k itself .  Furthermore ,  th e tas k i s almos t 
certainl y unlearnabl e i f  th e conceptua l  operation s 
fundamenta l  t o it s performanc e ar e no t  presented . 

The argument can be restated In terms of a 
distinctio n mad e b y Ro y D'Andrad e a t  th e Cognitiv e 
Scienc e Conferenc e las t  yea r  i n Ne w Haven .  He 
makes a  distinctio n betwee n wha t  h e call s "conten t 
based "  abstractio n an d "forma l  language " 
abstraction .  Conten t  base d abstractio n i s 
abstractio n situate d I n on e context .  H e 
illustrate s conten t  base d abstractio n wit h a  ches s 
exampl e simila r  t o th e on e fro m Chas e an d Simo n 
cite d above .  Forma l  languag e abstractio n 
"involve s recedin g th e proble m int o a  differen t 
symbol  system "  (1980:13) .  On th e fac e o f  it , 
forma l  languag e abstractio n appear s lik e th e 60' s 
notio n o f  semantic s an d cognitio n discusse d 
above .  I t  i s  certainl y clos e t o Goody' s notio n o f 
what  woul d b e encourage d by  th e developmen t  o f 
writing .  Bu t  th e "70's "  positio n woul d tak e 
exceptio n t o D'Andrade' s implici t  assertio n tha t 
onl y forma l  languag e abstractio n ca n b e recede d U 
a differen t  semanti c domain .  I f  w e tak e th e vie w 
tha t  semantic s Include s onl y pointer s t o an d fro m 
memory structures ,  th e recedin g wiA A taV. e pAac e \ \ 
memory structures ,  no t  i n semantic s o r  forma l 
language .  Metaphor s an d Brow n an d Suchman' s 
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qualitativ e reasonin g ar e muc h mor e likel y 
candidate s fo r  memor y device s whic h permi t 
"abstraction "  fro m on e domai n t o another . 

I  a m thu s arguin g tha t  w e ar e mos t  o f  th e tim e 
more lik e Goody' s savage s tha n domesticate d peopl e 
(excepting ,  o f  course ,  logician s an d poets) .  Ca n 
th e writte n wor d hel p a  savage ? I t  can ,  bu t  onl y 
i f  i t  allow s eas y translatio n i n term s o f  th e 
powerfu l  memor y device s neede d t o perfor m a  task . 
Thi s i s why ,  a s D'Andrad e notes ,  human s ofte n have 
difficult y learnin g procedure s whic h requir e 
forma l  languag e abstraction .  I n th e Adul t  Mat h 
Skill s  Projec t  w e hav e foun d tha t  importan t  amon g 
of  th e powerfu l  memor y device s fo r  performin g 
measuremen t  calculatio n an d estimatio n ar e highl y 
overlearne d structure s an d operation s i n whic h th e 
perceptio n o f  a  measur e i s associate d wit h a 
quantity .  We have  calle d thes e "canonica l 
units" .  A n exampl e woul d b e knowin g tha t  a 
footbal l  fiel d i s a s bi g a s a n acre . 
Unfortunatel y British/U.S .  measure ,  whil e i t  doe s 
acces s canonica l  units ,  doe s no t  usuall y translat e 
well .  Mos t  American s d o no t  kno w ho w man y fee t 
ar e o n th e sid e o f  a n acre ,  o r  ho w man y acre s ar e 
i n a  squar e mile .  Th e correspondin g fact s ar e 
probabl y know n b y a  muc h large r  proportio n o f  th e 
peopl e wh o us e hectare s instea d o f  acres .  My 
argument ,  then ,  i s tha t  th e us e o f  th e metri c 
syste m migh t  ver y wel l  improv e it s user' s 
cognitiv e procedure s fo r  spatia l  calculatio n an d 
estimation .  Bu t  I  doub t  i f  th e abilit y  t o writ e 
down number s i n an d o f  itsel f  improve s th e abilit y 
t o calculate . 
There is one area (besides logic and poetry) 
wher e forma l  languag e abstractio n an d writin g pe r 
se i s important .  Tha t  i s th e environmen t  wher e 
forma l  abstractio n an d deductio n i s require d 
whethe r  o r  no t  i t  facilitates  learning :  school . 
But  tha t  i s  a  subjec t  fo r  anothe r  paper . 
1 will conclude with a comparison of the 
Wester n an d th e May a system s fo r  calculatin g date s 
and elapse d tim e betwee n dates .  Bot h system s 
permi t  th e generatio n o f  lists ,  tables ,  an d 
formula e linkin g date s an d events ,  operatin g 
calendars ,  etc .  Bu t  th e May a syste m appear s muc h 
more likel y t o hav e facilitate d th e 
"domestication "  o f  th e cognitio n o f  it s  user s tha n 
th e Western . 

It should be first noted that the Maya were not 
so concerne d a s w e ar e t o b e abl e t o calculat e t o 
a give n poin t  i n th e sola r  year .  I n ou r  syste m 
most  everyon e know s tha t  Januar y 1s t  fall s  a t  th e 
same tim e i n th e sola r  yea r  (i.e .  i n th e sam e par t 
of  winte r  i n th e U.S.) .  They'wer e mor e concerne d 
wit h "translatability "  i n th e sens e tha t  I  have 
used i t  here .  Tha t  is ,  the y wante d t o hav e th e 
unit s o f  th e calenda r  correspon d t o canonica l 
unit s o f  time .  The y als o wante d th e unit s o f 
tim e t o correspon d t o basi c arithmeti c 
operations .  A n exampl e o f  correspondenc e wit h 
arithmeti c operation s i s th e metri c syste m o f 
measure ,  i n whic h mos t  measure s ar e multiple s o f 
ten ,  correspondin g t o a  bas e te n arithmetic .  Fo r 
th e May a th e 36 0 da y yea r  wa s sufficientl y clos e 
t o th e sola r  yea r  t o serv e a s a  canonica l  unit , 
and 36 0 translate d bot h int o th e May a arithmeti c 
syste m an d th e calculation s astronomer s wishe d t o 
perform . 

Maya arithmeti c i s mos t  cotmonl y writte n i n a 
bar  an d do t  notation .  Dot s ar e unit s an d bar s ar e 
mark s fo r  tallyin g a t  five .  Tallyin g a t  fiv e i s 
Importan t  fo r  a  commerciall y usefu l  arithmeti c 
sinc e fiv e i s withi n th e subitizin g rang e (Klah r 
1973 ,  Adul t  Mat h Skill s  Projec t  1979) .  Give n th e 
growin g appreciatio n o f  th e importanc e o f  trad e i n 
Maya histor y (Rathj e 1971) ,  w e ca n understan d wh y 
a tall y  a t  fiv e syste m wa s ver y useful .  Th e 
abacu s i s anothe r  commerciall y use d exampl e o f  a 
syste m whic h tallie s a t  five .  A n "integer "  i n 
Maya arithmeti c i s compose d o f  a  combinatio n o f 
bar s an d dot s u p t o 19 .  Thi s i s followe d b y a 
shell-lik e figur e fo r  zero .  Th e syste m i s bas e 
20 ,  an d th e "digits "  ("vigits"? )  ar e usuall y 
writte n vertically . 

Only a slight modification is then needed to 
brin g th e syste m int o correspondenc e wit h th e 
canonica l  unit s o f  time .  Th e thir d "digit "  i s 
bas e 1 8 rathe r  tha n bas e twenty ,  givin g a  uni t  o f 
360 day s (th e tun) .  Th e calenda r  thu s ha s th e 
followin g units : 

baktun 
400 "years " 

katun 
20 "years " 

tun 
one "year" ,  1 8 "months" ,  36 0 "days " 

ki n 
one "month " 

uinal 

20 "days " 

one "day " 

What  th e metri c syste m doe s fo r  spatia l  an d 
weigh t  measure ,  th e Maya n syste m doe s fo r  time . 
Give n tw o date s i n th e Wester n calender ,  o n th e 
othe r  hand ,  i t  i s  a  tediou s tas k t o figur e ho w 
many day s elapse d betwee n tw o dates .  Mos t  peopl e 
hav e t o resor t  t o counting .  Bu t  i n th e May a 
syste m calculatio n o f  th e interva l  betwee n tw o 
date s i s don e almos t  a s easil y a s a  use r  o f  th e 
metri c syste m ca n fin d th e differenc e betwee n 23 8 
cm.  an d 5.12 6 m.  More  informatio n o n May a 
arithmeti c an d calendric s ca n b e foun d i n Thompso n 
1960 ,  Marcu s 1976 ,  Aven i  1976 ,  an d i n th e 
delightfu l  but ,  alas ,  ou t  o f  prin t  boo k b y Georg e 
I .  Sanche z (1961) . 

I can thus conclude that both Western and Mayan 
calendar s heavil y emplo y writing ,  lis t  making ,  an d 
tabulation .  Bu t  I  woul d argu e tha t  th e Maya n 
syste m i s a  powerfu l  amplifie r  o f  chronologica l 
cognition ,  whil e th e Wester n calenda r  i s not . 
Goody i s righ t  i n seein g writin g a s 
"domesticating "  th e savag e mind .  Bu t  h e i s wron g 
i n thinkin g th e effec t  i s  global ;  i t  onl y work s 
when th e writin g syste m translate s powerfu l  memor y 
processe s well . 
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Why som e modifie d clas s inclusio n task s 
ar e eas y fo r  youn g children :  A  proces s 

model  fo r  findin g referent s o f  label s I n array s 

Adele A. Abrahamsen 
New Schoo l  fo r  Socia l  Researc h 

Inhelde r  &  Piaqet' s standar d clas s inclusio n 
proble m involve s th e presentatio n o f  a n array ,  e.g. , 
fiv e to y horse s an d thre e to y dogs ,  an d th e posin g 
of  a  questio n concernin g th e large r  subordinat e 
clas s (A^ )  an d th e superordinat e clas s (A) :  "Ar e 
ther e mor e horse s o r  mor e animals? "  Childre n young -
er  tha n abou t  eigh t  year s usuall y sa y "Mor e horses. " 

Where d o the y g o wrong ? Wilkinso n (1976 )  ha s 
suggeste d th e us e o f  a  strateg y tha t  forbid s 
double-counting .  H e outline s a  SCAN procedur e tha t 
youn g childre n appl y onl y onc e (avoidin g double -
counting) ,  an d olde r  childre n appl y twice . 

Despit e th e intuitiv e appea l  o f  thi s model , 
ther e i s evidenc e tha t  childre n hav e difficultie s 
correctl y assignin g referent s i n certai n relate d 
task s usin g noninclude d sets ,  fo r  whic h double -
countin g i s no t  a t  issu e (McGarrigle ,  Griev e & 
Hughes ,  1978 ;  Isen ,  Riley ,  Tucke r  &  Trabasso ,  1975) . 
Conversely ,  Markma n (1973 )  showe d tha t  childre n 
perfor m wel l  o n include d set s i f  th e mor e inclusiv e 
set  i s  a  collection ,  e.g. ,  "family, "  rathe r  tha n 
a class .  Finally ,  Trabasso ,  Isen ,  Dolecki , 
McLanahan ,  Rile y i  Tucke r  (1978 )  reviewe d a  numbe r 
of  modifie d clas s inclusio n task s fo r  whic h per -
formanc e i s modestl y o r  dramaticall y bette r  tha n 
fo r  th e standar d task . 

Thoug h Trabass o e t  al .  interprete d th e finding s 
i n term s o f  eigh t  componen t  processe s i n clas s 
inclusion ,  the y emphasize d tha t  th e standar d tas k 
encourage s childre n t o identif y th e smalle r  sub -
ordinat e clas s a s th e referen t  o f  th e superordi -
nat e term ,  wherea s man y o f  th e modifie d task s make * 
th e superordinat e referenc e unambiguous .  I n thi s 
pape r  I  expan d o n tha t  insigh t  b y outlinin g tw o 
simpl e proces s model s fo r  findin g th e referent s o f 
label s i n arrays ,  an d showin g tha t  thes e model s ca n 
accoun t  fo r  younge r  an d olde r  children' s perform -
anc e o n standar d task s an d o n thos e modifie d task s 
whic h elici t  dramati c improvements . 
Process A (for younger children) 

I  propos e tha t  youn g childre n procee d a s 
follow s fo r  clas s inclusio n an d relate d problems : 

1.  The y exhaustivel y partitio n th e arra y o f 
object s int o mutuall y exclusiv e sets .  I  assum e 
tha t  the y ten d t o maximiz e similarit y withi n set s 
and minimiz e similarit y betwee n sets ,  henc e favor -
in g smal l  sets ,  bu t  I  d o no t  mode l  thi s procedure . 

2.  The y see k referent s fo r  label s b y conduct -
in g a  self-terminatin g searc h o f  th e sets . 

3.  The y permi t  th e referen t  set s o f  tw o 
label s t o intersec t  (i.e. ,  double-counting) ,  bu t 
the y canno t  b e identical ;  a  searc h tha t  woul d other -
wis e b e terminate d wil l  continu e t o avoi d this . 

Figure s 1  an d 2  sho w modifie d flo w chart s o f 
th e tw o mos t  importan t  procedure s o f  Proces s A . 
Thes e ar e incomplete ,  bu t  ar e detaile d enoug h t o 
addres s th e gros s empirica l  data ,  an d ar e simila r 
i n forma t  t o Wilkinson' s (1976 )  flo w chart s t o 
facilitat e comparison . 

I t  i s  assume d tha t  th e chil d ha s constructe d 
two lists :  a  lis t  S *  o f  th e set s i n th e arra y 
and a  lis t  L *  o f  verba l  labels .  An y relevan t 
noun phras e i n th e class  inclusio n questio n o r  i n 
th e immediat e verba l  contex t  i s  include d i n L* . 
The procedur e LIN K act s o n thes e lists ,  linkin g 
label s t o sets ,  an d keepin g trac k o f  th e linkage s 
by constructin g a  thir d lis t  o f  label s an d thei r 
referents :  (L.REF) *  LIN K processe s ever y labe l 
i n turn ,  gettin g it s definitio n an d callin g th e procedur e SETSEARCH t o fin d a  matchin g se t  de -

scription .  Onc e a  se t  i s  foun d t o hav e a  matchin o 
descriptio n (b y th e procedur e MATCH,  no t  detaile d 
here) ,  th e searc h terminate s unles s th e resul t 
i s  a  referenc e alread y "claimed "  b y anothe r  label , 
as determine d b y th e procedur e COMPARE.  Wheneve r 
a se t  i s  "claimed "  b y a  label ,  i t  i s  marke d a s 
use d (# )  an d move d t o th e en d o f  th e lis t  S* . 
Afte r  al l  label s hav e bee n processed ,  LIN K use s 
LASTSEARCH t o tr y onc e agai n t o mak e a  linkag e fo r 
any remainin g unclaime d sets .  Thi s i s no t  detaile d 
here ,  bu t  fo r  eac h suc h se t  a  self-terminatin g 
searc h o f  th e label s i s performed . 
Process B (for older children) 

Proces s B  conduct s a n exhaustiv e searc h o f 
th e set s fo r  eac h label ,  an d pprmit s tw o label s 
t o hav e identica l  referen t  sets .  Intermediat e 
processe s incorporatin g onl y on e o f  thes e tw o 
change s ar e o f  cours e possible .  Th e change s 
primaril y affec t  SETSEARCH (se e Figur e 3 ) ,  bu t 
th e exhaustiv e searc h featur e make s th e chec k fo r 
leftove r  set s i n LIN K unnecessary .  Proces s B 
obtain s th e correc t  answe r  t o standar d class  in -
clusio n problems ,  unles s th e label s ar e define d 
to o narrowl y t o matc h atypica l  sets . 

Evidence 
Figure s 3  an d 4  trac e th e highlight s o f 

Processe s A  an d B ,  respectively ,  a s applie d t o 
severa l  version s o f  clas s inclusio n tasks .  Th ° 
standar d tas k i s followe d b y task s i n whic h bot h 
subordinat e label s ar e mad e salien t  (Ah r  &  Youniss , 
1970 ;  Winer ,  1974 )  an d i n whic h severa l  subordinat e 
classe s appea r  i n th e arra y (McLanahan ,  1976) ; 
thes e version s ar e eas y fo r  youn g children .  Last , 
thre e condition s involvin g atyoica l  classe s ar e 
shown (Carso n &  Abrahamson ,  1976) ;  thes e ar e diffi -
cul t  eve n fo r  som e olde r  children . 

Wit h mino r  modification .  Proces s A  ca n als o 
handl e th e finding s o f  Markma n (1973) .  Th e defini -
tio n o f  a  collectio n specifie s it s constituents , 
e.g. ,  a  se t  o f  parent s an d a  se t  o f  childre n ar e 
th e constituent s o f  a  family .  A  precedur e CONSTI -
TUENT coul d b e inserte d int o LINK ;  i t  woul d cal l 
SETSEARCH separatel y fo r  eac h constituent . 

Processe s A  an d B  accoun t  wel l  fo r  th e gros s 
data .  The y coul d b e teste d mor e stringentl y b y 
testin g thei r  processin g sequence s agains t 
detaile d records . 
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NIL 

f  LINK(L*,S*,(L,REF' m 
Fin d th e nex t  labe l  L  i n L * 
Make th e referenc e o f  L  empty :  REF 
Get  th e definitio n o f  L :  DEF 
REF =  SETSEARCH(S*,REF,DEF,(L,EXT)* ) 
For m th e pai r  (L.REF ) 
Move (L,REF )  t o (L,REF) * 

End o f  L * ? — Yes- i  AV I  S  i n S *  used?—"Vesi -
No I  N o I 

I  Delet e ever y # S fro m S  i 

Exi t 

LIN K LASTSEARCH I 

Figur e 1 .  Modifie d flo w char t  o f  th e LIN K proce -
dur e use d b y bot h Proces s A  an d Proces s B 
(boxe d sectio n neede d onl y fo r  Proces s A ) . 

(  SETSEARCH(S*,REF,DEF,(L,EXT)*)~ ) 
Fin d th e nex t  se t  S  i n S * 
Get  th e descriptio n o f  S :  DES 
M MATCH(DEF,DES) 

M =  NIL ? Y e s — En d o f  S * ? — Y e s — ? 
No N o 

Copy S  int o REF SETSEARCH 
Mark S  a s used :  # S 
Move S  t o en d o f  S * 
V COMPARE(REF,(L.REF)* ) 

V CLAIMED? — Y e s — En d o f  S * ? — Y e s — ? 
No N o 

Exi t  SETSEARCH J 

- Y e s — Exi t 

(  SETSEARCH(S*.REF,DEF,(L,EXT" ) 
Fin d th e nex t  se t  S  i n S * 
Get  th e descriptio n o f  S :  DES 
M =  MATCH(DEF,DES) 

M NIL ? Y e s — En d o f  S*? -
No N o 

Copy S  int o REF SETSEARCH 
End o f  S*?_Yes—Exi t 

No 
SETSEARCH 

Figur e 2 .  Modifie d flo w char t  o f  th e SETSEARCH 
procedur e use d b y Processe s A  (top )  an d B  (bottom) . 

Standar d task ;  Carso n &  Abrahamse n (1976 )  tyoical -
typica l  condition .  5  horse s 4  3  dogs . 
L 
LI 
L2 

"Horses ,  Animals "  S* :  HORSES,  DOGS 
"Horses"/HORSES-Match-OK /  S* :  DOGS,  #HORSES 
"Animals"/DOGS-Match-OK /  S* :  #HORSES,  #DOGS 

Result :  5  "horses "  &  3  "animals "  s o "Mor e horses " 

Ahr & Youniss (1970); Winer (1974). 5 horses 3 dogs. 
"Horses ,  Dogs .  Animals "  S* :  HORSES,  DOGS 1?^ 

LI 
L2 
L3 

"Horses"/HORSES-Match-OK /  S* :  DOGS,  IHORSES 
"Dogs"/DOGS-Match-OK /  S* :  #HORSES.  #DOGS 
"Anima1s"/H0RSES-Match-Bu t  claimed ,  s o tr y mor e 

/DOGS-Match-Re f  o f  HORSES &  DOGS i s OK/ 
Result :  5  "horses "  &  8  "animals "  s o "Mor e animals " 

McLanahan (1976) .  4  horses ,  2  dogs ,  2  cats ,  2  pigs . 
L* :  "Horses ,  Animals "  S* :  HORSES.  DOGS,  CATS,  PIG S 
LI :  "Horses"/HORSES-Match-OK / 

S* :  DOGS.  CATS,  PIGS ,  #HORSES 
L2:  "Anima1s"/00GS-Match-0K / 

S* :  CATS,  PIGS ,  #HORSES,  #DOGS 
Have reache d en d o f  L* ,  bu t  som e set s unused . 
Delet e use d set s t o ge t  S*:CATS,PIGS .  D o LASTSEARCH. 
SI :  CATS/"Horses"-Mismatch/"Anima1s"-Match-0K / 
S2:  PIGS/"Horses"-Mismatch/"Anima1s"-Match-0K / 
Result :  4  "horses "  &  6  "animals "  s o "Mor e animals " 
Carson & Abrahamson (1976) atypical-atyoical 
condition .  5  bee s &  3  flies . 
L* :  "Bees ,  Animals' ^  S* :  BEES,  FLIE S 
LI :  "Bees"/BEES-Match-OK /  S* :  FLIES ,  #BEES 
L2:  "Animals"/FLIES-Mismatch/#BEES-Mismatch / 
Have reache d en d o f  L* .  bu t  on e se t  unused . 
Delet e use d se t  t o ge t  S* :  FLIES .  D o LASTSEARCH. 
SI :  FLIES/"Bees"-Mismatch/"Anima1s"-Mismatch / 
Result :  5  "bees "  &  0  "animals "  s o "Mor e bees " 
Carson & Abrahamson (1976) atypical-typical 
condition .  5  bee s &  3  dogs . 
LI 
L2 

"Bees ,  Animals "  S* :  BEES,  DOGS 
"Bees"/BEES-Match-OK /  S* :  DOGS,  #BEES 
"Anima1s"/D0GS-Match-0K /  S* :  #BEES,  #DOGS 

Result :  5  "bees "  &  3  "animals "  s o "Mor e bees " 

Carson & Abrahamson (1976) typical-atypical 
condition .  5  horse s &  3  flies . 
L* :  "Horses ,  Animals "  S* :  HORSES,  FLIE S 
LI :  "Horses"/HORSES-Match-OK /  S* :  FLIES ,  #HORSES 
L2:  "Animals"/FLIES-Mismatch/#HORSES-Match-Bu t 

claimed ,  an d n o mor e set s t o try .  What  t o do ? 
Result :  varies .  Some compar e th e 5  HORSES t o th e 

3 FLIE S an d answe r  "Mor e horses " 

Figur e 3 .  Proces s A  a s a  mode l  o f  younge r  child -
ren' s performanc e i n severa l  clas s inclusio n 
studies :  Highlight s o f  possibl e sequences . 
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Standar d task ;  Carso n S  Abrahamso n (1976 )  typical -
typica l  condition .  5  horse s 8.  3  dogs . 

1* :  "Horses ,  Animals "  S* ;  HORSES,  DOGS 
LI :  "Horses"/HORSES-Match/DOGS-Mismatch / 
L2:  "Animals"/HORSES-Match/DOGS-Match / 
Result :  5  "horses "  &  8  "animals "  s o "Mor e animals " 

Ahr i Youniss (1970); Winer (1974). 5 horses 3 dogs 
L 
LI 
L2 
L3 

"Horses ,  Doqs ,  Animals "  S* :  HORSES,  DOGS 
"Horses"/HORSES-Match/DOGS-Mismatch / 
"Doqs"/HORSES-Mismatch/DOGS-Match / 
"Animals"/HORSES-Match/DOGS-Match / 

Result :  5  "horses "  S  8  "animals "  s o "Mor e animals " 

McLanahan (1976). 4 horses, 2 doqs, 2 cats, 2 pigs. 
L* :  "Horses.Animals "  S* :  HORSES,  DOGS,  CATS,  PIG S 
LI :  "Horses"/HORSES-Match/DOGS-Mismatch / 

CATS-Mismatch/PIGS-Mismatch / 
L2:  "Animals"/HORSES-Match/DOGS-Match / 

CATS-Match/PIGS-Match / 
Result :  4  "horses "  &  8  "animals "  s o "Mor e animals " 
Carson & Abrahamson (1976) atypical-atypical 
condition .  5  bee s *  3  flies . 
L* 
LI 
L2 
Result :  5  "bees "  &  0  "animals "  s o "Mor e bees " 

"Bees ,  Animals "  S* :  BEES,  FLIE S 
"Bees"/BEES-Match/FLIES-Mismatch/ 
"Animals"/BEES-Mismatch/FLIES-Mismatch / 

Carso n &  Abrahamso n (1976 )  atypical-typica l 
condition .  5  bee s &  3  dogs . 
L* :  "Bees ,  Animals "  S* :  BEES,  DOGS 
LI :  "Bees"/BEES-Match/DOGS-Mismatch / 
L2:  "Animals"/BEES-Mi5match/D0GS-Match / 
Result :  5  "bees "  &  3  "animals "  s o "Mor e bees " 
Carson & Abrahamson (1976) typical-atypical 
condition .  S  horse s &  3  flies . 
L* :  "Horses ,  Animals "  S* :  HORSES,  FLIE S 
LI 
L2 

"Horses"/HORSES-Match/FLIES-Mismatch / 
"Animals"/HORSES-Match/FLIES-Mismatch / 

Result :  5  "horses "  &  5  "animals "  s o "Same " 

Figur e 4 .  Proces s B  a s a  mode l  o f  olde r  children' s 
performanc e i n severa l  clas s inclusio n studies : 
Highlight s o f  possibl e sequences . 
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MOPs an d Learnin g 

Roger C. Schank 
Yal e Universit y 

Compute r  Scienc e Departmen t 
PO Bo x 215 8 

New Haven ,  C T 0652 0 

Thi s pape r  i s a n attemp t  t o sketc h ou t  som e o f 
what  MOPs ar e about .  I t  i s  take n fro m Schan k (i n 
press )  . 

A MOP is an orderer of scenes. 
A scen e i s a  memor y structur e tha t  group s 
togethe r  action s wit h a  common goal ,  a  common 
time ,  an d som e othe r  common thread . 
I t  provide s a  sequenc e o f  ver y genera l 
actions .  Specifi c  memorie s ar e store d i n 
scenes ,  indexe d wit h respec t  t o ho w the y 
diffe r  fro m th e genera l  actio n i n th e scene . 

Scene s actuall y poin t 
MOPs d o not .  MOPs merel y 
ar e particularl y common i n 
Thus ,  a  scen e consist s 
sequenc e o f  actions ,  whil e 
particula r  realization s o f 
scene .  Script s packa g 
realization s o f  scene s 
frequentl y recu r  i n a  g 
memorie s ca n b e organize d 
Thi s follow s fro m th e abo v 
more tha n a  scen e 
(particularl y instantiate d 
MOP'S Defined 

t o specifi c  memories . 
poin t  t o scenes .  Script s 
stantiation s o f  scenes . 
of  a  generally-define d 
a scrip t  group s togethe r 
th e generalization s i n a 

e togethe r  particula r 
tha t  hav e bee n know n t o 
ive n context .  Specifi c 
i n term s o f  script s also . 
e,  sinc e a  scrip t  i s  n o 
tha t  ha s bee n colore d 
)  i n a  give n way . 

Sinc e memorie s ar e t o b e foun d i n scenes ,  a 
ver y importan t  par t  o f  memor y organizatio n i s ou r 
abilit y  t o trave l  fro m scen e t o scene .  A  MOP i s a n 
organize r  o f  scenes .  Findin g th e appropriat e MOP, 
i n memor y search ,  enable s on e t o answe r  th e 
questio n 'Wha t  woul d com e next?' ,  wher e th e answe r 
i s anothe r  scene .  Tha t  is ,  MOPs provid e 
informatio n abou t  ho w variou s scene s ar e connecte d 
t o on e another . 
A MOP consists of a set of scenes directed 

toward s th e achievemen t  o f  a  lo w leve l  goal . 
A MOP alway s ha s on e majo r  scen e tha t  i s th e 
essenc e o r  purpos e o f  th e MOP. 

There is a natural progression in terms of 
generalit y o f  structure s tha t  suggest s itself : 

meta MOPs 
MOPs 
scene s 
script s 

Meta MOPs describe ordered progressions of scenes 
at  thei r  mos t  abstrac t  levels .  A s suc h the y 
provid e th e stuf f  ou t  o f  whic h MOPs ar e made .  The y 
do no t  actuall y contai n memories .  MOPs ar e les s 
genera l  description s o f  suc h progressions .  Th e 
scene s the y contai n actuall y contai n specifi c 
memories . 
There are three kinds of scenes, physical, 
societal ,  an d personal .  Physica l  scene s represen t 
a kin d o f  ''snapshot "  o f  one' s surrounding s a t  a 
give n time .  Memorie s groupe d i n physica l  scene s 
provid e informatio n abou t  wha t  happene d an d ho w 
thing s looked. 

Some MOPs refe r  t o societa l  thing s rathe r  tha n 
physica l  ones .  M-CONTRACT i s a  MOP tha t  organize s 
scene s tha t  ar e no t  physicall y bounded .  Thus , 
entitie s suc h a s AGREE,  o r  DELIVER ,  whil e behavin g 
ver y muc h lik e scene s i n a  physica l  MOP,  hav e n o 
physica l  instantiation .  The y ca n happe n anywher e 
and ca n tak e a  grea t  man y differen t  physica l  forms . 
Thus ,  a  deliver y o f  agree d upo n service s tha t  fail s 
t o com e abou t  wil l  b e indexe d unde r  th e DELIVE R 
scen e i n M-CONTRACT.  I n thi s way ,  a  failur e o f  a 
departmen t  stor e t o delive r  a  packag e tha t  wa s pai d 
fo r  migh t  remin d on e o f  a  restauran t  tha t  require d 
pre-paymen t  an d the n faile d t o serv e th e desire d 
food .  Suc h remindin g ca n onl y b e accounte d fo r  b y 
a memor y organizatio n tha t  ha s scene s tha t  ar e no t 
exclusivel y physicall y bounded .  DELIVE R i s a n 
exampl e o f  a  societa l  scene ,  tha t  is ,  on e tha t  may 
hav e man y possibl e physica l  realizations . 

Personal scenes are responsible for 
idiosyncrati c behavio r  tha t  i s personally-defined . 
A persona l  scen e i s a  scen e whos e common threa d i s 
a particula r  goa l  tha t  belong s t o th e perso n whos e 
scen e i t  is .  An y privat e pla n t o achiev e one s ow n 
ends tha t  i s liabl e t o repea t  itsel f  frequentl y i s 
a possibl e persona l  scene . 

This division in scenes is parroted by a 
simila r  divisio n i n MOPs.  Physica l  MOPs ca n 
contai n scene s tha t  see m societa l  i n nature ,  bu t 
what  i s actuall y happenin g i s tha t  on e even t  i s 
bein g governe d b y tw o scenes .  Thus ,  fo r  example , 
bot h M-CONTRACT whic h i s a  Societa l  MOP,  an d 
M-AIRPLANE,  whic h i s physica l  shar e a  PA Y scene . 
But  eac h relate s t o differen t  aspect s o f  tha t 
event .  I n othe r  words, ,  ''paying "  ca n b e see n a s 
bot h a  physica l  even t  an d a s a  socia l  event . 
Differen t  MOPs provid e expectation s i n eac h case . 
Thes e expectation s wil l  coalesc e t o som e degree , 
providin g unifor m expectations .  Event s confirmin g 
thos e expectation s wil l  b e remembere d i n term s o f 
bot h o f  th e scene s tha t  wer e active . 
What is the difference between>$AIRPLANE (that 
is ,  ou r  prio r  vie w o f  a  script )  an d M-AIRPLAN E 
(tha t  is ,  ou r  curren t  vie w o f  a  MOP)? 
The Difference Between MOPs and Scripts 
A MOP is an ordered set of scenes. 
A scrip t  (197 7 version )  i s a n ordere d se t  o f  scene s 
BUT 
The definitio n o f  scen e i s differen t  i n eac h case . 

For a MOP, a scene is a structure that can be shared 
by a  grea t  man y othe r  MOPs. 
For  a  scrip t  (197 7 version )  a  scen e wa s particula r 
t o a  give n scrip t  an d wa s no t  accessibl e withou t 
usin g tha t  script . 

A script (new version) is scene-specific. No script 
transcen s th e boundarie s o f  a  scene . 

Now,  t o mak e thi s specific ,  le t  u s actuall y 
loo k a t  M-AIRPLAN E an d i$AIRPLANE .  Recal l  tha t 

i$AIRPLAN E wa s mor e o r  les s a  lis t  o f  a n entir e 
airplan e trip .  I t  include d makin g th e reservation , 
gettin g t o th e airport ,  checkin g in ,  ridin g i n th e 
plane ,  eatin g th e mea l  an d s o on .  I n SA M an d FRUMP 
thes e thing s wer e al l  store d i n a  comple x 
structure ,  complet e wit h optiona l  tracks ,  unde r  th e 
namei$AIRPLANE . 
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But ,  no w w e wis h t o b e abl e t o mak e 
generalizatione ,  ge t  reminde d acros s context s an d 
withi n contexts ,  an d i n genera l  brin g whateve r 
relevan t  informatio n fro m memor y tha t  w e ca n fin d 
t o hel p u s i n processin g a n input .  T o d o this ,  w e 
need structure s tha t  ar e fa r  mor e genera l  tha n a 
detaile d comple x lis t  o f  events .  Fo r  example , 
gettin g someplac e b y car ,  an d makin g reservation s 
by telephon e ar e tw o scene s tha t  wer e par t  o f 
$AIRPLANE tha t  coul d no t  possibl y b e par t  o f 
M-AIRPLANE.  Th e reaso n fo r  thi s i s tha t  on e coul d 
easil y confus e on e tri p i n a  ca r  t o visi t  a  frien d 
who live s nea r  th e airport ,  wit h a  tri p t o th e 
airpor t  tha t  wa s intende d t o enabl e on e t o fl y 
someplace .  Similarly ,  on e coul d easil y confus e a 
phone conversatio n maikin g airlin e reservation s 
wit h on e makin g hote l  resevervations .  I n fac t  the y 
migh t  wel l  b e th e sam e conversation . 

The proble m wit h ou r  ol d conceptio n o f  script s 
was tha t  muc h to o muc h tha t  coul d hav e bee n define d 
generally ,  an d tha t  i s likel y t o b e store d i n a 
genera l  fashio n i n memory ,  wa s define d specificall y 
as a  par t  o f  a  particula r  script .  When on e take s 
away everythin g tha t  coul d hav e bee n define d 
generall y fro m iSAIRPLAN E on e i s lef t  wit h th e 
thing s specifi c  to'SAIRPLANE ,  namel y gettin g o n th e 
plane ,  bein g seated ,  bein g serve d a  mea l  an d s o on . 
The abov e entitie s ar e th e script s tha t  w e no w 
believ e in .  Tha t  is ,  M-AIRPLAN E i s a  structur e 
that ,  lik e an y MOP,  organize s a  se t  o f  scenes .  On e 
of  thes e scene s i s SITTIN G I N TH E PLANE (SITP) . 
Thi s scen e ha s i n i t  a  numbe r  o f  script s specifi c 
t o tha t  scene .  Thes e includ e i$(SITP)EATING , 

i$(SITP)MOVIE ,  an d s o on .  Experience s tha t  occurre d 
withi n them ,  tha t  i s  whil e thos e script s wer e 
directin g processing ,  tha t  di d no t  coincid e wit h 
th e expectation s generate d b y tha t  script ,  woul d b e 
encode d a s failure s an d indexe d withi n tha t  script . 

M-AIRPLANE fills one strand of the meta 
MOP-TRIP.  I t  consist s o f  th e followin g scenes : 
M-AIRPLANE-8 scenes 
CHECK-IN + WAITING AREA + BOARDING » 
SIT-IN-THE-PLAN E +  DEPLANE •COLLECT-BAGS 

Each o f  th e scene s use d b y M-AIRPLAN E i s 
constructe d a s generall y a s possible .  We shoul d 
poin t  ou t  tha t  i t  i s  peopl e wh o ar e doin g th e 
constructio n o f  thes e scenes .  On e o f  th e scene s o f 
M-AIRPLANE i s somethin g calle d WAITIN G AREA.  Nov , 
i t  i s  reasonabl e t o ask ,  i s  thi s th e sam e a s th e 
scen e a s WAITIN G ROOM i n M-PROFtOFFICE-VISIT ? 
Clearl y suc h answer s depen d upo n th e experience s { 
memory ha s ha d an d th e decision s abou t  wha t  i s lik « 
what  (it s generalizations )  tha t  i t  ha s made .  I t  i i 
perfectl y plausibl e tha t  a  memor y tha t  ha d bee n t < 
a doctor' s an d a  lawyer' s offic e an d ha ( 
constructe d a  scen e WAITIN G ROOM,  nigh t  upo n it i 
firs t  encounte r  wit h a n airport ,  se e th e waitin ) 
are a a s a  versio n o f  WAITIN G ROOM.  And ,  o f  cours e 
i t  migh t  not . 
Our point is that the possibility for sue 
generalizations ,  fo r  interpretin g a  ne w experien c 
i n term s o f  wha t  i t  believe s t o b e it s mos 
relevan t  ol d one ,  mus t  exis t  fo r  a  memory .  I 
orde r  t o d o this ,  scene s mus t  b e memor y structur e 
i n thei r  ow n right ,  disassociate d for m t h 
structure s the y ar e use d wit h i n processing .  Thu s 
MOPk a s w e hav e outline d the m mus t  b e th e kind s o 
memory structure s w e need .  Scripts ,  i n th e o l 
versio n o f  them ,  wer e to o restrictiv e i n thi s 
regard .  Thi s doe s no t  mea n tha t  script s d o no t 
exis t  o f  course .  Some o f  th e experimenta l  wor k o n 
script s relate s t o MOPs a s w e hav e no w define d the m 
and som e o f  i t  relate s t o ou r  new ,  mor e restricte d 
definitio n o f  them . 

Learnin g 

Higher level learning and generalization takes 
plac e b y indexin g a  give n expectatio n failur e i n 
term s o f  th e MOPs an d scene s tha t  wer e activ e a t 
eac h o f  th e thre e level s o f  analysi s wheneve r  th e 
expectatio n failur e occurred . 

:One key problem that a theory of memory must 
explai n i s wha t  t o d o whe n a n expectatio n fails . 
Conside r  agai n th e Lega l  Seafoo d cas e (firs t 
discusse d i n Schank ,  1980) .  Afte r  processin g a n 
episod e a t  Lega l  Seafood ,  w e woul d wan t  t o hav e 
detecte d a  MOP-base d expectatio n failur e an d hav e 
so indexe d it .  Why i s thi s a  MOP-base d failur e an d 
how doe s a  syste m kno w wha t  structur e t o alter ? 
The MOP M-RESTAURANT indicate s th e orde r  o f 
occurranc e o f  scene s i n a  sequence .  ;On e wa y tha t  a 
HOP ca n fai l  i s  b y havin g th e orderin g o f  scene s 
tha t  i t  predict s tur n ou t  t o b e wrong .  I n Lega l 
Seafood ,  th e PAYIN G scen e come s immediatel y afte r 
th e orderin g scene .  Thu s M-RESTAURANT woul d b e 
marked ,  a t  leas t  initially ,  wit h a n inde x afte r 

:ORDER tha t  PA Y cam e nex t  i n thi s particula r 
instance .  But ,  jus t  simpl y markin g M-RESTAURANT i s 
not  enough . 

The main question that is generated by any 
expectatio n failur e is :  What  alteratio n o f  th e 
structur e tha t  generate d tha t  expectatio n mus t  b e 
made? Ther e ar e thre e possibilities ,  alteration , 
reorganization ,  an d th e constructio n o f  a  ne w 
structure . 

Consider our visitor to Burger King and 
HacDonald's .  A  firs t  encounte r  wit h Burge r  King , 
fo r  a  perso n whos e knowledg e structure s contai n 
onl y th e standar d M-RESTAURANT,  woul d produc e a n 
expectatio n failur e i n th e orde r  o f  ORDER,  SEATING , 
PAY,  When multipl e failure s occur ,  i t  i s  a  goo d 
bet  tha t  i t  i s  becaus e th e MOP bein g use d wa s o f 
littl e value .  Thus ,  i n a  situatio n o f  multipl e 
failure ,  a  ne w MOP mus t  b e constructed .  Thi s 
constructio n i s comple x sinc e i t  involve s reworkin g 
th e existin g MOP t o creat e th e ne w one .  Thi s i s 
done b y alterin g th e MOP first ,  an d th e scene s 
second ,  a s follows . 

As i n th e Lega l  Seafoo d example ,  i n Burge r 
Kin g PA Y goe s righ t  afte r  ORDER.  I n fact ,  w e migh t 
expec t  a  remindin g her e i f  th e Lega l  Seafoo d 
episod e cam e first .  We hav e a n additiona l  proble m 
wit h respec t  t o M-RESTAURANT i n tha t  th e SEATIN G 
scen e follow s PA Y an d ORDER.  Furthe r  ther e ar e 
some scrip t  expectatio n failure s too .  Fo r  example , 

i$RESTAURANT-ORDER i s no t  usuall y don e whil e 
standing . 

The first thing that must be done then is to 
construc t  a  ne w MOP.  T o construc t  a  ne w MOP,  w e 
star t  wit h th e scene s o f  th e ol d MOP an d reorde r 
the m accordin g t o th e ne w episode .  Thi s i s eas y i n 
th e cas e o f  wha t  w e wil l  temporaril y  cal l  M-BURGER 
KING.  Th e proble m i s tha t  whil e th e scene s may b e 
th e same ,  th e script s ar e different .  A  scen e 
describe s wha t  take s plac e i n general .  And ,  i n 
general ,  wha t  take s plac e i n a  regula r  restauran t 
and a  fast-foo d restauran t  i s th e same .  Bu t  th e 
specific s ar e different .  We d o no t  wan t  t o us e th e 
script s associate d wit h M-RESTAURANT therefore . 
The proble m the n i s t o construc t  ne w scripts . 
Actually ,  thi s i s hardl y a  proble m a t  all .  Th e ne w 
scrip t  i s  identica l  t o th e firs t  Burge r  Kin g 
episode .  Th e rea l  proble m i s t o alte r  th e scenes . 

At this point we have a new MOP, M-BURGER 
KING,  tha t  contain s th e scene s ENTER +  ORDER +  PA Y 
+SEATINC wit h ver y specifi c  script s attache d t o 
eac h scene .  Tw o problem s remain .  Firs t  w e mus t 
encod e th e script s correctl y i n th e scene .  Secon d 
we mus t  generaliz e M-BURGER KIN G t o th e MOP tha t  i s 
more likel y t o b e th e on e o f  greates t  use ,  namel y 
M-FAST FOOD.  Thes e tw o problem s ar e related . 
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The scen e alteratio n proble m depends ,  afte r 
all ,  o n ho w a  scen e i s constructe d i n th e firs t 
place .  Le t  u s then ,  b y wa y o f  example ,  conside r 
th e ORDER scene . 

ORDER as we have said, is a scene that is used 
by a  grea t  man y MOPs.  Some o f  thes e include : 
M-RESTAURANT,  M-SHOPPING,  M-PROVIDE-SERVICE , 
MvOFFICE,  M-TELEPHONE-BUYING,  M-TRAVEL-AGENT.  Th e 
scen e ORDER,  i n orde r  t o b e use d b y thi s divers e 
set  o f  MOPs,  mus t  b e writte n i n a s genera l  a  wa y a s 
possible .  ORDER i s on e o f  thos e scene s tha t  i s 
bot h physica l  an d societal .  Tha t  is ,  i t  expresse s 
bot h th e generalization s tha t  ar e vali d whe n 
someone i s physicall y orderin g something ,  an d thos e 
tha t  pertai n t o th e relationshi p betwee n th e 
participant s i n a n ORDERin g situation .  Below ,  w e 
hav e th e physica l  s^en e ORDER.  I t  look s a  lo t  lik e 
a script ,  bu t  withou t  an y particulars .  Particula r 
scripts ,  pointe d t o b y ORDER,  fil l  i n th e detail s 
(o r  color' )  th e ORDER scene .  Her e then ,  i s on e 
possibl e vie w o f  ORDER: 
Participants: actor, agent 
Props :  desire d objec t  o r  service ; 

mediu m o f  MTRANSing 
Precondi t  ions : 

acto r  ca n MTRANS t o agen t 
agen t  ca n b e assume d t o hav e abilit y  t o 

get  objec t  o r  d o servic e 
agen t  ha s willingnes s t o ge t  objec t  o r 

do servic e 
Act  ions : 

acto r  establishe s MTRANS linkag e 
acto r  attract s attentio n o f  agen t 
acto r  question s possibilit y  o f  servic e bein g 

performe d o r  objec t  bein g delivere d 
acto r  question s pric e o f  objec t  o r  servic e 
acto r  state s desir e t o agen t 
agen t  agree s t o compl y 
agen t  tell s  acto r  whe n complianc e wil l  b e complet e 

The role of a script attached to a scene is to 
colo r  th e scen e wit h th e particular s o f  tha t  scene . 
I n othe r  words ,  a  scrip t  i s  a  cop y o f  a  scen e wit h 
particular s fille d in .  Fo r  a  scrip t  t o b e used ,  a 
cop y o f  th e scen e i s mad e tha t  alter s th e scen e i n 
appropriat e ways ,  leavin g intac t  th e part s o f  th e 
scen e tha t  fi t  perfectly . 

Similarl y th e actions : 

actor questions possibility of service being 
performe d o r  objec t  bein g delivere d 

Knowledg e t h 
abou t  orderin g 
orderin g wil l  b e 
piec e tha t  wa s 
unchange d fro m 
knowledg e ca n 
orderin g i s i f 
specifi c  portio n 
expectatio n fail u 
store d i n ter m 
expectatio n fail u 
tha t  wer e deri v 
directl y copie d a 
scen e . 

at  i s  acquire d fro m restaurant s 
tha t  applie s t o al l  kind s o f 

known t o s o appl y becaus e th e 
acquire d wil l  hav e bee n copie d 

th e scene .  Th e onl y wa y suc h 
appl y acros s th e boar d t o al l 
i t  relate s t o a  non-restauran t 

of  th e script .  I n othe r  words , 
re s tha t  ar e script-specifi c  ar e 
s o f  th e scrip t  itself .  But , 
re s tha t  wer e du e t o expectation s 
ed fro m a  scen e piec e tha t  wa s 
r e store d i n term s o f  th e origina l 

To se e ho w th e scene-scrip t  relationshi p look s 
i n practic e let s conside r  th e scrip t 

i$RF.STAURANT-ORDER.  When i  $RESTAURANT-ORDER color s 
ORDKR i t  take s eac h lin e i n i t  an d eithe r  cop y i t 
directl y o r  alter s i t  t o sui t  th e script .  Fo r 
example ,  th e precondition : 

agen t  ha s willingnes s t o ge t  objec t  o r 
do servic e 

i s a  lin e i n ORDER.  '$RESTARANT-ORDER color s thi s 
lin e b y addin g th e in f  (>rma t  io n tha t  a  waitress ,  ca n 
be ,  becaus e i t  i s  he r  job ,  assume d t o b e willing . 

and 

acto r  question s pric e o f  objec t  o r  servic e 

are taken care of by the definition of a restaurant 
i n th e firs t  case ,  an d b y a  men u i n th e second . 
That  is ,  I$RESTAURANT-ORDER color s ORDER b y 
replacin g a n abstrac t  lin e abou t  pric e wit h 
informatio n abou t  readin g a  menu .  Thus ,  thes e 
line s ar e altere d i n thi s scrip t  t o reflec t  know n 
informatio n abou t  restaurants . 

Let's take a look at how a problem in ORDER 
can caus e memor y t o b e changed .  Suppos e w e hav e a 
perso n wh o order s i n a  restauran t  an d find s tha t  h e 
isn' t  serve d becaus e h e spok e i n a n uncout h manner . 
Initially ,  thi s perso n migh t  hav e a  memor y 
structur e tha t  look s lik e this : 

D-AGENCY 
'  I 

M-FASTFOOD M-RESTAURANT I  M-STORE M-PROVIDESERVICE 
I  I  I  I  I  ,  I 

• I  I 
• I  l- l 
V V 

^  >  ;  ORDER <  I  I 
1-POSSIBILITY ? I  I 
2-PRICE ? I  I 
3-MTRANS ORDER I  I 

•\  I 
I  I 

'SRESTAURANT-ORDER i$AUTO-PARTS+ORDER i$DEPT-ORDE R 
1-Define d b y rol e 1-copie d 1-FIN D pla n 

and MENU 2-copie d 2-LOO K 
2-colore d b y MENU 3-copie d 3-PTRAN s t o 
3-copie d salesperso n Thi s diagra m show s ho w th e 
by thre e scripts .  Thos e sc r 
informatio n i n ORDER an d eit h 
coloring ,  o r  copie d i t  direc t 
us e ORDER a s on e o f  it s  scene s 
addition ,  th e generalizatio n 
ORDER,  namel y D-ACENCY,  i s als o 
Thi s relationshi p i s clos e 
superse t  relationship .  Th e MOP 
of  fille r  t o empt y slot . 

scen e ORDER i s use d 
ipt s hav e copie d th e 
er  replace d i t  b y 
ly .  Thre e MOPs tha t 
ar e als o shown .  I n 
of  th e goa l  behin d 
connecte d t o ORDER. 
t o a  hierarchica l 
connectio n i s on e 

Now let' s  conside r  wha t  happen s whe n thi s 
person' s nast y orde r  goe s unfille d i n th e 
restaurant .  First ,  ther e i s a n expectatio n 
failure .  Th e episod e i s indexe d of f  o f 

ISRESTAURANT-ORDER i n slo t  3 .  But ,  a s slo t  3  ha s 
been copie d directl y fro m th e ORDER scene ,  thi s 
inde x i s move d u p t o tha t  level .  When th e sam e 
failur e occur s i n a n aut o part s store ,  o r  a  fas t 
foo d restaurant ,  o r  an y othe r  scrip t  tha t  copie s 
slo t  3  directl y fro m ORDER,  a  remindin g occurs . 
Thi s secon d instanc e cause s a  re-evaluatio n o f  th e 
expectatio n tha t  ha s failed .  Thi s re-evaluatio n 
cause s a n attemp t  t o explai n th e failure . 

In this case, the explanation is that servers 
don' t  lik e t o b e ordere d nastily .  Findin g suc h 
explanation s i s a n extremel y comple x process . 

.Ofte n the y ar e no t  easil y discoverable .  We may 
need t o b e told .  We may neve r  fin d out .  But ,  whe n 
we d o fin d a n explanation ,  i t  cause s a  loca l  fi x  t o 
be mad e tha t  enable s th e perso n whos e experienc e i t 
was t o modif y ORDER i n slo t  3  accordingly .  Thi s 
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allow s ever y HOP tha t  use s ORDER t o hav e tha t  fi x 
incorporate d i n i t  withou t  doin g a  thing .  Th e new , 
altered ,  ORDER i s simpl y use d b y an y MOP tha t 
previousl y use d th e ol d ORDER.  I n othe r  words , 
thi s hypothetica l  perso n shoul d no w kno w t o as k hi s 
wif e t o coo k hi m thing s i n a  polit e wa y an d s o on . 

Now let's consider the Burger King example 
again .  Th e proble m i n constructin g H-BURGER KIN G 
i s t o tak e eac h scen e tha t  tha t  MOP use s an d trea t 
eac h actio n tha t  occur s withi n i t  i n term s o f  it s 
deviatio n fro m th e baselin e scene .  Thus , 

i$BURGER-KING-ORDER i s buil t  b y notin g ho w th e 
action s observe d i n th e firs t  experienc e wit h 
Burge r  Kin g diffe r  fro m th e ORDER scene . 

The problem is, of course, that we want this 
MOP t o b e M-FAS T FOOD.  T o ge t  thi s MOP t o b e 
built ,  i t  i s  necessary  t o inde x M-BURGER KIN G i n 
term s o f  M-RESTAURANT.  Th e reaso n fo r  thi s i s a s 
follows :  Conside r  a  patro n enterin g MacDonalds . 
We wan t  thi s patro n t o ge t  reminde d o f  Burge r  King . 
To pu t  thi s anothe r  way ,  w e wan t  th e patro n t o kno w 
t o us e M-BURGER-KING an d no t  M-RESTAURANT.  Ho w ca n 
thi s b e accomplished ? On e wa y i s t o inde x 
M-RESTAURANT a t  th e poin t  o f  it s  faile d expectatio n 
relevan t  t o Burge r  King ,  i n thi s cas e notin g tha t 
th e scen e orderin g wa s differen t  i n a  particula r 
way.  Thus ,  M-RESTAURANT mus t  no w hav e i n i t  a 
marke r  recallin g th e pas t  expectatio n failur e an d 
directin g th e processo r  wher e t o g o fo r  hel p i n 
furthe r  processing . 

After this rerouting of processing has 
occurre d a  fe w time s i n th e sam e way ,  th e remindin g 
cease s t o occur .  A t  tha t  poin t  M-BURGER KIN G ha s 
been transforme d int o a  MOP wit h entr y condition s 
of  it s  own ,  tha t  is ,  on e tha t  ca n b e calle d i n fo r 
use withou t  eve n seein g i t  a s a  typ e o f  restaurant . 
To pu t  thi s mor e generally ,  a  ne w MOP i s grow n a t 
th e poin t  wher e it s condition s fo r  us e hav e bee n 
detecte d s o tha t  i t  ca n b e calle d u p independentl y 
fro m th e HOP i n whic h i t  originate d a s a n 
expectatio n failure .  Thus ,  afte r  a  fe w trials , 
M-RESTAURANT an d H-FAS T FOOD ar e independen t  MOPs. 

In general then, expectation failures that are 
MOP-based,  wil l  initiall y  jus t  produc e marker s 
valuabl e fo r  reminding .  However ,  i f  th e failur e i s 
radica l  enough ,  a  ne w HOP mus t  b e constructe d 
immediately . 
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Retrievin g Genera l  an d Specifi c  Informatio n 
fro m Store d Knowledg e o f  Specific s 

James L. McClelland 
Universit y o f  California ,  Sa n Dieg o 

We often attribute the human ability to general-
lE e fro m pas t  experienc e t o th e us e o f  store d 
representation s (schemas ,  prototypes ,  etc. )  I n whic h 
generalization s ar e explicitl y  represented .  Thi s vie w 
i s ver y appealing ,  bu t  i t  raise s tw o problems .  First , 
ther e need s t o b e som e mechanis m fo r  arrivin g a t  gen -
eralization s tha t  ar e no t  store d explicitly ,  sinc e i t 
I s  unlikel y tha t  memor y contain s explici t  representa -
tion s tha t  anticipat e al l  o f  th e possibl e generaliza -
tion s w e migh t  eve r  wis h t o make .  Second ,  w e mus t 
explai n ho w generalization s whic h ar e store d expli -
citl y  wer e obtaine d i n th e firs t  place . 
A mechanism that could Induce generalizations 
fro m store d representation s o f  specifi c  object s o r 
event s coul d solv e bot h thes e problem s a t  once .  I t 
woul d explai n ho w w e coul d generaliz e whe n n o explici t 
generalizatio n i s stored ,  an d i t  woul d als o sugges t 
how w e migh t  hav e induce d thos e generalization s whic h 
ar e stored . 
Such a mechanism would also force us to consider 
whethe r  w e reall y stor e generalization s explicitl y  a t 
all .  I f  w e ca n generat e generalization s fro m store d 
representation s o f  specifi c  object s whe n w e nee d to , 
explici t  representatio n o f  thes e generalization s migh t 
tur n ou t  t o b e unnecessary . 

Medln and Shaffer (1978) have suggested a first 
ste p towar d th e kin d o f  mechanis m I  hav e i n mind . 
Thei r  mode l  explain s ho w w e ca n assig n a  categor y 
labe l  t o a  ne w object ,  base d onl y o n store d knowledg e 
of  th e propertie s o f  previousl y encountere d object s 
and th e categor y label s tha t  hav e bee n assigne d t o 
them.  Thei r  idea s ca n b e extende d t o sugges t  ho w w e 
may b e abl e t o d o suc h thing s a s answe r  question s 
abou t  th e genera l  characteristic s o f  classe s o f 
object s w e hav e experience d before ,  an d t o fil l  I n 
plausibl e defaul t  value s fo r  unspecifie d attribute s o f 
new exemplars . 

The basic Idea is that representations of 
previously-experience d exemplar s store d I n memor y ar e 
activate d vi a a  spreadin g activatio n mechanism . 
Activate d exemplar s themselve s activat e representa -
tion s o f  thei r  properties .  Mutuall y exclusiv e pro -
pert y value s compet e s o tha t  propertie s whic h ar e sup -
porte d b y a  larg e subse t  o f  th e activ e instance s o f 
th e categor y ar e reinforce d an d becom e strongl y activ e 
whil e thos e whic h ar e no t  ar e suppressed .  Suc h a 
mechanis m ha s recentl y bee n propose d b y Glushk o (1979 ) 
t o accoun t  fo r  ou r  abilit y  t o construc t  apparentl y 
rule-guide d pronunciation s o f  nonword s (e.g. ,  MAVE) 
withou t  actuall y havin g an y rules ,  an d ha s bee n use d 
by Ruraelhar t  an d me (McClellan d an d Rumelhart ,  I n 
press ;  Rumelhar t  an d McClelland ,  i n press )  t o accoun t 
fo r  facilitatio n o f  perceptio n o f  letter s i n word s an d 
nonwords .  I n bot h o f  thes e applications ,  th e 
activation/competitio n mechanis m I s use d t o generat e 
apparentl y rule-governe d performanc e fro m store d 
knowledg e o f  specifi c  words . 

I will illustrate the mechanism I am proposing by 
showin g ho w i t  ca n b e use d t o generaliz e fro m store d 
representation s o f  specifi c  objects .  Th e representa -
tion s o f  th e object s ar e highl y simplified ,  an d ar e 
not  sufficien t  t o captur e th e varietie s o f  struct\ir e 
of  rea l  objects .  I t  I s  no t  my intentio n t o advocat e 
th e representation .  Rather ,  I  us e I t  t o explicat e th e 
generalizatio n mechanism ,  whic h I s th e mai n focu s o f 
Interes t  here .  We shal l  se e that ,  eve n wit h a  simpli -
fie d representationa l  system ,  th e activatio n an d com -
petitio n mechanis m ca n construc t  th e genera l  proper -
tie s o f  classe s o f  object s fro m store d knowledg e o f 

exemplars .  I t  ca n als o generaliz e alon g a n Indefinit e 
number  o f  differen t  lines ,  retriev e th e specifi c 
characteristic s o f  particula r  exemplars ,  an d fil l  I n 
plausibl e defaul t  value s fo r  missin g properties . 

Table 1 
The Jet s an d Th e Shark s 

Name 

Art 
Al 
Sam 
Clyd e 
Mik e 
Ji m 
Greg 
Joh n 
Doug 
Lanc e 
Georg e 
Pet e 
Fre d 
Gene 
Ralp h 

Phi l 
Ik e 
Nic k 
Don 
Ned 
Kar l 
Ken 
Ear l 
Ric k 
01 
Neal 
Dave 

Gang 

Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 
Jet s 

Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 
Shark s 

Age 

40' s 
30- 8 
20' s 
40' s 
30- 8 
20' s 
20' s 
20- 8 
30- 8 
20- 8 
20- 8 
20' s 
20' s 
20' s 
30' s 

30' s 
30' s 
30' s 
30' s 
30' s 
40' s 
20' s 
40' s 
30' s 
30' s 
30' s 
30' s 

Edu 

J.H . 
J.H . 
COL. 
J.H . 
J.H . 
J.H . 
H.S . 
J.H . 
H.S . 
J.H . 
J.H . 
H.S . 
H.S . 
COL. 
J.H . 

COL. 
J.H . 
H.S . 
COL. 
COL. 
H.S . 
H.S . 
H.S . 
H.S . 
COL. 
H.S . 
H.S . 

Mar 

sing . 
mar . 
sing . 
sing . 
sing . 
dlv . 
mar. 
mar . 
sing . 
mar . 
dlv . 
sing . 
sing . 
sing . 
sing . 

mar . 
sing . 
sing . 
mar . 
mar . 
mar . 
sing . 
mar . 
dlv . 
mar. 
sing . 
dlv . 

Occupatio n 

pushe r 
burgla r 
booki e 
booki e 
booki e 
burgla r 
pushe r 
burgla r 
booki e 
burgla r 
burgla r 
booki e 
pushe r 
pushe r 
pushe r 

pushe r 
booki e 
pushe r 
burgla r 
booki e 
booki e 
burgla r 
burgla r 
burgla r 
pushe r 
booki e 
pushe r 

I  wil l  Illustrat e th e feature s o f  th e mode l  b y 
considerin g ho w I t  ca n b e use d t o retriev e Informatio n 
abou t  th e member s o f  tw o gang s calle d th e Jet s an d th e 
Sharks .  Characteristic s o f  hypothetica l  member s o f 
thes e tw o gang s ar e liste d i n th e Tabl e 1 . 

The model's knowledge of these individuals Is 
capture d i n a  nod e network .  Eac h nod e i s a  simpl e 
processin g devic e whic h accumulate s excitator y an d 
inhibitor y input s fro m othe r  node s continuousl y an d 
adjust s It s (real-valued )  outpu t  t o othe r  node s con -
tinuousl y i n response ,  muc h a s a  neuro n adjust s It s 
rat e o f  firin g i n respons e t o a  varyin g patter n o f 
excitator y an d inhibitor y Inputs . 
The model has a node for each of the individuals 
i t  know s an d a  nod e fo r  eac h o f  th e propertie s o r 
attribute s thes e individual s may have .  Th e forme r  ar e 
calle d instanc e node s an d th e latte r  ar e calle d pro -
pert y nodes .  Ther e I s a  propert y nod e fo r  eac h 
Individual' s name ,  on e fo r  eac h gang ,  on e fo r  eac h ag e 
range ,  on e fo r  eac h educationa l  level ,  an d s o on . 
Propert y node s ar e arrange d int o group s o r  cohort s o f 
mutuall y exclusiv e values .  Th e instanc e node s ar e 
als o treate d a s a  cohor t  o f  mutuall y exclusiv e nodes . 
I n th e followin g Figure ,  th e Instanc e node s hav e bee n 
place d i n th e cente r  wit h th e propert y node s al l 
around .  Node s withi n a  cohor t  (bounde d region )  ar e 
mutuall y inhibitory . 
The system's knowledge of an individual consists 
simpl y o f  a n Instanc e nod e an d a  se t  o f  bl-dlrectlona l 
excitator y link s betwee n i t  an d th e node s fo r  th e pro -
pertie s tha t  individua l  i s  know n t o have .  Fo r  exam -
ple ,  th e system' s representatio n o f  Lanc e i s a n 
Instanc e nod e wit h mutua l  excitator y connection s t o 
th e nam e nod e "Lance" ,  th e gan g membershi p nod e "Jet" , 
th e ag e nod e "20'k" ,  th e educatio n nod e "Junio r  High" , 
th e marita l  statu s nod e '"married" ,  an d th e occupatio n 
node "burglar" . 
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e 

Figur e 1 .  Th e representa t io n o f  severa l  o f  th e Indiv i -
dual s l iste d I n Tab l e 1 . 

Fi l l in g I n Proper t ie s I n Respons e t o a  Prob e 

The system Is queried by presenting It with a 
probe .  Fo r  example ,  t o fin d ou t  abou t  th e proper t ie s 
of  th e Jet s w e ca n prob e th e syste m b y act iva t in g th e 
propert y nod e "Membe r  o f  J e t s " .  A  prob e migh t  b e a 
name o r  an y othe r  s ingl e p roper ty ,  o r  i t  m a y cons is t 
of  a  lis t  o f  p rope r t i es . 

Before a probe is presented, each node Is assumed 
t o b e a t  res t ,  wi t h a n ac t i va t io n va lu e be lo w 0 . 
Prob e presentat io n cause s a n exc i ta to r y inpu t  t o b e 
applie d t o eac h nod e speci f ie d i n th e p robe .  Th i s 
exci tator y inpu t  i s  a l lowe d t o sta y o n ,  an d a s t im e 
passe s i t  dr ive s th e ac t i va t ion s o f  th e speci f ie d p r o -
pert y node s abov e 0 ,  int o wha t  i s  cal le d th e act iv e 
range .  Act iv e node s sen d exc i ta to r y s ignal s t o th e 
instanc e node s the y ar e l inke d t o an d sen d inh ib i to r y 
signal s t o th e othe r  node s i n th e sam e cohor t .  Thes e 
signal s ar e g raded ,  an d thei r  s t rengt h i s  p ropor t iona l 
t o th e sourc e node ' s ac t i va t i on .  A s process in g c o n -
t inues ,  som e o f  th e instanc e node s becom e a c t i v e . 
The y the n begi n t o exc i t e th e proper t y node s the y ar e 
connecte d t o ,  an d t o inhibi t  a l l  th e othe r  instanc e 
nodes .  Eventua l l y ,  p roper t y node s no t  presen t  i n th e 
prob e ma y becom e ac t i va ted . 

The excitation and inhibition processes are 
allowe d t o g o t o equ i l i b r ium .  A t  thi s p o i n t ,  th e s y s -
te m ha s genera l l y act ivate d proper t y node s fo r  p r o p e r -
tie s no t  speci f ie d i n th e p robe .  Thes e ac t i va t ion s 
ar e th e system' s respons e t o th e p r o b e .  I f  al l  o f  th e 
activ e instanc e node s " a g r e e "  o n a  p roper ty ,  th e nod e 
fo r  tha t  p roper t y w i l l  ten d t o b e s t rong l y ac t i va ted . 
On th e othe r  hand ,  i f  the y al l  speci f y d i f fe ren t 
value s w i th i n th e sam e c o h o r t ,  man y value s wi l l  becom e 
partial l y  act ivate d an d the y wi l l  a l l  ten d t o cance l 
eac h othe r  ou t .  I n an y c a s e ,  wha t  i s  f i l le d I n ca n 
the n b e use d a s a  basi s fo r  over t  respons e t o th e 
probe .  Fo r  examp le ,  a  statemen t  o f  th e typica l  ag e o f 
th e member s o f  th e Jet s coul d b e base d o n th e resu l t -
in g pat ter n o f  ac t i va t io n ove r  th e ag e n o d e s .  I  w i l l 
go throug h som e example s o f  wha t  th e syste m f i l l s i n 
I n respons e t o var iou s probe s af te r  g iv in g a  fe w mor e 
detai l s o f  th e work in g o f  th e m o d e l . 

Quantitative Details 
The net input to node 1 at time t Is given by: 
tnputj(t) - pj(t) + EZ;e,j(t) - lElij(t). 
p (t) stands for the probe Input to node 1. It is set 
t o +. 2 I f  th e prob e drive s nod e 1  an d t o 0  otherwise . 
The s,.(C )  ar e th e activations  o f  th e activ e cxcitor s 
of  noff t  1  an d th e 1 ,  (t )  ar e th e activation s o f  th e 
activ e Inhibitor s o f  rrod e 1 .  Th e constant s E  an d I 
ar e simpl y weight s w!i1c h modulat e th e excitator y an d 
Inhibitor y effect s o f  th e input .  Thei r  value s (.0 5 
and .03 )  ar e th e sam e fo r  al l  node s excep t  a s note d 
below . 

The effec t  o f  th e ne t  Inpu t  t o nod e I  l a modu -
late d b y th e curren t  activatio n (a,(t)) .  I f  th e ne t 
Inpu t  I s excitator y (I.e. ,  greate r  tna n o r  equa l  t o 0 ) 
the n th e effec t  I s 

effectj(t) - (M-aj(t))lnput^(t) 

If the net Input is inhibitory (i.e., less than 0) 
the n th e effec t  i s 

effectj(t ) (aj(t)-m)inputj(t ) 

Her e M stand s fo r  th e maximu m possibl e activatio n o f 
th e nod e an d m stand s fo. r  th e minimum .  Thi s formula -
tio n ensure s tha t  th e activatio n o f  eac h nod e stay s 
betwee n th e maximu m an d minimu m values ,  whic h ar e se t 
t o 1. 0 an d -. 2 respectively . 

There is a tendency for the activation of each 
node t o deca y a t  som e rat e D  bac k t o it s restin g valu e 
R.  Thi s tendenc y i s subtracte d fro m th e effec t  o f  th e 
net  inpu t  t o th e nod e t o determin e th e rat e o f  it s 
activation : 

d(a^(t))/dt - effect^(t) - D(aj(t)-R) . 

The values of D and R are .05 and .1. 

Simulatio n 

The behavior of the system described above Is 
simulate d o n a  digita l  compute r  b y usin g discret e 
rathe r  tha n continuou s time .  On e ever y tic k o f  th e 
discret e clock ,  th e activations  o f  eac h nod e ar e 
adjuste d t o reflec t  th e effect s o f  th e activation s o f 
othe r  node s a t  th e en d o f  th e previou s tick .  Th e tim e 
slice s ar e kep t  thi n b y usin g smal l  value s fo r  E ,  I , 
and D ,  s o tha t  th e approximatio n t o a  continuou s sys -
te m i s quit e close . 
Examples of the Model's Behavior 

Let us examine the system's response to the probe 
"Member  o f  th e Jets" .  Presentatio n o f  th e prob e 
cause s th e "Jet "  nod e t o becom e active ,  an d thi s i n 
tur n send s activatio n t o th e instanc e node s o f  al l  o f 
th e member s o f  th e Jets .  A s the y becom e activ e the y 
sen d excitatio n t o th e node s fo r  thei r  properties . 
Thes e node s i n tur n reinforc e th e activations  o f  thos e 
jet s wit h activ e properties .  Afte r  abou t  20 0 cycle s 
th e patter n o f  activatio n ove r  th e propert y node s ha s 
stabilize d a t  th e followin g values : 

Name: 
Gang: 
Age: 
Ed: 
Mar: 
Dec: 

— 
Jet s 
20' s 
J.H . 
Sing . 
Pushe r 

.86 9 

.66 3 

.66 3 

.66 3 

.33 4 Booki e .33 A 
Burgla r  .33 4 

Activations  fo r  Instanc e node s ar e omitte d t o sav e 
space .  Al l  propert y node s no t  mentione d ar e belo w 
zer o activation .  Base d o n thes e activation s th e mode l 
coul d generat e a  lis t  o f  it s  conceptio n o f  th e typica l 
propertie s o f  th e Jets .  I n th e cas e wher e onl y on e 
possibilit y  I s active ,  th e syste m woul d simpl y repor t 
tha t  value .  Wher e multipl e possibilitie s ar e active . 
I t  coul d eithe r  lis t  th e se t  o f  possibilitie s o r  mak e 
a probabilisti c  choic e fro m amon g th e alternatives . 
in this case the active age, education, and mari-
ta l  statu s propertie s ar e th e one s whic h ar e typica l 
of  th e Jets .  Thoug h n o Je t  ha s al l  thre e o f  thes e pro -
perties ,  9  ou t  o f  1 5 o f  th e Jet s ar c I n thei r  20's ,  9 
hav e onl y Junio r  Hig h educations ,  an d 9  ar e single . 
The occupations  ar e divide d evenl y amon g th e thre e 
possibilities .  Thus ,  th e mode l  tend s t o activat e th e 
node o n eac h dimensio n whic h i s mos t  typica l  o f  th e 
members o f  th e gang ,  eve n thoug h I t  ha s neve r  encoun -
tere d a  singl e Instanc e wit h al l  o f  thes e properties , 
and ha s n o explici t  representatio n tha t  th e Jet s ten d 
t o hav e thes e properties . 
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An Interestin g featur e o f  th e mode l  I s tha t  I t 
can retriev e th e typica l  propertie s o f  an y subse t  o f 
individual s matchin g a n arbitrar y conjunctio n o f 
specifiabl e properties .  Fo r  example ,  w e ca n prob e 
wit h th e propertie s "Ag e i n 20'8 "  an d "Junio r  Hig h 
Education" .  Fou r  individual s hav e thes e tw o proper -
ties .  Al l  o f  the m ar e Jet s an d Burglar s b y trade . 
Two o f  the m ar e marrie d an d tw o divorced .  Th e 
respons e o f  th e syste m reflect s thes e facts : 

Name: 

Gang: 
Age: 
Ed: 
Mar: 
Occ: 

Lanc e 
Ji m 
Jet s 
20' s 
J.H . 
Mar . 
Burgla r 

.12 7 

.09 4 

.73 2 

.85 5 

.86 2 

.58 9 

.72 1 

Joh n 
Georg e 

Dlv . 

.12 7 

.09 A 

.38 9 

I n thi s cas e th e instanc e node s fo r  th e fou r  individu -
al s matchin g th e prob e becom e strongl y enoug h 
activate d t o driv e th e activation s o f  th e correspond -
in g nam e node s abov e threshold .  Lanc e an d Joh n ge t 
more activ e tha n Ji m an d Georg e becaus e th e Instanc e 
node fo r  Al ,  a  marrie d individua l  wh o i s ver y simila r 
t o Lanc e e t  al. ,  become s slightl y activated ,  thereb y 
boostin g th e activatio n o f  th e "married "  nod e an d 
causin g Lanc e an d Joh n t o gai n a  sligh t  edge . 
The model can also be used to retrieve the pro-
pertie s o f  a  particula r  individual .  I n s o doing .  I t 
exhibit s th e tendenc y t o fil l  I n "default "  value s fo r 
unknow n propertie s o f  a n Instance .  T o Illustrat e 
this ,  w e ca n delet e th e lin k betwee n th e Instanc e nod e 
fo r  Lanc e an d th e "burglar "  nod e an d the n se e wha t 
happen s whe n w e presen t  th e nam e "Lance "  a s a  probe . 
The Lanc e nam e nod e become s activ e an d excite s th e 
correspondin g instanc e node .  Thi s excite s th e node s 
fo r  th e know n propertie s o f  Lance .  Thes e the n excit e 
th e node s fo r  othe r  individual s wh o shar e thes e pro -
perties .  Finally ,  the y I n tur n excit e th e node s fo r 
propertie s tha t  the y share .  When th e patter n o f 
activit y finall y stabilize s (i n abou t  40 0 cycles )  th e 
model  ha s fille d i n a n occupatio n fo r  Lance . Name: 

Gang: 
Age: 
Ed: 
Mar: 
Occ: 

Lanc e 
Jet s 
20' s 
J.H . 
Mar. 
Burgla r 

.79 9 

.71 0 

.66 7 

.70 4 

.55 2 

.64 1 
Dlv . .34 7 

I n summary ,  th e mode l  1  hav e describe d i s capabl e 
of  generalizin g alon g a  numbe r  o f  differen t  line s 
abou t  th e share d propertie s o f  specifie d subset s o f 
familia r  objects .  I t  ca n als o retriev e wha t  i t  know s 
abou t  specifi c  instances ,  and ,  i f  desired ,  fil l  I n 
plausibl e defaul t  value s fo r  unknow n propertie s o f  th e 
retrieve d individuals .  I t  ca n Induc e generalization s 
as I t  need s the m acros s nove l  partition s o f  th e 
knowledg e base .  Sinc e thes e ar e man y o f  th e behavior s 
whic h hav e le d worker s I n variou s field s o f  cognitiv e 
scienc e t o assum e w e explicitl v  stor e generalizations , 
th e mode l  raise s th e possibilit y  tha t  thi s assumption , 
howeve r  plausible ,  may no t  necessaril y  b e tru e I n al l 
cases . 

Ther e ar e man y mor e step s t o b e taken ,  o f  course . 
For  on e thing ,  th e mode l  need s a  representationa l  sys -
te m whic h ca n captur e mor e highl y structure d 
knowledge .  Ho w th e mode l  ca n b e extende d i n thi s wa y 
whil e preservin g it s interestin g propertie s I s 
currentl y bein g explored . 
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Instanc e node s an d th e other s ar e kep t  fro m gettin g 
activ e s o the y canno t  activat e th e missing  occupatio n 
or  th e competin g marita l  status .  Thus ,  th e mode l  ca n 
eithe r  retriev e wha t  i s actuall y know n abou t  a n 
lnst;inc e o r  I t  ra n fil l  i n missin g propertie s fro m th e 
common propertie s o f  simila r  instances . 
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CAN I F U E FORMALLY r^PREGKtnED ? 

D.  S .  Broc ! 

Any a t temp t  t o arr iv e a t  a  forma l  soinaiitic s 
fo r  natura l  lauguag o mun t  a t  leas t  provide ;  a 
mappin g o f  th e funct io n word -  int o th e chose n 
forma l  representat ion .  On e o f  th e furictio n word s 
tha t  ha s give n cons iderab l e prob lem s t o log i -
cian s i s i f .  Eve n toda y ther e i s a  del:).Tt e con -
cernin g whethe r  o r  no t  i/ '  i s  equ iva icn t  t o 
materia l  impl icat ion ,  3  ,  i n th e p ropos i t iona l 
logic ;  se e fo r  instanc e th e journa l  Ana lyc i s . 
I t  ha s lon g bee n recognise d tlia. t  equat in g i f 
wit h = > load s t o d i f f i cu l t i es ,  i  w i l l  loo k a t 
tw o proposal s t o cop e wit h th i s wi th i n th e 
conf ine s o f  t radi t iona l  projj'OL.itiona l  log ic : 
on e i s a n olde r  logic ian ' s ajjjjroach ,  Reic)icn -
bach' s (IQ'l? )  connect iv e in terpretat ion ;  th e 
othe r  i s a  recen t  proposa l  fo r  a  'natural ' 
logi c pu t  forwar d b y th e psycliologis t  Era in e 
(1978) .  A s nei the r  i s sat is factor y I  wi l l  nex t 
loo k a t  tw o approfMche s involv in g i.iod̂ l  log ic : 
th e wo] l  know n 'str ic t  impl icat ion '  o f  Lewi s 
an d Langfor d (1932 )  an d a n iraj->rovemen t  du e t o 
Stalnakc r  (1968) ,  bo t h o f  whic h ar e a ls o 
unsat isfactory .  Thi s wi l l  b r in g m a t o a  cons i -
deratio n o f  th e 'possibl e v/orlds '  logi c vh lc h 
appear s t o b e par t icu lar l y sui tabl e fo r  cond i -
tiona l  p ropos i t ions .  Regre t tab ly ,  i t  onc e 
agai n tern s ou t  t)ia t  a  secon d jiroposa l  b y 
Stnlnako r  (1975 )  ,  namel y tlia t  i f  p, q ma y 
reason.ibl y b e inferre d f ro m p  o r  q  an d v i c e -
versa ,  i s no t  proven .  A t  th i s po in t  on e i s 
tempte d t o abando n thi ;  a t temp t  t o captur e th e 
natura l  us e o f  i f  i n a  formal is m an d t o .ujre e 
wit h Cr ico' s highl y convinc in g not io n tha t  th e 
differenc e betwee n i f  an d mater ia l  impl icat io n 
ca n b e accounte d fo r  b y certcii n conversat iona l 
impl icature s t o v;hicl i  a l l  d iscours e i s bound . 
Hov;ever ,  I  fin d tha t  a  ratJie r  siinpl e 
interpretat io n o f  i f  i n th e f i rs t  o rde r 
predicat e calculu-^ ,  supplcnientG d v.'it h a 
conventio n t o differcritiat e ar;:,erte d fro m p r e -
suppose d projiositions ,  appeal s t o mee t  al l  th e 
standar d ob jec t ions . 

'Jli e wel l  know n prol:.lom s tl̂ a t  ar is e b y 
equatin g i f  p, q wit h p  '- ^  q  a re : 

a.  A f f i r m n U o n thvouj h denia l  o f  th e ante > odc n 
i s jjC'rmlssribl e fo r  3 ,  i.e . 
p-*p-::>q ,  bu t  no t  fo r  i f ,  e.g . 
A:  T f  Co d exist' ,  v.- c ar e frr e t o d o v'l>;'. t  v; o 

w.-iiit . 
D:  llo'. ;  (X o yo u coiij o t o tlia '  conclusioi-^ ? 
A:  r. y  kiiov.'in g il.nt ;  Cio o do.-ti' t  cxi^'- . 

h.  Afp'j'r-'Up u t-hy.r i  j' :  c r - r r t in n o f  th e 
C'  II. -  ''••)•. .  i  .• ;  T  ,  :  .  •  f  •  :. ;  n ,  i  .  f 
,, ;  I I  I  ii' .  ijd'.i ,  .1 ,  -•'-•J.' -  .:k.m. o , .  j- i  J  •'••'-

rio t  1  n g li i  \  n'.' -  -.A.i'  '.i,:.. . 

B:  Ho w d o yo u know ? 
A:  Becaus e ther e ar e a lway s s t ree t  r io t s 

her e a t  thi s t im e o f  y e a r . 

c. Denying material implication permits only 
on e tru e s ta te ,  i.e . 
~[.p'^q )  -* p i,q ,  bu t  denyin g a  cond i t iona l 
may b e somethin g e l se ,  e.g . 
A:  I t ' s  no t  s o tha t  i f  Go d ex is t s v/ e ar e 

fre e t o d o wha t  v; e wan t . 
B:  Ar e yo u c la imin g tha t  Go d ex is t s an d w e 

aren ' t  fre e t o d o wha t  w e want ? 

Simi la r  prob lem s ar is e whe n o v i s equate d w i t h 
V,  a  s i tuat io n whic h le d Reichenbao h (19'17 )  t o 
propos e tha t  a  'connect ive '  in terpre ta t io n b e 
g ive n t o v  i n ovdc; r  t o mak e i t  equivr;lcn t  t o 
o r .  Th i s in terpretat io n requi re s tha t  a l l 
poss ib i l i t ie s mus t  remai n open .  App ly in g th i s 
ide a t o 3  woul d requir e tha t  i t  mus t  no t  b e 
poss ib l e t o d o awa y witl i  an y o f  tli e thre e 
res idua l  s tatement s fo r  th e t ru t h o f  p'^q ,  i .e . 
(pfiq )  .  Kpf̂ q )  an d (p&q )  ,  i n o rde r  fo r  n  t o b e 
equate d wi t h i f .  No w bot h deny in g th e an tece -
dent ,  p ,  an d asser t in g th e consequen t ,  q ,  ru l e 
ou t  tw o o f  thes e thre e an d s o n o i f  s ta temen t 
may b e used .  Moreover ,  denyin g a n i f  p , q ma y 
b e deny in g tha t  al l  thre e res idua l  styteinent s 
ar e open .  S o Reiclionbach' s p roposa l  cope s w i t h 
th e Oire e we l l  knov/ n p rob lems .  However ,  i t  i s 
ope n t o cr i t ic is m a s i t  fai l s  t o d is t ingu is h 
th e relat iv e importanc e o f  th e thre e res idua l 
s tatement s fo r  a n i f  s ta tement : 

d. Homogeneity: pkq -> p=><7 but not if p,q as 
see n i n a n exampl e o f  Cond i t iona l  Perfectio n 
(Gei s &  Zwicky ,  1971 ) 

A:  I f  yo u mo w th e lawn ,  I'l l  g iv e yo u 5 
do l la rs . 

B:  (Returnin g af te r  a  minute )  Ma y I  hav e 
th e 5  dol lar s now ? 

A:  Bu t  yo u can' t  hav e mowe d tli e lav; n a l -
ready. ' 

B:  I  haven ' t ,  bu t  yo u sai d tlier c wa s a 
poss ib i l i t y  o f  m y get t in g th e 5  do l la r s 
anywa y ( p an d 17 )  . 

I t  i s  no t  onl y logician s w h o hav e tr ie d t o 
adap t  propos i t iona l  logi c s o tha t  o  ca n b e 
equate d wi t h i f ,  )3sycholog i  st s a ls o ar e 
in terested .  Fo r  example -  lo t  u s cons ide r  a 
recen t  at temp t  b y JJrain e (1970 )  t o se t  u p a 
'natiir.il '  logi c b.i'--o d o n I C 'natuia l  sc:lieiii.jta ' 

wh ic h h e claim s ,iri .  avai labl e fo r  reasoning . 
Thes e includ e fo r  exampl e modu s ponoir ,  bu t  no t 
modn- .  tollfi,- ,  v.'liic h i s  tl;:i" ;  nr. t  availal^]- :  a s 
> :  ' '  '  •  •  •  .  • '  '  !  i  \ .  .  •  .,;i;; -  II I  I  Ml  oi: l  y 
follo'./: :  l)-c,, i  sev'0)-;i l  stci>:s .  B )  ain o ecjUiitc s i f 
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wit h / ,  whic h i s equivalen t  t o a n inferenc e i n 
)ii s  system .  Hu t  i t  ca n b e show n t.Tia t  /  suffer s 
fro m al l  thre e o f  th e traditiona l  problem s o f 
3,  se c Figur e 1 .  Not e i n particula r  th e eas e 
witl i  whic h th e trutl i  o f  th e consequen t  q ,  ca n 
be use d t o deriv e p/q .  1  believ e tha t  w e shoul d 

giiits' attempts to adapt proposititmal logic so 
tlia t  i f  ca n b e equate d wit h 3  tha t  thi s i s 
not  th e wa y t o go . 

rifu m 1 
> iha '  hr̂iin̂' e x̂-̂i. m of  Ĥturu l  ;..•.;• •  fîffc t  ftv m th n rivi.i (  (lotn l  j-ivfrftn t 
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Attempt s t o equat e i f  wit h a  moda l  operato r 
hav e als o me t  wit h difficulties .  Fo r  instanc e 
Ui e wel l  know n proposa l  tha t  i f  migh t  b e 
equivalen t  t o stric t  implicatio n pu t  forwar d 
by Lewi s an d Langfor d (1932 )  partiall y  over -
comes al l  fou r  o f  th e problem s o f  materia l 
implication .  Stric t  iinplicfitio n i s define d a s 
assertin g th e impossibilit y  o f  p&<7 ,  i.e .  - 0 (p ^ 
Stric t  implicatio n i s thu s a  stronge r  concep t 
tha n materia l  implication ;  tli e latte r  ca n b e 
deduce d fro m th e former ,  ilowever ,  i t  stil l 
suffer s fro m stronge r  version s o f  th e tw o 
problem s o f  affirmatio n a s ~0j)- » ~ 0 (pc/ )  an d 
07 - •  ~<>q->~ {̂pq )  bu t  i t  i s  no t  s o tli.i t  fro m 
eitlie r  th e impossibilit y  o f  th e anteceden t  o r 
fro m th e necessit y o f  th e consequen t  tha t  a 
conditiona l  i f  statemen t  m̂ ay b e deduced ,  a s 
can b e see n b y appropriatel y modifyin g t)i e 
exan)ple s give n fo r  th e affirmatio n problem s 
above .  A t  on e poin t  Stalnakri r  (1968 )  attemptc i 
t o improv e o n th e Lewi s an d Langfor d proposa l 
bv (i-̂ iMtin q i f  J', a \;it. h p"̂ '7 ;  hi s foj,inr ,  > , 
ciitaili d iiiĉLCj' j  a J iii:piic.:'t:nji i  an d i s lu I  aile d 
by stric t  implication ,  i.e .  p>q-*p^ q an d 
~0 (pq)- *  a  { p = )  q)-*p>q .  Unfortunatel y thi s 
leave s i t  ope n t o th e sam e criticis m a s stric t 
implication ,  fo r  instanc e th e impossibilit y  o f 
th e anteceden t  i s sufficien t  fo r  th e corner , 
i.e .  ~^p- » •  ( p r > qr )  - » p>q .  Moda l  logi c ha s no t 
offere d u s a  forma l  representatio n o f  i j  ,  al -
thoug h i t  ha s com e close r  tha n simpl e 
prepositiona l  logic . 

I t  i s  the n wit h hig h expectation s tlia t  v/ e 
tur n t o th e logi c o f  'possibl e worlds '  whic h 
seems designe d t o cop e wit h conditionals .  I n 
brie f  thi s postulate s a  univers e o f  possibl e 
world s arrange d i n a n ordere d serie s o f  set s 
suc h tha t  eac h se t  contain s al l  th e world s o f 
th e previou s so t  an d som e mor e world s besides . 
The initia l  se t  contain s on e world ,  whic h i s 
usuall y interprete d a s ou r  worl d a s i t  is . 
World s adde d i n goin g fro m on e set ,  K ,  t o th e 
nex t  set ,  K+1 ,  ar e furthe r  remove d fro m ou r 
worl d tha n al l  world s i n se t  K .  Thes e set s ar e 
th e context s i n whic h sentence s ar e interpreted . 
For  a  conditiona l  sentenc e th e appropriat e 
contex t  i n th e firs t  se t  whic h contain s a  worl d 
i n wliic h th e propositio n underlyin g th e 
anteceden t  i s true .  A  nic e consequenc e o f  thi s 
i s tha t  i f  i s  n o longe r  a  transitiv e relcitio n 
as ca n b e see n b y examinin g Figur e 2 ,  Eve n 'i f 
B goe s t o th e party ,  A  wil l  go '  an d 'i f  C  goes , 
B wil l  go '  i t  doe s no t  follo w tlia t  'i f  C  goes , 
A wil l  go' ;  A  may wel l  wan t  t o g o t o mee t  B  bu t 
not  i n th e unlikel y circumstance s o f  C' s goin g 
as well . 

Figure 2 

Possible iioi'lds representation of if, p, q is not trajisitive 

goin y 

o C goin g 
B goin g 

.'•;'.. [  pnro ;  'I f  n' s  goiTK T 1 0 vhr .  p " t y ,  A' p .•.linq ' 

Uur not: 'If <-"': iioiin '.n tli.- |->''y, ;.'s coitii' 

Figure 3 

A formal vei'cion of Stalr^kor's proof 

To Proove: 'P or Q therefore if P, Q' is a reasonable inference 

Proof: Suppose 'P or Q' is appropriate in K. 

S2:  Suppos e ' P o r  Q '  i n accepte d i n K . 

So PR Q i s appropriat e i n K . 

So P  i s appronritTi,' ? i n K . 
I f  X  i s  aopropri.Tt o un d V  i s accepte d i n K ,  'i f  X ,  Y ' 

is accepted in K. 

So "•;' P, then r •^;' 0' is accepted in K. 

So 'i f  I' ,  the n Q '  i s acccipte d i n K . 

So ' P o r  Q  therefcvc !  :; '  P ,  Q '  i s a  reasonabl e inCrrr-ncB . 

S3: 
S4: 

rS: 

Eli: 

all 

SO: 
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I t  i s  v/ithi n thi s formalis m tha t  Stalnakc r 
(1975 )  se t  ou t  t o sliov ;  that ,  althoug h i f  p, q 
laa y no t  b e trut h functionall y equivalen t  t o p 
or  q  th e on e i s a  reasonabl e inferenc e fro m th e 
othe r  an d vice-versa .  A  reasonabl e inferenc e 
occur s whe n fo r  al l  contexts ,  K ,  i n whic h th e 
premis e i s appropriat e an d accexiUcibl e th e 
conclusio n i s also .  A  proposition ,  P ,  i s 
appropriat e i n K  i f  ther e exist s a t  leas t  on e 
worl d i n K  i n whic h P  holds ;  P  i s acceptabl e i f 
i t  hold s i n al l  world s i n K .  A  forma l  versio n o f 
Stalnaker' s proo f  tha t  '•>• ? o r  Q  therefor e i f 
P,Q'  i s a  reasonabl e inferenc e i s reproduce d i n 
Figur e 3 .  Unfortunatel y i t  i s  flawe d a s i t 
assumes wha t  i t  i s  settin g ou t  t o prove ,  namel y 
tha t  i f  P, Q i s equivalen t  t o P:3 Q i n ste p 5 .  Th e 
resul t  i s  no t  surprisin g a s eve n th e 'impossibl e 
worlds '  formalis m o f  i f  accept s an y appro^Driat e 
conditiona l  i n whic h th e consequen t  i s 
necessaril y  true ,  th e secon d o f  th e traditiona l 
problem s o f  affirmation . 

Thos e o f  yo u wh o neve r  believe d i n th e logica l 
basi s o f  natura l  languag e v;il l  b y no w b e 
thinkin g ' I  tol d yo u i;o '  an d thos e convince d i n 
th e forma l  progra m wil l  b e bus y findin g a  no w 
formalism .  Perhap s w e shoul d follo w a  middl e 
road ,  fo r  exampl e th e pat h marke d ou t  b y Gric e 
(1967 )  i n hi s Willia m Jame s lectures .  H e virtual -
l y divide d th e proble m int o tw o parts :  retai n 
a simpl e forma l  rcprescnratio n fo r  natura l 
languag e connectives ,  includin g if ,  an d accoun t 
fo r  deviation s betwee n th e formalis m an d th e 
norma l  usag e b y postulatin g a  se t  o f  Indirec t 
Conditions ,  TC .  'Hio n i f  =  => +  IC .  Th e IC' s ar e 
t.li c  c.itic.-'l) ;  i.'l o p.-.i'! •  ri f  i  i)̂ '  1:1'?i;ii:ir ;  o f  if ,  c.q . 
par t  o f  th e I C i s tha t  t)i e speake r  door.n' t  kno w 

th e trut h value s o f  eithe r  th e anteceden t  no r 
th e consequen t  bu t  thos e ar e cancellabl e a s i n 

I  knov ;  wher e Smit h i s an d wha t  h o i s 
doing ;  al l  I'l l  sa y i s tha t  i f  he' s i n 
Londo n he' s attendin g th e meeting . 

Althoug h the y ar e cancellabl e the y ar e no t 
detachable ,  i.e .  i t  isn' t  possioi e u o fin d 
anothe r  formulatio n whic h i s equivalen t  t o 
if-lC ,  e.g .  bot h 

Eitlie r  SmitJ i  isn' t  i n Londo n o r  he' s 
attendin g th e meeting . 
I t  isn' t  th e cas e tha t  Smith' s i n Londo n 
and no t  attendin g th e meeting . 

contai n th e sam e IC .  Suc) i  IC' s Gric e calle d 
Conversationa l  Implicatures ,  CI 's ,  whic h )iol d 
fo r  conversatio n i n genera l  no t  onl y fo r  if . 
Hi s firs t  C I  i s th e maxi m o f  quantity :  a 
speake r  doe s no t  sa y les s tlia n li e knows .  Thu s 
a speake r  wil l  no t  use -  i f  p, q whe n h e knov/ s p 
or  q  fo r  certain ,  whic h avoid s th e tw o 
affirmatio n problems .  Hi.; -  thir d C I  is .  mor e 
specific :  i f  P, q ha s a n implicatiir e 'sujjpocin g 
p ,  tlie n q '  .  Thi s C I  i s a];. o presen t  wit h p  o r  q . 
I t  enable s tli e problem s o f  denia l  an d homo -
geneit y t o b o avoided .  Ilov.-ever ,  i t  doesn' t  hav e 
th e generalit y tha t  on e v;oul d lik e fro m a  CI . 
Would i t  b e t.o o uncharitiJ.il e t o sa y tha t  i t 
duck s th e issxie ? 

Witl i  a  certai n trepidatio n I  woul d lik e t o 
propos e a  formalis m fo r  i f  p, q i n th e firs t 
Olde r  predicat e calculu s 

Fl :  Vw(P(w )  z>Q(w) )  f .  [3(x,y )  (P(x)&~Q(y)) ] 
i n whic h th e propositio n P  i s th e propositio n 
derive d fro m p  i n th e contex t  K ,  an d P(w )  i s 
tru e i f  P  i s th e cas e i n worl d w .  Th e universal , 
V,  an d existential ,  3 ,  operator s operat e ove r 
al l  world s i n th e contex t  se t  K ,  followin g th e 
'possibl e worlds '  formalism .  Th e necessit y fo r 
differentiatin g p  an d P  i s no t  onl y tha t  th e 
propositio n underlyin g a  sentenc e depend s o n tli e 
contex t  i n whic h tha t  sentenc e i s interi:)reted , 
bu t  als o becaus e th e protasi s an d apodosi s o f 
a conditiona l  ar c no t  ncces'^aril y  equivalen t  t o 
sentences ,  the y sometime s canno t  stan d alone , 
e.g . 

I f  anyon e ha s a  malignan t  cance r  o f  th e 
backbone ,  they'l l  b e dea d withi n 6  months . 
I f  Alexande r  wa s afraid ,  I  didn' t  notic e 
it . 

As Ryl e (1950 )  pointe d ou t  i f  sentence s contai n 
statemen t  indents ,  no t  statements .  The y ca n b e 
use d fo r  makin g inferences ,  bu t  ar e no t  i n 
themselve s inferences . 

Tlii s  f  oniiti l  i  SI 1 avoic: ;  th e thre e t.raJitiona l 
pruljleii. o o i  i-jL. t  t.i.ii. j  i-j '  >.  itl i  '-> .  La t  I v b e ou r 
v/orld .  The n neithe r  -P(W )  no r  Q(VJ )  i s sufficien t 
t o affir m i f  p, q unles s W i s th e onl y worl d i n 
K.  No r  ca n i t  b e confirme d b y p  no r  b y q  a s 
thes e tw o extreme s ar e rule d ou t  b y th e 'pre -
supposition '  o f  i f ,  give n i n F l  betwee n squar e 
brackets .  Th e proble m o f  denia l  i s  als o avoided , 
as denvin q i f  denie s th e assertio n Vw(P(w)3Q(w) ) 
whic h i s equivalen t  t o 3w(P(w )  &  ~Q(w)) ,  bu t  th e 
worl d tha t  satisfie s thi s denia l  i s  no t 
necessaril y  ou r  world .  However ,  thi s formalis m 
fail s t o avoi d th e homogeneit y problem :  ther e 
i s n o differenc e betwee n a  worl d fo r  whic h P Q 
i s tru e an d on e fo r  whic h P Q i s true .  Tlii s 
proble m ca n b e avoide d i f  w e ar e jiropare d t o 
us e stric t  implicatio n rathe r  tha n materia l 
implication .  We the n defin e i f  p, q t o b e 
represente d b y 

F2 :  Vw(P(w)-»Q(w) )  &  [3(x,y )  (P(x )  &  ~Q(y)) ] 

i n whic h th e sam e convention s hol d a s Jibove , 
and - » i s stric t  implication .  Specificall y stric t 
implicatio n ha s a  know n trut h valu e onl y whe n 
th e anteceden t  i s true .  Tliy s P-» Q i s tru e fo r 
PQ an d fals e fo r  PQ ,  whic h avoid s th e homo -
geneit y problem .  I t  remain s t o b e see n i f  ther e 
ar e othe r  problem s whic h thi s formalis m i s no t 
capabl e o f  handling . 

At  firs t  glanc e thi s formulatio n fo r  i f 
seems t o cop e wit h problem s tha t  aris e fo r 
'other '  interpretation s o f  i f  tha n th e standard . 
Most  notoriou s o f  thes e i s th e countorfactua l 
i n VJhic h th e premis e i s claime d t o b e fals e o f 
th e actua l  v;orld ,  bu t  fro m a  fals e propositio n 
anytliin g follows !  A s Lewi s (1973 )  ha s shov m th e 
'possibl e worlds '  approach,whic h I  hav e her e 
adapted ,  ca n cop e wit h counterfactuals .  Ther e 
i s n o clai m i n F 2 tha t  P(W )  i s fals e (o r  t rue) , 
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e.g . 
I f  Pau l  ha d stuc k t o hi s plan ,  he' d 
(still )  hav e bee n famous . 

(Example s ar e adapte d fro.- n th e Brow n corpu s o f 
America n English ,  Kucer a an d Francis ,  1967) . 
K2 als o cope s wit h factual s i n whic h bot h P(VJ ) 
and Q(VJ )  hold ,  e.g . 

I f  Willicl m Reic h i n th e Mose s wh o ha s le d 
the m ou t  o f  th e Egyp t  o f  sexua l  slavery , 
Dyla n Thoma s i s th e poo t  wh o o'for s the m 
th e Dionysia n dealccti c o f  justificatio n 
fo r  thei r  indulgenc e i n liquor . 

As P(W )  i s tru e Q(W)  mus t  hold .  Bu t  contrar y t o 
th e possibl e world s formulation ,  th e context , 
K,  mu;-, t  no t  b e confine d t o VJ a s tlje n -3v;(~Q(w)) . 
Nor  i s ther e an y proble m wit h Austin' s (1961 ) 
stipulatjv e us e o f  if ,  e.g . 

Ti.r-i- c nr c foM' -  b j  <-:cu'' .  t. s  o n th e 1:.<."ib ]  o ,  i f 
yo u v/ani .  souir . 

as agai n th e trut h statvi s o f  Q(VJ )  i s no t 
necessaril y  ope n bu t  may b e true .  An d 1  thin k 
i t  wil l  handl e case s o f  doubtfu l  presuppositio n 
as i n 

I t  mad e hi m conspicuou s t o th e enemy ,  i f 
i t  wa s tli e enemy . 

Her e th e interpjretatio n o f  q  i s problemati c 
,,,- ,  ̂  ̂  ~  „  T ^  if .  i-.-,, „  !_,.* _ ̂  A  ' ^  —'^  r^ l  . . „ ^ _ ^A,,,..;, ,  4 -
implicatio n thi s doe s no t  matter . 

I  d o no t  clai m tha t  th e us e o f  r 2 fo r  i f  ca n 
decid e whic h o f  thes e 'interpretations '  i s 
actuall y th e case .  Rathe r  tlia t  decisio n 
slioul d no t  res t  upo n if ,  bu t  mus t  b e mad e 
usin g othe r  aspect s o f  th e sentence ,  e.g .  wha t 
th e listene r  know s tha t  tli o spealce r  knows .  Thi s 
i s particularl y th e cas e fo r  tli e us e o f  i f 
withi n th e scop e o f  performativ e verb ,  e.g . 

He promise d vengcnc o o n V.Ii .  i f  eve r  th e 
chanc e camf '  hi s way . 

Wlia t  I  d o sa y i s tha t  F 2 peyinit s thes e differen t 
interpretations ,  wit h th e exceptio n o f  th e 
performative . 
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T"  SE h .Aî D .  NOT T O SEt ,  TiiA T I S TH E QUESTION 

E. Andrcevs|.y , A. Andreewsky 
G.  Deloch e an d D .  Uourcle r  . 

I.<SERM U 84, Hopltal de la Salpetrlere, 47, Bd 
de I'hopital .  75014 ,  PARIS-FRA.NCE . 

^LIMSI-a-lRS ,  Orsa y FRANCE 

\rA 430 CNRS-FRANCE. 

Bot h psychologica l  an d computationa l  theorie s o f 
th e lexico n usuall y consis t  o f  th e specification s o f 
th e semanti c relation s betwee n words .  Th e presen t 
pape r  propose s a n alternative ,  an d simple r  lexico n 
whic h doe s no t  includ e th e particula r  meaning s fo r 
eac h ite m i n It .  Thi s lexico n consist s instea d o f 
pointer s t o a  genera l  knowledg e data-base ,  o n th e 
basi s o f  whic h th e meaning s o f  word s ar e t o b e com -
puted . 

Worl d knowledg e i s indee d require d t o understan d 
properl y an y word .  Thi s i s demonstrate d b y example s 
lik e th e followin g :  i n " a gree n salad "  vs." a gree n 
cadaver" ,  th e colo r  o f  "green "  i s no t  th e same !  Bu t 
th e requiremen t  may b e mor e obviou s fo r  a  lexica l 
ambiguity .  Fo r  instance ,  t o accoun t  fo r  th e meaning s 
of  th e ver b "study "  i n :  "Francoi s studie s english " 
vs .  "Chomsk y studie s english" ,  on e canno t  hel p bu t 
tak e int o accoun t  muc h knowledg e abou t  ho w englis h 
i s no t  tli e frenc h peopl e ^a s Francoi s refer s to i 
mothe r  tongue ,  o n on e hand ,  and ,  o n th e othe r  hand , 
abou t  Chomsky' s scientifi c  activity .  Th e psycholo -
gica l  meanin g o f  word s doe s indee d depend s o n worl d 
knowledg e :  i t  i s  mor e likel y t o resul t  fro m som e 
processin g (takin g thi s store d knowledg e int o ac -
count )  tha n t o b e Jus t  retrieve d ou t  o f  an y structure . 

I n thi s paper ,  w e will ,  first ,  giv e a  computa -
tiona l  mode l  fo r  th e resolutio n o f  lexica l  ambiguity ; 
i t  i s  grounde d o n a n abstrac t  "lexicon" ,  wit h poin -
ter s t o th e knowledg e data-base .  We wil l  the n presen t 
psychoUnguisti c dat a whic h cal l  fo r  suc h a  pre -
processin g a s th e abov e abstrac t  lexico n may provide . 
RESOLUTION O F POLYSEMIES.  A N A.I .  APPROACH. 

Given a (french) sentence, including a lexical 
ambiguity ,  m,  w e wan t  t o disambiguat e m.  Th e presen t 
resolutio n o f  thi s proble m i s base d o n a n automati c 
informatio n retrieva l  system ,  i n natura l  language , 
so calle d "SPIRIT "  (A .  Andreewsk y e t  al ,  1980)whlc h 
i s currentl y us e i n Paris ,  wit h variou s data-base . 

The "worl d knowledge "  o f  SPIRI T i s it s store d 
document s (th e frenc h text s D, ,  D,.. .  D  ) . 

The "lexicon "  o f  SPIRI T i s ver y poo ? :  i t  con -
tain s mainl y morphologica l  an d syntactica l  propertie s 
of  words . 

SPIRI T compute s th e "distances "  d. ,  betwee n an y 
give n frenc h sentenc e s  (tha t  is ,  an y reques t  t o th e 
system )  an d it s n  store d documents ;  thes e distance s 
d.  enabl e th e syste m t o answe r  t o £  ,  b y mean s o f  a n 
hierarchicall y arrange d lis t  o f  number s : 

Â  =  ( i  ,  i^ ,  .. .  î ) 
I.e .  a  se t  o f  weighte d number s pointin g t o th e docu -
ments Di, ,  Dl^ ,  ... .  D l  ,  answerin g th e bes t  t o th e 
reques t  s . 

SPIRI T include s a  syntactica l  disarablguator : 
For  instance ,  a  wor d suc h a s "can "  (h e ca n ope n th e 
can )  ha s tw o differen t  entrJe e i n it s lexicon , 
wherea s a  wor d suc h a s "baclielor "  lia s onl y one .  T o 
handl e th e p  differen t  meaning s o f  sud i  polysemies , 
th e followin g step s ar e take n • 

-  Usua l  dlctionnar y definition s o f  word s (on e 
definitio n fo r  a  regula r  word ,  p  to r  a  p-polysenou s 
word )  ar e input ,  a s give n "request "  t o SPIRIT ;  th e 
system' s answer s (on e t o p  fo r  eac h word )  ar e set s 
of  number s A. ;  thes e set s ar e linke d t o eac h lexica l 
entry ,  an d stored .  Th e lexico n o f  th e syste m includ e 
now,  togethe r  wit h morphologica l  an d syntactica l 
data ,  pointer s t o th e knowledg e data-bas e th e A . 

-  I f  a  polysemou s wor d m ha s th e p  meaning s : 
m.,  m.. .  m ,  it s  lexica l  entr y Includ e th e set s : 
A. ,  Aj . .  A  .  Given ,  now ,  th e wor d m i n a  sentenc e s ^ 
th e followin g operation s enabl e it s disambiguation , 
I n a  ver y simpl e wa y : 

-  A  i s th e answe r  o f  SPIRI T t o th e sentenc e s . 
-  A, ,  A.. .  A  ar e th e answer s o f  SPIRI T t o th e p 

differen t  definition s o f  th e meanin g o f  m. 
th e greates t  o f  th e followin g intersection s : 

A A a ,  A ^  A  A ^  A  A A giv e whic h 
definitio n o f  m share s a  maximu m o f  relate d docu -
ment s wit h th e sentenc e a .  I t  I s  th e meanin g o f  m 
i n th e give n sentenc e £ . 

I n orde r  t o exemplif y ho w th e syste m actuall y 
works ,  conside r  th e disambiguatio n o f  th e wor d : 
"instruction" .  I n french ,  thi s wor d ha s thre e 
meaning s : 

1)  instructio n -"teachin g o r  education ,  th e 
takin g i n charg e o f  school-ag e children. " 
Give n th e firs t  definition ,  th e answe r  o f  th e syste m 

A, - 120, 513, 519, 1829, 611, 1351, 207. '/^'^ 
21 Instructio n ="Proceeding s whic h brin g a  cas e 

or  a  law-sui t  t o trial" . 
t o thi s definition ,  th e answe r  o f  th e syste m i s : 

A 1761 ,  1760 ,  1376 ,  1393 ,  1369 ,  1723 ,  276 . 
37 instructio n -"Directions ,  instruction s o r 

information s give n fo r  indicativ e purposes" . 
answer  o f  th e syste m : 

A 1802 ,  2144 ,  1761 ,  1367 ,  2720 ,  2490 . 
(al l  th e number s her e refer s t o a  data-bas e o f  300 0 
laws ,  chose n fo r  th e presen t  experiment; . 

Now,  give n th e followin g sentenc e : 
s "gu l  s e charg e d e 1'instructio n d e dossier s d e 
recouvremen t  d'impots "  (Wh o i s i n charg e o f  th e exa -
minatio n o f  record s i n ta x collectio n cases) ,  inclu -
din g "instruction" ,  th e answe r  o f  th e syste m is : 

A =  276 ,  1367 ,  2121 ,  1761 ,  1760 ,  1376 ,  1393 ,  1361 . 
What  i s th e meanin g o f  "instruction "  i n th e 
sentenc e ŝ ? Th e intersectio n o f  th e answe r  o f  th e 
syste m t o ŝ ,  wit h th e answer s t o th e thre e defini -
tion s o f  "instruction "  ar e : 

A rt A  :36 1 
A,  A  A ® 276 ,  1761 ,  1760 ,  1376 ,  139 3 
A^  A  A ^  1367 ,  1761 . 

Thus ,  th e 2n d meanin g o f  "in s true r  ion "  trigger s th e 
greates t  intersection ,  therefor e I t  i s  th e meanin g 
of  thi s wor d i n th e contex t  a t  hand .  A n exampl e o f 
th e us e o f  "instruction "  i n th e sam e meanin g i s 
take n ou t  o f  th e documen t  N' '  176 1 .  "l e servic e 
d'assiett e proced e a  1'instructio n d e l a demande"(th e 
tax-assessmen t  servic e proceed s t o investigat e claims ) 

Here ,  ther e i s a  lexico n withou t  an y semanti c 
informatio n whic h enables ,  howeve r  (ou t  o f  it s 
pointer s t o th e knowledg e data-base )  t o handl e 
lexica l  ambiguitie s i n sentences . 

PSYCHOLINGUISTIC EXPERIMENTS. 

riow people process lexical ambiguities? In 
general ,  ther e i s tw o contreverse d model s t o dea l 
wit h thi s proble m (c f  Care y P.W .  e t  al ,  1970) . 
requirin g a  lexico n fro m whic h meaning s ar e retrie -
ved .  I f  mor e tha n on e meanin g ar e retrieved ,  th e 
wron g one s ar e the n inhibited ;  th e inhibitio n hypo -
thesi s i s als o invoke d t o explai n subluminar y expe -
riment s wer e peopl e ar e abl e t o implicltel y us e 
some semanti c propertie s o f  word s the y ar e unabl e 
t o report ,  o r  eve n t o notic e (c f  D.A .  Allport ,  1977 ) 

We wil l  presen t  tw o psychoUnguisti c experiment s 
whic h requir e eithe r  a  meaning-retrieva l  an d inhi -
bitio n mechanism ,  or ,  alternatively ,  som e abstrac t 
lexico n suc h a s th e on e above . 
Experimen t  1 . 

Writte n word s wer e tachistoscopicall y presente d 
i n pairs ,  wit h visua l  masking  conditions ,  i n a  spee d 
whic h allowe d subject s t o repor t  a t  mos t  on e o f  them . 
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Al l  th e word s wer e nouns ,  an d the y Includ e th e frenc h 
homograp h :  "fils "  (whic h mean s eithe r  "son "  o r 
"threads") ;  thi s wor d i s no t  a n homophone ,  an d whe n 
i t  mean s "son "  i t  i s  uttere d /fls/ ,  an d /fil/ ,  fo r 
"threads" .  Th e writte n wor d "fils "  wa s displaye d 
togethe r  wit h eithe r  th e wor d "father "  o r  th e wor d 
"needle" .  (E .  Andreewsk y e t  al ,  1978) .  Th e subject' s 
sol e pronoonciatio n /fis /  o r  /fil /  testifie s i n favo r 
of  th e implici t  resolutio n o f  th e writte n polysemy ; 
thi s resolutio n wa s foun d t o b e i n accordanc e wit h 
th e "ungrasped "  co-displaye d nou n (fathe r  o r  needle ) 

The subjects '  utterance s testifie s therefor e i n 
favo r  o f  implici t  us e o f  th e "meaning "  o f  words , 
displaye d bu t  no t  understood . 
Experimen t  2 . 

M.L .  Alber t  e t  a l  (1973 )  propos e a  metho d so -
calle d th e "odd-word-out-test" .  Subject s ar e aske d 
t o poin t  t o th e od d ite m i n a  writte n list ,  suc h a s 
"hat "  i n ;  "cat ,  dog ,  pig ,  hat ,  wolf" .  Ther e ar e 
alexi c subjects ,  wh o ca n neithe r  rea d alou d no r 
understan d (i.e .  matc h wit h prope r  picture d items ) 
any o f  th e writte n noun s i n th e list ,  bu t  can ,  never -
theless ,  perfor m th e "odd-word-out-test" .  We hav e 
reporte d (G.Deloch e e t  al ,  o n press) ,  i n th e contex t 
of  th e abov e task ,  th e behavio r  o f  on e o f  thos e 
alexi c subject s :  h e give s 8  correc t  answer s ou t  o f 
10 list s o f  5  writte n items ,  al l  o f  whic h h e canno t 
understand .  Therefore ,  sinc e semanti c cue s ar e ob -
viousl y require d fo r  th e selectio n o f  od d items ,  suc h 
a patien t  displays ,  her e again ,  th e abilit y  t o mak e 
implici t  us e o f  th e "meaning "  o f  word s h e "sees" , 
withou t  bein g abl e t o understand . 
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The questio n arise s the n ;  ho w peopl e ca n manag e 
"t o se e an d no t  t o see "  writte n items ,  tha t  I s mak e 
an implici t  us e o f  th e meanin g o f  writte n word s whlcl i 
ar e no t  understood ? Thi s I s th e cas e I n th e tw o abov e 
experiments ,  suc h a s I n man y other s (C f  A .  Marcel ,  o n 
press) . 

Under  a  structura l  mode l  o f  th e huma n lexicon , 
fro m whic h meanin g o f  word s shoul d b e store d an d 
retrieved .  I t  i s  impossibl e t o explai n thes e expe -
riment s withou t  a  strongl y a d ho c hypothesi s o n a n 
inhibitio n mechanism ,  followin g th e retrieva l  o f  a 
lexica l  meanin g (explainin g ho w on e ca n mak e us e o f 
a wor d meaning ,  an d no t  understan d thi s word) . 

An alternativ e explanatio n ca n b e carrie d out , 
grounde d o n suc h a n abstrac t  lexico n a s describe d I n 
th e A.I .  par t  o f  thi s paper .  I n th e syste m describe d 
above ,  th e lexico n doe s no t  includ e semanti c infor -
mations ,  bu t  onl y set s o f  pointer s t o th e knowledg e 
data-base .  Th e retrieva l  o f  pointer s i s a  preproces -
sin g toward s wor d understanding .  I t  i s  clea r  tha t 
thes e pointer s provid e enoug h informatio n -eve n no t 
semantic -  t o explai n ho w peopl e may "se e an d no t  see " 
th e meanin g o f  words .  Fo r  Instance ,  i n th e cas e o f 
th e alexi c patient ,  i f  suc h pointer s woul d b e retrie -
ved ,  withou t  furthe r  processin g o f  th e meanin g o f 
words ,  th e patien t  wil l  perfectl y wel l  b e abl e t o 
poin t  t o th e od d word ,  ou t  o f  a n Intersectio n betwee n 
th e pointer s o f  th e list ,  withou t  havin g an y ide a o n 
any writte n wor d meaning . 

Therefore ,  ou r  A.l .  approac h no t  onl y allow s a 
ver y simpl e wa y t o handl e lexica l  ambiguities ,  bu t 
als o provide s a  theor y t o explai n lio w peopl e ca n 
manage t o se e an d no t  t o se e a  word ,  tha t  i s  t o 
implicitel y us e semanti c propertie s o f  non-unders -
too d writte n items . 
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E/MOTIONAL MEMORY A S A  MEDIATIN G CONSTRUCT I N TH E 
STUDY OF PERSON/ENVIRONMENT INTERACTION .  Maris a 
Zavalloni ,  Departmen t  o f  Psychology ,  Universit y 
of  Montreal . 

Recent  trend s i n socia l  an d environmenta l  psy -
cholog y underli e th e importanc e o f  studyin g psy -
chologica l  processe s throug h whic h a  perso n an d 
his/he r  environmen t  interac t  (Bronfenbrenner , 
1979) .  A t  th e sam e time ,  i t  ha s becom e mor e an d 
more apparen t  tha t  psycholog y ha s establishe d a 
methodologica l  an d epistemologica l  traditio n whic h 
i s no t  adapte d t o th e stud y o f  interactiv e pheno -
mena (Cronbach ,  1975 ;  Proshansky ,  1970) .  Th e 
traditiona l  approac h o f  scientifi c  psycholog y i s 
base d o n th e compariso n o f  averag e response s mea -
sure d o n a n aggregate ,  an d i t  aim s t o elici t  ge -
nera l  propertie s o f  th e psychologica l  system ,  suc h 
as attitudes ,  values ,  an d needs ,  whic h allegedl y 
represen t  th e basi c parameter s o f  hypothetica l 
construct s throug h whic h i t  i s  hope d tha t  on e da y 
i t  wil l  b e possibl e t o explai n th e comple x func -
tionin g o f  th e mind .  However ,  a s Feldma n an d 
Lewonti n (1975 )  note ,  ther e i s a  vas t  los s o f  in -
formatio n i n goin g fro m a  comple x machin e t o a 
fe w descriptiv e parameter s an d a n immens e inde -
terminac y i n tryin g t o infe r  th e structur e o f  th e 
machin e fro m thos e fe w descriptiv e parameters . 
Moreover ,  th e dat a thu s obtaine d refe r  t o averag e 
characteristic s o f  a  grou p an d no t  t o propertie s 
expressin g som e transactio n betwee n th e perso n 
and his/he r  environment .  Th e developmen t  o f  a  so -
cial/ecologica l  an d interactiv e psycholog y wil l 
requir e a  methodologica l  pe.-spectiv e capabl e o f 
producin g a  concret e researc h progra m havin g a s 
prerequisit e a  muc h cleare r  understandin g o f  wha t 
i t  mean s t o stud y interactiv e phenomen a a s the y 
operat e i n th e rea l  world .  I f  th e epistemologica l 
orientatio n i n psycholog y toda y appear s t o b e ac -
quirin g a n interactiv e an d constructivis t  outlook , 
i t  woul d b e wron g t o assum e tha t  w e witnes s a  har -
moniou s developmen t  i n thi s direction .  On th e 
contrary ,  a s discusse d elsewher e (Zavallon i  an d 
Louis-GuSrin ,  1979) ,  w e ar e i n a  perio d o f  tran -
sitio n an d uneasiness ,  characterize d b y a  wide -
nin g ga p betwee n th e theoretica l  reflectio n an d 
it s concret e applications . 

The constructivist ,  interactiv e perspectiv e i n 
psycholog y ha s foun d persuasiv e defender s i n re -
cen t  years ,  ye t  ver y muc h ha s t o b e don e t o trans -
lat e th e implication s o f  thi s perspectiv e int o a 
researc h mode l  an d t o devis e concret e method s fo r 
it s application .  Th e majo r  proble m i s ho w t o hav e 
acces s t o th e processe s a t  wor k i n th e interna l 
constructio n o f  realit y o f  whic h environmenta l 
perceptio n i s on e o f  th e elements .  Th e fundamen -
ta l  questio n t o b e raise d i n thi s connectio n is , 
ar e ther e empiricall y detectabl e structure s res -
pcnsibl e fo r  thes e processes ,  o r  wil l  thi s leve l 
of  psychologica l  functionin g i n th e rea l  worl d 
remai n beyon d th e reac h o f  psychologists ? 

Our  researc h goa l  wa s t o discove r  throug h th e 
Socia l  Identit y Inquire r  (SII )  th e relatio n bet -
ween th e objectiv e socia l  identit y o f  a  perso n 
and his/he r  interna l  operan t  environmen t  (Zaval -
lon i  an d Louis-Gu6rin ,  1981) .  Th e S I  I  represent s 
a comple x procedur e base d o n a  metho d calle d re -
presentationa l  contextua l  ization .  Th e procedur e 
comprise s differen t  phase s eac h usin g differen t 
technics :  fre e association ,  focuse d introspectio n 
and associativ e networ k analysis .  Th e result s ob -
taine d indicat e tha t  th e linguisti c encodin g o r 
categorizatio n throug h whic h w e evaluat e th e so -
cio-cultura l  environmen t  constitute s onl y on e as -
pec t  o f  wha t  i s activate d i n th e brai n whe n a  per -

son enunciate s thes e categories .  Th e metho d o f 
representationa l  contextua l  izatio n ha s permitte d 
t o identif y severa l  psychologica l  component s 
whic h accompan y tacitl y  th e evaluatio n categorie s 
peopl e us e t o describ e th e environmen t  suc h a s 
images ,  collectiv e an d biographica l  memorie s an d 
event s tha t  ac t  a s recodin g feature s o f  th e ge -
nera l  stimul i  use d t o produc e th e categories . 
Thes e contextua l  component s ma y b e see n a s consti -
tutin g th e psychologica l  meanin g o f  a  categor y i n 
contras t  t o it s semanti c meanin g a s provide d b y a 
dictionar y o r  common sense .  A t  th e sam e time , 
the y disclos e th e conten t  o f  th e interna l  operan t 
environment . 

The metho d o f  representationa l  contextualiza -
tio n i s designe d t o elici t  th e laten t  connection s 
betwee n a  concep t  o r  categor y an d images ,  thoughts , 
and experience s whic h constitut e it s background . 
The principa l  featur e o f  thi s metho d i s t o provid e 
a displa y o f  cognitiv e materia l  whic h i s neve r  ac -
cessibl e t o consciousnes s o r  researc h i n it s tota -
lity ,  bu t  whic h i s experience d i n a  segmente d wa y 
at  differen t  time s unde r  particula r  situation s o f 
elicitation .  Th e resultin g combinatio n o f  words , 
images ,  an d memorie s whos e connection s hav e bee n 
foun d stabl e ove r  tim e ha s bee n define d a s concep -
tua l  -e/motiona l  cluste r  an d appear s t o constitut e 
th e unit s o f  representationa l  thinking .  What  ar e 
activate d ar e th e ideationa l  an d experientia l  fea -
ture s whic h sunmariz e th e salien t  aspect s o f  th e 
transactio n betwee n th e individua l  an d his/he r 
environment ,  an d whic h i n th e natura l  situatio n 
inhabi t  th e peripher y o f  consciousness . 

The conceptual-e/motiona l  cluste r  a s a  uni t  ac -
tivate d whe n a  responden t  i s aske d t o evaluat e a n 
elemen t  o f  th e sociophysica l  environmen t  include s 
th e followin g components :  1 )  Representationa l 
uni t  (RU) :  categor y o f  concept ,  2 )  Implici t 
operan t  referent ,  3 )  Prototyp e image s 4 )  Episo -
des (exemplifyin g memory) ,  5 )  Subjectiv e mea -
nin g o f  RU. 

Thes e component s ca n b e describe d a s follow : 
1)  Th e representationa l  uni t  (RU )  represent s on e 
of  th e categorie s o r  concept s use d b y a  perso n t o 
evaluat e a n elemen t  o f  th e sociophysica l  environ -
ment  (group s o f  identity ,  o f  alterit y an d featur e 
of  th e physica l  environment .  Th e su m o f  al l  th e 
RUs constitute s th e semanti c repertor y o f  a  per -
son ,  descriptiv e o f  his/he r  interna l  environment . 
2)  Th e implici t  operan t  referent .  Th e linguis -
ti c  categorie s (RUs )  use d t o describ e a  grou p i n 
genera l  o r  othe r  environmenta l  feature s ar e me -
diate d b y a  subgrou p and/o r  individual s importan t 
i n th e lif e spac e o f  th e respondent .  Thes e wer e 
found ,  throug h repeate d elicitation s ove r  tim e t o 
be stabl e feature s o f  a  responden t  associativ e 
thinking .  Thi s resul t  indicate s th e existenc e o f 
a recodin g mechanis m b y whic h objectiv e group s 
ar e translate d int o particula r  subgroup s and/o r 
individual s evolvin g i n a  socio-physica l  environ -
ment .  Th e responden t  i s rarel y awar e tha t  his / 
her  linguisti c encodin g i s generate d b y thes e im -
plici t  operan t  referent s an d no t  b y th e manifes t 
stimulu s t o whic h he/sh e responds .  Th e su m o f 
th e implici t  operan t  referent s constitute s th e 
sociophysica l  microcos m o f  a  person . 
3)  Th e prototyp e image s ar e als o stabl e feature s 
of  memor y conten t  and/o r  symboli c image s associa -
te d t o eac h R U a s descriptor s o f  th e environment . 179 



The su m o f  thes e prototyp e image s i s par t  o f  th e 
microcos m o f  a  perso n a s wel l  a s a n indicato r  o f 
th e motivationa l  an d ideologica l  syste m o f  a  per -
son . 
4)  Episode s (exemplifyin g memory )  ar e salien t 
feature s o f  th e grou p histor y an d o f  th e biogra -
phy o f  a  respondent .  The y represen t  thos e aspect s 
of  th e socio-physica l  environmen t  tha t  ar e embed -
ded i n th e persona l  an d collectiv e biography . 
5)  Th e subjectiv e semanti c refer s t o subjectiv e 
connotatio n o f  th e categorie s use d (RUs) ,  whe n 
applie d t o a  particula r  referent .  Thi s subjecti -
ve meanin g emerge s a s a  comple x interactio n bet -
ween th e genera l  meanin g o f  th e linguisti c cate -
gorie s an d o f  th e referen t  a s a  socia l  object . 

I t  shoul d b e emphasize d tha t  i f  th e element s 
of  th e conceptual-e/motiona l  cluste r  inhabi t  th e 
peripher y o f  consciousness ,  i n th e natura l  situa -
tion ,  thi s i s du e no t  t o thei r  intrinsi c nature , 
but  t o th e situatio n o f  elicitation .  Unde r  a  dif -
feren t  condition s o f  stimulatio n thes e backgroun d 
dat a may emerg e a s manifes t  response .  Thi s wil l 
occur ,  fo r  instance ,  i f  a  perso n i s aske d abou t 
preferre d environments ,  som e importan t  event s i n 
his/he r  life ,  ideologica l  preferences ,  etc . 

But  thi s direc t  elicitatio n wil l  not  permi t  u s 
t o se e th e processe s throug h whic h thi s persona l 
and subjectiv e memor y conten t  operate s i n th e eva -
luatio n o f  th e sociophysica l  environment ,  a t  a 
give n moment  o n time . 

What  i s specifi c  t o th e representationa l  con -
textua l  izatio n metho d i s tha t  i t  elicit s th e un -
consciou s link s whic h exis t  betwee n a  rationa l 
discourse ,  a n ideologica l  stance ,  an d th e affect , 
image s whic h ar e associate d t o a  persona l  bio -
graphy .  Th e identificatio n o f  th e conceptua l 
e/motiona l  cluste r  thu s a s a  uni t  o f  analysis , 
constitute s a  ste p towar d th e empirica l  stud y o f 
th e relatio n betwee n languag e an d thinkin g i n th e 
are a o f  self ,  alte r  an d society . 

A structura l  analysi s describe d elsewher e (Za -
vallon i  an d Louis-Guerin ,  1981 )  permit s u s t o de -
tec t  patterne d relation s betwee n conceptual-e/mo -
tiona l  clusters ,  leadin g t o th e identificatio n o f 
what  coul d b e calle d th e intrapersona l  ideationa l 
system .  Thi s dynami c structure ,  constitute d b y a 
limite d numbe r  o f  subsystem s calle d sociomotiva -
tiona l  nuclei ,  represent s th e articulatio n bet -
ween one' s aspiration s an d desire s an d one' s eva -
luatio n o f  th e sociophysica l  environment .  Th e 
sociomotivationa l  nucle i  see m t o represen t  som e 
invarian t  modalit y fo r  defining ,  respondin g to , 
and adaptin g t o th e sociophysica l  environment . 

Thi s constitute s a n affective-cognitiv e Gestal t 
whic h coul d b e define d a s e/motiona l  memory .  Sin -
ce Tulvin g (1972 )  ther e ha s bee n a  tendenc y t o 
distinguis h betwee n tw o type s o f  long-ter m memory , 
episodi c an d semantic .  Episodi c memor y contain s 
store d informatio n concernin g episode s an d event s 
situate d i n time .  Semanti c memor y refer s t o con -
cept s an d abstractions .  E/motiona l  memor y appear s 
t o contai n thos e aspect s o f  episodi c an d semanti c 
memorie s whic h ar e investe d wit h affec t  (posses -
sin g motivationa l  propertie s an d orientin g a  per -
son' s actio n i n th e rea l  world) .  Th e concep t  o f 
e/motiona l  memor y a s emerge d t o describ e a  dyna -
mi c structur e empiricall y linkin g ou r  memor y o f 
th e world ,  ou r  existentia l  project ,  an d ou r  eva -
luatio n o f  th e sociophysica l  environment .  What 
we hav e identifie d a s th e interna l  operan t  envi -
ronmen t  ca n b e considere d th e conten t  o f  e/motio -
nal  memory . 

I t  i s  importan t  t o not e tha t  th e psychologica l 
materia l  thu s obtaine d doe s no t  reflec t  som e pro -
pertie s o f  th e organis m a s i t  i s  usuall y under -
stoo d an d measure d throug h traditiona l  method s 
(attitud e scales ,  interviews ,  etc.) .  Her e th e 
organis m i s see n a s indissociabl e fro m it s umwel t 
or  interna l  environment ,  define d a s thos e ele -
ment s o f  th e sociophysica l  environmen t  whic h ar e 
enmeshed i n it s motivationa l  system .  The y ar e a 
mixtur e o f  stabilit y  an d chang e a s th e individua l 
proceed s throug h life .  Th e interna l  operan t  en -
vironmen t  (th e conten t  o f  e/motiona l  memory )  a s a 
dynami c structure ,  store d i n long-ter m memory ,  ca n 
provid e a  baselin e fo r  investigatin g th e modali -
tie s o f  person/environmen t  interactio n i n a  par -
ticula r  researc h situatio n an d a s suc h coul d b e 
considere d a s a  mediatin g construct . 

The uncoverin g o f  th e conceptual-e/motiona l 
cluste r  a s a  uni t  o f  representationa l  thinking , 
has permitte d u s t o se t  a s a  goa l  th e exploratio n 
of  invariance s an d pattern s wher e ther e appeare d 
t o b e a  continuousl y changin g an d elusiv e flo w o f 
consciousness ,  a  domai n whic h ha s bee n considere d 
outsid e th e reac h o f  science ,  t o b e lef t  t o wri -
ter s an d poets .  (Marsh ,  1977 ' 
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Abstrac t 

Subjects were presented 
real-worl d object s a t  varyin g 
quire d t o nam e then .  Namin g 
wit h th e angula r  departur e o 
fro m th e object' s canonica l  o r 
suit s sugges t  that ,  a t  leas t 
varian t  feature s tha t  uniquel y 
ar e no t  present ,  subject s 
interna l  representatio n o f  th e 
nonica l  orientatio n i n orde r 
ognitio n process . 

wit h picture s o f 
orientation s an d re -
latencie s increase d 

f  th e picture d objec t 
ientation .  Th e re -
when orientation-in -
identif y th e objec t 
mentall y rotat e a n 
objec t  int o it s ca -
t o complet e th e rec -

Introductio n 

Theories of visual perception are divided on 
th e issu e o f  ho w th e huma n visua l  syste m recognize s 
object s a t  non-standar d orientations .  Some theo -
rist s argu e tha t  th e visua l  syste m searche s fo r 
orientation-invarian t  feature s an d base s perceptua l 
recognitio n o n thes e feature s (e.g .  Milner ,  1974) . 
The fac t  tha t  certai n common object s see m t o b e 
immediatel y recognizabl e a t  non-standar d orienta -
tion s i s compatibl e wit h thi s view .  Othe r  theo -
rist s (e.g .  Rock ,  1973 )  argu e tha t  i n order  t o 
recogniz e a  disoriente d object ,  th e objec t  mus t  b e 
firs t  imagine d i n it s canonica l  orientation .  Th e 
fac t  tha t  som e comple x object s (e.g .  faces )  ar e 
difficul t  t o recogniz e whe n disoriente d support s 
thi s position . 
The classic experiments of Cooper and Shepard 
(1975 )  sugges t  tha t  i n orde r  t o imagin e disoriente d 
object s a t  thei r  standar d orientation s subject s 
perfor m a  menta l  rotatio n o f  a n interna l  repres -
entatio n o f  th e object .  Th e Coope r  an d Shepar d 
paradig m require d subject s t o judg e whethe r  o r  no t 
a presente d lette r  ha d a  norma l  o r  mirror-reverse d 
form .  The y foin d tha t  th e tim e t o mak e thi s de -
cisio n wa s a  monotoni c functio n o f  th e angula r 
distanc e o f  th e orientatio n o f  th e presente d lette r 
fro m th e canonica l  orientatio n o f  th e letter .  Thi s 
suggest s tha t  befor e i t  wa s possibl e t o mak e th e 
require d judgement ,  i t  wa s firs t  necessar y t o per -
for m a  menta l  rotatio n o f  a n interna l  represent -
atio n o f  th e presente d lette r  i n orde r  t o imagin e 
i t  i n it s canonica l  orientation . 

However ,  a s Coope r 
result s may hav e bee n 
develope d b y subject s f o 
th e norma l  vs .  mirr o 
norma l  an d mirror-imag e 
guishe d o n th e basi s o f 
thi s reason ,  th e Coope r 
not  stron g evidenc e t 
mall y use d i n th e recog n 
jects .  I n fact ,  Corba l 
Butle r  (1978 )  hav e show n 
cumstance s (i.e .  whe n 
determin e whethe r  a  pre s 
ifie d targe t  lette r  o 
ters) ,  th e tim e t o iden t 
of  th e orientatio n o f  t h 

and Shepar d noted ,  thes e 
due t o a  specia l  strateg y 

r  th e purpos e o f  performin g 
r-iroag e judgemen t  becaus e 
letter s ca n no t  b e distin -
distinctiv e features .  Fo r 

and Shepar d experiment s ar e 
hat  menta l  rotatio n i s nor -
itio n o f  disoriente d ob -
lis ,  Zbrodoff ,  Shetzer ,  an d 

tha t  unde r  certai n cir -
a subjec t  i s  require d t o 

ente d stimulu s wa s a  spec -
r  on e o f  5  distracto r  let -
if y  a  lette r  i s  independen t 
e presente d letter . 

Thus ,  i t  i s  clea r  tha t  peopl e ar e capabl e o f 
performin g menta l  rotation s o n interna l  represen -
tation s o f  perceptua l  stimul i  i n orde r  t o normaliz e 

th e orientatio n o f  th e perceptua l  stimulu s prio r  t o 
recognition .  However ,  i t  i s  equall y clea r  tha t 
menta l  rotatio n i s no t  alway s require d fo r  th e 
recognitio n o f  disoriente d forms .  Under  certai n 
conditions ,  peopl e ar e capabl e o f  utilizin g 
distinctiv e feature s o f  perceptua l  stimul i  i n orde r 
t o recogniz e disoriente d perceptua l  stimuli .  I n 
th e Coope r  an d Shepar d study ,  subject s wer e force d 
t o us e menta l  rotatio n becaus e o f  a  lac k o f  avail -
abl e distinctiv e features .  I n th e Corballi s 
et .  al .  study ,  i t  wa s possibl e tha t  subject s wer e 
abl e t o extrac t  a  smal l  se t  o f  feature s tha t  coul d 
be use d fo r  identificatio n o f  th e targe t  lette r  an d 
tha t  thes e feature s wer e recognizabl e a t  al l 
orientations . 
The purpose of the present study is to deter-
min e th e exten t  t o whic h menta l  rotatio n i s use d i n 
th e perceptua l  recognitio n o f  disoriente d object s 
tha t  a  perso n migh t  encounte r  i n th e physica l 
world .  I n th e presen t  study ,  subject s ar e presen -
te d wit h drawing s o f  physica l  worl d object s a t 
varyin g orientation s an d require d t o identif y the m 
by name .  I f  menta l  rotatio n i s use d t o identif y 
disoriente d stimuli ,  the n th e tim e require d t o 
identit y eac h stimulu s objec t  shoul d b e a  monotoni c 
functio n o f  th e angula r  distanc e o f  th e presente d 
stimulu s objec t  fro m th e canonica l  orientatio n o f 
th e object .  Subject s wer e teste d o n nove l  stimul i 

i.e .  subject s ha d n o foreknowledg e o f  th e 
indentitie s o f  th e object s the y woul d se e — i n 
orde r  t o ensur e tha t  the y coul d no t  us e a  strateg y 
of  searchin g onl y fo r  a  fe w particula r  features . 

Figur e 1 .  Example s o f  th e stimulu s object s use d i n 
th e experiment . 

Metho d 

Subjects . 

Twelv e subject s fro m Th e John s Hopkin s Univ -
ersit y serve d a s subject s i n th e experimen t  i n 
partia l  fulfillmen t  o f  a  cours e requirement . 

Materials and Apparatus. 

The stimuli used in the experiment consisted 
of  4 8 xeroxe d drawing s o f  real-worl d objects ,  ex -
ample s o f  whic h ar e show n i n Figur e 1 .  Th e stimu -
lu s se t  include d 1 5 animals ,  3 0 inanimat e objects , 
and 3  well-know n face s (Washington ,  Carter ,  an d 
Reagan) .  Si x version s o f  eac h o f  th e 4 8 drawing s 
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wer e constructed ,  on e a t  eac h o f  th e followin g 
angula r  departure s (i n degrees )  fro m th e object' s 
norma l  upright :  0 ,  60 ,  120 ,  180 ,  240 ,  an d 300 . 
The stimul i  wer e presente d t o subject s individuall y 
i n a  two-fiel d tachistoscope ,  subtendin g a n averag e 
horizonta l  an d vertica l  angl e o f  3. 2 degrees . 
Procedure . 

On each trial of the experiment, the experi-
mente r  simultaneousl y sai d th e wor d "READY "  an d 
presse d a  butto n initiatin g th e trial .  Afte r  a  . 5 
sec warnin g interval ,  th e stimulu s wa s presente d 
and remaine d visibl e unti l  th e subjec t  verball y 
named th e depicte d object .  Th e subject' s verba l 
respons e triggere d a  voic e activate d rela y tlia t 
stoppe d a  respons e time r  an d th e subject' s respons e 
latenc y wa s recorded .  Befor e th e star t  o f  th e ex-
periment ,  th e experimente r  explaine d th e operatio n 
of  th e voic e ke y an d gav e eac h subjec t  practic e a t 
triggerin g th e voic e ke y onl y a t  th e tim e o f  res -
ponse .  Eac h subjec t  wa s instructe d t o verball y 
name eac h stimulu s a s rapidl y a s possibl e withou t 
makin g errors .  I n orde r  t o reduc e th e ambiguit y o f 
possibl e stimulu s names ,  subject s wer e instructe d 
tha t  th e respons e give n shoul d b e th e nam e tha t  on e 
woul d normall y us e i n referrin g t o th e stimulu s 
objec t  and ,  a s a n exampl e wer e tol d tha t  th e cor -
rec t  respons e t o a  pictur e o f  a n anima l  i s th e nam e 
of  th e anima l  (an d no t  "animal") . 

Design. 
Each subject received 48 test trials, one for 
eac h o f  th e 4 8 objects .  Eac h subjec t  wa s teste d o n 
8 trial s a t  eac h o f  th e 6  orientations .  Thus ,  eac h 
subjec t  wa s teste d o n onl y on e o f  th e 6  orienta -
tion s fo r  eac h stimulu s i n orde r  t o ensur e tha t  a 
nove l  stimulu s wa s presente d o n eac h trial .  Fo r 
eac h se t  o f  6  subjects ,  eac h o f  th e 4 8 object s wer e 
teste d a t  eac h o f  th e 6  orientations .  Eac h subjec t 
receive d 1 2 practic e trial s wit h stimulu s object s 
tha t  wer e no t  include d i n th e se t  o f  tes t  stimulu s 
objects . 

Results . 

Responses were considered correct when the 
name give n wa s appropriat e an d wa s no t  th e nam e o f 
a superordinat e category .  Th e larges t  numbe r  o f 
error s mad e b y a  subjec t  wa s 4  an d erro r  trial s 
wer e no t  include d i n th e analyses . 

The latency data were analyzed separately with 
bot h subject s an d object s a s rando m variables .  Th e 
directio n o f  disorientatio n — clockwis e (5 0 an d 
120 degrees )  vs .  counter-clockwis e (30 0 an d 24 0 
degrees )  — ha d n o effec t  o n respons e latencie s \F _ 
< 1  fo r  bot h subject s an d objects] ,  no r  wa s ther e a 
significan t  directio n x  orientatio n (6 0 vs .  12 0 
degrees )  interactio n [ F <  1  fo r  bot h subject s an d 
objects) .  Fo r  thi s reason ,  th e dat a fo r  th e 6 0 an d 
300 degre e orientation s a s wel l  a s fo r  th e 12 0 an d 
240 degre e orientation s wer e no t  distinguishe d i n 
th e analyses . 

The primary results of the experiment are 
shown i n Figur e 2 .  A s ca n b e i n Figur e 2 ,  ther e i s 
a monotoni c effec t  o f  th e angula r  departur e fro m 
th e canonica l  orientatio n o f  th e objec t  o n respons e 
latencie s I  mil l  F '  =  3.519 ,  £  <  .05] .  Thi s analysi s 
was als o ru n withou t  inclusio n o f  th e 3  face s an d 
th e patter n o f  result s di d no t  chang e a s a  resul t 
of  thi s analysis .  Thi s resul t  i s  compatibl e wit h 
th e vie w tha t  normalizatio n o f  orientatio n occur s 
prio r  t o recognition . 

-1.7 5 

ri,2 5 

(i f  120 ° 
O R I E N T A T I ON 

Figure 2. Reaction time as a function of the angle 
of  departur e fro m th e canonica l  orien -
tatio n o f  th e object . 

For  eac h o f  th e 4 8 
best-fittin g straigh t  l i 
orientatio n o f  th e objec t 
compute d usin g linea r  re g 
coefficien t  o f  th e regres s 
how wel l  th e dat a ar e fi t 
The media n correlatio n co e 
35 positiv e correlatio n 
tiv e coefficients .  Thes e 
linea r  tren d i n eviden c 
evidenc e tha t  recognitio n 
th e degre e o f  angula r  d e 
canonica l  orientatio n inc r 
Discussion . 

stimulu s objects ,  th e 
ne relatin g th e angula r 
t o respons e latenc y wa s 
ression .  Th e correlatio n 
io n provide s a  measur e o f 
te d b y a  linea r  function . 
fficien t  wa s .602 ,  wit h 
coefficient s an d 1 2 nega -

data ,  alon g wit h th e 
e i n Figur e 2 ,  constitut e 
difficult y increase s a s 
partur e fro m th e object' s 
eases . 

Thes e result s ar e consisten t  wit h th e vie w 
tha t  peopl e us e menta l  rotatio n t o normaliz e thei r 
interna l  representation s o f  visua l  stimul i  i n orde r 
t o facilitat e recognition .  However ,  whil e a  mono -
toni c functio n o f  orientatio n wa s foun d fo r  mos t  o f 
th e stimul i  use d i n th e presen t  experiment ,  ther e 
wer e stimulu s object s fo r  whic h suc h a  tren d wa s 
not  found .  Sinc e orientatio n i s manipulate d bet -
ween-subject s — i.e .  n o subjec t  see s a  stimulu s 
at  mor e tha n a  singl e orientatio n — th e non-mono -
tonically-increasin g trend s coul d hav e bee n du e t o 
nois y data . 
However, it is equally likely that for some of 
thes e stimuli ,  ther e d o exis t  orientation-invarian t 
feature s tha t  ar e use d t o identif y th e object .  Fo r 
example ,  thre e object s fo r  whic h a  linea r  tren d wa s 
not  foun d wer e th e owl ,  th e alligator ,  an d th e gun . 
I t  i s  eas y t o imagin e ho w th e bi g eye s o f  th e owl , 
th e lon g teet h an d curv y tai l  o f  th e alligator ,  an d 
th e barre l  an d trigge r  o f  th e gu n ca n serv e t o 
uniquel y identif y eac h withou t  menta l  rotation . 
Thes e feature s ar e eas y t o spo t  a t  arbitrar y 
orientation s an d ar e uniqu e t o thes e objects . Corballi s  e t 
t o obtai n identi f 
wer e independen t 
positiv e an d n e 
restricte d (b y r e 
positiv e an d neg a 
tha t  i n th e C o 
restriction s ha d 
validit y o f  cert a 
coul d b e idcnt i 
th e poin t  wher e 
identif y th e 
et .  al .  wer e abl e 
availabl e orien t 
ficien t  t o uniqu e 

.  al .  (1978 )  wer e similarl y abl e 
icatio n function s fo r  letter s tha t 
of  orientatio n whe n th e set s o f 
gativ e feature s wer e sufficientl y 
strictin g th e size s o f  th e set s o f 
tiv e letters) .  I t  i s  hypothesize d 
rballi s  et .  al .  experimen t  thes e 

th e effec t  o f  increasin g th e cu e 
i n feature s o f  th e letter s tha t 
tie d a t  arbitrar y orientation s t o 

thes e feature s coul d uniquel y 
letter .  Tha t  is ,  Corballi s 
t o creat e a  contex t  i n whic h th e 

at  ion-invarian t  feature s wer e suf -
l y identif y th e letter . 
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The result s o f  th e presen t  experimen t  sugges t 
th e followin g algorith m fo r  th e identificatio n o f 
disoriente d perceptua l  stimuli :  When orienta -
tion-invarian t  feature s ar e availabl e an d ar e suf -
ficien t  t o uniquel y identif y a n object ,  the y ar e 
used .  However ,  whe n suc h feature s ar e no t  availa -
ble ,  o r  whe n thes e feature s d o no t  uniquel y iden -
tif y th e object ,  a  menta l  rotatio n o f  th e interna l 
representatio n o f  th e objec t  i s  performe d i n orde r 
t o extrac t  feature s tha t  ar e no t  orientation-in -
varian t  . 

The autho r  wishe s t o than k Pierr e Jolicoeu r  fo r  a 
helpfu l  discussio n o f  som e o f  th e issue s involve d 
i n thi s research ,  Nanc y Tan g fo r  collectin g th e 
data ,  an d Ra y Gibb s fo r  comment s o n th e manuscript . 
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The Rol e o f  [ntrinsl c Axe s I n Shap e Recognitio n 

Mariann p Wise r 
Massachusett s Institut p o f  Technolog y 

This paper presents a model for the mental 
representatio n o f  visua l  shape s whic h account s 
fo r  thei r  recognitio n i n differen t  orientations , 
includin g nove l  ones .  I t  i s  motivate d b y th e 
followin g considerations . 

Some shape s ar e easie r  tha n other s t o rec -
ogniz e afte r  rotatio n i n space .  Fo r  example ,  i t 
i s  eas v t o se e tha t  Fig .  l a an d Fig .  l b represen t 
th e sam e shap e i n tw o differen t  position s wherea s 
Fig .  2 a an d Fig .  2 b see m t o represen t  tw o differen t 
shapes .  Thi s suggest s tha t  a  rotation-invarian t 
representatio n i s mor e readil y availabl e fo r  shap e 
1 tha n fo r  shap e 2 .  Shape s tha t  ar e easil y recog -
nize d i n differen t  position s ar e als o perceive d a s 
i n a  specifi c  orientatio n wit h respec t  t o a n exter -
nal  fram e o f  referenc e (here ,  th e page) ;  fo r  exam -
ple ,  shap e 1  look s vertica l  i n Fig .  l a an d obliqu e 
i n Fig .  lb .  Shap e 2 ,  o n th e othe r  hand ,  i s no t  pe r 
ceive d a s i n an y specifi c  orientation . 

V< 

Fig .  1 

Fiq .  2 

Shapes like shape 1 are perceived as oriented 
becaus e the y hav e a n axi s o f  thei r  own ,  determine d 
by thei r  aeometrica l  propertie s (symmetry ,  elonga -
tion ,  paralle l  sides) .  Th e positio n o f  thei r  axi s 
relativ e t o th e sid e o f  th e pag e determine s thei r 
perceive d orientation .  1  wil l  cal l  thi s axi s "in -
trinsic "  becaus e i t  i s  fixe d withi n th e shap e an d 
exist s independentl y o f  an y othe r  directio n i n 
space .  I n contrast ,  axe s lik e th e retina l  o r  grav -
itationa l  vertical ,  o r  th e sid e o f  th e pag e ar e 
"external "  becaus e thei r  directio n i s independen t 
of  th e shap e bein g perceived .  Shap e 2  i s no t 
perceive d a s oriente d becaus e i t  lack s axis -
determinin g properties . 

Rock (1973 )  propose s a  theor y tha t  explain s 
why shape s lik e shap e 2  ar e difficul t  t o recogniz e 
afte r  rotation .  VJhe n a  shap e i s perceived ,  i t  i s 
describe d i n a  specifi c  spatia l  fram e o f  referenc e 
(e.g .  th e page) ;  shape s ar e compare d an d recognize d 
on th e basi s o f  thi s description .  I f  th e shap e i s 
rotate d wit h respec t  t o th e fram e o f  referenc e be -
in g used ,  it s descriptio n change s an d consequently , 
i t  i s  har d t o recognize .  Roc k use s th e notio n o f 
descriptio n withi n a  fram e o f  referenc e t o explai n 
why th e chang e i n retina l  orientatio n tha t  occur s 
when a n observe r  tilt s  hi s hea d doe s no t  affec t 
th e percep t  o f  th e shape ,  wherea s th e sam e change , 
when i t  result s fro m tiltin g th e shap e itsel f 
(wit h th e observer' s hea d upright) ,  generall y 
makes th e shap e loo k differen t  (a s i n Fig .  2 ) . 
He suggest s tha t  th e descriptio n tend s t o b e oer -
forme d i n a  gravitational ,  rathe r  tha n retinal . 

fram e o f  reference .  A s lon g a s th e shap e ha s a 
fixe d positio n i n space ,  it s gravitationa l  descrip -
tio n doe s no t  chang e an d i t  will ,  therefore ,  loo k 
th e sam e althoug h it s positio n o n th e observer' s 
retin a changes . 

Thi s theor y explain s wh y th e worl d doe s no t 
til t  whe n w e til t  ou r  heads ,  bu t  i t  als o predict s 
tha t  w e shoul d no t  b e abl e t o recogniz e a  shap e ro -
tate d i n spac e since ,  i n tha t  case ,  th e descriptio n 
withi n bot h th e gravitationa l  an d th e retina l 
frame s o f  referenc e change ,  A  fortiori ,  i t  canno t 
explai n th e difference s betwee n shap e 1  an d shap e 2 . 
I  propos e that ,  whe n a  shap e ha s a n intrinsi c axis , 
i t  i s  use d a s a  fram e o f  referenc e t o comput e a 
descriptio n o f  th e shape ,  th e intrinsi c description , 
whic h i s indeoenden t  o f  it s  positio n i n th e externa l 
fram e o f  reference . 

More precisely ,  th e intrinsi c axi s an d a  per -
pendicula r  t o i t  for m a  syste m o f  coordinate s o r 
fram e o f  reference :  th e intrinsi c fram e o f  refer -
enc e (Fig .  3 ) .  Durin g th e encodin g o f  th e shaoe . 4Yn 

A 

a E 

(a) Description in teniis of external 
coordinate s (X^ ,  Yg ) 

(b )  Positio n o f  th e intrinsi c axi s Y j  i n th e 
externa l  fram e 

(c )  Descriptio n i n term s o f  intrinsi c 
coordinate s (Xj ,  Yj ) 

Fig. 3 

the shape is described in terms of intrinsic co-
ordinates ,  i.e. ,  it s  element s ar e localize d withi n 
th e intrinsi c fram e o f  reference .  Suc h a  descrip -
tio n i s rotation-invarian t  becaus e th e intrinsi c 
fram e o f  referenc e i s fixe d withi n th e shape . 

The intrinsi c axi s therefor e play s a  dua l  rol e 
i n th e perceptio n o f  th e shape .  On th e on e hand ,  i t 
indicate s th e positio n o f  th e shap e i n th e externa l 
fram e o f  reference ;  o n th e other ,  i t  i s  th e fram e o f 
referenc e i n whic h a n invarian t  descriptio n o f  th e 
shap e ca n b e built .  Th e intrinsi c axi s make s i t  pos -
sibl e t o kee p separat e th e invarian t  par t  o f  th e in -
formatio n containe d i n a n externa l  descriptio n (th e 
identit y o f  th e shape )  fro m th e sourc e o f  variatio n 
i n th e externa l  descriptio n (th e orientatio n o f  th e 
shap e i n th e externa l  frame) . 

The experimen t  reporte d her e provide s evidenc e 
tha t  th e intrinsi c axi s an d th e intrinsi c descrip -
tio n ar e par t  o f  th e menta l  representatio n o f  shapes . 
I n thi s experiment ,  I  wil l  no t  attemp t  t o distin -
guis h betwee n retina l  an d gravitationa l  frames .  Bot h 
ar e external ,  a s oppose d t o th e intrinsi c frame . 
The subject s i n th e experimen t  wer e teste d wit h hea d 
uprigh t  s o tha t  th e retina l  an d gravitationa l  frame s 
coincided .  I  wil l  refe r  t o thi s fram e a s retinal , 
t o simplify . 
Experiment 
A learning and recognition paradigm was used 
t o tes t  th e hypothesi s tha t  th e recognitio n o f 
shape s wit h intrinsi c axe s i s base d o n thei r  intrin -
si c descriptions .  Tw o model s fo r  th e memor y reore -
sentatio n o f  shape s ar e contrasted :  th e retina l  en -
codin g mode l  an d th e intrinsi c encodin g model .  I n 
th e retina l  encodin g model ,  th e intrinsi c axi s play s 
no rol e i n th e processin g o f  th e shapes ,  whic h ar e 
treate d lik e shape s withou t  intrinsi c axes .  The y 
ar e store d i n memor y a s retina l  description s (i.e . 
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spatia l  description s i n term s o f  retina l  coordinates) . 
I n th e intrinsi c encodin g model ,  i t  i s  th e intrinsi c 
descriptio n whic h i s store d i n memory .  Shape s wit h 
intrinsi c axe s wer e presente d fo r  learnin g i n eithe r 
a vertical ,  oblique ,  o r  horizonta l  position .  The y 
wer e simpl e tw o dimensiona l  non-sens e shape s (Fig . 
4) . 

Q 

Fig .  4 

'^ilf The task was to recognize them among distrac-
tor s whe n the y wer e presente d agai n i n eithe r  th e 
same o r  on e o f  th e othe r  tw o positions .  Th e sub -
ject s ha d t o sa y "yes "  a s fas t  a s possibl e i f  the y 
recognize d a  shap e the y ha d learne d an d "no "  i f  the ' 
di d not .  The y wer e warne d befor e th e recognitio n 
sessio n (bu t  no t  befor e th e learnin g session )  tha t 
some shape s woul d b e rotated .  A  "yes "  shap e wa s 
seen i n on e o f  9  combination s o f  orientations :  V V 
(vertica l  durin g learning/vertica l  durin g testing) , 
VO (vertica l  durin g learning/obliqu e durin g test -
ing) ,  V H (vertica l  durin g learning/horizonta l 
durin g testing) ,  OV (obliqu e durin g learning / 
vertica l  durin g testing) ,  etc . 

For  shape s see n i n a n obliqu e o r  horizonta l 
position ,  th e intrinsi c fram e o f  referenc e doe s no t 
coincid e wit h th e retina l  frame ,  and ,  thus ,  th e in -
trinsi c descriotio n differ s fro m th e retina l  one . 
Dependin g o n whethe r  th e retina l  o r  th e intrinsi c 
descriptio n I s use d t o represen t  th e shap e i n mem-
ory ,  a  differen t  patter n o f  reactio n time s wa s pre -
dicte d i n eac h o f  th e 9  conditions . 

The retina l  encodin g mode l  predict s tha t  RT' s 
shoul d b e faste r  whe n th e learnin g an d testin g ori -
entation s ar e th e sam e (i.e .  whe n th e retina l  des -
criptio n o f  th e targe t  matche s th e descriptio n i n 
memory)  tha n whe n the y differ .  Thi s i s justifie d 
by numerou s experiment s i n whic h shape s withou t  in -
trinsi c axe s wer e use d (Dearborn ,  1899- ,  Shina r  an d 
Owen,  1973 ;  Rock ,  1973) .  Therefor e condition s VV , 
00 an d H H shoul d b e equall y fas t  an d faste r  tha n 
condition s VO,  VH ,  OV,  OH,  HV ,  an d HO. 

The intrinsi c mode l  o n th e othe r  han d predic t 
tha t  shape s teste d verticall y shoul d b e faste r  t o 
recogniz e tha n shape s teste d i n a n obliqu e o r  hori -
zonta l  position ,  irrespectiv e o f  th e orientatio n 
i n whic h the y wer e learned .  Thi s predictio n i s 
base d o n th e assumptio n tha t  th e encodin g o f  th e 
intrinsi c descriptio n require s mor e processin g whe n 
th e shap e i s obliqu e o r  horizonta l  tha n whe n i t  i s 
vertical .  Th e geometrica l  propertie s tha t  determi n 
th e intrinsi c axis ,  suc h a s symmetry ,  ar e detecte d 
faste r  abou t  a  vertica l  tha n a n obliqu e axi s (Jule z 
1971 )  an d th e buildin g o f  th e intrinsi c descriptio n 
itsel f  involve s a  shif t  i n perceptua l  fram e o f  ref e 
ence whe n th e shap e i s no t  vertical .  Therefor e co n 
dition s VV ,  OV an d H V shoul d b e equall y fas t  an d 
faste r  tha n condition s VO,  VH ,  00 ,  OH an d HH. 

Sinc e th e model s teste d i n thi s experimen t  c o 
cer n th e memor y representatio n o f  th e shapes ,  th e 
analysi s o f  th e "yes "  response s onl y wil l  b e con -
sidered ,  I t  wa s ru n o n RT' s i n msec ,  fo r  correc t 
responses .  Fi g 5  show s tha t  th e patter n o f  RT' s 
support s th e intrinsi c encodin g mode l  fo r  horizon -
ta l  a s wel l  a s obliqu e shapes . 
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An ANOVA show s tha t  recognitio n tim e depend s 
upon testin g orientatio n only :  vertica l  shape s ar e 
faste r  tha n obliqu e shape s an d obliqu e shape s fast -
er  tha n horizonta l  shape s ( F 21 ,  P  10-° ,  d f 
140) .  Th e effec t  o f  learnin g orientatio n an d th e 
interactio n betwee n learnin g an d testin g orienta -
tion s ar e non-significant .  A s predicte d b y th e in -
trinsi c encodin g model ,  vertica l  shape s ar e eas y 
t o recognize ,  irrespectiv e o f  th e orientatio n i n 
whic h the y wer e learne d wherea s obliqu e an d hori -
zonta l  shape s tak e longer . 

The paire d compariso n o f  al l  combination s o f 
learnin g an d testin g orientation s (Student' s T -
correlate d score s test )  furthe r  support s th e in -
trinsi c mode l  an d infirm s th e retina l  model .  Th e 
crucia l  comparison s ar e betwee n V O an d OV an d be -
twee n V H an d HV.  Th e retina l  encodin g mode l  pre -
dicte d tha t  the y shoul d b e equall y slo w becaus e the y 
involv e th e sam e angula r  shif t  betwee n learnin g an d 
testin g orientations .  Thi s i s obviousl y no t  th e 
case .  OV an d H V ar e a s fas t  a s V V an d significantl y 
faste r  tha n V O (t=2.7,df=lll,P=.01 )  an d V H (t=3.6 , 
df=lll,P<.01 )  respectively .  Thes e result s suppor t 
th e hypothesi s tha t  th e intrinsi c descriptio n i s 
store d i n memory ,  irrespectiv e o f  th e learnin g or -
ientation ,  an d i s retreive d faste r  whe n th e shap e 
t o b e recognize d i s vertica l  tha n whe n i t  i s  obli -
que o r  horizontal . 

Non-vertica l  shape s g o throug h th e sam e extra -
processin g whethe r  th e tes t  orientatio n i s th e sam e 
as th e learnin g orientatio n o r  not ;  0 0 an d H H ar e 
slowe r  tha n OV an d H V respectively ,  th e latte r  sig -
nificantl y s o (t=2.04,df=lll,P=.04) .  Thus ,  eve n 
when retina l  description s match ,  a  shap e i s recog -
nize d o n th e basi s o f  it s  intrinsi c description . 
There is a strong linear dependence of RT's 
upon th e angl e betwee n th e intrinsi c axi s o f  th e 
targe t  an d th e vertical ,  fo r  shape s learne d verti -
call y an d obliquely .  (Th e reaso n wh y i t  doe s no t 
hol d fo r  shape s learne d horizontall y wil l  no t  b e 
discusse d here. )  Thi s suggest s tha t  menta l  rota -
tio n migh t  b e involve d i n th e encodin g o f  th e in -
trinsi c description :  th e intrinsi c descriptio n o f 
a non-vertica l  shap e migh t  b e obtaine d b y mentall y 
rotatin g th e shap e unti l  it s  intrinsi c axi s i s  ver -
tica l  i n th e perceptua l  fram e o f  reference .  Th e 
averag e linea r  slop e (1.5°/msec. )  i s  consisten t  wit h 
th e rate s o f  menta l  rotatio n foun d i n othe r  exper -
iment s (Coope r  an d Shepard ,  1973 ;  Shina r  an d Owen , 
1973) . 

185 



Conclusion s 

The experiment above shows that the intrinsic 
axe s o f  shape s pla y a n importan t  rol e i n thei r 
menta l  representation .  Th e intrinsi c descriptio n i s 
store d i n memor y an d retrieve d durin g recognitio n 
irrespectiv e o f  th e orientatio n i n whic h a  shap e 
i s seen . 

To stor e th e intrinsi c descriptio n i n memor y 
i s bot h economica l  an d effective .  Th e memor y repre -
sentatio n i s uniqu e an d allow s th e shape s t o b e 
recognize d i n nove l  orientations .  I  hav e foun d i n 
othe r  experiment s tha t  th e intrinsi c descriptio n i s 
als o use d t o compar e shape s presente d simultaneousl y 
i n differen t  orientations .  Thes e experiment s als o 
suppor t  th e hypothesi s tha t  menta l  rotatio n i s in -
volve d i n th e encodin g o f  th e intrinsi c description : 
i n lateralizatio n studies ,  th e perceptio n o f  non -
vertica l  shape s show s a  right-hemispher e effect . 

The intrinsi c descriptio n appear s t o b e in -
heren t  t o th e menta l  representatio n o f  shape s wit h 
intrinsi c axes .  Experiment s i n whic h shape s ar e 
presente d ver y briefl y an d hav e t o b e identifie d 
among simila r  shape s i n th e sam e orientatio n pre -
sente d immediatel y afterwards ,  sho w tha t  obliqu e 
and horizonta l  shape s requir e longe r  exposur e time s 
t o b e identifie d correctly .  Thi s orientatio n ef -
fec t  ca n b e attribute d t o th e extra-processin g in -
volve d i n th e computatio n o f  th e intrinsi c axe s 
and/o r  th e intrinsi c descriptio n o f  non-vertica l 
shapes .  I f  shape s coul d b e identifie d o n th e 
basi s o f  a  retina l  description ,  indentificatio n 
shoul d b e independen t  o f  orientation .  Palme r 
(1978 )  ha s show n tha t  th e description s o n whic h 
recognitio n i s base d ar e high-level ,  articulate d 
descriptions .  The  experiment s jus t  describe d 
sugges t  tha t  th e intrinsi c descriptio n mus t  b e 
encode d befor e recognitio n occurs .  Thi s i n tur n 
suggest s tha t  th e onl y articulate d description s 
ar e relativ e t o th e intrinsi c fram e o f  reference . 

The following model can now be outlined for 
th e processin g o f  two-dimensiona l  shape s wit h in -
trinsi c axes .  I  wil l  assum e tha t  th e menta l  repre -
sentatio n o f  shape s consist s o f  a  serie s o f  descrip -
tion s i n spatia l  frame s o f  reference ,  fro m low -
leve l  an d loca l  t o high-leve l  an d articulated .  Low -
leve l  description s ar e encode d i n th e retina l  fram e 
of  referenc e (th e earlies t  on e bein g th e distribu -
tio n o f  ligh t  o n th e retina) .  Intrinsi c axe s ar e 
compute d a t  a n earl y stag e o f  th e processing .  I t 
has bee n show n tha t  symmetr y ca n b e compute d fro m 
loca l  description s (Julez ,  1971 )  an d I  hav e foun d 
tha t  perceive d elongatio n i s base d o n principa l 
axe s o f  inerti a whic h ca n als o b e compute d fro m 
low-leve l  descriptions .  The  positio n o f  th e in -
trinsi c axi s relativ e t o th e retina l  vertica l  de -
termine s th e perceive d orientatio n o f  th e shape . 
The perceptua l  fram e o f  referenc e i s the n shifte d 
t o th e intrinsi c fram e an d higher-leve l  descrip -
tion s are  elaborate d withi n the  intrinsi c frame . 
The intrinsi c descriptio n i s store d i n memory .  I t 
i s  th e descriptio n o n whic h recognitio n i s based . 
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I. TTFROrxiCTICM 

Ttiis papor explores relations between arn>!cts of 
visua l  attentio n an( 3 th e operation s o f  schep«ta-bnse< i 
conpijtationa l  visio n systems .  Tties e relation s ar e 
3hcn.T i  t o sugges t  th e requirenien t  fo r  method s wliic h 
operat e toivard s interpretatio n withou t  mode l 
invocation .  A  specifi c  mechanis m i s describe d whic h 
permit s interpretatio n base d interactio n betwee n 
informatio n fro m differen t  resolutio n levels ,  bu t  doe s 
not  rel y o n node !  invocation .  Thi s mechanis m i s the n 
used i n th e examinatio n o f  som e relate d perceptua l 
phenomena,  permittin g a  mor e corputationa l  viê - ;  o f 
thei r  cperations . 

IT. SOI'IMATA-BA.SED VISICN SYSTEMS 

An issue of interest to both cognitive psychology 
and artificia l  intelligenc e i s th e questio n o f  hO' i 
kno-zHedg e o f  a  domai n o f  obiect s ca n h e applie d 
to-vard s visua l  interpretation .  Schemata-base i 
knowledg e organization s (Rumelhar t  an d Ortony ,  1976 ; 
Noisser ,  1976 )  ar e nc- /  bein g use d t o addres s tJii s 
issu e (Freuder ,  1976 ;  Havens ,  1978 ;  Haven s an d 
Mackworth ,  1980 ;  Browse ,  1980) .  On e distinctiv e 
featur e o f  a  scliervata-base d interpretatio n i s th e 
organizatio n o f  it s  domai n kncrviedg e alon g "natural " 
lines .  Tli e knowledg e i s obiec t  centere d an d relie s o n 
f̂ amilia r  structurin g mechanism s suc h a s conponen t  an d 
instanc e hierarchies . 

A doliviin of knoivledge structured in this wav is 
conduciv e t o a  recursiv e cuin g mechanis m (Havens , 
1978) :  txasi c imag e element s ac t  a s cue s fo r  siFpl e 
scf>n e obiects ,  whic h i n tur n ac t  a s cue s fo r  mor e 
comple x objects ,  etc . 
For example; in the 'Vmafn of line drawings of 

human-lik e bod y form s (Brcvse ,  1980 ;  1981) ,  a 
certai n configuratio n o f  line s ma y cu e a 
"hanfi" ,  whic h i n tur n cue s "arm" ,  whic h cue s 
"hotly" . 

At each lev<»i of this hierarchy, objects are described 
as teing  oonpose d o f  sinple r  objects . 
Tlie occurrence of the objects wliich are required 
i n th e descriptio n rm y no t  b e enough ,  hcvever ,  t o 
con'̂ ir m th e "'<istenc e o f  tli e mor e comole x object . 
Ther e ar e als o relation s v/hic h mus t  b e va l  i d amon g th e 
cnnponents .  Thi s -Mstinctio n wil l  h e referre d t o a s 
th e distinctio n hetv/ee n havin g foun d th e require d 
element s an d havin g me t  th e require d relations . 
For exairpl", all the required elements trvay 

exis t  t o irak e u p a n "arm" :  th e "hand",  th e 
"upper-arm" ,  an d tli e "lower-arm" ,  bu t  a  numlx̂ r 
of  require d relation s mus t  als o hold .  Th e 
element s ntis t  b e connecte d i n a  certai n way , 
and th e angle s hetw^o n t'l e element s mls ^  b e 
withi n certai n bounds . 

'.fliile it is difficult to l-)e certain of tho presi^nce of 
an olijec t  o n th e basi s o f  th e rcquif^ d r>lf>mont s only , 
•.• ^  shal l  sof -  tha t  ther e ar e specia l  si^uation s i n 
whic h thi s informatio n i s v^r y valuable .  Tlies e 
situation s rel y o n a  capabilit y  o f  groupin q imag e 
elements . 

Durin g th e interpretatio n process ,  an y elemen t  X 
i n t-h e iirvag e wil l  hav e associate !  wit h i t  a  se t  o f 
model  possibilitie s (o r  labels) .  Thi s se t  i s sirrpl y 
th e se t  o f  al l  object s '̂ /hic h ar e describe d usin g X  a s 
a require d element .  I n tii e absenc e o f  a  mean s o f 
groupin g elements ,  th e interpretatio n proces s na y dea l 
wit h th e discover y o f  a n elemen t  b y takin g th e cours e 
of  Rpde i  invocatio n {o r  testing) .  Thi s operatio n 
involve s selectin g on e o r  mor e o* "  th e morle l 
possibilities ,  an d testin g fo r  thei r  existenc e by 
locatin g th e othe r  require d elements ,  an d determinin g 
th e validit y o f  thei r  require d relations . 

"rtie model invocation approacli can prc/ide a 
dynami c determinatio n o f  wliethe r  th e processin g 
procedo s top-do- m o r  bottom-u p (se e Havens ,  1978) .  A s 
wel l  i t  ca n provid e a  mean s o f  iterativ e refinemen t  o f 
Interpretatio n an d segmentatio n (se e Mackworth ,  1978) , 
The operatio n o f  rtnde l  invocatio n can ,  hcvever ,  h e 
costl y becaus e i t  i s  exhaustiv e searc h ove r  th e mode l 
possibilities . 
On some occasions it may be feasible to delete 
some o f  th e mode l  possibilitie s withou t  actuall y 
invokin g them .  Thi s i s oossibl e ivheneve r  unifor m 
constrainin g relation s ca n b e devise d ove r  a  typ e o f 
imag e element . 
For example, if 'Je know that certain lines 

must  b e a  par t  o f  th e sam e object ,  the n th e 
male l  possibilit y  set s fo r  tlios e line s ca n b e 
intersected . 

Waltz (1972) has shovn that such a uniform constraint 
may b e formulate d fo r  th e interpretatio n o f  lin e 
drawing s o f  th e blocks-world .  Th e resul t  wa s tha t 
sutjsequen t  backtrac k searc h wa s seldo m required . 
Mackwort h (1977 )  ha s provide d a  generalizatio n o f  th e 
us e o f  suc h networ k consistenc y method s i n artificia l 
intel l  igf̂ no e problems . 
III. FFAT07U5 nTTRGRATICN mO WDEL INVOCATION 

Recently in cognitive psychology there have 
emerge d theoretica l  idea s abou t  visua l  attentio n \4iic h 
relat e t o th e notion s o f  mode l  invocatio n an d 
opr-ration s o n set s o f  norle l  possibilities .  Th e 
Featur e Integratio n Theor y o f  attentio n (Treisma n an d 
Gelade ,  1980 )  propose s tha t  individua l  iimg e feature s 
ar e detecte d rapidl v an d i n parallel ,  but ,  i n orde r 
tha t  a n objec t  b e identifief l  a s consistin g o f  tw o o r 
more separat e features ,  location s mus t  b e processe d 
seriall y  wit h fooa l  attention .  I f  thi s i s prevented , 
illusor y conjuction s may b e forme<- l  (Treisma n an d 
Schmidt ,  1981 )  .  Tlius ,  i n huma n vision ,  th e 
applicatio n o f  foca l  attentio n is .  require d by  mr>le l 
invocation . 

There is an increased expense which accompanies 
th e applicatio n o f  foca l  attention .  Treisman ,  Sykes , 
and nelad e (1977 )  hav e shcnv n tha t  th e amoun t  o f  tim e 
require d t o detec t  object s nad e u p o f  a  conjunctio n o f 
feature s increase s linearl y wit h th e displa y size ,  bu t 
tha t  displa y siz e doe s no t  hav e suc h a  grea t  effec t  o n 
th e detectio n o f  object s whic h ca n b e define d withou t 
consideratio n o f  th e relation s amon g features .  I n 
CoT̂ vita'-.iona l  terms ,  thes e object s ca n b e identifie d 
onl y b y th e examinatio n o f  mode l  possibilit y  set s t o 
determin f  th e prr>-<'nc e o f  require d elements ,  wlierea s 
conjunctio n obiect s requir e th e establishmen t  o f  th e 
relatio n o f  commn soatia l  locatio n betwee n features . 

187 

file:///4iich


To TCike  th< ? relatio n nor e clear ,  conside r  a n 
ex.-jTTpl o tnke n fro m pxporimon t  I V o f  Treisro n an< i 
Gel.ifl e (1980) : 

Q 

(a )  tarrjo t  "R " (b )  tarqfj t  "T " 

Fiqur e 1 :  l-v o soarc h condition s Hepicto d a s 
feature s whicl i  cortpos e th e letters ,  wit h thei r 
'•'̂t T o f  nr>le l  possibilitie s attachefl . 

The tisk was to detect the presence of one of the 
tarqot s "R "  o r  "r "  i n a  visua l  fiel d o f  "P" s an d "0"s . 
Featur e integratio n theor y predict s tha t  th e searc h 
tim e wil l  increas e linearl y wit h displa y si^ e fo r  th e 
"R"  target ,  an d wil l  increas e les s fo r  th e "T "  target . 
Thi s predictio n wa s foun d t o l-) o correct .  Th e 
differenc e betwee n th e bJ O condition s i s shryv n i n 
figur e 1 .  Fo r  th e targe t  "R" .  th e require d elernent s 
(features )  ar e availabl e i n b'l o d'Tforen t  ways :  eithe r 
by th e presenc e o f  a n "R "  o r  b y adjacen t  "P "  an d "0" . 
I n thi s targe t  condition ,  th e relation s amon g th e 
require d element s Tus t  Ix ? examined .  r-riFTputationa l  ly , 
thi s mean s invokin g th e mole l  fo r  a n "H "  eac h tim e it s 
require d element s ar e present .  Tli e tarq̂ - t  "T "  ca n 1> » 
detecte d b y onl y examinin g th e mode l  possibilitie s fo r 
tli e primitive s becaus e th e require d f̂ eature s ca n onl y 
bo presen t  i f  th e targe t  i s present . 
There are indications that it is conputationally 
more expensiv e t o invok e model s tha n t o us e 
consistenc y motliod s (VJaltz ,  1972 ;  Mackivorth ,  1977) . 
Tlv » propose d relatio n betwee n moile l  invocatio n an. l 
featur e integratio n ;K3d s t o th e iustificatlo n fo r  th e 
searc h "̂o r  conputationa l  method s whic h ca n operat e 
toward s interoretatio n a t  th e pre-invocatio n level . 

TV. FILTERIfJG ACROSS RFSOfXTTirW TEVEr-S 
Follaving the clues provided in the previous 
secticns .  Brows e (1931 )  ha s rievisn' l  a  metho d wliic h 
permit s tli e interactio n betwee n informatio n obtainw l 
at  differen t  level s o f  resolution .  Thi s metho d 
operate s toward s interpretation ,  bu t  befor e mode l 
invocation . 

A Bchemata-basf>d representation for the kno'tflef'ge 
of  the  body-for m structur e ha s bee n developed ,  "nn s 
knowledg e i s specifie d i n term s o f  imag e primitive s 
attainabl e a t  tw o differen t  level s o f  resolutio n i n 
tti e imag e (line s an d blobs) .  Area s o f  th e imag e fo r 
whic h tli e correspondenc e o f  imag e primitive s acros s 
level s i s kno-v n ar e area s i n wliic h th e follcvin g 
unifor m constrainin g relation s nn y b e applie<l : 

1. For any blob v-hich mist have an integral 
interpretation ,  the  correspondin g line s mus t 
al l  hav e a  coimo n interpretatio n model .  Thu s 
th e s'̂ t s  o f  mode l  possibilitie s fo r  eac h o f 
tli e line s may b e reduce d t o thei r 
intersection . 

2.  Th e ultimat e interpretatio n nus t  b e th e sam e 
f̂o r  bot h level s o f  resolutio n (a t  lea-i t 
instance-hierarch y related) ,  henc e th e 
possibilit y  set s may li e intersecte d acros s 
levels . 

Figure 2a depicts tv.'-i lines v/hich are kn<"'vii to 
correspon d t o a  -|>x:ifi c  blol i  Iv^cnus p o f  thei r  im,ig e 
h'orarch y -tructiire .  Als o depicte d * s a  nrnln i 
pnssilii l  it y  se t  fo r  oac h olr>mr>nt .  B y applyin g rul e 

blo b 
(a,c,h| a,c, h 

lin e lin e lin e lin e lin e lin e 
(n,b,c,d |  (a,b,c,e )  (a,b,c )  (a,b,c (  |a,c |  (a,c | 

(a ) (b ) (c ) 

Figur e 2 ;  Thre e stage s i n th e apî licatio n o f 
consistenc y acros s resolutio n levels . 

(1) we eliminate (d,e|, and by applying rule (2) we 
arriv n a t  tli e fina l  se t  o f  possibl e model s |a,c |  a s 
slrr. m i n figur e 2c .  See  Bravs e (1931 )  fo r  a n exampl e 
of  th e operatio n o f  thes e metliotJ s i n th e body-for m 
domain . 

Tlie correspondences being utilized Ijy these 
metliod s are  onl y availabl e i n th e limite d are a o f  th e 
imag e whic h ha s bee n processe d a t  th e highes t  leve l  o f 
resolutio n (fovea) ,  an d th e u]tim.at e usefulnes s o f 
suc h operation s wil l  li e influence d b y th e 
appropriatenes s o f  th e selectio n o f  thes e location s b y 
th e progra m (lirowsp ,  1980 )  .  I t  als o remain s t o 
establis h coTî utationa l  advantage s i n th e orde r  o f 
processin g th e loca l  an d globa l  informatio n (se e 
Mavon,  1977 ;  Kinchl a andltolfe ,  1979) . 
V. GROUP PROCESSING AND MODEL irWnCATTC»'I 

Kahneman and llenik (1977) have formulated a 
"group-processing "  mode l  o f  th e applicatio n o f 
attentio n \-Anc h i s simila r  t o th e applicatio n o f 
constrainin g relatio n (1 )  o f  th e previou s section . 
Thei r  mode l  propose s a  pre-attentiv e groupin g 
operatio n whic h select s larg e sca^ e obiect s fo r 
subsequen t  analysis .  Tli e experiment s whic h 
demonstrat e tli e validit y o f  thi s mrxJe l  emplcf f  display s 
suc h a s tha t  o f  figur e 3 . 

4 3 6 2 8 1 4 3 6 2 8 

(al (b ) 

Figur e 3 .  Grou p processin g digi t  detectio n 
displa y 

One of the two displays such as shcsm in figure 3, is 
presente d briefl y an d th e tas k i s t o detec t  a 
specifie d targe t  digit .  Th e result s shoi v tha t  group s 
are  processef l  separately ,  bu t  tha t  processin g i s 
almos t  unifor m withi n groups . 

|l,7,4 |  (4,8 | 

w 

12,4 }  (1,4 | 

(a ) 

Figure 4. 
resolutions . 

(b) 

Feature s availabl e a t  tw o 

Assume tha t  hig h resolutio n ''eatur e informatio n 
i s availa "  • ,  an d tha t  fo r  eac h suc h '"eature ,  a  se t  o f 
model  possibilitie s i s establishe d (a s shav n i n figur e 
4a) .  Als o assum "  th e availabilt v o f  coars e l'>' d 
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in''ormatio n whic h give s th « identificatio n o f  larqe r 
object s (figur e 4h) . 

Consider the following interpretation of these 
results :  T n th e firs t  stage ,  th e glob-i l  obiect s ar e 
detected ,  a s ar e th e hig h resolutio n feature s 
specifyirv g thei r  mode l  possibilit y  sets .  Tties o s^t s 
can onl y h e assigned ,  however ,  t o th e establishe d 
objects ,  a s depicte d i n ""igur e 5 . 
(1,4,7) {1,4,7| {4,8| {7.2,6) (5,7,2,6) (8,3,2) 

6 2 8 (6,8 ) 

(1,4 )  (6,3,8,5 ) 
f 

y V ^  (2,4 ) 

(6,8 )  (6,3,8,5 )  (6,3,8,5 ) 

Figur e 5 .  lo w re.solutio n object s detecte d an d 
node l  possibilitie s assigne d t o hig h 
resolutio n features ,  whicl i  ar e roughl y 
located . 

At  thi s point ,  ther e ar e obviousl y to o ran y 
feature s associate d wit h th e object  fo r  i t  t o b e a 
singl e digit ,  s o a  subsequen t  breakdoi m o f  object s 
take s place .  T n tha t  thi s secon d phas e i s a  highe r 
resolution ,  i t  ca n only  tak e plac e ove r  a  smalle r 
area ,  s o on e o f  tli e tw o mai n object s i s selecte d fo r 
more rletaile d examinatio n (se e figur e 6 )  . 

(1,7,4 )  - ^ 

(1,4)/^ 

(1,7,4 )  (4,8 ) 

4 3 

r  * N 
(2,4 )  (1,4 ) 

(8,3,2 ) 

(6,3,8,5) 

Figur e 6 .  Feature s assigne d t o deject s 
detecte d a t  a  fine r  leve l  o f  resolution ,  fo r 
one o f  th e lo w leve l  objects . 

A second examination of the possibility sets reveals 
tha t  th e require d element s ar e availabl e fo r  onl y on e 
digi t  i n eac h o f  th e define d positions ,  an d henc e 
thei r  identitie s ca n b e establishe d i n p3ranel , 
withou t  seria l  applicatio n o f  attentio n t o eac h o f  th e 
specifi c  locations . 
Feature integration theory proposes that object 
identificatio n na y tak e plac e i n piralle! ,  base d o n 
feature s alone ,  o r  seriall y  base d o n conjunction s o f 
feature s whe n necessary .  Th e grou p processin g result s 
indicat e intermediat e step s a t  wĥ cl i  feature s ar e 
assigne d t o nbjf̂ t̂ s  detecte< l  a t  lo'̂ ;  resolution ,  an d 
onc e thi s assignmen t  i s complete ,  som e mode l 
possibilitie s na y b e discarde: !  b y usin g th e 
constrainin g relatio n (1 )  fro m th e previou s section . 
Tli e locatio n o f  obiect s t o wliic h thes e feature s ar e 
attache d wil l  becom '  mor e refine d i f  necessary ,  t o th e 
poin t  o f  eithe r  allowin g ol-ijsc t  identificatio n throug h 
confirmatio n o f  th e presenc e o f  th e require d element s 
alone ,  o r  i f  necessar y b y considerin g th e relation s 
ammg features . 

TTie identity of features miy be determined over a 
wid e visua l  field ,  bu t  withou t  specifi c  location . 
IrtMtio n may br>com e vmr e specifi c  throug h attachmen t 
t o \c M resolutio n imaq e elements ,  bu t  onl y ove r  a  mor e 
restrictei l  visua l  field .  Finally ,  th e actua l  locatio n 
may h e determine d (- o nerm i  t  feTtur p integration .  Ttii s 
fina l  locatin g actio n operate s ove r  a  '•nvi l  1  are a o f 
th p visua l  field ,  an d therefor e require s seria l 
applicatio n i f  mor e tha n on e locatio n i s t o b e 
searched . 

VI .  StrWAR Y 

By adopting a scWenata-based approach, 
oonputationa l  visio n domain s rm v b e structure d s o a s 
t o us e th e conponen t  hierarchy  a s a  meclianis m fo r 
cu''n g th e mrxlel s t o b e invoke-l .  Tti e corrplet e 
exaninatio n o f  th e relation s require d b y nodel s ca n b e 
conputationall y expensive ,  an d fo r  huma n vision , 
presuppose s th e applicatio n o f  fovea l  attention . 
A mechanism has been described which permits the 
interactio n betwee n informatio n fro m differen t  level s 
of  resolutio n b y eliminatin g mode l  possibilitie s an d 
inposin g grouping s ove r  hig h resolutio n features . 
Thi s mechanis m ha s bee n slxyv n t o b e usefu l  i n 
describin g th e relatio n betwee n grou p processin g 
phenomena an d Featur e Integratio n Theory . 
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GROWING SCHEMAS OUT OF INTERVIEW S 

Jerry R. Hobbs (SRI International) and Michael H. 
Agar  (Univ .  o f  Maryland ) 

Ethnography faces complex worlds with no 
explici t  theory .  AI ,  i n contrast ,  carrie s comple x 
forma l  theorie s Int o encounter s wit h simpl e worlds . 
Our  wor k I s a n effor t  t o fin d a  middle-ground ,  notin g 
alon g th e wa y th e modification s i n bot h field s 
require d fo r  a  synthesi s t o occur .  I n thi s pape r  w e 
repor t  o n ou r  curren t  versio n o f  thi s synthesi s b y 
analyzin g a  fragmen t  o f  a  lif e histor y intervie w wit h 
a caree r  heroi n addict . 

A cor e proble m fo r  ethnographi c researc h i s th e 
management  o f  larg e amount s o f  qualitativ e dat a whos e 
for m an d conten t  wer e primaril y unde r  infornan t 
control .  A  particula r  tensio n I n th e analysi s o f  thi s 
typ e o f  materia l  lie s i n a n ethnographer' s desir e t o 
atten d t o detai l  whil e a t  th e sam e tim e offerrin g 
more globa l  statement s abou t  grou p life .  I n researc h 
ove r  th e las t  yea r  wit h a n extensiv e anthropologica l 
lif e history ,  w e hav e trie d differen t  way s t o resolv e 
thi s tension .  We woul d lik e t o repor t  o n an d 
demonstrat e par t  o f  a  propose d solution . 

The lif e histor y analyze d her e wa s conducte d 
over  a n eightee n mont h perio d wit h a n olde r  caree r 
heroi n addic t  who m w e cal l  "Jack. "  A t  th e tim e o f  th e 
Interview s i n th e earl y 70's ,  Jac k wa s abou t  6 0 year s 
old ,  enrolle d I n a  methadon e progr m i n Ne w Yor k City . 
The specifi c  Intervie w use d fo r  thi s discussio n 
center s aroun d Jack' s stor y o f  ho w h e becam e a 
burglar .  I n othe r  papers ,  w e hav e looke d a t  piece s o f 
thi s Intervie w t o develo p ou r  approach .  No w w e woul d 
lik e t o tak e th e intervie w a s a  whol e t o she w th e 
Interactio n betwee n detaile d microanalysi s o f  a 
portio n o f  tex t  an d th e validatio n an d enrichmen t  o f 
tha t  analysi s acros s th e tex t  a s a  whole .  Eventually , 
we hop e t o us e th e approac h t o trea t  th e entir e lif e 
history . 

Our  goa l  her e i s t o tackl e th e issu e o f  relatin g 
scheraa s develope d i n th e analysi s o f  a  smal l  segmen t 
of  tex t  t o th e intervie w a s a  whole .  We begi n wit h a n 
effor t  t o ge t  a  sens e o f  th e overal l  organizatio n o f 
th e interview .  Ou r  assumptio n I s tha t  th e Interview , 
analyze d a s a  complete d act ,  ca n b e see n a s th e 
expressio n o f  a n Informant' s plan .  We mak e n o 
assumptio n tha t  th e pla n I s a  representatio n o f  wha t 
th e Informan t  "really "  thought ,  no r  d o w e assum e tha t 
a pla n wa s consciousl y worke d ou t  I n detai l  befor e 
th e interview .  On th e contrary ,  a n earlie r  pape r 
shows tha t  viewin g th e complete d Intervie w a s a n 
expressio n o f  a  pla n force s o n u s assumption s tha t 
highligh t  th e creativ e emergenc e o f  Jack' s story . 

At  th e sam e time ,  th e plannin g vie w give s u s a 
sens e o f  th e globa l  coherenc e o f  th e interview ,  a 
sens e o f  ho w differen t  piece s han g togethe r  t o 
produc e a n understandin g o f  th e Intervie w a s a  whole . 
To ge t  a t  thes e "pieces, "  w e firs t  d o a  high-leve l 
segmentatio n o f  th e Intervie w tha t  make s cut s usin g 
majo r  shift s i n conten t  a s th e guideline .  Thoug h 
thi s proces s i s hardl y foolproof ,  mos t  o f  th e spot s 
fo r  cut s see m Intuitivel y obvious .  Ther e I s a n 
assumptio n her e tha t  member s woul d mar k majo r  segmen t 
boundarie s i n th e sam e way ,  bu t  w e hav e no t  teste d i t 
out .  Further ,  th e eas e o f  segmentin g i s mad e easie r 
stil l  b y th e fac t  tha t  w e ar e workin g wit h dat a 
produce d b y anothe r  speake r  o f  America n English . 

At  an y rate ,  onc e th e segment s ar e marked ,  th e 
proble m I s t o infe r  th e pla n o f  whic h the y ar e 
Interrelate d expressions .  Some o f  th e hig h leve l 
goal s fo r  a n intervie w ar e i n fac t  explicitl y 
negotiate d i n th e segment s themselves .  Wher e suc h 
explici t  discussio n I s no t  available ,  w e ar e force d 
t o Infe r  goal s an d subgoal s whos e interrelationship s 
provid e a  coheren t  accoun t  o f  th e intervie w a s a 
whole .  Lik e mos t  student s o f  phenomena—natura l  o r human—we assum e a n implici t  orde r  tha t  i t  i s  ou r tas k t o brin g t o light . 

The result s o f  th e globa l  analysi s leav e u s wit h 
a sens e o f  th e majo r  segment s o f  th e intervie w 
togethe r  wit h th e goal s ah d subgoal s tha t  sho w the m 
t o b e coherentl y linked .  Th e nex t  ste p I s t o pic k a 
segment  an d loo k fo r  coherenc e a t  a  lowe r  level—wha t 
we cal l  loca l  coherence .  This "  microanalysis "  begin s 
by specifyin g wha t  i t  i s  tha t  eac h utteranc e ha s t o 
do wit h th e one s tha t  imnedlatel y preced e an d follo w 
it .  Th e analysi s presuppose s tha t  w e hav e a  sens e o f 
utteranc e content ,  a  presuppositio n tha t  I s agai n 
facilitate d her e b y workin g wit h anothe r  speake r  o f 
America n English .  Th e microanalysi s I n term s o f 
loca l  coherenc e force s u s t o specif y th e logica l 
relation s betwee n utterance s suc h tha t  the y ar e see n 
as copartlclpant s i n connecte d discourse . 

Hobbs ha s explore d th e adequac y o f  a  fairl y 
smal l  numbe r  o f  relation s t o serv e I n thi s analysis . 
The coherenc e relations ,  whic h firs t  organiz e th e 
utteranc e b y utteranc e structur e i n a  segment ,  ar e 
the n als o use d t o sho w relation s acros s group s o f 
utterance s i n tha t  sam e segment .  Th e coherenc e 
relations ,  i n short ,  ar e use d t o sho w u s th e tie s 
amont  th e utterance s withi n a  segment . 

However ,  explicatin g th e relationship s force s o n 
us th e nex t  ste p i n th e analysis .  I f  tw o utterance s 
ar e relate d becaus e on e "elaborates "  o n another ,  w e 
must  no w mak e explici t  th e proposition s tha t  justif y 
our  claim .  I f  tw o sequence s o f  utterance s I n a 
segment  ar e sai d t o "contrast, "  w e mus t  no w sho w th e 
knowledg e i n term s o f  whic h tha t  contras t  ca n b e 
seen .  Th e loca l  coherenc e analysi s o f  a  segmen t 
force s u s t o develo p explici t  Inference s tha t  mak e 
sensibl e thos e relations .  A s wil l  b e see n shortly , 
some o f  thes e inference s bunc h togethe r  throug h thei r 
Interlinke d predicate s an d arguments .  Thi s 
"bunching "  o f  Inferences ,  s o characteristi c o f  huma n 
knowledge ,  wa s th e reaso n fo r  th e developmen t  o f  th e 
notio n o f  "schema "  i n A I  an d psychology .  I n short , 
our  analysi s i n term s o f  loca l  coherenc e lead s u s t o 
construc t  schema s tha t  justif y tha t  analysis . 

Now,  schema s ar e o f  particula r  Interes t  t o 
ethnographers ,  becaus e the y ar e potentiall y  usefu l  I n 
understandin g no t  Jus t  th e segmen t  tha t  motivate d 
thei r  construction ,  bu t  othe r  segment s a s well . 
High-leve l  schema s tha t  offe r  suc h understandin g o f  a 
variet y o f  act s hav e bee n a  traditiona l  goa l  o f 
cultura l  anthropology ,  whethe r  calle d "patterns, " 
"themes, "  o r  "valu e orientations. "  However , 
ethnographer s typicall y construc t  th e hig h leve l 
schemas an d demonstrat e th e resultin g understandin g 
i n a  coarse-graine d way .  I t  i s  thi s ga p tha t  th e 
more detaile d loca l  coherenc e analysi s ca n fill . 

At  th e sam e time ,  a  loca l  coherenc e analysi s o f 
ever y segmen t  t o whic h th e schem a I s applie d woul d b e 
to o time-consuming .  T o solv e thi s proble m i n th e 
sampl e analysi s o f  on e Intervie w presente d here ,  w e 
hav e develope d th e followin g strategy .  We pic k a 
particularl y interestin g schem a fro m th e 
mlcroanalyze d segmen t  an d se t  u p som e condition s 
unde r  whic h i t  shoul d appl y t o othe r  segments .  I n 
th e analysi s don e here ,  w e ar e intereste d i n th e 
"arrest "  schema ,  s o w e decid e tha t  an y segmen t  tha t 
concern s itsel f  wit h Illega l  act s wil l  qualify . 

The "concern "  migh t  b e reflecte d i n a  singl e 
utterance ,  o r  I t  migh t  b e th e focu s o f  a n entir e 
segment .  I t  migh t  b e semantlcall y encode d I n th e 
utterance ,  o r  i t  migh t  b e understoo d onl y throug h 
Inference s connecte d t o tha t  surfac e semanti c 
content .  Th e segment s tha t  satisf y thes e condition s 
ar e the n examine d fo r  thei r  schemati c relevance .  A s 
we wil l  show ,  thi s proces s lead s t o a  riche r 
understandin g o f  th e detail s o f  th e schema ,  a  bette r 
sens e o f  it s  relatio n t o othe r  schemas ,  an d 
validatio n throug h it s us e i n understandin g othe r 
segment s o f  th e Interview . 

However ,  th e examinatio n o f  th e rang e o f 
applicatio n o f  th e scheni a wil l  no t  contai n th e detai l of  th e microanalysi s tha t  produce d it .  We wil l  sto p th e discussio n a t  th e poin t  wher e w e fee l  tha t  th e connectio n I s obvious .  A t  th e sam e time ,  ther e I s a n 
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assumpClo n tha t  suc h a  detaile d analysi s I s possibl e 
fo r  eac h segment ;  i n principl e a n analysi s o f  loca l 
coherenc e coul d b e don e tha t  woul d explicitl y  sho w 
th e connections .  I n othe r  words ,  w e wil l  trad e of f 
detai l  fo r  breadt h o f  coverage ,  withou t  abandonin g 
th e obligatio n t o fil l  i n th e detai l  shoul d i t  b e 
required . 

Thi s carefu l  us e o f  differen t  level s o f 
descriptio n i n differen t  analytica l  context s will ,  w e 
hope ,  resolv e th e tensio n betwee n detaile d analysi s 
and breadt h o f  coverage .  Th e strateg y i s hardl y 
uniqu e t o ou r  approach .  Learnin g ofte n work s lik e 
thi s — th e beginne r  attend s t o low-leve l  detail , 
graduall y build s highe r  leve l  knowledg e o f  wha t  h e i s 
doing ,  an d eventuall y develop s a  globa l  sens e o f 
whateve r  h e i s learnin g an d forget s th e detail s 
unles s som e proble m force s hi m t o retur n t o tha t 
leve l  t o solv e it .  We ar e simpl y tryin g t o lear n t o 
understan d a n intervie w i n a  wa y tha t  point s t o 
strategie s fo r  learnin g t o understan d eve n broade r 
range s o f  huma n action . 

I n the -  presentation ,  w e wil l  begi n b y displayin g 
th e globa l  pla n o f  th e burglar y interview .  Followin g 
that ,  w e wil l  sho w a  microanalysi s o f  a  segmen t  t o 
demonstrat e th e constructio n o f  som e schema s relate d 
t o arrest .  The n w e wil l  loo k a t  th e schem a a s i t 
thematicall y recur s i n othe r  segment s o f  th e 
intervie w an d modif y an d enric h It .  Finally ,  w e wil l 
conclud e wit h som e thought s o n th e potentia l  o f  th e 
metho d fo r  wide r  application . 
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ABSTRACT 

Results in cognitive psychology have shown 
tha t  reader s ca n b e steere d awa y fro m a n other -
wis e plausibl e interpretatio n o f  a  stor y b y 
extra-textua l  factor s suc h a s th e sourc e o f  th e 
text ,  th e state d readin g purpose ,  interruption s 
and repetitio n o f  question s abou t  th e text .  Fo r 
instance ,  successiv e repetition s o f  th e sam e 
questio n abou t  a  give n tex t  wil l  ofte n elici t  a 
serie s o f  alternativ e interpretation s o f  th e 
text .  Thi s effec t  canno t  b e accounte d fo r  b y 
establishe d principle s o f  tex t  processin g be -
havior ,  suc h a s people's  preferenc e fo r  cohesiv e 
and parsimoniou s representation s o f  text .  Thi s 
paper  present s a  compute r  progra m calle d 
MACARTHUR,  whic h model s thi s behavio r  b y varyin g 
th e dept h an d directio n o f  it s  inferenc e pursui t 
i n respons e t o re-questioning ,  resultin g i n a 
serie s o f  markedl y differen t  interpretation s o f 
th e sam e text .  I n ligh t  o f  th e results ,  som e 
new experiment s ar e suggeste d i n hope s o f  ar -
rivin g a t  a  ne w principle ,  beyon d cohesio n an d 
parsimony ,  t o accoun t  fo r  th e observe d tex t 
processin g behavior . 

1.0 INTRODUCTION 

tol d tha t  i t  wa s excerpte d fro m th e Ne w Yor k 
Times ,  a n Agath a Christi e novel .  Cosmopolita n 
magazine ,  a  grammar-schoo l  histor y textboo k o r  a 
Jimmy Stewar t  movie .  Thei r  interpretation s o f 
th e tex t  varie d significantl y dependin g o n th e 
state d tex t  source . 

These observations about people's reading 
behavio r  agre e wit h experiment s i n cognitiv e 
psycholog y i n whic h varyin g th e state d readin g 
purpos e (e.g. .  Blac k [1980] ,  Frederikse n 
[1975]) ,  an d interposin g question s abou t  th e 
tex t  (e.g. ,  Rothkop f  an d Bisbico s [1967] , 
Anderso n an d Biddl e [1975] )  resulte d i n differ -
ence s i n inference s mad e b y th e readers ,  a s ev -
idence d b y test s fo r  fals e recognitio n o f 
statement s correspondin g t o inference s fro m th e 
text . 

This paper presents a program called 
MACARTHUR whic h i s abl e t o redirec t  it s  ow n in -
ferenc e processe s whe n a  questio n abou t  a  tex t 
i s  re-aske d repeatedly .  MACARTHUR demonstrate s 
it s successiv e interpretation s b y generatin g 
Englis h answer s t o question s abou t  th e text . 
For  example ,  afte r  readin g a  versio n o f  th e 
abov e stor y [1] ,  MACARTHUR respond s i n Englis h 
t o th e followin g sequenc e o f  questions : 
Q)  Why di d th e ambassado r  g o t o Albania ? 
A)  H E WENT ON A  VACATION I N ALBANI A AND 
PAKISTAN. 

Q) Are you sure? Why did he go to Albania? 
A)  MAYBE H E WANTED T O MEET WIT H TH E GOVERNMENT 

OF ALBANIA ,  BUT H E WANTED T O KEEP I T A  SECRET. 

Conside r  th e followin g story : 

[1] The Pakistani Ambassador to the United 
State s mad e a n unschedule d sto p i n Albani a 
yesterda y o n hi s wa y hom e t o wha t  a n aid e 
of  th e Ambassado r  describe d a s " a workin g 
vacation" . 

Why di d th e ambassado r  g o t o Albania ? 
Peopl e i n informa l  experiment s mos t  ofte n answe r 
tha t  h e may hav e simpl y gon e ther e a s par t  o f 
hi s vacation .  However ,  whe n th e sam e questio n 
i s repeated ,  the y generat e alternativ e explana -
tions ,  suc h a s th e following : 
1.  Ther e coul d hav e bee n som e secre t  politica l 

meetin g there . 

2. There might have been plane trouble; say, 
an emergenc y landin g t o fi x  a  fue l  leak . 

3. Maybe he just wanted to avoid reporters on 
hi s vacation . 

The tex t  present s a n explanatio n o n th e 
surfac e (tha t  th e ambassado r  wa s o n vacation) , 
whic h i s adequat e t o serv e a s a n interpretatio n 
of  th e event s i n th e story .  However ,  reader s 
can b e steere d awa y fro m thi s explanatio n b y 
externa l  factor s suc h a s repetitio n o f  th e sam e 
question .  I n a  relate d serie s o f  informa l  ex -
periments ,  peopl e wer e tol d differen t  "sources " 
of  th e text ;  i n particular ,  the y wer e eithe r 

Most  existin g tex t  understandin g system s 
(e.g. ,  CuUingfor d [1978] ,  Wilensk y [1978] , 
DeJong [1979] ,  Charnia k [1978] )  d o no t  accoun t 
fo r  people' s abilit y  t o mak e differen t  infer -
ence s dependin g o n externa l  factor s suc h a s 
re-probing .  MACARTHUR's abilit y  t o re-direc t 
it s  ow n inference s arise s fro m a  ne w classifi -
catio n schem e fo r  explanation s base d o n a n 
attribut e terme d th e "shape "  o f  a n explanation . 
The progra m i s intende d t o provid e a  test-be d 
fo r  comparin g implementation s o f  ou r  theorie s 
abou t  people' s readin g behavio r  wit h actua l  ex -
perimenta l  evidence .  Toward s thi s end ,  th e 
concludin g sectio n o f  thi s pape r  proposes  som e 
possibl e ne w experiments ,  an d som e possibl e ex -
tension s t o MACARTHUR. 

2.0 BACKGROUND: COHESION AND PARSIMONY 

2.1 The cohesion principle 

Results in cognitive psychology have shown 
tha t  peopl e almos t  universall y construc t  inter -
pretation s o f  tex t  whic h serv e t o coherentl y 
connec t  th e separat e statement s i n a  text ,  eve n 
when suc h connection s ar e no t  a t  al l  obvious . 
For  instance ,  Haberland t  an d Bingha m [1978 ]  hav e 
foun d evidenc e fo r  causa l  connectiv e inference s 
bein g mad e amon g th e sentence s i n example s lik e 
th e following : 

[2] Brian punched George. George called the 
doctor .  Th e docto r  arrived . 
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[3 ]  Bria n punche d George .  Georg e like d th e 
doctor .  Th e docto r  arrived . 

Subjects took longer to read [31 than [2], pre-
sumabl y spendin g th e extr a tim e tryin g t o infe r 
causa l  o r  intentiona l  connectiv e inference s 
among th e statement s i n th e text . 

Similarly, Bower, Black and Turner [1979] 
foun d tha t  readin g time s wer e longe r  whe n read -
er s ha d t o perfor m mor e tha n on e inferentia l 
"step "  t o establis h a  causa l  connectio n betwee n 
tw o statement s i n a  narrative .  Thes e result s 
and other s providin g evidenc e fo r  spatial ,  in -
strumental ,  referential ,  causa l  an d intentiona l 
connectiv e inferenc e hav e demonstrate d tha t  a 
crucia l  featur e o f  huma n tex t  understandin g i s 
th e abilit y  t o construc t  a  connecte d an d 
coheren t  representatio n o f  a  text .  Take n to -
gether ,  thes e result s for m wha t  w e may ter m th e 
"cohesio n principle "  o f  tex t  processin g behav -
ior . 

Researchers in AI have constructed a number 
of  proces s model s o f  tex t  understandin g whic h 
ar e consisten t  wit h th e cohesio n principle .  A I 
program s tha t  hav e addresse d th e proble m o f 
connectednes s i n text s includ e th e MARGIE pro -
gra m (Schan k [19751 )  i n term s o f  causa l  connec -
tions ,  th e SA M an d Ms.Malapro p program s i n term s 
of  script -  an d frame-base d connection s (Schan k 
et  a l  (19751 ,  Cullingfor d [19781 ,  Charnia k 
[19791) ,  an d th e PA M an d BELIEVE R program s i n 
term s o f  intentiona l  connection s (Schan k an d 
Abelso n [19771 ,  Wilensk y [19781 ,  Sridhara n an d 
Schmid t  [1978]) . 

2.2 The parsimony principle 

The cohesion principle alone is not 
sufficien t  t o accoun t  fo r  people' s interpreta -
tion s o f  text .  Fo r  instance ,  conside r  th e fol -
lowin g deceptivel y simpl e exampl e (fro m Grange r 
[1980]) : 

[4] Mary picked up a magazine. She swatted a 
fly . 

When asked why Mary picked up the magazine, 
peopl e i n informa l  experiment s overwhelmingl y 
answer  tha t  sh e picke d i t  u p wit h th e intentio n 
of  swattin g th e fly .  However ,  thi s answe r  cor -
respond s t o onl y on e o f  (a t  least )  thre e possi -
bl e interpretation s o f  th e text ,  non e o f  whic h 
ca n b e rule d ou t  o n ground s o f  logi c o r  th e 
cohesio n principle : 

(4a) Mary picked up a magazine to read it. She 
the n wa s annoye d b y a  fly ,  an d sh e swatte d 
i t  wit h th e magazin e sh e wa s holding , 

(4b) Mary picked up a magazine to read it. She 
the n wa s annoye d b y a  fly ,  an d sh e swatte d 
i t  wit h a  flyswatte r  tha t  wa s handy . 

(4c) Mary picked up a magazine to swat a fly 
wit h it . 

This same phenomenon occurs in any "garden path" 
text ;  i.e. ,  a  tex t  tha t  suggest s a n initiall y 
plausibl e inferenc e whic h turn s ou t  t o b e 
"supplanted "  (Grange r  [1980] )  i n th e fina l  rep -

resentation .  T o accoun t  fo r  thes e observations . 
Grange r  propose d th e Parsimon y Principle ,  whic h 
state s tha t  th e preferre d interpretatio n o f  a 
tex t  i s  th e on e i n whic h th e fewes t  numbe r  o f 
inferre d intention s o f  a  etor y characte r  accoun t 
fo r  th e maximu m numbe r  o f  hi s actions .  Thi s 
principl e ha s bee n incorporate d int o a  compute r 
progra m calle d ARTHUR ( A Reade r  THa t  Understand s 
Reflectively) ,  whic h ca n supplan t  it s ow n ini -
tia l  inference s i n ligh t  o f  subsequen t  informa -
tio n i n a  text ,  thereb y enablin g i t  t o rea d 
garde n pat h stories . 

3.0 THE SHAPE OF EXPLANATIONS 

The cohesion and parsimony principles to-
gethe r  stil l  fai l  t o accoun t  deterministicall y 
fo r  certai n tex t  understandin g behavior .  I n 
particular ,  people' s abilit y  t o generat e alter -
nativ e interpretation s o f  a  tex t  i n respons e t o 
re-questionin g canno t  b e explaine d b y thes e 
principles ,  since ,  fo r  example ,  al l  fou r  o f  th e 
interpretation s give n earlie r  i n thi s pape r  fo r 
stor y [1 ]  ar e coheren t  an d parsimonious . 

In order to account for this behavior, we 
hav e develope d a  classificatio n schem e fo r  al -
ternativ e explanation s base d o n a n attribut e o f 
explanation s w e ter m thei r  "shape" .  Thi s schem e 
has prove n usefu l  i n th e explanation-selectio n 
algorith m use d b y MACARTHUR i n generatin g al -
ternativ e interpretation s o f  a  text .  Followin g 
i s a  lis t  o f  th e fou r  shape s MACARTHUR currentl y 
knows about .  Thi s i s no t  intende d t o b e a  com -
plet e list ,  i t  simpl y reflect s th e presen t  stat e 
of  ou r  analysis : 

1. Pursue-desired-state: This refers to simple 
goa l  pursuit ,  i.e .  a  stor y i n whic h a 
characte r  ha s a  goa l  an d perform s plan s i n 
servic e o f  tha t  goal . 

2. Avoid-undesired-state: A character may not 
hav e a  specifi c  goa l  o r  desire d state ,  bu t 
rathe r  i s actin g ou t  plan s tha t  ar e i n ser -
vic e o f  th e avoidanc e o f  a  particula r  unde -
sire d state ,  suc h a s sleepines s (fo r  whic h a 
remed y i s t o inges t  coffe e o r  othe r  stimu -
lants) ,  hunge r  (remedie s includ e doin g 
somethin g distractin g lik e reading ,  o r 
takin g die t  pills ,  o r  eve n goin g t o sleep) , 
etc . 

3. Accident-reaction: A character may be in-
volve d i n som e event s tha t  unintentionall y 
hinde r  hi s goals .  Th e character' s subse -
quen t  action s may includ e attempt s t o in -
vestigat e th e caus e o f  th e accident ;  over -
comin g th e acciden t  b y re-plannin g an d re -
acting ;  abandonin g o r  postponin g th e goal ; 
or  simpl y tryin g again . 

4. Cover-stories: A character may have a goal 
tha t  h e wishe s t o achiev e secretly .  I f  h e 
canno t  simpl y avoi d bein g observed ,  the n h e 
may construc t  a  "cove r  story" ;  i.e. ,  a n 
alternativ e connecte d explanatio n fo r  hi s 
action s whic h ca n serv e a s a n "alibi "  t o an y 
observers .  Complet e understandin g o f  suc h 
storie s involve s th e abilit y  t o maintai n 
separat e belie f  space s fo r  differen t  char -
acters ,  an d t o recogniz e deceptio n vi a con -
flictin g belief s hel d b y differen t  charac -
ter s . 
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Followin g i s a n illustratio n o f  ho w thes e 
explanatio n shape s ca n giv e ris e t o a  serie s o f 
alternativ e interpretation s o f  stories .  Recal l 
stor y [11 : 

[1] The Pakistani Ambassador to the United 
State s mad e a n unschedule d sto p i n Albani a 
yesterda y o n hi s wa y hom e t o wha t  a n aid e 
of  th e Ambassado r  describe d a s " a workin g 
vacation" . 

The four alternative explanations previously 
give n fo r  thi s stor y ca n no w b e categorize d b y 
explanatio n shape : 

1. He may have gone there as part of his vaca-
tion .  (PURSUE-DESIRED-STATE) 

2. There could have been some secret political 
meetin g there .  (COVER-STORY) 

3. There might have been plane trouble; say an 
emergenc y landing .  (ACCIDENT-REACTION ) 

4. Maybe he just wanted to avoid reporters on 
hi s vacation .  (AVOID-UNDESIRABLE-STATE ) 

Conside r  stor y [5] ,  anothe r  stor y tha t 
MACARTHUR ca n proces s (se e Grange r  [1981 ]  fo r 
example s o f  detaile d outpu t  fro m MACARTHUR): 

[5] Dr. Fitzsimmons yawned loudly. He left 
Carne y an d Samuelso n an d wen t  int o th e nex t 
room.  H e opene d th e refrigerator . 

Following are four differently-shaped explana-
tion s fo r  thi s story . 

1.  Mayb e h e wante d t o mak e som e war m mil k t o 
hel p hi m ge t  t o sleep .  (PURSUE-DESIRED-
STATE) 

2. Maybe he wanted to make some coffee to help 
hi m sta y awake .  (AVOID-UNDESIRABLE-STATE ) 

3. Maybe he heard something fall down in there 
and h e wen t  t o investigate .  (ACCIDENT -
REACTION) 

4. Maybe he actually had some secret reason for 
goin g i n there ,  s o h e yawne d t o preten d h e 
was tired .  (COVER-STORY) 

The actua l  result s o f  th e experimen t  indi -
cate d tha t  th e memor y tas k cause d th e mos t  fals e 
recognition s o f  inferenc e items ,  whil e th e essa y 
tas k cam e secon d an d th e comprehensibilit y  tas k 
came lowest ,  a s expected .  A  post-ho c analysi s 
of  th e recognitio n tes t  item s reveale d tha t  th e 
essa y tas k cause d significantl y mor e fals e rec -
ognition s tha n th e othe r  tw o group s o n inferenc e 
item s whic h wer e "relate d t o th e mai n point "  o f 
th e story ,  eve n thoug h th e numbe r  o f  fals e rec -
ognition s overal l  (i.e. ,  includin g item s bot h 
relate d an d unrelate d t o th e mai n point )  wa s 
lowe r  fo r  th e essa y tas k tha n fo r  th e memor y 
task . 

In other words, the experiment was looking 
fo r  a  monotonicall y increasin g effec t  o f  mor e 
inference s correspondin g t o "deeper "  processing . 
However ,  wha t  i t  foun d wa s a  differenc e i n no t 
onl y th e "depth" ,  bu t  als o i n th e "direction "  o f 
inference s generated .  I n particular .  Blac k ac -
knowledge s th e existenc e o f  "main-poin t 
oriented "  processin g i n th e essa y tas k whic h di d 
not  appea r  i n th e othe r  tw o tasks . 

Consider a similar set of experiments based 
on mor e difficul t  stories ,  i.e. ,  storie s tha t 
ar e les s strongl y connecte d t o a  singl e mai n 
poin t  tha n th e essay s use d i n Black' s study . 
For  example ,  non-straightforwar d text s lik e [1 ] 
and [5 ]  i n thi s pape r  coul d b e used .  Accordin g 
t o th e cohesio n principle ,  reader s ten d t o wor k 
at  findin g connection s amon g sentence s i n a 
text ,  eve n whe n suc h connection s ar e no t  ob -
vious .  Hence ,  w e predic t  tha t  subject s woul d 
dutifull y  generat e connectiv e inference s t o ex -
plai n th e sentence s i n thes e non-straightforwar d 
texts .  However ,  sinc e ther e ar e a  numbe r  o f 
differen t  alternativ e interpretation s fo r  thes e 
texts ,  differen t  explanation s migh t  b e produce d 
by differen t  subjects ,  perhap s a s a  functio n o f 
differen t  type s o f  externa l  factor s suc h a s 
readin g purpose ,  tex t  source ,  interpose d ques -
tion s an d re-probing .  Fo r  example ,  i n a 
reading-purpos e experimen t  th e "shallower " 
reader s migh t  generat e a  "naive "  interpretatio n 
of  a  difficul t  text ;  whil e deepe r  reader s migh t 
generat e no t  jus t  mor e inference s bu t  differen t 
inferences ,  correspondin g t o thei r  significantl y 
differen t  interpretatio n o f  th e text .  We pro -
pos e suc h a  se t  o f  experiments ,  designe d aroun d 
non-straightforwar d texts ,  an d makin g us e o f 
othe r  type s o f  extra-textua l  factor s tha n jus t 
readin g purpose ;  i n particular ,  th e effect s o f 
interpose d question s an d re-probing . 

4. 0 CONCLUSIONS:  PROPOSED EXPERIMENTS 

Black' s [1980 ]  experiment s o n th e effect s 
of  readin g purpos e o n memor y fo r  tex t  assume d 
tha t  th e tas k o f  ratin g th e comprehensibilit y  o f 
a tex t  wa s " a 'shallow '  task" ,  preparin g fo r  a 
memory tes t  wa s " a 'deeper '  task" ,  an d preparin g 
fo r  a n essa y tes t  i n whic h th e subject s woul d 
hav e t o mak e us e o f  th e mai n poin t  o f  th e tex t 
was " a 'deepest '  task "  [p .  20] .  Black' s initia l 
predictio n wa s basicall y tha t  th e "deeper "  th e 
readin g purpose ,  th e greate r  th e numbe r  o f  in -
ference s th e subjec t  woul d produce ,  a s evidence d 
by th e numbe r  o f  fals e recognition s exhibite d o n 
teste d inferenc e items . 
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The Nee d fo r  Contex t  i n Even t  Identit y 

John M. Morris 
U Procto r  Avenu e 
Clinton ,  New Yor k 

The proble m o f  even t  identit y i s th e 
proble m o f  determinin g whethe r  tw o 
sentence s describ e th e sam e event . 

Recent discussions hav-; suggested two 
possibl e criteri a fo r  determinin g even t 
identity ;  (1 )  identica l  times ,  objects , 
and constituen t  properties ;  an d (2 )  iden -
tica l  cause s an d effects .  Bot h approache s 
can b e show n t o b e subjec t  t o fata l 
exceptions .  I n everyda y life ,  however ,  w e 
have littl e troubl e i n determinin g wha t 
specifi c  criteri a woul d b e relevan t  t o 
determinin g even t  identity .  I  wan t  t o sho w 
tha t  suc h criteri a ar e heavil y context -
dependent ,  suggestin g tha t  even t  identit y 
canno t  b e determine d withou t  consideratio n 
of  th e contex t  i n whic h th e even t  occurs . 
Here are some excimples of the ways in 
whic h on e even t  may b e sai d t o b e identica l 
t o another : 
A. Logical Entailment 

Al. The plane flew over the UN Build-
ing ,  an d th e U N Buildin g i s i n Ne w York . 

A2. The plane flew over Nev; York. 

B. Definitional 

Bl. Carol forced open the window, 
reache d throug h th e window ,  an d remove d 
th e depression-glas s vase ,  wit h th e inten -
tio n o f  appropriatin g i t  t o he r  ow n use . 

B2. Carol committed the crime of 
unlawfu l  entry . 

C. Conventional 

CI. He shouted "Au secours." 

C2. He cried for help. 

D. Causal 

Dl. She struck her leg sharply against 
th e fenc e rail . 

D2. She broke her leg. 

E. Accidental 

El. A hero of the Resistance was 
electe d Frenc h president . 

E2. A man with a big nose was elected 
Frenc h president . 

F. Psychoanalytical 

Fl. A child dreamed of a dragon. 

F2. A child dreamed of her father. 

G. Theoretical 

Gl. The water boiled. 

C,2. The molecules moved rapidly. 

H.  Epistemi c 

HI. Spring is coming. 

H2. Days are getting longer. 

Ther e i s noth i 
abou t  thi s se t  o f 
welcom e t o expand , 
otherwis e mutilat e 
importan t  fac t  ab o 
tha t  i t  illustrat e 
whic h tw o sentenc e 
th e san e even t  oc c 

ng particularl y sacre d 
categories ,  an d yo u ar e 

contract ,  modify ,  o r 
th e lis t  a t  will .  Th e 

ut  th e lis t  i s  simpl y 
s th e variet y o f  way s i n 
s ca n bot h asser t  tha t 
urred . 

The logica l  entailmen t  i n Categor y A 
is ,  o f  course ,  rathe r  loose ,  bu t  th e poin t 
i s  simpl y tha t  (give n appropriat e back -
groun d knowledge )  A l  provide s completel y 
conclusiv e evidenc e fo r  A2 ;  on e canno t 
deny A 2 withou t  (implicitly )  denyin g Al . 
We kno w thi s becaus e w e kno w th e meanin g 
of  suc h word s a s "flies "  an d "over" ;  n o 
searche s fo r  empirica l  evidenc e coul d 
possibl y substitut e fo r  thi s elementar y 
understanding . 
In category B, Definitional, the mean-
in g i s scarcel y par t  o f  ou r  everyda y know -
ledg e o f  th e language ,  bu t  require s a 
searc h throug h a  lega l  dictionary .  T o sa y 
tlia t  Caro l  committe d th e crim e i s t o sa y 
tha t  sh e performe d a  certai n se t  o f  acts , 
and i t  i s  on e o f  th e purpose s o f  th e la w 
t o defin e thes e act s a s precisel y a s 
possible . 
Notice in particular that Carol's 
reachin g throug h th e windo w an d appropri -
atin g th e vas e wa s no t  a  differen t  even t 
fro m he r  committin g th e crime .  Me shoul d 
scarcel y wan t  t o sa y tha t  sh e committe d th e 
crim e an d als o reache d throug h th e window . 
Instead ,  wha t  w e sa y i s tha t  sh e committe d 
th e crim e i n reachin g (o r  b ^  reaching ) 
throug h th e window ,  wher e th e reachin g 
occurre d withi n a  particula r  contex t  o f 
propert y ownershi p an d maliciou s intent . 
The criteri a tha t  identif y th e even t  a s a 
crim e ar e par t  o f  th e contex t  i n whicl i  i t 
occurs . 
The next category, Category C, is full 
of  interes t  fo r  th e philosoph y o f  language , 
and I  wil l  onl y hin t  a t  i t  here .  Suppos e 
tha t  a t  a  privat e beach ,  a  drownin g perso n 
shout s "A u secours! "  Th e lifeguard ,  no t 
understanding ,  fail s  t o respond .  Th e 
bereave d famil y sue s th e beach ,  o n th e 
groun d tha t  th e guar d faile d t o perfor m hi s 
obviou s duty .  Le t  u s suppos e tha t  th e cas e 
resolve s itsel f  t o th e issu e o f  whethe r  th e 
man di d o r  di d no t  cal l  fo r  help .  Unde r 
what  condition s woul d w e decid e fo r  th e 
lifeguar d o r  fo r  th e family ? Th e proble m 
i s ( I  think )  extremel y difficul t  an d inter -
esting ,  bu t  i t  i s  no t  th e sor t  o f  proble m 
tha t  ca n b e solve d b y lookin g i n th e dic -
tionar y o r  b y gatherin g evidence ;  i t 
depend s o n ho\ i  th e languag e i s t o b e used . 
Category D is called "Causal," and I 
hav e include d thi s exampl e simpl y t o sho w 
tha t  cause s ar e no t  alway s prio r  i n tim e 
t o thei r  effects .  Sh e ha s broke n he r  le g 
i n th e ver y ac t  o f  hittin g i t  agains t  th e 
fenc e rail ;  sh e di d no t  hi t  th e rai l  an d 
the n brea k he r  leg .  Nevertlieless ,  i f 
asked ,  sh e woul d b e likel y t o say ,  " I 
brok e my le g b v hittin g i t  agains t  th e 
fenc e rail. "  (Sh e certainl y woul d no t 
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say ,  " I  hi t  my le g b y breakin g it." )  Ye t 
ther e i s nothin g t o distinguis h th e 
hitting-even t  fro m th e breaking-event ; 
the y ar e th e sam e even t  a s see n i n tw o 
differen t  ways . 

Another category of interest. Category 
E,  Accidental ,  show s th e importanc e o f 
contex t  i n determinin g ho w a n even t  wil l 
be described .  A  reasonabl y patrioti c 
Frenc h historia n woul d surel y choos e K l 
ove r  E 2 a s a  wa y o f  describin g a  certai n 
Frenc h election .  Fo r  th e historian ,  n l 
migh t  b e expecte d t o functio n i n a n inter -
estin g wa y i n th e formulatio n o f  variou s 
generalization s abou t  votin g behavior . 
Thi s historia n migh t  wis h t o formulat e 
some genera l  rul e o n th e wa y i n whic h 
forme r  heroe s ten d t o wi n elections .  Th e 
descriptio n E2 ,  however ,  seem s totall y 
devoi d o f  interes t  fo r  th e historian , 
sinc e i t  i s  unlikel y tha t  an y generaliza -
tio n o f  th e slightes t  historica l  interes t 
can b e derive d fro m it . 

On the other hand, we might imagine an 
overl y self-consciou s perso n wit h a  larg e 
nose ,  wh o i s preparin g a  histor y o f  th e 
famou s large-nose d peopl e o f  th e v;orld , 
and wh o imagine s tha t  thi s electio n ha s 
elevate d th e statu s o f  big-nose d peopl e 
everywhere .  Fo r  suc h a  person ,  descriptio n 
E2 i s o f  tli e greates t  importance . 
But surely El describes the same event 
as E2 .  DeGaull e wa s a  her o o f  th e Resis -
tance ,  an d h e wa s als o a  man wit h a  bi g 
nose ;  h e wa s no t  tw o persons .  I t  wa s pre -
cisel y th e sam e electio n tha t  elevate d th e 
her o an d th e big-nose d man ;  E l  doe s no t 
describ e a  differen t  electio n fro m tha t 
describe d b y E2 .  I n fact ,  th e mos t  usefu l 
way o f  characterizin g th e relationshi p 
betwee n E l  an d E 2 i s simpl y t o sa y tha t 
the y bot h describ e th e sam e event . 

The following objection lies at the 
cente r  o f  ou r  problem ,  an d i t  illustrate s 
th e confusio n wit h whic h th e proble m ha s 
been enveloped .  I t  wil l  b e objecte d tha t 
th e consequence s o f  E l  ar e obviousl y dif -
feren t  fro m th e consequence s o f  E2 . 

IVhat sort of consequences might we have 
i n mind ? Th e consequence s o f  E l  woul d b e 
thos e o f  electin g a  her o — a  surg e o f 
patriotism ,  resentmen t  o n th e par t  o f  anti -
war  factions ,  an d increas e i n th e influenc e 
of  th e militar y forces .  Th e consequence s 
of  E 2 woul d obviousl y b e quit e differen t  — 
derisio n fro m unfriendl y foreig n powers , 
jubilatio n amon g politica l  cartoonists , 
renewe d literar y interes t  i n Cyran o d e 
Dergerac .  Ye t  th e tw o event s ar e one ,  be -
caus e DeGaull e wa s jus t  on e person . 
The identity in Category F suggests 
simpl y tha t  a  psychoanalytically-incline d 
interprete r  migh t  wis h t o sa y o f  th e chil d 
tha t  sh e wa s "really "  dreamin g o f  he r 
father .  Th e meanin g o f  "really "  will ,  o f 
course ,  depen d o n ho w w e interpre t  th e 
claim s o f  psychoanalyst s an d other s wh o 
believ e tha t  ou r  dream s ar e symboli c o f  ou r 
wakin g life . 

I n th e pai r  o f  example s Gl  an d 02 ,  th e 
boilin g o f  th e wate r  wa s sai d t o b e identi -
ca l  wit h th e movement s o f  it s  molecules . 
The typ e o f  identit y suggest s i s wha t  I 
wil l  cal l  "physical "  identity ,  sinc e w e 
woul d scarcel y wan t  t o sa y tha t  th e boilin g 
of  a  pa n o f  wate r  wa s a  differen t  even t 
fro m th e rapi d movement  o f  it s  molecules . 
At  th e sam e time ,  th e contex t  i n whic h a 
coo k i s watchin g th e pa n o f  water ,  t o de -
termin e whe n t o ad d th e noodles ,  i s  quit e 
differen t  fro m th e contex t  i n whic h a n 
earl y physicis t  migh t  hav e watche d it ,  t o 
determin e th e loca l  turbulenc e tha t  reveal s 
th e molecula r  agitation .  Thu s tli e even t  i n 
th e physicist' s  contex t  i s  conceptuall y 
quit e differen t  fro m th e even t  i n th e 
cook' s context . 

The goal of the seventeenth-century 
physicis t  wa s t o establis h tha t  th e boil -
in g even t  (a s observe d b y th e cook )  wa s 
identica l  t o th e molecular-agitatio n even t 
(a s predicte d b y th e theory) .  Sinc e th e 
latte r  even t  coul d no t  b e observe d 
directly ,  i t  wa s necessar y t o develo p tech -
nique s fo r  inferrin g th e molecula r  motion s 
fro m observabl e events ,  suc h a s loca l 
turbulenc e i n th e water .  Th e reaso n fo r 
doin g s o wa s tha t  a  grea t  man y interestin g 
consequence s coul d b e derive d fro m th e 
genera l  theor y o f  molecula r  motions ,  whic h 
coul d no t  b e derive d fro m th e cook' s 
account .  We may say ,  then ,  tha t  boilin g i s 
physicall y identica l  wit h molecula r  agita -
tion ,  bu t  tha t  i t  i s  conceptuall y differen t 
fro m it .  Thi s distinctio n i s on e wliic h 
point s a  wa y t o a  solution . 

Category H, Epistemic, contains an 
interestin g typ e o f  identit y whic h coul d 
not  convenientl y b e fitte d int o an y o f  th e 
others .  We kno w tha t  sprin g i s coming ,  i n 
th e sam e wa y tha t  w e kno w tha t  th e day s ar e 
gettin g longe r  — b y lookin g a t  th e calen -
dar  o r  b y timin g th e sunsets .  Evidenc e fo r 
HI  i s tli e sam e a s evidenc e fo r  112 . 

But there is no simple way in which HI 
can b e sai d t o impl y H2 ,  o r  vice-versa . 
Ther e seem s t o b e n o logica l  relationshi p 
betwee n them ,  a s ther e i s betwee n A l  an d 
A2.  A t  th e sam e time ,  w e coul d hardl y sa y 
tha t  th e approac h o f  sprin g i s differen t 
fro m th e lengthenin g o f  days ;  H I  an d H 2 
represen t  tw o way s o f  lookin g a t  th e sam e 
set  o f  happenings . 
Thus we have eight different ways of 
determinin g th e identit y o f  eigh t  differen t 
sort s o f  events .  Ho w muc h d o the y hav e i n 
common? I  wan t  t o giv e a  brie f  answe r  t o a 
comple x question ,  wit h th e assuranc e tha t  a 
grea t  dea l  remain s t o b e said . 
An event — like a thing or an item — 
i s define d withi n a  give n contex t  o f  dis -
course .  We coun t  th e item s o n my booktiiel f 
i n on e wa y i f  w e ar e boo k dealers ,  i n othe r 
ways i f  w e ar e wastepape r  collector s o r 
interio r  decorators .  We coun t  th e thing s 
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i n a  fiel d i n on e wa y i f  w e ar e farmers , 
emothe r  wa y i f  w e ar e botanists . 
Similarly ,  w e coun t  event s i n on e wa y i f  w e 
ar e intereste d i n aircraf t  flights ,  anothe r 
way i f  w e ar e concerne d wit h nois e polutio n 
or  destructio n o f  th e ozon e layer . 

Puzzles occur when we cross the bound-
arie s tha t  separat e context s — whe n 
Eleano r  suddenl y discover s tha t  th e intru -
der  a t  who m she' s bee n aimin g th e pisto l  i s 
reall y he r  husband .  Th e even t  — hi s 
comin g int o th e roo m unannounce d — i s a n 
intrusio n i n on e context ,  a  homecomin g i n 
another .  Was hi s entr y int o th e roo m on e 
even t  o r  two ? I n som e sense ,  i t  seem s 
possibl e t o sa y tha t  i t  wa s both . 

Consid e 

Jl . 

J2 . 

J3 . 

J4 . 

r : 
R 

T 

A 

7 ^ 3 
C 

c 

T 

I n Jl ,  th e cente r  symbo l  i s unambigu -
ousl y a n "A" .  I n J2 ,  th e "O "  i s a  figur e 
i n whic h ambiguit y depend s o n whethe r  i t  i s 
interprete d a s a  numera l  o r  a s a  letter . 
When w e rea d left-right ,  i t  i s  a  zero ;  whe n 
we rea d top-down ,  i t  i s  a n oh .  I n J3 ,  th e 
cente r  figur e i s eithe r  on e lette r  o r  tw o 
numerals ,  an d agai n th e ambiguit y i s 
resolve d a s w e rea d top-dow n o r  left-right . 
I n J4 ,  th e cente r  symbo l  i s hopelessl y am-
biguou s i n isolation .  I t  ca n b e eithe r  a n 
"A"  o r  a n "I!" .  Ambiguit y i s resolvec i  a s w e 
rea d top-dow n o r  left-right . 

We ca n sa y tha t  "A "  (i.e .  th e token )  i n 
Jl  i s  th e sam e lette r  (i.e .  th e sam e toke n 
of  th e lette r  "A" )  whethe r  rea d top-dow n o r 
left-right ;  i n eithe r  word ,  th e cente r  "A " 
i s numericall y identica l  wit h th e cente r 
"A"  o f  th e other . 
But in J2, it seems strange to say, 
analogously ,  tha t  th e centra l  numera l  "0 " 
i s identica l  wit h th e lette r  "0" ,  sinc e a 
numera l  i s  no t  th e sam e a s n  letter .  Th e 
puzzl e i s no t  a  paradox ,  however ,  sinc e w e 
can resolv e i t  b y sayin g somethin g like : 
"Th e lette r  '0 '  ha s th e sam e shap e a s th e 
numera l  '0'. "  ( I  d o no t  mea n t o clai m tha t 
thi s i s reall y a  ver y satisfactor y resolu -
tio n o f  th e puzzle ;  I  wan t  onl y t o empha -
siz e tha t  ther e mus t  b e som e wa y o f  resolv -
in g it. ) 
In J3, the situation seems a little 
stranger ,  sinc e on e lette r  appear s t o b e 
identica l  t o tw o numerals .  Finally ,  i n J4 , 
a toke n o f  a  lette r  whic h w e identif y a s a n 
"A"  i s identica l  t o a  toke n o f  a  lette r 
when w e cnl l  a n "!!" ,  ye t  w e d o no t  v/an t  t o 
say tha t  a n "A "  i s identica l  wit h a n "H" . 

By insistin g tha t  variou s kind s o f 
identit y mus t  b e separate d out ,  I  hav e 
trie d t o sugges t  tha t  th e proble m o f  even t 
identit y i s no t  a s difficul t  a s i t  appeare d 
at  first .  Thi s approac h mean s tha t  th e 
ver y natur e o f  a n even t  depend s o n th e con-
tex t  i n whic h i t  occur s (jus t  a s th e shap e 

1 7 na y b e eithe r  a  "B "  o r  a  "13" , 
dependin g o n it s  context) . 
One way of emphasizing the context-
dependenc y o f  event s i s t o conside r  non -
event s — tha t  is ,  thos e occasion s o n whic h 
an even t  fail s  t o occur .  Th e watchma n 
fail s t o mak e hi s rounds .  Th e bridegroo m 
does no t  mak e i t  t o th e altar .  Ther e i s 
( I  think )  a  scen e i n Chekho v i n whic h th e 
youn g man ha s bee n expecte d t o propos e t o 
th e daughter .  Hi s proposa l  i s  extremel y 
importan t  t o tli e family ,  becaus e i t  pro -
mise s the m a  wa y ou t  o f  thei r  povert y an d 
debts ,  thank s t o hi s mone y an d status .  H e 
appear s a t  thei r  home ,  an d h e play s card s 
wit h th e family .  Thi s i s th e onl y even t 
tha t  happen s o n th e stag e — th e actor s 
pla y a  perfectl y ordinar y gam e o f  cards . 
But  th e famil y — an d th e audienc e — 
kno w tha t  h e ha s faile d t o propose .  Hi s 
failure ,  hi s cowardic e a t  th e crucia l 
moment,  mean s bankruptc y an d disgrac e fo r 
th e family ,  an d i t  i s  thi s knowledg e tha t 
give s th e scen e it s emotiona l  significance . 
But a non-event like this is literally 
nothing .  N o relevan t  physica l  event s 
occur ;  ye t  (i n anothe r  sense )  a  disaste r 
has occurre d fo r  th e family .  Th e non-even t 
i s lik e th e nul l  set ,  i n tha t  i t  canno t  b e 
distinguishe d fro m an y othe r  non-event ,  i f 
the y ar e considere d ou t  o f  context . 
A smal l  blan k are a o n a  shee t  o f  pape r  may 
be physicall y identica l  wit h tha t  sam e 
blan k are a whe n th e pape r  i s fille d wit h 
writing ;  bu t  i t  wil l  serv e differen t  func -
tions ,  dependin g o n wher e th e blan k spac e 
occur s i n tha t  writing .  Th e contex t  make s 
al l  th e difference . 
In the series of stories and analogies 
tha t  I  hav e presente d here ,  I  hav e sug -
geste d tha t  ordinar y peopl e hav e rough-and -
read y way s o f  answerin g question s abou t 
even t  identity ,  an d tha t  w e ca n mak e som e 
operationa l  sens e ou t  o f  thei r  rough-and -
read y methods .  Th e primar y metho d tha t  I 
hav e recommende d i s t o dra w a  shar p dis -
tinctio n betwee n physica l  identit y an d con -
ceptua l  identity ,  rathe r  tha n treatin g 
even t  identit y a s thoug h i t  wer e a  singl e 
typ e o f  identity .  I  hav e als o suggeste d 
tha t  conceptua l  identit y wil l  depen d o n th e 
contex t  i n whic h th e even t  occurs . 
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Poin t  o f  Vie w I n Proble m Solvln R 

Edwin L. Hutchlns 
James A .  Levi n 

Laborator y o f  Comparativ e Human Cognitio n 
Universit y o f  California .  Sa n Dieg o 

Proble m solver s adop t  "point s o f  view "  whe n 
solvin g problems ,  expresse d throug h th e delxi s 
of  thei r  verbalizations ,  tha t  ar e strongl y 
relate d bot h t o th e commissio n o f  Illega l  move s 
and t o th e occurrenc e o f  blocke d conditions .  Thi s 
pape r  describe s a n analysi s o f  poin t  o f  vie w i n 
th e Missionarie s &  Cannibal s task ,  an d present s 
a mode l  fo r  proble m solvin g tha t  Incorporate s 
poin t  o f  vie w a s a  resourc e allocatio n mechanis m 
usefu l  fo r  dealin g wit h th e th e finit e capacit y 
of  huma n proble m solvin g processing .  Thi s 
analysi s relate s th e subjects '  action s i n thi s 
tas k t o thei r  tal k abou t  thes e actions . 

When solving a problem, where do people put 
themselves ? Afte r  solvin g a  simpl e puzzl e (th e 
Missionarie s &  Cannibal s task) ,  al l  o f  ou r 
subject s reporte d havin g take n a  "bird' s ey e 
view" ,  lookin g dow n o n th e puzzl e element s fro m 
above .  Ye t  thei r  verba l  report s o f  puzzl e action s 
wer e i n term s o f  motio n relativ e t o thei r  ow n 
positions ,  thu s placin g th e proble m solver s 
withi n th e loca l  spac e o f  th e proble m element s 
rathe r  tha n remove d fro m it .  Th e Englis h 
languag e permit s a  speake r  t o describ e motio n i n 
spac e relativ e t o his/he r  ow n positio n (o r 
relativ e t o othe r  spatia l  landmarks) .  Thi s 
proble m solvin g "poin t  o f  view "  shift s ove r  th e 
cours e o f  solvin g th e problem .  Mor e importantly , 
a person' s poin t  o f  vie w i s relate d t o progres s 
i n solvin g th e problem . 
The analysis of what people say while solving 
problem s ha s playe d a n importan t  rol e i n proble m 
solvin g research .  Ther e ha s bee n controvers y 
ove r  th e statu s o f  wha t  peopl e sa y abou t  wha t 
the y ar e doing .  A t  on e en d o f  a  spectrum ,  th e 
manifes t  conten t  o f  proble m solvin g "protocols' " 
i s  take n a s a n accurat e reflectio n o f  a  subse t  o f 
proble m solvin g processe s (Newel l  i  Simon , 
1972) .  A t  th e othe r  en d o f  th e spectrum ,  thi s 
kin d o f  tal k abou t  actio n ha s bee n rejecte d a s 
vali d dat a (Nlsbit t  &  Wilson ,  1977) . 

In this paper we take a position that neither 
assumes a  simpl e lin k no r  dismisse s tal k bu t 
instea d closel y look s a t  wha t  th e relatio n is .  A 
detaile d examinatio n o f  th e tal k abou t  action s i n 
solvin g a  simpl e puzzl e reveal s a  systemati c 
relatio n o f  whic h th e subject s themselve s (an d 
previou s researcher s studyin g thi s puzzle )  ar e 
not  consciousl y aware .  Thi s relatio n ca n serv e a s 
an importan t  buildin g bloc k o f  a  mode l  o f  proble m 
solvin g tha t  encompasse s bot h tal k an d tas k 
actions . 

In our experiments, the subjects sat 
facin g th e experimente r  wit h th e puzzl e piece s o n 
a tabl e betwee n them .  Th e puzzl e piece s 
consiste d o f  a  piec e o f  pape r  wit h a  rive r  draw n 
on it ,  thre e token s labele d wit h Ms t o stan d fo r 
missionaries ,  thre e token s labele d wit h C s t o 
stan d fo r  th e cannibals ,  an d a  pape r  boa t  tha t 
woul d hol d a  maximu m o f  tw o tokens .  Th e objec t 
of  th e Missionarie s &  Cannibal s puzzl e I s t o ge t 
al l  th e peopl e acros s th e rive r  usin g th e boat , 
withou t  eve r  havin g mor e cannibal s o n a  sid e tha n 

missionaries .  I n al l  cases ,  th e verba l 
interactio n betwee n th e experimente r  an d th e 
subjec t  wa s tap e recorded . 

Point of View 

The subjects represent the spatial aspect of 
th e proble m i n thei r  account s primaril y throug h 
th e us e o f  deicti c verb s (come ,  go ,  take,  send , 
bring ,  etc )  an d plac e adverb s (here ,  there , 
across ,  etc) .  Th e us e o f  thes e lexica l  item s 
position s th e speake r  relativ e t o a  spatia l 
field . 

For example, one subject began the task with 
th e followin g statement : 

" I  wan t  on e canniba l  an d on e missionary ,  an d 
the y g o t o th e othe r  side ,  an d th e gu y drop s of f 
th e canniba l  an d th e missionar y come s bac k 
again. " 

The condition which has to be met in order 
fo r  "go "  t o b e appropriat e i s tha t  th e speake r  i s 
not  a t  th e goa l  o f  th e actio n a t  th e tim e o f  th e 
utteranc e (Fillmore ,  197A ;  Clark  &  Garnlca , 
1974) .  Fo r  th e ver b "come "  o n th e othe r  hand ,  th e 
conditio n whic h mus t  b e met  i s tha t  th e speake r 
i s a t  th e goa l  o f  th e action .  I n thi s cas e w e 
therefor e assum e tha t  th e subjec t  ha s a n implici t 
poin t  o f  vie w o n th e proble m whic h place s hi m o n 
th e star t  shor e throughou t  th e tw o move s 
described . 

Another subject started the task with the 
nex t  statement : 

"Firs t  thin g I  wan t  t o d o i s ge t  a  canniba l 
ove r  t o th e othe r  side .  Let' s tak e hi m ove r 
ther e wit h a  missionary .  Missionar y take s th e 
boat  back. " 

In this case the problem solver has expressed 
a shiftin g poin t  o f  view .  A t  th e outset ,  th e 
subjectiv e poin t  o f  vie w o f  th e proble m solve r  i s 
at  th e star t  shore .  Thi s i s show n bot h b y th e 
fac t  tha t  th e ver b "take "  indicate s tha t  th e 
subjec t  i s  no t  a t  th e goa l  o f  th e actio n a t  th e 
tim e o f  th e utteranc e an d b y th e referenc e t o th e 
goa l  sid e o f  th e rive r  a s 'th e othe r  side. '  I n 
th e cours e o f  th e mov e th e poin t  o f  vie w change s 
t o th e goa l  shor e a s th e proble m solve r  travel s 
wit h th e creature s i n takin g the m t o th e othe r 
side .  Th e poin t  o f  vie w o f  th e proble m solve r 
remain s a t  th e goa l  shor e throug h th e executio n 
of  th e nex t  move .  Thi s i s indicate d b y th e 
delxi s o f  th e phras e 'Missionar y takes '  whic h 
agai n place s th e subjec t  o n th e shor e o f  th e 
origi n o f  th e actio n rathe r  tha n a t  th e goa l  o f 
th e action . 

In previous approaches, (Thomas, 1974; 
Greeno ,  1974 ;  Jeffries ,  Poison ,  Razran ,  &  Atwood , 
1977 )  th e subjec t  wa s notifie d immediatel y upo n 
th e productio n o f  a n Illega l  state .  I n th e 
procedur e employe d here .  Illega l  state s wer e 
note d b y th e experimenter ,  bu t  th e subjec t  wa s 
not  tol d tha t  a n Illega l  stat e ha d bee n produce d 
unti l  a  followin g mov e wa s attempted .  Thi s 
provide d th e subjec t  wit h a n opportunit y t o sel f 
detec t  illega l  states .  I f  th e subjec t  faile d t o 
notic e a n Illega l  state ,  i t  wa s pointe d ou t  b y 
th e experimente r  whe n th e nex t  mov e wa s 
attempted .  Thi s procedur e permit s u s t o 
distinguis h illega l  state s tha t  ar e self-detecte d 
by th e subjec t  fro m thos e tha t  g o unnotice d b y 
th e subject . 
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Any mov e ca n b e classifie d I n term s o f  It s 
actua l  legalit y an d It s Judge d legality .  Thi s 
classificatio n I s show n I n th e tw o b y tw o 
tabl e below . 

JUDGED 
lega l  Illega l 

lega l 

ACTUAL 

I 
LEGAL 
MOVE 

I 
I 

Illega l  I 
L 

ILLEGAL 
MOVE 

I 
BLOCKED I 

CONDITION I 

CORRECT I 
REJECTION I 

Error s o f  commissio n 

Lega l  move s d o no t  hav e sldednes s i n th e sam e 
way tha t  Illega l  move s do .  A s note d above ,  a n 
Illega l  stat e result s fro m a  rul e violatio n tha t 
I s locate d o n on e sid e o f  th e rive r  o r  th e other . 
When ther e I s n o rul e violation ,  ther e I s n o 
sldedness .  However ,  thes e move s ar e stil l 
amenabl e t o poin t  o f  vie w analysis . 

Novice problem solvers are sometimes blocked 
severa l  time s a t  th e sam e stat e befor e 
sucessfull y gettin g throug h it .  Thes e severa l 
passe s throug h th e sam e stat e ma y sho w change s I n 
poin t  o f  view .  A  particula r  poin t  o f  vie w o n th e 
proble m may lea d th e subjec t  t o discar d a  lega l 
move,  whil e a  differen t  poin t  o f  vie w o n th e sam e 
stat e may mak e th e legalit y o f  th e nex t  mov e 
obvious . 

Of  thes e type s o f  moves ,  th e analysi s o f 
moves tha t  produc e actua l  Illega l  state s i s th e 
most  straightforward ,  s o w e wil l  begi n wit h It . 
Sinc e a n Illega l  stat e I s produce d whe n th e 
cannibal s outnumbe r  th e missionarie s o n eithe r 
sid e o f  th e river ,  an d sinc e the y canno t 
simultaneousl y outnumbe r  the m o n bot h sides . 
Illega l  state s hav e a  sldednes s relativ e t o th e 
river .  Wher e i t  I s possibl e t o determin e th e 
subject' s poin t  o f  vie w a t  th e tim e o f  th e 
Illega l  move ,  th e Illega l  stat e ca n b e labele d a 
near  sid e illega l  stat e o r  a  fa r  sid e illega l 
state .  Nea r  sid e Illega l  state s ar e thos e i n 
whic h th e rul e violatio n occur s o n th e sam e sid e 
of  th e rive r  a s th e subject' s curren t  poin t  o f 
view .  Fa r  sid e Illega l  state s ar e thos e i n whic h 
th e rul e violatio n occur s o n th e sid e o f  th e 
rive r  awa y fro m th e subject' s curren t  poin t  o f 
view . 
The results of this analysis is shown in 
Tabl e 2 .  Of  th e 1 5 illega l  move s fo r  whic h i t 
was possibl e t o assig n a n unambiguou s poin t  o f 
view ,  1 0 occure d o n th e rive r  ban k awa y fro m th e 
poin t  o f  vie w o f  th e subject ,  whil e onl y 5 
occure d o n th e rive r  ban k o f  th e subject' s poin t 
of  view .  Further ,  fou r  o f  fiv e nea r  sid e Illega l 
moves wer e detecte d b y th e subjec t  befor e makin g 
anothe r  move ,  whil e eigh t  o f  te n fa r  sid e illega l 
moves wen t  undetecte d b y th e subject . 

Violatio n sid e 
Near  Fa r Detecte d | 

by subject s 1 
1 

Undetecte d | 
by subjects i 

A 

I 

1 -
1 

Tota l  1  5 
1 

2 1 

8 1 

10 1 

Error s o f  Omissio n 

The analysis of errors in problem solving has 
largel y focuse d o n error s o f  commission ,  th e 
Illega l  move s tha t  subject s make .  However ,  a 
"problem "  i s no t  Jus t  a  situatio n wher e a  perso n 
makes illega l  moves .  I t  may als o b e a  situatio n 
wher e a  perso n i s unabl e t o progres s towar d som e 
goal ,  eve n afte r  repreate d attempts .  Thi s 
situatio n ca n b e cause d b y "error s o f  omission" , 
wher e th e perso n fail s  t o mak e a  progressiv e 
move,  a s wel l  a s b y th e commissio n o f  Illega l 
moves. 

Earl y researc h o n proble m solving ,  especiall y 
tha t  b y th e Gestal t  psychologists ,  focusse d o n 
obstacle s t o achievin g goals .  Fo r  example ,  som e 
of  th e earl y wor k b y Kohle r  (1925 )  looke d a t  ho w 
variou s organism s deal t  wit h a  physica l  block ,  a 
wir e mes h fenc e betwee n th e organis m an d som e 
food .  Ho w ca n w e characteriz e th e conditio n o f 
bein g blocked ? Kohler' s animal s wer e blocke d whe n 
the y mad e repeate d attempt s t o ge t  t o th e goal , 
none o f  whic h mad e progres s towar d th e goal . 
Thes e non-progressiv e move s include d backin g awa y 
fro m th e fenc e an d runnin g int o th e fence . 
By analogy, we can extend this criterion for 
bein g blocke d int o a  mor e abstrac t  tas k suc h a s 
th e Missionarie s an d Cannibal s puzzle .  A  subjec t 
i s  blocke d i n a  stat e whe n s/h e make s a t  leas t 
tw o non-progressiv e move s ou t  o f  tha t  stat e wit h 
no intervenin g progressiv e mov e fro m tha t  state . 

With this definition of a "blocked condition, 
we identifie d fourtee n instance s i n ou r  dat a 
acros s th e thre e experiments .  I n fou r  Instances , 
th e subjec t  expresse d a  definit e "poin t  o f  view " 
fo r  bot h th e firs t  mov e take n whe n blocke d an d 
the n th e firs t  progressiv e mov e tha t  brok e 
throug h th e block .  I n al l  fou r  cases ,  th e poin t 
of  vie w expresse d whe n blocke d wa s differen t  tha n 
when no t  blocked . 

Toward An Activation Model of Problem Solving 

We have been developing a dynamic interactive 
model  o f  proble m solving ,  base d o n a n activatio n 
framewor k fo r  cognitiv e processin g (Levin ,  1976 , 
1981) .  Withi n thi s framework ,  th e curren t  stat e 
of  th e proble m solvin g i s modelle d b y th e curren t 
set  o f  activation s o f  concept s i n th e proble m 
solver' s lon g ter m memory .  Eac h activatio n 
Influence s othe r  activations ,  increasin g o r 
decreasin g th e salienc e o f  it s  neighbors . 
Processin g resourc e i n thi s framewor k i s directl y 
capture d b y th e salienc e metric ,  a s highl y 
salien t  activation s hav e a  larg e influenc e o n th e 
globa l  resul t  o f  processing ,  an d activation s tha t 
los e salienc e disappea r  fro m th e scene .  Mor e 
salien t  activation s o f  concept s ar e mor e likel y 
t o hav e effec t  tha n les s salien t  contradictor y 
activations . 
In this model, possible moves in a problem 
ar e activate d b y thei r  pre -  an d post-conditio n 
states .  Th e curren t  stat e o f  th e proble m wil l  b e 
strongl y activate d b y perception ,  an d action s fo r 
whic h th e curren t  stat e i s a  pre-conditio n wil l 
thu s b e salient .  Post-condition s tha t  ar e 
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simila r  t o th e goa l  stat e ar e als o mor e salient . 
Post-condition s tha t  ar e "Illegal "  ar e Inhibite d 
by th e constrain t  concepts .  Th e Interactio n 
betwee n curren t  state ,  goals ,  an d constraint s 
create s a  dynami c se t  o f  activate d move s wit h 
differin g relativ e saliences . 

Point of view, in this framework, is a 
salienc e allocatio n mechanism ,  contributin g 
salienc e t o th e activation s associate d wit h th e 
locatio n o f  th e proble m solver' s dlectl c 
position .  Th e likelihoo d o f  a n Illega l  mov e 
resultin g fro m a  violatio n o f  a  constrain t  I s 
Inversel y relate d t o th e salienc e o f  th e 
constraint  activatio n o n th e sid e wher e th e erro r 
occurs . 

Illegal Moves. Illegal moves are, in this 
framework ,  mor e likel y t o occu r  o n th e "far "  sid e 
(awa y fro m th e poin t  o f  vie w positio n o f  th e 
solver) ,  sinc e thos e constraint s ar e les s salien t 
tha n "nea r  side "  constraints .  I n addition , 
detectio n o f  a n illega l  mov e onc e mad e i s mor e 
likel y whe n th e constrain t  concept s ar e mor e 
salien t  • 

Blocked conditions. A blocked condition 
result s whe n th e progressiv e mov e I n a  situatio n 
I s les s salien t  tha n alternativ e moves .  I n th e 
simples t  case ,  th e progressiv e mov e neve r 
acquire s enoug h salienc e t o b e activate d a t  all . 
I n thi s case ,  th e proble m solve r  I s totall y 
"unaware "  o f  th e progressiv e move .  I n a  mor e 
complicate d case ,  th e progressiv e mov e i s 
considered ,  bu t  no t  take n becaus e i t  i s  les s 
salien t  tha n alternativ e moves .  A  chang e I n 
poin t  o f  vie w ma y shif t  th e relativ e salience s o f 
th e variou s simultaneousl y activ e alternativ e 
moves,  an d thu s ca n lea d t o th e solve r  selectin g 
th e previousl y rejecte d move ,  surmountin g th e 
roadbloc k t o progress . 

The appearanc e o f  poin t  o f  /le w I n proble m 
solvin g protocol s an d it s apparen t  relatio n t o 
proble m solvin g processin g cast s ne w ligh t  o n th e 
relatio n o f  verba l  protocol s t o th e processin g 
the y describe .  Muc h o f  th e processin g tha t  goe s 
int o ou r  proble m solvin g I s transparen t  t o th e 
solver .  Tha t  Is ,  w e d o i t  an d ar e no t  awar e tha t 
we hav e don e it .  I n th e cas e o f  poin t  o f  view , 
we no t  onl y d o it ,  w e spea k abou t  i t  a s well ,  an d 
stil l  w e ar e no t  awar e tha t  w e hav e don e so .  I n 
fac t  on e coul d (an d man y have )  rea d th e protocol s 
many time s an d neve r  notic e th e us e o f  deixis . 
Thes e transparen t  processe s ar e importan t  i n ou r 
problem s solving ,  bu t  the y ar e mercifull y 
Invisibl e t o us .  Wer e the y continuall y i n 
consciousness ,  w e woul d surel y becom e confused . 
I n analysis ,  w e hav e th e luxur y o f  bein g abl e t o 
examin e bot h wha t  i s bein g don e an d ho w I t  i s 
bein g done .  I n th e phenomeno n o f  poin t  o f  vie w 
i n proble m solving ,  w e se e a n aspec t  o f  th e 
proble m solvin g processin g findin g expressio n I n 
th e verba l  protocol ,  withou t  th e proble m solve r 
bein g awar e o f  it . 
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Representin g Problem-Solvin g Episode s 
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ABSTRACT 

The understandin g o f  simple ,  narrativ e 
episode s i n whic h a  protagonis t  successfull y 
realize s a  goa l  throug h a  sequenc e o f  action s i s 
studied .  I n tw o experiments ,  subject s rate d th e 
acceptabilit y  o f  sentence s o f  th e for m "Th e 
protagonis t  doe s AC T J ^  i n orde r  tha t  th e 
protagonis t  coul d ACT 2" ,  wher e ACT 2  an d AC T } _ 
wer e action s fro m th e episode .  Rating s wer e 
predicte d b y (I.e. ,  inversel y relate d to )  distanc e 
withi n a  narrativ e representatio n whic h organize s 
action s int o sequence s (actio n chains )  reflectin g 
aspect s o f  th e problem-solvin g pla n employe d b y th e 
protagonist .  Subject s separate d actio n chain s tha t 
had bee n interleave d i n a  text .  Mishap , 
irrelevant ,  an d restorativ e action s wer e no t 
incorporate d directl y int o a n attemp t  structure . 
Correctiv e actions ,  undoin g th e il l  effect s o f 
mishaps ,  wer e Incorporated .  Furthe r  researc h i s 
suggested . 

I  INTRODUCTION 

The episode has been discussed as a major, 
cognitiv e constituen t  o f  narrativ e discours e (e.g. , 
Thorndyke ,  1977 ;  Rumelhart ,  1975 ,  1977 ;  Handle r  an d 
Johnson ,  1977) .  A n episod e encompasse s th e 
situation s an d action s occurrin g durin g a 
protagonist' s  effort s t o realiz e a  desire d goal . 
The goa l  may b e tha t  o f  performin g a  certai n actio n 
or  o f  establishin g a  desire d situation .  Tabl e 1 
present s a  gramma r  describin g a  representatio n fo r 
successfu l  problem-solvin g episodes .  Rul e 1  o f  th e 
grammar  indicate s tha t  a n episod e consist s o f  a 
proble m an d it s solution .  Rul e 2  indicate s tha t 
th e element s o f  a  proble m ar e a  situationa l 
context ,  a  triggerin g even t  givin g ris e t o a  goal , 
and th e goa l  Itself .  Th e triggerin g even t  i s 
eithe r  a n actio n take n b y th e protagonis t  o r  som e 
externa l  occurrenc e i n th e environmen t  (Rul e 4 ) . 

Rul e 6  state s 
I s represente d a s 
th e goal .  Rul e 7 
attemp t  generate s 
of  a n actio n o r  a n 
preactions .  Th e g 
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tha t  th e solutio n t o th e proble m 
one o r  mor e attempt s t o realiz e 
indicate s tha t  a  problem-solvin g 
an attemp t  structur e consistin g 

actio n precede d b y on e o r  mor e 
pal  action ,  tha t  directl y 
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subordinat e t o a n attempt ,  may itsel f  b e th e goa l 
or  may establis h th e goa l  situation .  A  preac t  io n 
of  a n actio n i s anothe r  actio n whic h establishe s 
one o r  mor e necessar y precondition s o f  tha t  action . 
Thes e precondition s ar e implici t  subgoal s o f  th e 
problem-solvin g activity .  Sinc e attentio n her e 
wil l  b e focuse d o n actio n interrelationships ,  thes e 
subgoa l  situation s ar e no t  explicitl y  represente d 
by th e grammar .  Finally ,  Rul e 8  state s tha t  a 
preactio n i s a n actio n o r  may b e recursivel y 
expande d int o a n actio n precede d b y on e o r  mor e 
preaction s o f  it s  own . 

The terminal elements of our representation 
gramna r  ar e STATE,  ACTION ,  an d OCCURENCE.  Thes e 
element s ar e t o b e boun d t o informatio n element s 
fro m a  give n episod e tex t  durin g understandin g 
eithe r  b y instantiatio n o f  a  known ,  schemati c 
episod e representatio n o r  b y constructio n o f  a 
grammar-base d representation .  Thi s proces s 
correspond s t o explainin g protagonist' s  action s 
(Wilensky ,  1978) .  Th e attemp t  structur e generate d 
fo r  a  give n episod e represent s th e (intentional ) 
enablemen t  relation s existin g amon g action s o f  a 
protagonist' s  problem-solvin g activity . 

A give n actio n o f  a  tex t  may b e boun d t o 
severa l  ACTIO N element s i n th e attemp t  structure , 
establishin g necessar y precondition s fo r  mor e tha n 
one subsequen t  action .  Fo r  example ,  enterin g a 
roo m may enabl e acquisitio n o f  severa l  instrument s 
necessar y t o realiz e th e goa l  o f  a n episode . 
Furthermore ,  wha t  appear s a s on e sequenc e o f 
action s i n a n episod e tex t  ma y constitut e severa l 
subsequence s o f  actions ,  eac h establishin g 
differen t  necessar y precondition s o f  a  single , 
subsequen t  action .  Thi s i s demonstrate d i n Figur e 
1,  whic h present s a  problem-solvin g episod e an d 
associate d representation . 

Let an action chain be a sequence of actions 
whic h i s compute d fro m a n attemp t  structur e a s 
follows :  Begi n wit h a n actio n boun d t o a n ACTIO N 
elemen t  subordinat e t o a  PREACTION elemen t  havin g 
no subordinat e PREACTION elements ;  continu e th e 
sequenc e wit h action s boun d t o ACTIO N element s 
directl y subordinat e t o successive ,  paren t 
PREACTION elements ;  an d en d wit h th e goa l  action . 
For  example ,  th e actio n chain s o f  th e episod e 
presente d i n Figur e 1  ar e (5,6,7,11 )  an d 
(8,9,10,11) .  Le t  th e distanc e D(al,a2 )  betwee n 
action s a l  an d a 2 o f  a n attemp t  structur e equa l  th e 
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(positional )  inde x o f  a 2 action s a l  an d minu s th e 
inde x o f  a l  I n a  common actio n chai n o r  b e 
undefine d I f  the y ar e no t  element s o f  a  common 
chain .  Fo r  example ,  D(5,ll )  I s  2  I n th e episod e 
structur e o f  Figur e 1 ,  whil e D(10,8 )  equal s - 2 . 

When D(al,a2) Is positive, the extent to which 
al  enable s a 2 decrease s a s D(al,a2 )  increases . 
Thus ,  acceptabilit y  rating s o f  sentence s statin g 
suc h enablemen t  woul d b e predicte d t o decrease .  I f 
th e distanc e measur e i s les s tha n o r  equa l  t o zer o 
or  i f  th e tw o action s ar e no t  element s o f  a  common 
actio n chain ,  the n a l  doe s no t  enabl e a2 . 
Acceptabilit y  rating s shoul d b e uniforml y lo w fo r 
sentence s statin g suc h enablement .  We briefl y 
describ e tw o experiment s addressin g thes e 
predictions .  A  mor e complet e discussio n o f  th e 
experiment s an d result s i s presente d elsewher e 
(Farle y an d McCarty ,  1980) . 

I I  EXPERIMENTS 

Experiment I used two different attempt 
structure s t o generat e fou r  episod e texts .  Th e 
attemp t  structur e fo r  one-chai n episode s consiste d 
of  a  singl e chai n containin g seve n actions .  Th e 
attemp t  structur e fo r  two-chai n episode s consiste d 
of  tw o actio n chain s eac h containin g fou r  actions ; 
eac h episod e containe d seve n action s a s th e goa l 
actio n wa s a  member  o f  bot h actio n chains .  A  firs t 
sentenc e relate d th e triggerin g even t  an d goa l  o f 
tli e episode ;  a  secon d provide d settin g Information . 
The rrfmalni-i g sentence s describe d th e sequenc e o f 
seve n action s performe d t o achiev e th e goal .  On e 
sentenc e i n th e activ e voic e wa s generate d fo r  eac h 
action .  Tw o surfac e version s o f  eac h two-chai n 
episod e wer e generated .  I n one ,  th e actio n chain s 
wer e interleave d I n th e text ;  a  sentenc e describin g 
an actio n i' l  on e actio n chai n wa s followe d b y a 
sentenc e fro m th e ot>ie r  chain .  I n th e other ,  th e 
actio n chain s wer e kep t  Intact ;  on e actio n chai n 
was coiapletel y describe d befor e action s fro m th e 
•jChe r  rfei-e  mentioned .  Figur e 1  I s on e o f  th e 
Intact ,  two-chai n episode s used .  Furthermore ,  tw o 
version s o f  eac h Intact-chal n tex t  wer e generated , 
differin g I n whic h actio n chai n occurre d first . 

A set of test sentences was prepared for each 
episod e accorJln g t o th e followin g genera l 
framework :  "{AcCion-1 }  I n orde r  tha t  {pronoun } 
coul d {verb-phras e o f  Acclon-2}." ,  wher e {Actlon-l } 
and {ActLon-2 }  wer e boun d t o sentence s describin g 
action s i n th e episod e an d th e {pronoun }  refL'rri; d 
t o th e protagonist .  I'o r  one-chai n episodes ,  th e 
sentence s differe d wit h respec t  t o distanc e I n th e 
attei;i,5 t  structure .  Al l  possibl e positiv e an d 7,i?r< ) 
distanc e tes t  sentence s wer e generated ;  sentence s 
wit h negativ e distance s o f  - 1 an d - 2 als o wer e 
generated .  Fo r  th e two-chai n episodes ,  al l 
positiv e distanc e sentence s wer e generate d suc h 
tha t  th e main-claus e actio n precede d th e o.irpose -
ciaus e actio n i n on e version .  Sontenrr̂ s differ.; d 
as t o whethe r  o r  no t  th e t-J o action s oi:C'irr»; d 
withi n tli e sam e actio n chain . 

Subjcrjts recei/e-l f yur episodes .;ich test 
sentence s an d ins t  rn c c  Lous ;  !;he y wer e informe d 
tha t  the y we- e Co mak e ar.-..f>ntab l  I  it y  rating s o f 

tes t  sentences .  Markin g th e spac e nex t  t o "NA " 
indicate d complet e unacceptablllt y  ( a ratin g o f  1 ) 
whil e th e spac e nex t  t o "A "  indicate d complet e 
acceptabilit y  ( a ratin g o f  7 ) .  Differen t  degree s 
of  acceptabilit y  coul d b e Indicate d b y markin g 
appropriat e space s betwee n th e tw o extremes . 
Subject s wer e Instructe d t o rea d carefull y eac h 
episod e an d wer e allowe d t o refe r  t o th e episod e 
whil e ratin g sentences .  Result s o f  Experimen t  1 
ar e presente d i n Tabl e 2 .  I n short ,  result s 
indicate d a  significan t  distanc e effect ,  wit h mos t 
pairwis e comparison s yieldin g significan t 
difference s i n predicte d directions . 

Within a given episode, a protagonist may 
perfor m action s whic h ar e periphera l  t o goa l 
satisfaction .  Tw o type s o f  periphera l  action s ar e 
restorativ e an d irrelevan t  actions .  A  restorativ e 
actio n i s on e tha t  reestablishe s a  norma l  situatio n 
i n th e environmen t  disturbe d b y prio r  problem -
solving .  A n exampl e woul d b e closin g a  purs e afte r 
removin g ca r  key s o r  puttin g awa y a  too l  afte r 
usin g It .  A n Irrelevan t  actio n i s on e tha t  eithe r 
appear s t o hav e n o pragmati c utilit y  o r  t o b e 
relate d t o goal s externa l  t o tha t  o f  th e episode . 
An exampl e woul d b e smellin g a  ros e whil e mowin g 
th e law n o r  turnin g dow n th e ove n whil e washin g 
dishes .  A  protagonis t  ma y eve n perfor m a n actio n 
tha t  disrupt s progres s towar d th e goa l  o f  a n 
episod e an d the n mus t  recove r  fro m thi s setback .  A 
misha p i s a n actio n tha t  destroy s realizatio n o f  a 
situatio n create d b y prior ,  goal-directe d action s 
of  a n episode .  Correctiv e action s ar e action s tha t 
reestablis h th e situatio n existin g prio r  t o a 
mishap .  A n exampl e o f  a  misha p woul d b e droppin g a 
tool ,  whic h woul d elici t  th e correctiv e action s o f 
bendin g dow n an d pickin g u p th e tool . 
Peripheral actions and mishaps should not be 
Incorporate d Int o th e attemp t  structur e fo r  a  give n 
episode .  A s such ,  acceptabilit y  rating s o f  tes t 
sentence s Involvin g suc h action s shoul d b e low .  On 
th e othe r  hand ,  correctiv e action s shoul d b e 
Incorporate d a s element s o f  a  preactlo n subtre e o f 
(o r  episod e subordinat e to )  th e actio n enable d b y 
th e situatio n tlie y serv e t o reestablish .  A s such , 
correctiv e action s d o enabl e subsequen t  action s i n 
an actio n chain . 

Experimen t  2  wa s designe d t o tes t  th e abov e 
prediction s regardin g thes e fou r  type s o f  actions . 
Two ne w episode s containe d on e restorativ e an d on e 
Irrelevan t  action ;  a  thir d containe d on e misha p an d 
tw o associate d correctiv e actions .  Eac h episod e 
Involve d onl y on e actio n chai n excep t  fo r  th e 
secon d actio n chai n produce d b y th e tw o correctiv e 
action s o f  th e cliir d episode .  A  fourt h episod e wa s 
characterize d b y action s tha t  wer e lo w I n a  prior i 
associativity ,  wit h object s use d I n nove l  ways ; 
till s  episod e wil l  no t  b e discusse d here .  Material s 
and procedure s wer e a s I n th e firs t  experiment . 

The results Indicated significant distance 
effect s fo r  al l  thre e stories .  Th e Dunca n tes t 
Indicate d th e followin g difference s amon g mean s b y 
distance ,  £  <  .01 :  fo r  th e restorative/irrelevan t 
stories ,  1  >  2  -  3  >  4  >  5  an d 1  > 2 > 3 = 4 > 5 ; 
fo r  th e intshap/correc t  Io n story,  1  2  >  3  >  A . 
Thes e result s ar e consisten t  wit h thos e o f 
fixporlraent  1 .  Furthe r  analyse s attempte d t o answe r 
whetlie r  mishaps ,  restorative .  Irrelevant ,  an d 
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correctiv e action s ar e incorporate d int o attemp t 
structures .  Tw o kind s o f  tes t  sentence s wer e 
examine d fo r  eac h actio n type .  I n one ,  th e 
critica l  action s ar e expresse d i n th e mai n clause , 
enablin g subsequen t  goal-directe d actions .  I n th e 
other ,  th e action s o f  interes t  occu r  i n th e purpos e 
clause ,  enable d b y prior ,  goal-directe d actions . 
Result s indicate d tha t  restorative ,  irrelevant ,  an d 
misha p action s ar e no t  represente d a s bein g enable d 
by goal-directe d actions ;  mea n acceptabilit y 
rating s fo r  suc h sentence s wer e consistentl y belo w 
2.0 .  Rating s wer e simila r  fo r  sentence s statin g 
enablemen t  b y misha p an d restorativ e actions .  Some 
irrelevan t  action s wer e understoo d t o weakl y enabl e 
subsequen t  goal-directe d actions ;  however ,  mea n 
rating s wer e stil l  belo w 3.0 .  A n in-dept h 
discussio n o f  thes e results ,  a s wel l  a s thos e fo r 
th e low-associativit y episode ,  ar e presente d 
elsewher e (Farle y an d McCarty ,  1980) . 
Results indicated that subjects understand 
correctiv e action s t o b e par t  o f  th e goal-directe d 
behavio r  o f  th e protagonist .  However ,  th e 
enablemen t  relatio n betwee n correctiv e an d 
subsequen t  goal-directe d action s wa s no t  a s stron g 
as th e relatio n betwee n th e origina l  goal-directe d 
action s an d th e same ,  subsequen t  goal-directe d 
actions .  Thi s effec t  may wel l  hav e bee n produce d 
by differin g level s o f  a  prior i  relationa l  densit y 
(Graesser ,  1978) .  I n ou r  episode ,  walkin g t o a 
bookcas e normall y i s mor e highl y associate d wit h 
dictionar y us e tha n i s bendin g dow n (t o pic k u p th e 
droppe d dictionary) .  Relationa l  densit y coul d als o 
accoun t  fo r  a n effec t  o f  episod e i n Experimen t  1 . 

Il l  CONCLUSION 

Results of both experiments were generally 
consisten t  wit h prediction s mad e i n accordanc e wit h 
th e attemp t  structure s describe d b y th e episod e 
grammar .  Th e strengt h o f  enablemen t  wa s inversel y 
relate d t o positiv e distance s withi n actio n chain s 
and no t  correlate d wit h surfac e (text )  distances . 
The actio n chain s compute d fro m th e grammatica l 
representation s closel y resembl e causa l  even t 
chain s describe d b y Schan k an d Abelso n (1977) . 
Result s obtaine d her e len d suppor t  t o Schan k an d 
Abelson-lik e proposals ,  a s d o recen t  result s o f 
Graesse r  (1981) .  We demonstrat e th e effectivenes s 
of  a n acceptabilit y  ratin g paradig m fo r  assessin g 
suc h structures .  Ou r  result s indicat e tha t  onl y 
goal-directe d action s ar e incorporate d int o attemp t 
structures .  T o stat e tha t  restorative,  irrelevant , 
and misha p action s ar e no t  incorporate d i s no t  t o 
say tha t  the y ar e no t  remembered .  I t  merel y say s 
tha t  suc h action s ar e no t  incorporate d int o a 
representatio n o f  enablemen t  relation s betwee n 
actions .  A n attemp t  structur e i s onl y par t  o f  a 
more comple x episod e representation . 

How els e may action s diffe r  cognitlvely ? Thi s 
questio n suggeste d a n experimenta l  paradig m i n 
whic h subject s rat e sentence s (actions )  a s t o thei r 
appropriatenes s fo r  inclusio n i n a n episod e 
summary,  followe d b y a n unexpecte d recal l  task . 
Result s o f  a n initia l  pilo t  stud y wer e a s follows : 
For  summar y inclusion ,  goal-directe d action s ar e 

much preferre d ove r  action s no t  specifi c  t o th e 
goa l  o f  a n episode ;  withi n th e clas s o f  goal -
directe d actions ,  instrumenta l  action s ar e rate d 
highe r  tha n movemen t  actions ,  whic h ar e preferre d 
ove r  correctiv e actions .  A s fo r  immediat e recall , 
goal-directe d action s yiel d a  patter n simila r  t o 
tha t  fo r  summarizatio n ratings .  However ,  misha p 
and irrelevan t  action s ar e recalle d a s wel l  as ,  i f 
not  bette r  than ,  goal-directe d actions .  Th e latte r 
resul t  suggest s tha t  suc h actions ,  thoug h no t 
incorporate d int o th e attempt  structure ,  ar e i n a 
more inclusiv e episod e representation .  Suc h 
action s ca n b e considere d potentiall y  importan t  i n 
determinin g Inten t  o f  a  narrative .  Researc h 
confirmin g pilo t  stud y result s i s needed . 
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Tabl e 1 
Tabl e 2 

An Episod e Representatio n Granuna r 

Rule 1: Episode -> Problem Solution 
Rul e 2 :  Proble m - > Situatio n Even t  Goa l 
Rul e 3 :  Situatio n - > STATE* 
Rul e 4 :  Even t  - > ACTIO N |  OCCURENCE 
Rul e 5 :  Goa l  - > STATE |  ACTIO N 
Rul e 6 :  Solutio n - > Attempt * 
Rul e 7 :  Attemp t  - > ACTIO N |  (Preaction *  ACTION) 
Rul e 8 :  Preactio n - > ACTIO N |  (Preaction *  ACTION) 

* Indicates one or more occurences of the 
associate d element . 
I  Indicate s alternativ e elements . 

Bob ha d recentl y receive d a  not e fro m a  frien d (1 ) 
and wante d t o sen d hir a a  lette r  (2) .  He wa s i n a 
pos t  offic e (3 )  an d ha d hi s friend' s addres s o n a n 
inde x car d i n hi s shir t  pocke t  (4) .  Bo b wen t  t o a 
posta l  cler k (5) .  The n li e bough t  a  stam p (6) . 
N'ex t  Ro b pu t  th e stam p u n th e lette r  (7) ,  The n h e 
unhattone d hi s shir t  pocke t  (8) .  He too k ou t  th e 
inde x c.-tt d (9) .  The n h e copie d th e addres s ont o 
th e envelop e (10) .  "laally ,  Bo b ra.iiLed  th e lette r 
( U ) . 

Episod e 

JOHN 
MARY 

Mean Acceptabilit y  Rating s 

One-chai n Episode s 
Distanc e 

- 2 - 1 

1.4 5 
1.1 1 

1.2 6 
1.2 0 

0 

1.55 
1.6 9 

JOHN 
MARY 

Episod e 

BOB 
FLO 

BOB 
FLO 

6.2 2 
6.1 9 

1 

1.8 0 
1.5 9 

5.7 2 
5.0 0 

4,9 7 
4.7 8 

Two-chai n Epi s 
Distanc e 

Same 
1 2 

6.4 8 
6.4 3 

4.9 9 
4.8 1 

Differen t 
2 3 

1.6 0 1.7 3 
1.9 6 

4.7 9 
3.9 7 

odes 

3 

4.6 5 
3.7 5 

4 

1.7 2 

4.2 7 
4.0 8 

5 

2.1 0 
1.2 6 

4.6 3 
4.3 3 

Episod e 

Proble m 

SiCiiarLo n Ev-en t  Oo.i l 

STATi- :  si'Ar̂ :  occuremci- :  actco m 

Solutio n 

Attemp t 

(3 )  (4 )  (1 ) (2 ) 

ACTION Preactio n Preactio n 

/  \ 
Preactio n ACTLOM Preactio n ACTIO N 

(7) / \ (10) 

Preactio n AtiriOf l  Predictio n ACTIO N 
I  I 

(6 )  (9 ) 

ACTION ACl'lON 

I  ' 
(5 )  (8 ) 

t'lJiire 1 An F.<;tmple Rpisode ind its Represeitat ion 
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WHERE PROCESS-  AND MEASUREMENT MODELS MEET: 

Evaluatio n o f  state s i n proble m solvin q 

Jan Drosler ,  Universita t  Regensburq ,  Germany . 

Summary: 

Any process model of problem solving trying 

t o captur e goa l  directe d progres s need s a n 

evaluatio n functio n o f  th e states .  Maxima -

tio n o f  it s  gradien t  a t  eac h ste p serve s a s 

a decisio n rul e i n chosin g amon g differen t 

legall y possibl e moves .  Th e presen t  analysi s 

qive s sufficien t  condition s fo r  th e existen -

ce o f  a n evaluatio n o f  state s whic h i s appli -

cabl e t o customar y laborator y problem s i n 

th e stud y o f  proble m solving .  Th e evalua -

tion ,  moreover ,  i s  show n t o establis h a 

foundatio n fo r  th e measuremen t  o f  "Insight" , 

th e anticipator y aspec t  o f  huma n proble m 

solvin g capacity . 

Representatio n o f  state s 

In this study, the sets of states occuring 

i n a  proble m solvin g tas k ar e represente d b y 

a linea r  modul e ove r  a  ring .  Thi s reduce s 

th e se t  o f  state s t o b e discusse d t o those , 

whic h ca n b e represente d b y vectors .  I n th e 

stud y o f  proble m so l  in g thi s happen s mor e 

ofte n tha n not .  Luchins '  water-ja r  task ,  de -

fine s state s b y triple s o f  numbers ,  th e com -

ponent s o f  whic h stan d fo r  th e filling s i n 

thre e jars .  Th e missionary-canniba l  tas k re -

present s it s state s a s triples ,  containin g 

th e number s o f  missionaries ,  o f  cannibals , 

and o f  th e boat' s disposal .  Fo r  othe r  task s 

i n us e lik e th e "Towe r  o f  Hanoi "  numerica l 

codin g i s no t  standard ,  bu t  easil y achiev -

able .  Thi s eve n hold s fo r  proo f  problem s 

fro m th e propositiona l  calculus . 

Vectorial coding only makes sense if it 

serve s a  psychologica l  purpos e lik e per -

mittin g computatio n o f  som e sort .  Th e mos t 

simpl e calculatio n i s addition .  Thi s raise s 

th e question ,  whethe r  representatio n o f  sta -

te s b y vector s make s vecto r  additio n a 

meaningfu l  operation ,  th e resul t  o f  whic h 

reflect s empirica l  facts .  A t  firs t  sigh t 

i t  doe s no t  loo k tha t  way ;  I f  i n th e con-

tex t  o f  th e Luchin s water-ja r  tas k fil -

lin g i s interprete d a s addition ,  the n 

th e jar s ar e likel y t o ru n over .  Wate r 

i s spille d an d proble m solvin g withi n th e 

rule s ye t  t o b e discusse d appear s t o b e 

impossible .  Likewis e wit h th e missionary -

canniba l  tas k additio n ca n lea d t o a n un -

controlle d Increas e o f  th e numbe r  o f  mis -

sionarie s o r  cannibal s destroyin g th e prob -

le m setting .  Th e sam e appear s t o hol d fo r 

othe r  tasks . 

Withi n th e presen t  stud y thes e risk s ar e 

abolishe d b y a  simpl e device :  I t  consist s i n 

a representatio n o f  state s b y finit e sets . 

Thes e are ,  e.g. ,  wit h th e Luchin s water-ja r 

tas k th e integer s {O ,  1 ,  2 ,  3 ,  4 ,  5 )  o r  wit h 

th e missionary-canniba l  tas k th e integer s 

{O,  1 ,  2 ) .  wit h th e proo f  problem s th e In -

teqer s {O ,  1) .  Thi s confinemen t  ha s tw o de -

cisiv e effect s fo r  th e analysi s o f  proble m 

solvin g tasks .  Fo r  onc e i n th e finit e cas e 

anythin g tha t  ca n happe n may b e analyzed . 

On th e othe r  hand ,  a n additio n o f  state s 

can b e introduce d a s a  meaningfu l  repre -

sentatio n a s soo n a s a  boundar y conditio n 

i s introduced .  I t  consist s i n identifyin g 

th e larges t  intege r  wit h zero .  I t  i s  agree d 

upon ,  that ,  e.g. ,  an y thre e missionarie s 

meetin g waiv e th e crossing ,  an d tha t  a  ja r 

fille d wit h si x unit s o f  liqui d trigger s a 

mechanis m whic h automaticall y emptie s th e 

jar .  Unde r  thes e condition s th e finit e se t 

of  integer s assume s th e structur e o f  a  re -

sidua l  classe s ring ,  whic h i s th e minima l 

structur e necessar y fo r  th e introductio n 

of  vectors . 

Rule s a s equation s an d Inequalitie s 

The definitions given above further the ana-

lysi s o f  th e proble m solvin g tas k becaus e 

th e drawin g rule s whic h ar e usuall y onl y 

give n verbally ,  no w ca n b e formulate d a s 

equation s o r  inequalities .  Thi s possibilit y 

i s  neve r  qive n a  priori ,  hu t  presuppose s 

structura l  foundation s lik e thos e discussed . 
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The proposition ,  callin g fo r  a  constan t  su m 

of  fillin g level s i n th e Luchin s water-ja r 

tas k onl y make s sense ,  afte r  a t  leas t  a  li -

nea r  modul e ha s bee n defined .  The n fillin q 

can b e represente d b y vecto r  addition :  An y 

fillin g i s give n b y th e vecto r  differenc e 

of  tw o state s represente d b y th e vector s 

of  thei r  triple s o f  fillin q levels .  Suc h 

vecto r  differenc e exist s fo r  an y tw o states , 

eve n i f  the y ar e no t  transformabl e int o on e 

anothe r  b y th e rules .  I t  i s  a  syste m o f  equa -

tions ,  whic h define s th e lega l  move s an d 

differentiate s the m fro m th e illega l  ones . 

I t  ca n b e shown ,  fo r  th e task s mentioned,tha t 

thi s i s alway s possible ,  eve n fo r  th e proo f 

tas k fro m th e prepositiona l  calculus ,  al -

gebraizatio n o f  whic h wa s introduce d b y 

Ston e (1936) .  Additio n represent s fillin g 

wit h th e water-ja r  task ,  crossin g wit h 

th e missionary-canniba l  tas k an d th e lo -

gica l  exclusiv e "or "  wit h th e proo f  prob -

lems . 

Because of the finite set of states, for 

any equatio n representin g a  drawin g rul e 

th e solutio n se t  o f  state s fulfillin g thi s 

equatio n ca n b e found .  Thi s se t  comprise s 

Sj..'.-'l e states ,  e.g. ,  fo r  on e rul e i n th e 

Luchin s tas k thos e whic h hav e a  constan t 

sum o f  fillin g levels .  I t  may compris e 

pair s o f  states ,  th e secon d member  o f  whic h 

can b e reache d fro m th e firs t  i n on e mov e 

unde r  th e rul e i n question . 

The purpos e serve d b y algebraizatio n o f  th e 

tas k i s two-fold :  Fo r  onc e th e discours e i s 

no lonae r  confine d t o a  certain ,  e.o. ,  water -

ja r  tas k bu t  rathe r  t o th e unlimite d se t  o f 

possibl e task s o f  thi s kind .  Th e realizations , 

presentl y use d i n th e proble m solvin a labora -

tory ,  ar e the n specia l  case s wit h certai n pa -

rameters .  Anothe r  purpose ,  however ,  i s  reflec -

te d b y th e fact ,  tha t  th e solutio n set s o f 

state s fulfillin g th e individua l  rule s agai n 

allo w computatio n o f  usefu l  results . 

The calculu s o f  relation s 

Any binary relation can be represented by a 

matri x ove r  a  Boolea n ring .  I n th e presen t 

cas e th e row s (a s wel l  a s th e columns )  stan d 

fo r  th e finit e se t  o f  states .  Entrie s o f 

"one "  i n an y cel l  means ,  tha t  th e ro w stat e 

can b e transforme d int o th e colum n stat e i n 

one mov e accordin g t o th e rul e unde r  study . 

Somewhat  modifyin g a  matri x calculu s intro -

duce d b y Copilowish  (191B )  permit s alge -

brai c manipulatio n o f  suc h matrices .  An y 

tw o relations ,  eac h representin g a  rule , 

thu s lea d t o a  ne w relation .  I t  represents , 

what  i s qive n i f  bot h rule s ar e obeyed .  Th e 

resultin g relation ,  e.g. ,  wit h th e Luchin s 

water-ja r  task ,  characterize s transforma -

tio n o f  ro w stat e int o colum n stat e I n si -

multaneou s accordanc e wit h al l  rules .  I n 

thi s connectio n th e unitar y relation s firs t 

hav e t o b e transforme d int o binar y relation s 

by logica l  product .  If ,  e.g. ,  both ,  th e gi -

vin g an d th e receivin g vesse l  hav e t o confor m 

t o th e conditio n o f  constan t  su m o f  fillin g 

levels . 

Reachabilit y  o f  state s 

Analysis now turns to the question whether 

any colum n stat e ca n b e reache d b y th e give n 

ro w stat e i n a  certai n numbe r  o f  lega l  moves . 

Thi s amount s t o logica l  analysi s whethe r  th e 

stat e ca n b e reache d i n on e o r  i n two ,  etc . 

lega l  moves .  Th e representatio n chose n her e 

permit s thi s analysi s t o b e performe d alge -

braicall y fo r  arbitraril y  larg e matrices . 

The resul t  i s  foun d ou t  fo r  an y qive n numbe r 

of  step s which ,  however ,  nee d no t  b e large r 

tha n th e numbe r  o f  state s minu s one .  Th e 

resultin g binar y matrice s contai n entrie s 

"one "  i f  th e colum n stat e i s reachabl e fro m 

th e ro w stat e i n s o an d s o many lega l  step s 

as wer e analyze d i n tha t  matrix .  Th e fina l 

ste p o f  th e tas k analysi s consist s i n com -

binin g thes e matrice s int o a  singl e on e th e 

cell s o f  whic h tell ,  i n a t  leas t  ho w many 

step s a  ro w stat e ca n b e transforme d int o 

th e colum n state .  Thi s i s don e b y pairwis e 

compariso n o f  successiv e matrice s o f  th e 

firs t  kind .  I f  th e matri x o f  n- 1 step s doe s 

not  ye t  sho w transformabilit y  o f  th e ro w 

stat e int o th e colum n stat e bu t  th e matri x 

i n n  step s a t  tha t  cel l  carrie s a  "one" , 

the n thi s n  i s identifie d a s th e minima l 

number  o f  lega l  step s i n question .  Th e evalua -

tio n o f  eac h stat e wit h respec t  t o an y goa l 

stat e ca n b e rea d of f  thi s "reachabilit y  ma-

tri x i n n  steps "  a s th e entrie s o f  th e colum n 

vecto r  associate d wit h th e qoa l  state .  Thi s 

complete s analysi s o f  sufficien t  condition s 

fo r  th e existenc e o f  a  stat e evaluatio n func -

tio n fo r  arbitrar y qoa l  state s i n a  proble m 

solvin q tas k suc h a s the y ar e use d i n th e 
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psychologica l  laboratory .  Fig .  1  give s a n 

exampl e fo r  a  missionary-canniba l  tas k wit h 

firs t  componen t  i n th e tripl e designatin g 

th e numbe r  o f  missionaries ,  th e secon d th e 

number  o f  cannibals ,  an d th e third ,  i f  1 , 

availabilit y  o f  th e boat ,  al l  a t  th e lef t 

bank .  Ther e ar e 2  missionaries ,  2  canni -

bal s an d a  boa t  capacit y o f  2 .  Th e compu -

tatio n o f  th e combine d drawin g rul e elimi -

nate s 6  o f  th e 3-3« 2 =  1 8 state s a s no t 

reachable . 
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Flq .  1 .  Symmetri c reachabilit y  matri x i n n 

step s fo r  (2,2,2 )  missionary-canniba l  prob -

le m compute d fro m th e rule s withi n th e mo-

dul e representation .  Entrie s giv e minima l  num-

ber  o f  step s fro m ro w t o colum n state . 

The measuremen t  o f  "insight " 

For each qoal, the evaluations establish a 

binar y relatio n ove r  th e se t  o f  states .  I t 

can b e interprete d a s ".. .  close r  t o th e 

goal  tha n ... "  an d i s connecte d an d tran -

sitive .  T t  is ,  therefore ,  a  wea k orderin g 

relatio n whic h play s a  centra l  rol e i n 

measurement  theor y (cf .  Krant z e t  al. , 

1971) .  Th e wea k orderin g toqethe r  wit h som e 

othe r  postulate s permit s measuremen t  i n th e 

technica l  sens e o f  goa l  distance .  Now,  thi s 

magnitud e i s no t  i n nee d o f  measuremen t  be -

caus e I t  ca n b e calculate d unde r  th e con -

dition s specified .  Stil l  th e cu e ca n b e 

take n u p fo r  th e analysi s o f  psycholoql -

cal  dat a whic h consis t  o f  sequence s o f  th e 

state s actuall y visite d i n th e cours e o f 

an experimen t  i n proble m solvinq .  Eac h 

ste p ca n b e interprete d a s th e resul t  o f 

a preferenc e reactio n ove r  th e leqa l 

step s possibl e a t  tha t  choic e point .  Thi s 

opens u p th e possibilit y  o f  scalin q th e 

subjectiv e evaluatio n b y moan s o f  a  mea -

suremen t  model ,  e.g. ,  o f  ordina l  measure -

ment .  Variatio n o f  th e parametrlzatio n o f 

a tas k create s problem s o f  differin g bu t 

controlle d complexity .  Th e proble m sol -

ver' s "insight "  i s  th e amoun t  o f  com -

plexity ,  expresse d a s give n minima l  lengt h 

of  solutio n path ,  th e laborator y dat a o f 

whic h d o no t  invalidat e th e assumption s 

at  th e bas e o f  th e measuremen t  scalin g 

procedur e used .  Empirica l  wor k b y Sydo w (1970 ) 

wit h th e "Towe r  o f  Hanoi "  shows ,  tha t  th e sub -

jectiv e evaluatio n i s a  functio n o f  bot h goa l 

distanc e a s wel l  a s distanc e fro m th e startin g 

point . 
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Abstract 

Two stLidies rui simultaneously investigated the 
influenc e o f  positiv e affec t  o n creativ e probla n 
solvin g a s indicate d b y Duncker' s (1945 )  candl e task . 
Result s sho w tha t  positiv e affect ,  a s irxJuce d b y 
exposur e t o a  funn y movie ,  facilitate d a  subject' s 
abilit y  t o solv e th e proble m i n compariso n wit h thos e 
i n contro l  group s ivh o eithe r  sa w a  contro l  fil m o r 
who di d no t  vie w a  fil m a t  all .  I n addition ,  i n 
accor d wit h previou s finding s (AJamson ,  1952 ;  Higgin s 
«.  Chaires ,  1980 )  ,  subject s i n anothe r  compariso n 
grou p wh o wer e expose d t o a  facilitativ e displa y o f 
th e itan s wer e als o mor e likel y tha n a  contro l  grou p 
t o solv e th e candl e task .  Result s ar e discusse d i n 
term s o f  th e influenc e o f  a  positiv e affectiv e stat e 
on accessibilit y  o f  materia l  an d o n cognitiv e 
organization . 

Recently ,  researcher s hav e show i  a  growin g 
interes t  i n th e influenc e o f  affectiv e state s o n 
cognitiv e processes .  Earlie r  wor k ha d indicate d a n 
influenc e o f  affectiv e state s o n socia l  behavio r  suc h 
as helpin g an d interpersona l  attractio n (e.g. , 
^derman ,  1972 ;  Gouaux ,  1971 ;  Isen ,  1970 ;  Ise n & 
Levin ,  1972 ;  Veitc h &  Griffitt ,  1976) ;  an d mor e 
recen t  wor k ha d SLqgeste d exaninir q thi s relationshi p 
i n terra s o f  th e influenc e o f  affec t  o n th e cognitiv e 
processe s involve d i n th e decisio n t o engag e i n suc h 
socia l  behavio r  (Levi n &  Isen ,  1975 ;  Isen ,  Shalker , 
Clark ,  { ,  Karp ,  1978 )  .  Mos t  recently ,  attentio n ha s 
begun  t o focu s o n th e influenc e o f  affec t  o n 
cognitiv e processin g mor e generally . 
TTiis work indicates a nunber of influences on 
cognition .  Fb r  exanple ,  a  state-dependent-learnin g 
effec t  o f  affectiv e stat e ha s bee n observe d unde r 
san e circunstance s (intens e affec t  inductio n an d 
maximal  discriininabilit y  o f  th e list s of  vvord s 
learne d i n th e differen t  states )  ,  a s ha d bee n foun d 
earlie r  fo r  othe r  state s suc h a s dru g an d alcoholi c 
intoxicatio n (Bower ,  1981 ;  Bower ,  Montier o & 
Gilligan ,  1978 ;  Henry ,  Weingartner ,  S.  Murphy ,  1973 ; 
Weingartne r  &  Faillace ,  1971 ;  Weingartner ,  Miller ,  & 
Murphy ,  1977) .  Wor k o n th e influenc e o f  affec t  o n 
manor y ha s als o show n u s tha t  eve n a  mil d affectiv e 
stat e o f  th e kin d likel y t o b e experience d i n 
everyda y lif e (an d o f  th e kin d previousl y show n t o 
influenc e socia l  behavio r  a s describe d above )  ca n 
influenc e cognitiv e processing .  I n addition ,  thi s 
influenc e ma y b e eve n mor e genera l  tha n tha t  o f  a 
state-dependen t  learnin )  effect .  Fb r  exanple ,  a 
positiv e affectiv e stat e ha s bee n show i  t o b e capabl e 
of  servin g a s a  retrieva l  cu e fo r  positiv e materia l 
i n manory ,  influencin g sucl i  measure s a s th e subse t  o f 
word s likel y t o b e recalle d fro m a  majorize d lis t  an d 
th e reactio n tim e fo r  recal l  o f  affect-compatibl e 
word s (Isen ,  Shalker ,  Clark ,  &  Karp ,  1978 ;  Teasdal e & 
Fogarty ,  1979 ;  Teasdal e &  Russell ,  1981) . 
Ttiese latter findings siqgest that affect 
influence s no t  onl y memor y bu t  als o cognitiv e 
organizatio n an d cognitiv e consequence s o f  thi s 
organization .  On e study ,  fo r  exanple ,  investigate d 
th e influenc e o f  affectiv e stat e o n judgmen t  an d 
evaluation .  Thes e result s indicate d tha t  whe n peopl e 
had bee n give n a  anal l  fre e gift ,  the y wer e mor e 
likel y t o judg e thei r  consune r  good s mor e favorably ; 
and th e author s o f  tha t  pape r  attribute d thes e 
improve d opinion s t o th e affect-cue d accessibilit y  o f 
positiv e materia l  describe d abov e (Isen ,  e t  al. , 
1978) .  Positiv e feeling s wer e hypothesize d ("in d 

shown)  t o cu e positiv e materia l  i n manory ,  an d th e 
presenc e o f  thi s materia l  wa s hypothesize d t o 
influenc e th e decision-makin g proces s wit h r^ar d t o 
affect-compatibl e judgment s an d behavior ,  whic h wer e 
shown t o b e affecte d b y a  positiv e feelin g state . 
(Thi s proces s wa s calle d a  "cognitiv e loop, "  sinc e 
th e resultin g positiv e judgment s an d behavio r  woul d 
the n b e expecte d t o sustai n th e feelin g stat e an d th e 
process. ) 
Ttiere is growing evidence, then, that positive 
affec t  ca n influenc e cognitiv e organizatio n throug h 
what  i s broLqh t  t o mind ,  an d tha t  th e altere d 
cognitiv e organizatio n ca n the n influenc e othe r 
ongoin g cognitiv e processes .  I n th e presen t  paper , 
we tes t  th e hypothesi s tha t  on e effec t  o f  thi s chang e 
i n cognitiv e organizatio n i s t o facilitat e creativ e 
proble m solvin g o f  th e typ e tha t  require s seein g 
thing s i n ne w ways . 
Ttie task that we use is the "candle task" 
anploye d b y Kar l  Duncke r  i n hi s demonstration s (i n 
1945 )  o f  creativ e proble m solvin g (actually ,  hi s 
danonstratio n o f  "functiona l  fixedness") .  I n thi s 
task ,  th e subjec t  i s  presente d wit h th e common 
object s of  a  bo x o f  tacks ,  a  candle ,  an d a  boo k o f 
matches ,  an d s/h e i s aske d t o attac h th e candl e t o 
th e wal l  ( a cor k board )  i n suc h a  wa y tha t  i t  wil l 
bur n withou t  drippin g wa x o n th e tabl e o r  floo r 
beneath .  Th e probla n ca n b e solve d i f  th e bo x i s 
see n a s a n objec t  separat e fro m th e tack s an d it s ow n 
propertie s recognize d an d utilized .  Th e bo x ca n b e 
anptied ,  tacke d t o th e wall ,  an d use d a s a  platfon n 
fo r  th e candle ,  v^ic h ca n the n b e li t  an d wil l  no t 
dri p wa x o n th e tabl e o r  floor . 
Mamson (1952) showed that displaying the items 
involve d i n th e tas k separately—tha t  is ,  wit h th e 
tack s o n th e tabl e an d th e bo x anpty—highlighte d 
thei r  independenc e o f  on e anothe r  an d facilitate d 
successfu l  solutio n o f  th e problem .  Recently , 
Higgin s an d Chaire s (1980 )  foun d tha t  havin g subject s 
repea t  th e name s o f  common pair s o f  objects ,  bu t  i n 
relativel y unaccustome d linguisti c structure s tha t 
tende d t o differentiat e th e pai r  member s instea d o f 
i n th e accustcme d undifferentiatin g structur e ("tra y 
and tomatoes "  instea d o f  "tra y o f  tomatoes" ) 
facilitate d performanc e o n th e candl e task .  The y 
interprete d thei r  result s a s du e t o th e wa y i n whic h 
th e stimulu s displa y i s encode d an d th e increase d 
accessibilit y  o f  different  construct s tha t  coul d b e 
use d t o characteriz e it s elanents .  TTiinkir q abou t 
th e actua l  independenc e o f  usually-paire d o r  unite d 
item s migh t  allo w the m t o b e utilize d mor e 
completely . 
We suggest that positive affect should also 
facilitat e performanc e o n suc h task s throug h thi s 
same mechanisn ,  accessibilit y  of  cognitiv e material . 
But  w e propos e tha t  i n th e cas e o f  affect , 
accessibilit y  facilitate s creativ e proble m solving , 
not  throug h th e particula r  conten t  o f  tha t  whic h 
comes t o mind ,  bu t  throiq h th e overal l  amoin t  an d 
variet y o f  materia l  cued ,  an d concanitan t  charge s i n 
cognitiv e organizatio n an d processin g strategie s tha t 
accompan y increase d accessibilit y  o f  thi s larg e 
volun e o f  materia l  (Isen ,  1981 )  .  We hav e alread y 
note d tha t  positiv e affec t  ha s bee n foun d t o cu e 
positiv e materia l  i n memory .  I n addition ,  ther e i s 
evidenc e tha t  positiv e materia l  tend s t o b e mor e 
extensiv e an d mor e interrelate d tha n othe r  materia l 
(Dousfield ,  1944 ,  1950 ;  Bouche r  &  Osgood ,  1969 ; 
Matli n &  Stang ,  1979 ;  White ,  1936 ;  Whit e S.  Powell , 
1936 ;  se e als o Clar k &  Isen ,  1980) .  Togethe r  wit h 
th e knowledg e tha t  a  positiv e stat e cue s positiv e 
material ,  thi s woul d impl y tha t  a  perso n wh o i s 
feelin g goo d wil l  hav e acces s t o a  greate r  anoin t  an d 
variet y o f  materia l  o r  ideas .  TTii s shoul d resul t  i n 
th e perso n havin g mor e idea s abou t  ho w t o solv e a 
probla n requirin g creativ e inventiveness ,  i f  sh e i s 
aske d t o solv e suc h a  problan . 
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I n addition ,  i f  al l  o f  thi s i s happening ,  a 
perso n v*i o i s feelin g goo d wil l  hav e . t  (  ; .  .•(• ;  . !  a n 
increase d cuioun t  o f  material ,  an d i t  i s  therefor e 
reasonabl e t o sugges t  tha t  h e wil l  organiz e i t 
differentl y fro m th e wa y h e voul d ii*ie n no t  s o 
abundan t  wit h ideas .  Ther e i s som e evidence ,  fo r 
exanple ,  tha t  decision-makin g styl e i s altere d b y 
positiv e affect ,  i n th e directio n o f  mor e efficient , 
or  a t  leas t  speedier ,  processin g (Isen ,  1981 )  .  Thi s 
altere d approac h migh t  wel l  involv e change s i n 
organizatio n o f  materia l  whic h resul t  i n th e person' s 
seein g relationship s no t  ordinaril y  seen .  Fb r  bot h 
of  thes e reasons ,  then ,  a  broade r  arra y o f  idea s an d 
an altere d organizationa l  structur e fo r  processin g 
tha n tha t  allow s th e perso n t o relat e 
otherwise-unrelate d itans ,  v e predic t  tha t  positiv e 
affec t  shoul d lea d t o improve d creativ e proble m 
solving . 
Method 
Subjects. Subjects were 65 male and fanale students 

enrolle d i n classe s i n introductor y psycliology . 

Procedure. Subjects were admitted to the laboratory 
i n group s o f  four .  The y vet e seate d an d give n a  fe w 
minute s o f  introductio n t o th e stidy .  Then ,  i n Stud y 
I  subject s wer e show n a  ten-minut e segmen t  o f  a  film , 
eithe r  a  caned y fil m i n Conditio n 1  (th e positive -
affec t  condition )  o r  a  neutra l  fil m i n Ganditio n 2 . 

Subjects in Stiriy II, v^ich was run 
simultaneousl y wit h Stud y I  an d whic h thu s can  als o 
be conceptualize d a s tw o additiona l  condition s o f 
Stud y I ,  sa w n o films ,  instead ,  i n thi s study , 
differir q condition s wer e create d b y difference s i n 
th e wa y i n whic h th e item s presente d t o th e subjec t 
as par t  o f  th e candl e tas k wer e displayed .  I n 
Conditio n 3 ,  th e contro l  displa y wa s presented :  a 
box fille d wit h tacks ,  a  candle ,  an d a  boo k o f 
matches .  I n Cbnditio n 4 ,  th e san e item s wer e 
presented ,  bu t  th e tack s wer e displaye d i n a  pil e 
nex t  t o th e anpt y box . 

Fbllowing the initial phases of the study, 
subject s wer e aske d t o fil l  ou t  a  word-ratir q scale , 
i n whic h the y rate d th e pleasantnes s o f  unfanilia r 
words ,  a s a  manipulatio n check .  Previou s studie s 
hav e use d sucl i  indirec t  assesanents  o f  affec t  (fo r 
exanple ,  rating s o f  ambiguou s slides )  ,  demonstratin g 
thei r  associatio n wit h behaviora l  indice s o f  positiv e 
affec t  suc h a s willirqness  t o hel p anothe r  perso n 
(Ise n &  Shalker ,  1977 ;  Forest ,  Clark ,  Mills ,  &  Isen , 
1979)  . 

Next, subjects were seated at individLsl tables 
i n th e fou r  corner s o f  th e room .  Th e material s fo r 
th e candl e tas k v^r e o n th e table ,  i n th e appropriat e 
display ,  bu t  unde r  a  cove r  unti l  th e tas k wa s 
explaine d b y th e experimenter .  Afte r  readin g 
subject s th e instructions ,  th e experimente r  remove d 
th e cove r  fro m th e itan s an d gav e subject s 1 0 minute s 
i n whic h t o solv e th e problan . 

Results 
Results of the manipulation check indicate that 

unfanilia r  word s wer e rate d mor e positivel y b y 
subject s i n th e positiv e affec t  conditio n tha n th e 
contro l  conditio n ( t  =  2.0 ;  p  <  .05) . 
Tabl e 1 .  Percen t  an d nunbe r  o f  Correc t  Solution s t o 

th e Candl e Tas k i n Eac h o f  4  Conditions . 

Facilitativ e 
Comedy Fil m Neutra l  Fil m N o Fil m Contro l  Displa y 

9/1 2 75 % 3/1 5 20 % 2/1 5 =  13 % 19/2 3 =  83 % 

Tabl e 1  present s th e dat a showin g th e niinbe r  an d 
percen t  o f  subject s obtainin g th e solutio n i n eac h 
condition .  X  test s indicat e tha t  bot h th e 
facilitativ e displa y conditio n an d th e positiv e 
affec t  conditio n produce d significantl y mor e 
solution s tha n di d th e contro l  conditions ,  whic h di d 
not  diffe r  frc m eac h othe r  ( X =  15.20 ,  p  <  .01 ;  X  = 
6.09 ,  p  <  .01 ,  respectively )  . 
Discussion 

(Xir results irxiicate that procedures designed to 
induc e positiv e feeling s ca n facilitat e creativ e 
proble m solvin g o f  th e kin d assesse d b y Duncker' s 
(1945 )  candl e task .  Duncke r  spok e o f  people' s 
inabilit y  t o solv e thi s tas k a s reflectin g 
"functiona l  fixedness. "  Anothe r  wa y t o vie w thi s 
task ,  o r  perhap s a n elaboratio n o f  Duncker' s idea ,  i s 
tha t  i t  involve s th e abilit y  t o se e al l  aspect s o f 
th e object s presente d o r  t o se e anon g tha n potentia l 
relationship s othe r  tha n th e existin g ones .  Ou r 
interpretatio n o f  th e fac t  tha t  positiv e affec t  ca n 
facilitat e thi s proces s i s tha t  i t  doe s s o throug h 
th e increase d accessibilit y  tha t  i t  afford s t o th e 
larg e volun e o f  materia l  tha t  i s  positiv e material . 
Thi s results ,  w e believe ,  i n a  greate r  nunbe r  o f 
idea s canin g t o min d whe n feelin g goo d and ,  a s a 
resul t  also ,  a n altere d metho d o f  organizin g an d 
processir q tha n tha t  allow s th e perso n t o se e 
potentia l  relationship s no t  ordinaril y  seen . Reference s 
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MEMORY I N STORY IHVEBTIO M 

Natali e Deh n 
Yal e Universit y 

AUTHOR i s a  stor y generatin g progra m (unde r 
development )  bein g buil t  a s a  mode l  o f  ho w huma n 
author s mak e u p stories .  Lik e TALE-SPI N 14) , 
AUTHOR require s human-lik e knowledg e o f  th e world , 
but  unlik e TALE-SPIN ,  AUTHOR als o require s 
human-lik e memor y organizatio n o f  thi s knowledge . 
The tw o feature s o f  huma n memor y mos t  essentia l  t o 
th e AUTHOR mode l  o f  stor y generatio n ar e (1 ) 
reconstruction ,  an d (2 )  reminding .  Th e forme r  i s 
responsibl e fo r  th e directe< ? natur e o f  makin g u p 
stories ,  th e latte r  fo r  th e autho r  s  mor e 
"fortuitous "  idea s an d insights . 

1,  Th e Importanc e o f  "R6"conatructio n 

Directed story invention is, according to the 
AUTHOR model ,  basicall y a  matte r  o f 

1. having some initial idea of what one is 
tryin g t o invent ,  an d 

2. applying the same reconstructive memory 
accessin g technique s use d i n rememberin g 
somethin g ol d t o develop ,  fles h out ,  an d 
successivel y reformulat e tha t  ide a int o 
a complet e draft .  (O f  cours e i n 
inventio n on e i s no t  actuall y 
reconstructing ;  henc e th e quote s i n 
"re"construction. ) 

This view of invention is, of course, basically 
th e convers e o f  Bartlett' s  theor y o f  rememberin g 
ID :  Bartlet t  viewe d recal l  a s ver y muc h aki n t o 
invention ,  whil e I  a m suggestin g tha t  inventio n i s 
ver y muc h aki n t o recall .  My reason s fo r  turnin g 
Bartlett' s  theor y around ,  fo r  groundin g a  theor y o f 
inventio n i n a  theor y o f  recall ,  ar e twofold : 
1. There currently exists a better model of 

recal l  tha n o f  invention .  I n 
particular ,  Kolodne r  ha s develope d a 
workin g proces s mode l  o f  reconstructiv e 
recal l  o f  episode s fro m lon g ter m memor y 
as par t  o f  th e CYRUS syste m 15] .  Thi s 
coul d serv e a s a  basi s fo r  modelin g 
othe r  reconstructiv e memor y accessin g 
tasks ,  includin g stor y inventio n i f  i t 
turn s ou t  t o b e one . 

•2. While inventiveness appears to be a 
widesprea d huma n capability ,  i t  doe s no t 
seem t o b e basi c o r  essentia l  i n th e 
same sens e tha t  remembering ,  learning , 
and understandin g are .  Therefore ,  i f 
th e "re"constructiv e inventio n 
hypothesi s holds ,  i t  woul d accoun t  fo r 
th e relativ e cognitiv e luxur y o f 
inventivenes s a s a  fre e byproduc t  o f  th e 
relativ e cognitiv e neccessit y o f 
remembering . 

2.  Th e Inportanc e o f  RemiDdin g 

That reminding is a natural consequence of human 
reconstructiv e memor y architectur e ha s bee n 
propose d an d argue d fo r  b y Schan k (7) .  Basicall y 
th e clai m i s tha t  specifi c  memorie s fo r  som e inpu t 
ar e store d i n memor y a t  th e point s whic h provid e 
th e expectation s use d i n understandin g tha t  input , 
particularl y thos e expectation s tha t  ar e bein g 
violated .  Remindin g occur s whe n on e late r  processe s 
an inpu t  tha t  on e understand s i n term s o f  a  share d 
memory structure .  Remindin g i s a  ver y comno n 
phenomenon ,  accordin g t o thi s theory ,  thoug h w e 
ten d t o onl y notic e it s occuranc e whe n i t  dredge s 
up somethin g relativel y useless . 
Given a reconstructive memory architecture, 
anythin g bein g understoo d i s likel y t o b e 
understoo d i n term s o f  a  grea t  man y differen t 
structure s an d ca n b e retrieve d fro m severa l  o f 
them .  Ther e ca n thu s b e severa l  way s o f  bein g 
reminde d o f  an y give n thing ,  bu t  whateve r  th e rout e 
t o th e reminding ,  recallin g th e complet e experienc e 
entail s reconstructin g th e othe r  structure s use d 
initiall y  i n understandin g it . 
Reminding plays an important role in laying 
bridge s fro m currentl y activ e memor y structure s t o 
ones usefully ,  thoug h no t  logically ,  related . 
Remindin g thu s underlie s an d helps  explain s 
informa l  reasoning .  I n th e AUTHOR model ,  thi s for m 
of  reasonin g i s use d heavil y i n stor y generation . 
One ca n never ,  o f  course ,  rel y o n gettin g reminde d 
of  somethin g usefu l  (i.e. ,  encounterin g a  usefu l 
bridge) ,  bu t  give n th e structur e an d content s o f 
reconstructiv e episodi c memory ,  on e i s boun d t o 
hav e som e usefu l  reminding s i f  on e i s doin g enoug h 
memory accessing .  Th e proces s o f  directe d 
reconstructiv e inventio n i s jus t  suc h a  sourc e o f 
memory accessing . 
In the normal process of memory access stemming 
fro m reconstructiv e invention ,  a n autho r  ca n b e 
reminde d o f  (1 )  experience s an d observation s 
externa l  t o th e stor y thu s fa r  mad e up ,  suc h a s o f 
peopl e sh e ha s known ,  thing s tha t  hav e happene d t o 
her ,  way s peopl e hav e reacte d t o variou s 
situations ,  etc. ,  an d (2 )  thing s interna l  t o th e 
stor y thu s fa r  mad e u p characters ,  props , 
settings ,  situations ,  reactions ,  etc .  Th e forme r 
i s a n importan t  sourc e o f  relevan t  materia l  t o b e 
incorporate d int o th e story .  Th e latte r  help s th e 
autho r 
1. catch problems, such as unintentional 

expectatio n violation s 
2. pick up development of threads she was 

earlie r  distracte d fro m b y othe r 
narrativ e needs ,  an d 

3. further weave existing story threads 
int o th e fabri c o f  th e evolvin g stor y 
beyon d tha t  deliberatel y intende d i n th e 
top-dow n initia l  inventio n o f  thos e 
thread s 

"Stor y invention "  shoul d b e take n t o mea n th e 
inventio n o f  storie s an d fragment s thereo f 
episodes ,  characters ,  props ,  settings ,  etc . 
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3.  A  Close r  Loo k a t  Reconttructio n A.  Successiv e Reformulatio n 

Ther e i s a  (weak )  sens e i n vhic h SA M [3 )  wa s a 
model  o f  reconstructiv e recal l  o f  stories .  I t  di d 
not  "record "  storie s verbati m i n memory ,  bu t  rathe r 
i n term s o f  it s  prio r  schemas ;  i n paraphrasin g 
(recalling )  suc h storie s fro m thes e memor y 
structures ,  i t  couldn' t  hel p bu t  normalize/distor t 
th e stories ,  muc h a s Bartlett' b subject s di d i n 
readin g "Wa r  o f  th e Ghosts" .  B y thi s simpl e model , 
th e reconstructiv e proces s wa s on e o f  fillin g i n o f 
detail s an d connection s no t  explicitl y  store d a s 
par t  o f  th e stor y itself ,  fro m th e give n schema .  A s 
i n Bartlett' s  experiments ,  anythin g i n th e origina l 
stor y tha t  wa s to o norma l  wa s ignore d (becaus e i t 
coul d alway s b e easil y  inferred) ;  anythin g tha t  wa s 
to o weir d wa s remembere d a s weir d bu t  coul d no t  b e 
represente d well . 

A better model of reconstructive memory (MOPs) 
evolve d ou t  o f  scripts ,  i n respons e t o Bower , 
Black ,  an d Turne r  [21 .  MOPs 17 )  entai l 
decompositio n durin g understanding ,  thu s allowin g a 
grea t  dea l  mor e sharin g (an d henc e confusions) . 
Wit h thi s mode l  aros e th e additiona l  proble m o f 
"collecting "  piece s sprea d al l  ove r  memory .  Recal l 
became largel y a  matte r  o f  figurin g ou t  wher e i n 
al l  o f  LT M t o look . 

This problem was addressed by Kolodner in the 
CYRUS system .  CYRUS ha s a  grea t  dea l  o f  episodi c 
knowledg e abou t  Vanc e an d Muskie ,  culle d fro m new s 
storie s abou t  eac h o f  them .  Thi s knowledg e i s 
"stored "  i n CYRUS' s lon g ter m memory ,  fro m whic h i t 
can b e reconstructivel y retrieved .  Consider ,  fo r 
instance ,  ho w CYRUS responde d t o th e followin g 
ques t  ion : 
Q:  Mr .  Vance ,  ha s you r  wif e eve r  met  Mrs .  Begin ? 
A:  Yes ,  mos t  recentl y a t  a  stat e dinne r  i n Israel . 
What  i s especiall y interestin g abou t  thi s respons e 
i s tha t  t o com e u p wit h it ,  CYRUS ha d t o "deduce " 
tha t  a  likel y plac e fo r  i t  t o hav e "stored "  suc h a n 
occuranc e i n memory ,  i f  i t  di d so ,  i s  a t  som e 
socia l  politica l  event ,  suc h a s a  stat e dinner . 
(Fo r  detail s o f  ho w exactl y i t  di d so ,  again ,  se e 
15). ) 

It is also interesting to consider this example 
of  recollectiv e reconstructio n fro m th e perspectiv e 
of  stor y invention .  Suppose ,  fo r  instance ,  a n 
autho r  wer e writin g a  stor y i n whic h sh e neede d t o 
hav e a n encounte r  betwee n th e wif e o f  th e America n 
Secretar y o f  Stat e an d th e wif e o f  th e Israel i 
Prim e Minister ,  o r  i n whic h sh e neede d t o ge t  thes e 
tw o character s a t  th e sam e plac e a t  th e sam e tim e 
how woul d th e autho r  se t  thi s up ? Well ,  on e 
plausibl e plac e t o hav e the m mee t  i s a t  som e socia l 
politica l  event ,  suc h a s a  stat e dinner ;  mor e 
specifically ,  a  stat e dinne r  i n Israe l  woul d d o 
nicely .  Realizin g tha t  tha t  i s  a  likel y plac e fo r 
th e tw o diplomati c wive s t o mee t  (whic h i s th e 
hardes t  par t  o f  th e reconstructiv e process )  i.e. , 
findin g wher e t o loo k i n memor y i s thu s th e sam e 
fo r  reconstructiv e recal l  an d reconstructiv e 
inven t  ion . 

Reconstructiv e invention ,  lik e al l  difficul t 
reconstruction .  i s  a  matte r  o f  successiv e 
reformulation .  When probin g memory ,  on e may , 
rathe r  tha n findin g exactl y wha t  on e i s lookin g 
for ,  com e u p wit h a  partia l  answe r  plu s idea s abou t 
wher e t o loo k further ;  pursuin g thes e idea s may 
agai n fai l  t o immediatel y lea d t o a  solution ,  bu t 
rathe r  furthe r  partiall y  specif y th e answe r  an d 
sugges t  ye t  furthe r  ideas . 
For instance, the author may have previously 
decide d tha t  sh e want s th e stor y t o b e abou t  a  sh y 
perso n encounterin g difficultie s becaus e o f  hi s 
shyness .  Thi s may b e a  goo d ide a bu t  i t  i s  to o 
vagu e t o includ e a s i s i n th e fina l  story .  On e 
possibl e reformulatio n i s tha t  th e sh y perso n hav e 
t o fac e a  jo b a s a  door-to-,doo r  salesman. ^  Thi s 
reformulatio n wil l  itsel f  underg o considerabl e 
reformulation .  Fo r  on e thing ,  ther e i s stil l  a 
good dea l  o f  furthe r  concretizatio n neede d -  th e 
detail s o f  hi s route ,  produc t  line ,  colleagues , 
etc .  Fo r  another ,  ther e i s no w a  plausibilit y 
proble m -  wh y woul d a  sh y perso n eve r  becom e a 
salesman? !  Thi s plausibilit y  questio n wil l  lea d t o 
yet  a  furthe r  reformulation ,  an d th e 
"re"constructio n o f  a n explanatio n e.g. ,  h e wa s 
force d int o it ,  o r  h e didn' t  kno w wha t  h e wa s 
gettin g into .  Eac h o f  thes e explanation s nee d t o b e 
furthe r  reformulate d int o somethin g mor e concret e -
th e former ,  fo r  instance ,  int o th e character' s 
sever e financia l  problems .  This ,  i n turn ,  may b e 
reformulate d int o hi s bein g ou t  o f  wor k an d wit h a 
mothe r  dyin g o f  cance r  unles s sh e ca n ge t  som e 
expensiv e therapy . 
Concretization and Plausibility Maintenance are 
jus t  tw o source s o f  reformulatio n drivin g stor y 
generation .  Anothe r  i s Dramatizatio n (makin g mor e 
hang o n a  decision ,  makin g a n actio n harder) .  Ye t 
anothe r  i s Presentatio n o f  a  Narrativel y Neccessar y 
Fact :  A s th e stor y worl d an d event s withi n i t 
develop ,  som e fact s abou t  th e storyworl d wil l  tur n 
out  t o b e especiall y causall y significant ,  suc h a s 
tha t  a  particula r  characte r  i s shy ,  o r  tha t  a 
particula r  doo r  wa s lef t  unlocked .  I n suc h a 
case ,  i t  i s  importan t  t o mak e sur e tha t  fac t  i s 
introduce d i n th e eventua l  stor y narrative , 
sufficientl y strongl y tha t  th e reade r  wil l  hav e i t 
availabl e whe n need .  On e wa y o f  doin g s o i s 
reformulatin g th e fac t  int o a  complet e episod e (o r 
episodes) .  Thus ,  i f  th e critica l  murde r  scen e 
hinge s e n th e doo r  bein g unlocked ,  th e autho r  wil l 

Thi s i s relate d t o th e successiv e refinemen t 
paradig m i n plannin g o f  Sacerdot i  l6 l 

This reformulation would be arrived at by 
reconstruction :  wha t  sor t  o f  situatio n migh t  a  sh y 
perso n fin d especiall y stressful ? Ho w exactl y a 
particula r  autho r  woul d arriv e a t  thi s particula r 
reformulatio n (o r  an y o f  th e other s give n below )  i s 
partiall y  a  matte r  o f  he r  idiosyncrati c memor y 
organizatio n an d content ,  bu t  th e poin t  behin d al l 
thes e example s i s t o giv e a  flavo r  o f  th e proces s 
of  successiv e reformulatio n i n stor y invention . 

TALE-SPIN' s inventio n o f  bear s an d cave s wa s 
als o weakl y reconstructiv e i n thi s sam e sense . 
"Deducing" where in memory something might be is 
not ,  o f  course ,  a  matte r  o f  forma l  reasonin g fo r 
CYRUS,  bu t  rathe r  a  matte r  o f  successiv e selectio n 
and applicatio n o f  searc h an d instantiatio n 
strategies ,  a s discusse d i n l5l . 

Thes e especiall y significan t  storyfact s ar e 
typicall y invente d b y th e autho r  a s pos t  ho c 
justificatio n fo r  somethin g alread y incorporate d 
int o th e storyworld .  A n exampl e o f  thi s w e hav e 
alread y see n i s th e inventio n o f  th e cancerou s 
mothe r  t o motivat e th e sh y salesman .  Nonetheless , 
the y mus t  preced e wha t  the y wer e invente d t o 
justify ,  bot h i n storyworl d tim e an d i n th e 
narrativ e orde r  o f  presentation . 
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inven t  a  secondar y episod e fo r  th e expres s purpos e 
of  introducin g thi s fact .  (Thi s i s no t  t o say ,  o f 
course ,  tha t  th e episod e canno t  als o b e mad e t o 
accomplis h othe r  purposes. ) 

When something is especially important (such as 
a critica l  characte r  trai t  o f  th e protagonist) ,  th e 
autho r  may van t  t o repea t  it ,  fo r  emphasis .  Whil e 
ther e i s a  stylisti c  rol e fo r  litera l  repetition , 
fa r  mor e interestin g ar e conceptua l  repetitions . 
Such repetition s ca n b e produce d b y successiv e 
reconstructio n i n multipl e contexts .  Fo r  instance , 
i f  i t  i s  essentia l  t o th e mai n par t  o f  th e stor y t o 
realiz e ho w pathologicall y sh y th e protagonis t  is , 
th e autho r  need s t o communicat e befor e tha t  poin t 
tha t  h e i s shy .  Sh e ma y therefor e reformulat e thi s 
storyvorl d fac t  int o tw o o r  mor e episode s -  fo r 
instance ,  th e tim e tha t  h e crosse d th e stree t 
because.. .  an d th e tim e h e flunke d a  cours e becaus e 
he wa s afrai d t o explai n t o th e teache r  tha t  ... . 
Successive reformulation also has the 
interestin g sid e effect ,  whe n viewe d fro m th e 
perspectiv e o f  th e memor y accessin g i t  entails ,  o f 
greatl y enhancin g one' s chance s fo r  dredgin g u p 
usefu l  remindings l 
3.  Memor y an d th e Proces s o f  Stor y Inventio n 

It should by now be apparent why human-like 
memory organizatio n i s neede d i n a  mode l  o f  stor y 
generation .  Lon g ter m memor y is ,  i n fact ,  th e 
singl e mos t  importan t  componen t  o f  th e AUTHOR 
system . 
AUTHOR LTM is reconstructive and reminiscent, 
drawin g heavil y i n it s desig n bot h fro m Schan k [7 ) 
and Kolodne r  [51 .  Th e AUTHOR progra m i s startin g 
wit h a  prebuil t  versio n o f  suc h a  memory ,  supplyin g 
i t  wit h prio r  knowledg e abou t  suc h thing s a s huma n 
goals ,  socia l  roles ,  an d interactions ;  th e prebuil t 
memory i s als o richl y studde d wit h episodi c trace s 
of  (faked )  experience s tha t  woul d hav e give n ris e 
t o suc h knowledge . 
AUTHOR LTM evolves, however, in the process of 
stor y invention .  Thi s follow s fro m a  predictio n 
stemmin g fro m th e underlyin g Schankia n theor y tha t 
memory get s modifie d wher e accesse d wheneve r 
somethin g interestin g results .  Thus ,  a s characters , 
situations ,  relations ,  etc .  ar e invente d an d 
develope d reconstructivel y fro m prio r  memor y 
structures ,  the y ar e remembere d i n appropriat e 
place s i n memory .  Thi s may ,  i n turn ,  lea d t o 
partia l  memor y reorganization . 
There are two important effects of such memory 
modifications : 
). They allow the author, in the process of 

makin g u p a  story ,  t o b e reminde d o f 
prio r  stor y decisions ,  importan t  fo r 
reason s discusse d previously . 

2. They partially account for the 
nonduplicatio n o f  storie s mad e u p b y a n 
author ,  withou t  appealin g t o randomness : 
give n ho w critica l  th e detail s o f  memor y 
ar e t o th e exac t  ''reasoning "  path s a n 
autho r  take s i n stor y invention ,  thi s 
model  predict s tha t  th e sam e perso n 
makin g u p tw o stories ,  eve n i f  startin g 
fro m th e sam e idea ,  wil l  com e u p wit h 
somethin g differen t  th e secon d time . 
Human authors ,  o f  course ,  hav e thei r 
memory stil l  furthe r  altere d betwee n 
stories ,  fro m externa l  experiences . 

A furthe r  predictio n o f  thi s memor y mode l 
concern s wha t  i s comnonl y referre d t o a s 
"inspiration "  an d wha t  i s her e see n a s a n 
especiall y usefu l  reminding .  Suc h a  remindin g 
experienc e i s roost  likel y t o occu r  whe n th e autho r 
has ver y ric h indexin g -  whic h is ,  indeed ,  th e cas e 
onc e th e autho r  ha s "gotte n into "  th e story . 
Yet another thing partially explained by this 
model  i s wha t  make s a  goo d stor y idea .  A  goo d ide a 
i s somethin g tha t  serve s a s a n inde x int o a  ric h 
enoug h par t  o f  LT M t o ge t  th e reconstructiv e 
proces s goin g t o th e poin t  o f  self-sustainin g 
momentum;  thu s on e person' s goo d ide a i s anothe r 
person' s du d becaus e o f  th e idiosyncrati c 
difference s i n memor y organizatio n an d contents . 
Ther e appear s t o b e a  consensu s amon g author s (o r 
at  leas t  amon g thos e wh o writ e abou t  it )  tha t  goo d 
idea s ar e ver y har d t o com e u p wit h deliberately , 
or  eve n t o recal l  onc e though t  of .  The y ar e likely , 
rather ,  t o b e discovere d fortuitousl y (suc h a s i n a 
deep an d sudde n feelin g o f  insight) ,  frequentl y 
when th e autho r  i s engage d i n som e outsid e 
activity ,  an d ar e likel y t o ge t  los t  agai n i f  lef t 
t o thei r  ow n devices .  Give n a  goo d idea ,  though , 
experience d author s ca n si t  dow n an d star t 
deliberatel y inventing . 
Thus, a minor, yet critical aspect of memory for 
stor y invention ,  neede d t o supplemen t  huma n 
reconstructiv e LT M i s "pape r  memory" .  I t  i s  i n mos t 
ways vastl y inferio r  (memor y organizatio n an d 
indexin g bein g ver y crude )  bu t  i t  i s  jus t  wha t  i s 
neede d a s auxiliar y storag e o f  reconstructiv e 
pointer s int o LT M tha t  ar e themselve s ver y har d t o 
remember . 

REFERENCES 

(1) Bartlett, F. C. (1932). Remembering. Cambridge 
Universit y Press ,  London . 

[2l Bower, G. H. ; Black,J.B. and Turner,T.J. 
(1979) .  Script s i n Tex t  Comprehensio n an d 
Memory,  Cognitiv e Psychology ,  11 ,  177-220 . 

(31 Cullingford, Richard (1978). Script 
Application :  Compute r  Understandin g o f 
Newspaper  Stories .  Ph .  D .  Thesis .  Researc h 
Repor t  #116 .  Departmen t  o f  Compute r  Science . 
Yal e University ,  Ne w Haven ,  CT . 

[It] Meehan, James R. (1976). The Metanovel: Writing 
Storie s B y Computer .  Ph .  D .  Thesis .  Researc h 
Repor t  #74 .  Departmen t  o f  Compute r  Science . 
Yal e University ,  Ne w Haven ,  CT . 

151 Kolodner, Janet L. (1980). Retrieval and 
Organizationa l  Strategie s i n Conceptua l 
Memory;  A  Compute r  Model .  Ph .  D .  Thesis . 
Researc h Repor t  No .  186 .  Departmen t  o f 
Compute r  Science .  Yal e University ,  Ne w Haven , 
CT. 

(61 Sacerdoti, Earl D. (1975). A Structure for 
Plan s an d Behavior .  Ph .  D .  Thesis .  SRI  A I 
Cente r  Technica l  Not e 109 .  Menl o Park ,  CA . 

I7l Schank, Roger C. (in press). Dynamic Memory: A 
Theor y o f  Learnin g I n Computer s an d People . 

215 



RECOGNIZING THEMATI C UNIT S 
I N narrat ives ' 

Bria n J .  Reiser .  W e n d y G .  Lehnerl . 
an d Joh n B .  Blac k 

Yal e Universit y 

Abstrac l 
Lehner l  (1980 )  propose d a  mode l  themali c knowledg e structure s calle d 
'plo t  units' ,  whic h ar e structurall y deflne d sequence s o f  menta l  states , 
positiv e events ,  an d negativ e event s I n a  clusterin g experiment . 
subject s wer e aske d t o so n 3 6 storie s int o groups .  Thes e group s wer e 
labele d b y th e subjects ,  an d tha t  dat a use d t o identif y th e natur e o f  eac h 
menta l  category .  Plo t  unit s generall y provide d a  goo d fit  t o th e 
clusterin g pattern s i n th e data ,  wit h highe r  leve l  cluster s correspondin g 
t o discrimination s o n th e natur e o f  th e outcom e an d judgment s abou t 
th e 'fairness "  o f  th e protagonist . M u ch researc h i n natura l  languag e processin g ha s utilize d a n 

event-base d U.c l  o f  description .  Schan k an d Abelson' s (1977 )  mode l  o f 
scripts ,  plans ,  an d goal s i s on e suc h model ,  whic h ha s bee n bot h embodie d 
i n Artificia l  Intelligenc e program s (se e Schan k an d Riesbeck ,  198 1 fo r  a 
review )  an d teste d i n psychologica l  experiment s (Bower .  Blac k & .  Turner , 
1979 ;  Gibb s A  Tenney ,  1980 .  Graesser ,  Gordo n &  Sawyer .  1979 ;  Graesser , 
Woll .  Kowalsk i  A  Smith .  1980) .  Recently ,  th e nee d fo r  a  themati c leve l  o f 
representatio n ha s bee n suggeste d (Dyer .  1981 ;  Lehnerl .  1980 ;  Schank ,  i n 
press) .  I n Lehnert' s  (1980 )  system ,  a  stor y ca n b e represente d a s a  grap h o f 
overlappin g "plo t  units' .  A  plo t  uni t  i s structurall y defined ,  representin g a 
uniqu e patter n o f  goa l  interactio n an d goa l  resolutio n o f  on e o r  mor e 
character s Plo l  unit s ar e compose d o f  thre e type s o f  causall y linke d 'affec t 
slates' ,  representin g menia l  stale s (slate s o f  desire) ,  posiiiv e eveni s (event s 
tha i  resul t  i n positiv e affects )  an d negaliv e eveni s (event s tha t  resul t  i n 
negativ e affects) .  Sinc e plo t  unit s ar e define d a s pattern s o f  affec t  states , 
the y ar e abstracte d fro m specifi c  conten t  situations .  Fo r  example ,  th e 
"competition "  plo t  uni t  i s  define d a s paralle l  menia l  slate s betwee n tw o 
character s (representin g mutuall y exclusiv e goals )  wher e th e goa l  o f  on e 
characte r  i s  realize d a s a  positiv e event ,  an d othe r  goa l  i s  realize d a s a 
negativ e even t  Thus ,  on e characte r  winnin g a n argumen t  wit h anothe r 
abou t  whic h T V progra m t o watch ,  an d someon e gettin g a  jo b fo r  whic h 
anothe r  characte r  ha d applied ,  ar e bot h example s o f  th e competitio n plo t 
unit . 
To establish initial evidence for the use of a thematic representations in 
processin g narratives ,  an d fo r  th e plo t  uni t  syste m i n particular ,  w e 
employe d a  clusterin g tas k t o Investigat e subjects '  perception s o f  similarit y 
betwee n plot s o f  differen t  stories .  Clusterin g task s hav e previousl y bee n 

' R a y G i b b b s ,  S c o t t  R o b e r t s o n .  L a r r y H u n t e r ,  a n d J o h n 
L e d d o p r o v i d e d v a l u a b l e c o m m e n t s o n a n earlie r  draf t  o f 
thi s p a p e r .  T h i s researc h w a s s u p p o r t e d b y a  g ran t  f r o m 
th e S l o a n F o u n d a t i o n . 

use d b y cognitiv e psychologist s t o stud y Ih e organizatio n o f  th e menta l 
lexico n (Miller .  1972) .  an d t o examin e Ih e hierarchica l  structur e o f  storie s 
(Pollard-Goll ,  McClosky ,  an d Todres ,  1979) .  I n thi s experiment ,  subject s 
rea d a  grou p o f  stone s an d wer e aske d t o sor t  the m int o group s o f  storie s 
wit h "simila r  plots' .  Storie s o f  varyin g conten t  wer e constructe d usin g th e 
same plo l  unit s Ther e ar e man y dimension s whic h subject s coul d 
conceivabl y us e t o judg e themati c similarity :  typ e o f  plan ,  emotion s o f  th e 
characters ,  contextua l  settings ,  personalit y o f  th e mai n character , 
desirabilit y  o f  th e stor y situation ,  etc .  W e expected ,  however ,  tha t  Ih e plo l 
uni t  analysi s woul d predic t  judgment s o f  themali c similarity ,  an d therefor e 
tha t  storie s buil t  o f  th e sam e plo l  unit s woul d b e groupe d togethe r  b y th e 
subjects . 

Method. 

Thirty six two or three sentence stories were constructed from six sets of 
plo l  units .  Storie s constructe d o f  Ih e sam e plo l  unit s concerne d differen t 
type s o f  problems ,  goals ,  an d evenis . 

The plot units used in these stories are: 

I. Stories 1-6: Competition, Denial, Retaliation, Fleeting Success. X 
and Y  hav e confiictin g goals ,  an d X' s ar e satisfied .  Y  ask s X  l o agre e 
and satisf y hi s goals ,  bu t  th e reques t  i s turne d down .  Y  retaliate s b y 
doin g somethin g whic h terminate s X' s origina l  success . 
2.  Storie s 7-12 :  Competition ,  Denial ,  Chang e o f  Mind .  Success .  X  an d 
Y hav e confiictin g goals ,  an d X' s ar c satisfied .  Y  ask s X  t o agre e an d 
satisf y hi s goals ,  bu t  Ih e reques t  i s  turne d down .  Y  finds  anothe r  wa y t o 
successfull y satisf y hi s goals . 
3.  Storie s 13-18 :  Reques t  Honore d wit h Neste d Promis e an d Renege d 
Promise .  X  make s a  reques t  an d ha s l o promis e somethin g l o Y  i n 
retur n fo r  Y' s grantin g th e reques t  However ,  X  neve r  perform s hi s 
par t  o f  Ih e bargai n 
4.  Storie s 19-24 :  Threat ,  Proble m Resolution .  X  threaten s Y ,  w h o 
finds  a  wa y l o overcom e th e threat . 
5.  Storie s 25-30 :  Failure ,  Share d Negativ e Event .  X  fail s i n achievin g 
some goal ,  an d V  share s i n X' s failure . 
5.  Storie s 31-36 :  Regrettabl e Mistake ,  Proble m Resolution .  X  doe s 
somethin g (accidentally )  whic h i s a  negaliv e even t  fo r  bot h Y  an d 
X.  Thi s motivate s X  t o d o somethin g whic h i s positiv e fo r  Y . 
Thirt y si x Yal e undergraduate s wer e eac h give n thes e storie s i n on e o f 

fou r  rando m orders .  Th e subject s wer e tol d t o rea d al l  Ih e storie s once ,  an d 
the n sor t  the m int o groups ,  placin g storie s wit h "simila r  plots "  int o Ih e sam e 
group .  The y wer e tol d t o construc t  roughl y betwee n tw o an d twelv e groups , 
althoug h the y wer e t o conside r  tha t  a s onl y a  guideline .  Afte r  th e subject . 
wer e finished  classifyin g th e storie s int o groups ,  Ihc y wer e aske d l o labe l 
eac h grou p wit h a  phras e tha t  describe d th e storie s i n tha t  group . 
Results. 
Johnson's (1967) hierarchical clustering analysis provides a method of 
assessin g th e prototypica l  o r  averag e sortin g o f  th e stories ,  whic h ma y b e 
use d t o determin e whethe r  Ih e plo l  uni t  graph s ar c successfu l  i n predictin g 
whic h storie s wil l  ten d t o b e sorte d together .  Th e analysi s produce s a  tre e 
structure ,  showin g th e progressiv e mergin g o f  item s empiricall y les s an d les s 
simila r  (i.e. .  sorte d int o th e sam e grou p les s frequently )  int o large r  an d 
large r  clusters . 
The "diameter" or 'minimum" clustering algorithm (Johnson. 1967) was 
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Figur e 1 .  H i e r a r c h i c a l  c l u s t e r i n g d i a g r a m fo r  th e 3 6 
stor ie s sor te d b y s u b j e c t s .  T h e n u m b e r s o n th e 
hor izonta l  ax i s rep resen t  s i m i l a r i t y s c o r e s .  I f  a 
cluste r  appea r s w i t h scor e n ,  i t  mean s tha t  eac h an d 
ever y pai r  o f  i t s  s to r ie s we r e sor te d toge the r  b y a t 
leas t  n  s u b j e c t s .  C l u s t e r s a r e labe le d w i t h th e mos t 
frequen t  tag s g i ve n b y th e s u b j e c t s tha t  w e r e co rmo n 
t o al l  th e s to r i e s i n th e c l u s t e r . 

The tlorie s o f  group s 2  an d 4  ar c mor e simila r  l o eac h othe r  (ba n l o (h e 
storie s o f  grou p 6 ,  althoug h al l  thre e component s ar c weakl y clustere d 
togethe r  Group s 2  an d 4  appea r  l o b e linke d sinc e th e storie s group s 
contai n positiv e an d reasonabl e goa l  resolution s (findin g a n alternativ e 
solution ,  overcomin g a  threat) .  Grou p 6  als o contain s a  reasonabl e goa l 
resolution ,  althoug h i t  differ s i n tha t  (h e protagonis t  w h o resolve s th e 
proble m si(ua(io n ha d inadver(en(l y crea(e d i (  (fo r  himsel f  an d ano(he r 
charac(er ) 

Discussion. 

The six clus(ers of s(ories found in(heda(a correspond very well with (he 
si x group s o f  s(orie $ a s prcdic(e d b y th e plo t  uni (  represen(a(ions .  Further , 
some o f  th e subjects '  label s accuratel y captur e th e gis t  o f  a  plo t  uni t  (eg. , 
"broke n promise" ,  "correcte d mistake") ,  a t  th e sam e leve l  o f  abstraction . 

The weaker (major) clusters found in the data indicate (ha( subjec(s are 
als o sensi(iv e ( o o(he r  mor e abs(rac (  leve l  o f  represen(a(io n Th e (hre e 
majo r  clus(er s ma y b e describe d b y th e typ e o f  outcome ,  an d som e judgmen t 
of  th e "justifiability "  o f  (h e pro(agonis(' s actions .  Thus ,  i n th e majo r  cluste r 
compose d o f  group s I  an d i .  ther e i s a  maliciou s (an d probabl y judge d t o b e 
unjustified )  acdo n o n (h e par (  o f  (h e pro(agonis t  t o achiev e hi s goal .  I n 
contrast ,  i n th e majo r  cluste r  compose d o f  group s 2 ,  4 ,  an d 6 ,  th e 
protagonis t  adopt s a  justifie d plan .  I n group s 2  an d 4 ,  th e protagonis (  fmd s 
a ra(iona l  solutio n ( o a  problem ,  whil e i n grou p 6 ,  th e protagonis t  adopt s a 
positiv e pla n t o rectif y a  proble m si(ua(io n h e ha s acciden(all y created .  I n 
bot h o f  (hes e majo r  clusters ,  th e pro(agonis(' s goa l  i s  achieved .  I n (h e 
cluste r  o f  th e grou p 5  stories ,  th e pro(agonis(' s goa l  resul( s i n failure . 
Subjects '  label s als o provid e suppor t  fo r  a  classificatio n b y genera l  typ e o f 
outcom e ("failure" ,  "everythin g work s out" )  an d judgment s o f  fairnes s an d 
motiv e ("maladaptiv e responses" ,  "radona l  behavior" ,  "maliciou s 
behavior") .  Thus ,  i n sum ,  (h e (hre e majo r  clus(er s o f  $(orie s correspon d t o 
(I )  th e protagonist' s  maliciou s achievemen t  o f  a  goal .  (2 )  justifie d 
achievemen t  o f  a  goal ,  an d (.1 )  failur e l o achiev e a  goal . 
In general, i( seems thai subjccis were more sensirive lo the types of 
action s an d type s o f  oulcome s tha n (he y wer e ( o (h e type s o f  initia l  proble m 
si(ua(ions .  Thus ,  descripdon s o f  action s an d ou(come s wer e use d ( o labe l 
(h e groups ,  (e.g. ,  "maladapdv e responses" ,  "renege d promise" , 
"disappointment" ,  'failure' ,  "(hing s wor k out" ,  "correcte d mistake" ,  an d 
"appeasemcnl") ,  bu (  th e motiva(io n o f  (h e proble m si(ua(io n (eg ,  (h e 
compe(i(ion ,  threat ,  o r  denie d request )  no t  mentione d i n labelin g th e stories . 
Further ,  th e storie s o f  group s I  an d 2 ,  whic h ha d th e sam e proble m situatio n 
(competition ,  denial )  bu t  differen t  solution s (retaliation ,  alternat e plans ) 
wer e no (  clus(ere d (oge(her ,  whil e simila r  soludon s t o differen (  problem s 
wer e connec(e d i n th e thre e majo r  clusters . 

The experiment presented here indicates that there is a thematic analysis 
takin g plac e durin g s(or y unders(anding ,  a (  leas (  i n thi s somewha t  artificia l 
tas k I t  seem s likel y tha t  th e knowledg e structure s exhibite d i n thi s tas k 
woul d b e use d i n a  mor e typica l  understandin g situation .  I n particular . 
Lehner( .  Black ,  an d Reise r  (1981 )  hav e show n (ha t  plo t  uni (  represen(a(ion s 
provid e a  generall y goo d predic(io n o f  subjec(s '  summarie s o f  narradvcs . 

bu(  leave s unspecifie d (h e natur e o f  (h e proble m si(ua(io n ( a threat) .  Th e 
abberan t  stor y fro m thi s grou p (*21 )  ma y hav e bee n sorte d wit h (h e grou p 6 
storie s becaus e th e proble m soludo n i s o f  a  mor e coopera(iv e na(ure . 
makin g i (  mor e lik e correctin g a  mis(ak c tha n reacdn g ( o a  (hrea ( 

The next componen( of (he cluster was formed of (he six s(ories of group 
2.  whic h wer e labele d wi( h 'al(erna( e plans "  an d ei(he r  "(hing s wor k out '  o r 
"radona l  proble m solu(ion '  Thes e label s 8ccura(el y cap(ur e bo( h (h e 
"chang e o f  mind *  plo t  uni( ,  an d (h e fina l  "success "  uni( ,  withou (  specifyin g 
(h e na(ur e o f  (h e problem . 
The third component of (he cluster is formed of the six stories of group 
6,  whic h wer e labele d wit h 'appeasement '  an d 'correc(e H a  mis(ake" . 
"Appeasemen( "  indica(e s a  simpl e repayment ,  whil e 'correcte d a  mistake " 
more accuratel y reflect s th e regre((abl e mis(ak e an d proble m resolutio n plo ( 
uni(s . 
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Usin g Qua l i ta t i v e S imu la t io n t o fienerate 
Exp lana t ion s 

Kenneth Forbus, Albert Stevens 

1 Int roduct io n 

An importan t  goa l  o f  a  compute r  aide d 
instructio n syste m i s t o p rov id e s tudent s wi t h 
understandabl e exp lana t i ons .  Genera t in g 
explanat ion s requi re s tha t  th e ins t ruct iona l 
syste m mus t  itsel f  hav e som e unders tandin g o f  th e 
topic ,  prefereabl y c los e t o th e kin d th e s tuden t 
shoul d have .  Ther e i s a  growin g amoun t  o f 
evidenc e tha t  huma n unders tand in g o f  phys ica l 
system s i s base d o n qua l i ta t i v e mode l s o f  thos e 
systems .  Th i s ev idenc e come s fro m psycho log ica l 
studie s [Larkin ,  McDermo t t ,  S imo n &  S imon , 
1980 ,  S tevens ,  Co l l i n s &  G o l d i n ,  1979 ]  an d i s 
suppporte d b y successe s i n ar t i f i c ia l  in te l l igenc e 
i n actuall y const ruct in g sys tem s tha t  reaso n abou t 
physica l  s i tuat ion s us in g qua l i ta t i v e mode l s 

[deKleer ,  1979a ,  Fo rbus ,  1 9 8 0 ] . 

Th e sequenc e o f  event s i n suc h a  s imu la t io n 
depend s o n ho w th e componen t s o f  th e dev ic e ar e 
connecte d together ;  change s i n on e quan t i t y ca n 
af fec t  on l y thos e othe r  quan t i t i e s relate d t o i t 
throug h som e sor t  o f  connec t ion .  T h i s mean s tha t 
comple x dev ice s ca n b e model le d b y speci fy in g ho w 
a se t  o f  componen t  mode l s ar e connecte d together . 
Once cer ta i n assumpt ion s abou t  th e opera t io n o f 
th e dev ic e ar e m a d e ,  th e e f fec t s o f  a  chang e o n 
on e par t  ca n b e foun d b y loca l  p ropaga t io n throug h 
th e componen t  mode l s o f  th e dev i ce .  Th i s i s th e 
essenc e o f  th e Incrementa l  Qua l i ta t i v e (IQ ) 
ana lys i s formal ize d b y deKlee r  fo r  e lec t ron i c 
c i r cu i t s . 
The component models we have used so far are 
ver y s imple .  Space s i n a  dev ic e ar e model le d b y 
chambe rs ,  wi t h por t s an d p ipe s t ransmi t t in g 
p ressur e change s throug h them .  Va lve s ar e 
model le d i n term s o f  change s i n thei r  open ings ; 
when th e valv e openin g increases ,  th e pressur e i n 
th e inpu t  sid e decrease s an d th e pressur e i n th e Conside r  th e fo l lowin g exp lanat io n o f  a n ai r 

operate d pi lo t  va lve . 

As the controlled pressure (discharge 
pressur e fro m th e d iaphrag m contro l  va lve ) 
increases ,  increase d pressur e woul d b e 
applie d t o th e d iaphrag m o f  th e d i rec t 
actin g contro l  p i l o t .  Th e valv e ste m 
woul d b e pushe d dow n an d th e valv e i n th e 
contro l  p i lo t  woul d b e opened ,  thu s 
sendin g a n increase d amoun t  o f  operat in g 
ai r  pressur e fro m th e cont ro l  p i lo t  t o th e 
to p o f  th e d iaphrag m cont ro l  va lve .  Th e 
increase d operat in g ai r  pressur e act in g o n 
th e diaphrag m o f  th e va lv e woul d pus h th e 
ste m dow n an d -  s inc e thi s i s a n upwar d 
seatin g valv e -  thi s act io n woul d ope n th e 
diaphrag m cont ro l  va lv e st i l l  w ide r . 

[Burea u o f  Nava l  Pe rsonne l ,  1 9 7 0 ) ,  p .383 . 
This explanation Is comprised of a set of 
events ,  eac h descr ib in g a  qua l i ta t iv e chang e i n 
some par t  o f  th e dev ice .  Th e exp lanat io n i s 
linearize d an d descr ibe s ho w phys ica l  ef fec t  i s 
passe d fro m on e componen t  t o another .  I t  ignore s 
th e tru e tempora l  changes ;  thos e thing s tha t  ar e 
happenin g ar e happenin g cont inuous l y an d 
simultaneously . 
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Explanat ion s lik e th e on e abov e ar e a n 
importan t  componen t  i n teachin g someon e ho w a 
comple x devic e works .  Th i s pape r  descr ibe s a 
compute r  syste m base d o n deKleer ' s incrementa l 
qual i tat iv e analys i s technique s (deKleer ,  1 9 7 9 b ) , 
tha t  automatical l y genera te s suc h exp lanat ions . 

F IGURE 1  SUCCESSIVE FRAMES O F TH E EXPLANATIO N 
GENERATED FO R A  SPRING-LOADED REDUCING 
VALVE. 

2 A n exampl e explanat io n 

Figur e 1  present s a n explanat io n generate d b y 
ou r  system .  Eac h pane l  o f  th e explanat io n i s 
draw n fro m th e actua l  compute r  d ispla y tha t  a 
studen t  sees .  Success iv e panel s denot e successiv e 
state s o f  th e d isp lay .  Th e devic e descr ibe d i s a 
spring-loade d reducin g va lve ,  a  commo n typ e o f 
contro l  devic e whic h serve s t o suppl y stea m a t  a 
constan t  reduce d pressur e t o a  se t  o f  varyin g 
loads . 
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3 Incrementa l  Qua l i ta t i v e S imula t io n 

The basi c ide a fo r  a  qual i ta t iv e s imulat io n 
comes fro m th e observat io n tha t  whe n tryin g t o 
understan d o r  explai n a  devic e (a s a b o v e ) ,  peopl e 
ofte n us e a  descr ip t io n o f  ho w part s o f  i t  chang e 
when som e inf luenc e i s appl ie d t o th e system .  Th e 
change s i n physica l  quant i t ie s suc h a s pressur e o r 
th e posit io n o f  a  valv e ar e typical l y descr ibe d b y 
usin g th e sig n o f  th e der ivat iv e o f  th e change . 
Thus ,  fo r  a  p ressure ,  th e change s ar e "up" ,  "down " 
oc "constant" . 
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TABLE 1 

1 i 
/ 1 , . 
5*  . 

THE COMPONENT MODELS CURRENTLY 
IMPLEMENTED. 

The convention s are : 
(1 )  <a > == > <b > mean s 

"When <a > i s known ,  se t  <b > t o it" . 
(2 )  <a > = = <b > i s equivalen t  t o 

<a> == > <b > an d <b > == > <a> . 
(3 )  Opposite(value )  mean s 

"I f  value= D the n U ,  els e 
i f  value= U the n D ,  els e value " 

.' '  ' 
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outpu t  sid e increases ,  an d whe n i t  shuts ,  th e 
opposit e happens .  A  translato r  model s collection s 
of  component s tha t  tur n th e chanq e i n on e typ e o f 
quantit y int o anothe r  (suc h a s th e 
diagphram/spring/valv e ste m combinatio n tha t 
cause s a  chang e i n pressur e t o chang e th e positio n 
of  a  valve) .  Tabl e 1  list s th e componen t  model s 
we hav e implemente d an d thei r  rules . 
The descriptions are expressed in the 
constrain t  languag e CONLAN,  whic h i s describe d i n 

[Forbus ,  1981) .  A  qualitativ e simulatio n o f  a 
devic e i s obtaine d b y simpl y specifyin g a  valu e 
fro m th e I Q algebr a fo r  a  selecte d par t  o f  th e 
devic e (suc h a s th e outpu t  por t  fo r  th e sprin g 
reduce r  valve )  an d runnin g th e constrain t 
interprete r  o n it .  I n thi s syste m th e paramete r 
i s interprete d a s th e controlle d paramete r  o f  th e 
device .  Th e interprete r  deduce s value s fo r  a s 
many o f  th e componen t  quantitie s a s i t  ca n b y 
runnin g th e rule s associate d wit h th e componen t 
models .  I t  record s th e result s o f  thi s 
qualitativ e simulatio n a s a  grap h o f  th e 
quantities ,  connecte d b y th e rule s use d t o deduc e 
them .  Thi s descriptio n o f  th e histor y o f  th e 
simulatio n i s use d a s th e basi s fo r  generatin g a n 
explanation . 
The particular tutorial goal of this system is 
t o explai n feedbac k systems .  Ou r  syste m i s 
capabl e o f  recognizin g an d explainin g instance s o f 
negativ e feedback ,  positiv e feedback ,  stable , 
unstabl e an d open-loo p systems .  Recognitio n o f 
th e stabilit y  an d typ e o f  feedbac k depend s o n tw o 
type s o f  event s tha t  ca n occu r  withi n th e 
constrain t  interpreter :  clashe s an d coincidences . 
A clas h occur s i f  som e rul e trie s t o se t  a 
quantit y t o a  valu e differen t  tha n a  valu e 
obtaine d b y anothe r  means .  A  coincidence  occur s 
i f  a  rul e trie s t o se t  a  quantit y t o th e sam e 
valu e obtaine d b y anothe r  means . 
Negative feedback is indicated by the 
constrain t  interprete r  detectin g a  clas h involvin g 
th e controlle d variable ,  an d positiv e feedbac k b y 
detectin g a  coincidenc e involvin g th e controlle d 
variable .  Th e devic e i s considere d stabl e i f 
makin g th e controlle d paramete r  constan t  result s 
i n a  coincidence ,  an d unstabl e i f  th e resul t  i s  a 
clash .  I f  ther e ar e n o clashe s o r  coincidence s 
th e devic e i s considere d ope n loop .  Obviousl y 
thes e judgement s ar e no t  th e mos t  precis e 
possible ,  bu t  ar e i n lin e wit h th e fidelit y o f  th e 
underlyin g simulation . 

One Por t  Chamber 

Port pressure == Chamber pressure 

Two Port Chamber 

Portl pressure == Port2 pressure 
Port l  pressur e = = Chamber  pressur e 

Three Port Chamber 

Portl pressure == Port2 pressure 
Port 2 pressur e = = Port 3 pressur e 
Port l  pressur e = = Chambe r  pressur e 

Pipe 

Endl pressure == End2 pressure 

Continuous Valve 

If valve open then opening ==> 
inpu t  pressur e dow n 
and outpu t  pressur e u p 

closin g == > 
inpu t  pressur e u p 
and outpu t  pressur e dow n 

els e openin g == > valv e ope n 
(This assumes a non-zero flow) 
Translator 

If invert?=NO then input == output 
els e Opposite(input )  = = outpu t 

4 Generating Explanations 

Whil e th e even t  structur e o f  th e qualitativ e 
simulatio n i s simila r  t o wha t  appear s t o b e 
naturall y use d b y people ,  it s  interna l  for m i s no t 
eas y t o understand .  B y translatin g i t  int o 
Englis h an d usin g graphica l  cue s i t  ca n b e turne d 
int o a  coheren t  explanation .  Thi s i s accomplishe d 
by a  simpl e gramma r  an d templat e schem e whic h 
transform s th e computatio n path s i n th e contrain t 
networ k int o a n interleave d Englis h an d graphica l 
presentation . 
Results of analyzing the simulation are 
handle d i n th e sam e fashion .  A  store d templat e 
provide s a n Englis h explanatio n o f  th e results , 
fille d i n wit h th e phrase s tha t  describ e th e 
particula r  event s i n th e devic e unde r 
consideratio n tha t  le d t o th e conclusions . 
5 Conclusion s 

We hav e demonstrate d tha t  i t  i s  possibl e t o 
generat e coheren t  understandabl e explanation s o f 
th e operatio n o f  physica l  device s fro m a 
qualitativ e simulatio n o f  th e devic e operation . 
The qualitativ e simulatio n an d it s subsequen t 
analysi s ar e ver y general .  Ne w device s ca n easil y 
be adde d b y specifyin g thei r  componen t 
connectivit y an d th e tex t  an d graphic s function s 
fo r  eac h part . 
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The raost  importan t  poin t  i s  tha t  thes e 
technique s mak e possibl e learnin g environment s i n 
whic h student s ca n experimen t  wit h comple x device s 
and se e explanation s o f  th e effect s o f  variou s 
changes .  Thi s include s change s tha t  coul d no t  b e 
made easil y wit h a n actua l  device .  On e coul d eve n 
imagin e constructin g a  "desig n laboratory "  tha t 
enable d student s t o desig n an d experimen t  wit h a 
devic e b y puttin g togethe r  components .  Thi s kin d 
of  learnin g environmen t  coul d enabl e student s t o 
quickl y understan d comple x physica l  system s i n 
ways currentl y possibl e onl y afte r  laboriou s 
study . 
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INCENTIV E A^^ )  COGNITIV E PROCESSING 

Michae l  W,  Eysenc k 
B l m b e c k College ,  Londo n 

It has been found that performance 

on a  larg e variet y o f  task s i s enhance d 

when incentive s (monetar y o r  otherwise ) 

ar e offere d fo r  hig h performanc e 

efficiency .  Severa l  possibl e 

theoretica l  explanation s hav e bee n 

propose d t o accoun t  fo r  thi s effect . 

Edwi n Lock e ha s argue d tha t  incentive s 

improv e performanc e t o th e exten t  tha t 

the y affec t  th e individual' s  goal -

setting ;  i n contrast ,  Easterbroo k 
claime d tha t  incentive s produce d 

increase d attentiona l  selectivit y wit h 

enhance d performanc e o n th e primar y tas k 

bein g accompanie d b y reduce d performanc e 

on a  conciirren t  secondar y o r  subsidiar y 

task . 

An influential theoretical position 

derivin g fro m tha t  o f  Easterbroo k wa s 

pu t  forwar d 1 0 year s a.g o b y Donal d 

Broadbent .  H e pointe d ou t  tha t  incentiv e 

ofte n interact s wit h know n arouser s ('e.g. , 

whit e noise )  i n suc h a  wa y a s t o sugges t 

tha t  incentiv e i s itsel f  a n arouser . 
The implicatio n i s tha t  variou s arousers , 

includin g incentive ,  ar e affectin g th e 

same arousa l  mechanis m i n ver y muc h th e 
same way .  I n thi s connection ,  ther e i s 

some evidenc e inclicatin g tha t 

incentivize d subject s ar c mor e 
p'r.ysiolo.pcall y aro^.se d tha n contro l 

subjects . 

One of the major limitations of the 
researc h i n thi s are a ha s bee n th e 
failur e t o asses s th e effect s o f 

incentiv e o n performanc e efficienc y i n a 
satisfactor y manner .  I f  incentiv e 
improve s performanc e o n a  cognitiv e task , 

i t  doe s no t  necessaril y  follo w tha t 
incentiv e ha s enhance d th e efficienc y 

wit h whic h al l  o f  th e componen t 
processe s involve d i n th e performanc e o f 

tha t  tas k hav e bee n carrie d out . 

Indeed ,  i t  i s  eve n possibl e fo r  a n 
overal l  beneficia l  effec t  o f  incentiv e o n 

th e performanc e o f  a  cognitiv e t o mas k a n 
advers e effec t  o f  incentiv e o n on e o r 

more o f  th e componen t  processes . 

The cognitive task used in our 

ongoin g researc h progra m wa s selecte d i n 

par t  becaus e i t  permit s identificatio n an d 

measuremen t  o f  it s  salien t  componen t 

processes .  I t  v;a s als o selecte d 

becaus e th e effect s o f  on e arouse r  (v;hit e 

noise )  o n it s performanc e hav e alread y 

bee n establishe d b y Hamilto n an d Hockey , 

thu s permittin g som e evaluatio n o f 

Broadbent' s arousal-base d interpretatio n 

of  incentiv e effects .  Th e tas k involve s 

lette r  transformation ;  mor e 

specifically ,  th e subjec t  i s  give n one , 

two ,  three ,  o r  fou r  letters ,  an d i s aske d 

t o ad d eithe r  2  o r  4  letter s t o eac h o f 

th e origina l  letters .  Thu s a n exampl e 

of  a  simpl e proble m i s ' C +  2' ,  fo r  whic h 

th e correc t  answe r  i s 'E ' ,  an d a n exampl e 

of  a  relativel y difficul t  proble m i s 
'JEPG' ,  fo r  whic h th e correc t  ansvfe r  i s 
'NITK' .  Fo r  eac h problem ,  th e subjec t 

must  wor k ou t  th e entir e answe r  befor e 
responding , 

V.Tiat are the component processes 
involve d i n thi s letter-transformatio n 

task ? \/he n a  lette r  i s  presented ,  th e 
firs t  proces s involve s accessin g long -

ter m memory ,  locatin g th e alphabet ,  an d 
the n findin g th e appropriat e startin g 

poin t  withi n th e alphabet .  Th e secon d 
stag e o f  processin g involve s th e carryin g 
ou t  o f  th e transformatio n itself ,  an d th e 

thir d stag e o f  processin g involve s th e 

storag e an d organizatio n o f  th e part -
answer .  I n th e cas e o f  a  four-lette r 

problem ,  thes e thre e processin g stage s 
ar e repeate d fo r  eac h lette r  i n turn . 

Thus ,  a t  leas t  conceptually ,  w e ca n 

sub-divid e th e tota l  tim e take n t o solv e 

a four-lette r  proble m int o 1 2 

componen t  stages . 

A fxH-ther advantage of this 
cognitiv e tas k i s wort h mentionin g a t 

thi s point .  Whil e i t  i s  ofte n 

extremel y difficul t  (o r  eve n impossible ) 
t o decid e whethe r  differen t  task -
processin g activitie s occu r  seriall y  o r 

i n parallel ,  i t  i s  virtuall y certai n tha t 
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th e componen t  processe s involve d i n th e 

letter-transformatio n tas k ar e carrie d 

out  seriatim .  I t  i s  har d t o se e ho w 

th e transformatio n stag e coul d begi n 

befor e th e alphabe t  ha s bee n locate d i n 

long-ter m memory ,  an d i t  i s  equall y 

difficul t  t o believ e tha t  th e answe r  t o 

a lette r  coul d b e store d whil e i t  i s 

stil l  bein g transformed . 

In the initial study in the current 

series ,  subject s r,rA_ix, t  ̂ ,  minute s solvin-̂ ' 

eac h o f  3  differen t  version s o f  th e tas k 

(l ,  2 ,  3 » o r  4  letters ,  addin g 2  o r  4 ) . 
Incentiv e wa s a  between-subjects '  factor , 

v/it h incentivize d subject s bein g offere d 
£5 (approximatel y 1 2 dollars )  fo r 
obtainin g a n overal l  leve l  o f  performanc e 

among th e to p 2'̂"/ ^  o f  particiisatin g 
subjects ,  Non-incentivize d subject s 

wer e offere d n o extr a monetar y paymen t 
ove r  an d abov e thei r  norma l  paymen t  fo r 
experimenta l  participation . 

The results of this initial 

experimen t  wer e reasonabl y unequivocal , 
Thp incentivize d subject s outperforme d 
th e non-incentivize d subject s i n eac h o f 
th e 8  tas k conditions ,  takin g betwee n 
Q̂f/ o an d 40^ ^  les s tim e t o solv e eac h 

proble m (th e erro r  rat e wa s les s tha n 5/ ' 
i n al l  conditions'^ .  Th e onl y significan t 
interactio n wa s betwee n incentiv e 
condition s an d th e numbe r  o f  letter s i n 
eac h problem ;  thi s interactio n involve d 
a systemati c increas e i n th e beneficia l 
effec t  o f  incentiv e a s th e numbe r  o f 
lette-r s requirin g processin g increased . 

What do these results mean? In 
orde r  t o interpre t  th e interactio n 
betwee n incentiv e condition s an d numbe r 
of  letter s pe r  problem ,  w e obviousl y nee d 
t o hav e som e understandin g o f  th e effect s 
on th e processin g syste m o f  varyin g th e 
number  o f  letters .  "erhap s th e r:ajo r 
effGc t  o f  i::creg.sin,̂ -  th e iiumbe r  o f 
letter s i n tn e tas k i' 3 t o imrr-iHr,; :  th e 

uenand s o n com e short-t'lTT i  r-tor-;,,: ^ 
nyste m v.'liicr -  i s  involve d i n th e storag e 

and organizatio n o f  th e accmnulatin g 
part-answer .  I f  so ,  the n i t  ma y 
tentativel y b e conclude d tha t  monetar y 

incentiv e increase s th e efficienc y o f 
a short-ter m storag e system . 

Of  course ,  thi s canno t  b e th e whol e 

answer .  Presumabl y one-lette r  problem s 

make minima l  demand s o n short-ter m 

storage ,  an d ye t  incentiv e increase d 
performanc e spee d considerabl y o n suc h 

problems .  Th e implicatio n i s tha t 
incentiv e als o affect s tim e t o acces s 

long-ter m memor y o r  transformatio n spee d 
(o r  both) . 

The second experinent in the series 

was ciesij3ne d t o clarif y th e precis e 

effect s o f  incentiv e o n th e letter -
transformatio n task .  Onl y four-lette r 

rrcllem s w^r e use i  (addin j  2  o r  ^ ) ,  an d 
th e presentatio n v/a s o n a  letter-ty-lette : 

basis .  Th e followin g sequenc e o f  event s 

occ-jrre d o n eac h trial :  th e subjec t 
presse d a  ke y i n orde r  t o presen t  th e 
firs t  letter ;  h e o r  z]' e '-.L.e. n dî ^ .  th e 
tranirformalio' i  aloud ;  trier. ,  th e subjec t 

nr̂ -:-,se d a  >,.n v i  i  orde r  t o pres'̂ u t  th e 
coccr; '  letter ;  -n d s o on .  jJac h nubjec t 
3;j£n t  4 0 .r.i.:û '3 s jcirr- -  th e tas k (2 0 
niif.jit' G o n e-i.C'- !  v^ersion) .  Incen -̂i-' e 
•-•. -  ;'.Kr:ipulat''-' i  ?. s  a  b e cween-subjects ' 
factor ,  it h incentivize d subject c bein; ; 

offere d ^ 3 (^bou t  1 2 dollars )  fo r 
obtai/an;-; ;  a n overal l  leve l  o f 
perforT ^  r:c e a.'̂ on g th e to p 2'̂ ] '  o f  t}i e 
c^ihjpcts .  Non-incentivize d subject s 

onl y receive !  tl>ii r  norma l  paymen t  ro r 
attendin g th e experiment . 

The firs- step in th-^ analysis of 
th e dat^ .  v/a s t o calculat e 1 2 intra-tas k 
times .  Thi s wa s den e b y measurin g th e 
tim e betwee n th e firs t  ke y pres s an d th e 
star t  o f  th e transformatio n (assume d t o 
reflec t  acces s tim e t o long-ter m storage) , 
th e tim e t o perfor m th e transformatio n 
out  lou d (transformatio n speed) ,  an d th e 
tim e betwee n th e en d o f  th e 
transformatio n an d th e nex t  ke y pres s 
(assume d t o refled t  storag e an d 
organization) .  Thes e thre e time s wer e 
obtaine d fo r  eac h o f  th e fou r  letters . 
The erro r  rat e wa s agai n belo w 5  P^ r  cent . 

The major findings were quite 
straightforward .  Incentiv e di d no t 
affec t  th e tim e take n t o acces s long -
ter m storage ,  bu t  di d lea d t o increase d 
transformatio n speed ,  especiall y whe n th e 
add facto r  wa s 4  rathe r  tha n 2 ,  I n 
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addit ion ,  incentiv e speede d u p th e tim e 

take n t o perfor m storag e an d organizatio n 

operations .  Thi s mai n effec t  wa s 

qualifie d b y a  significan t  interactio n 

betwee n incentiv e an d lette r  position . 

I n thi s interaction ,  th e beneficia l 

effect s o f  monetar y incentiv e wer e 

greates t  darin g storag e an d organizatio n 

followin g transformatio n o f  th e thir d 

letter .  I n genera l  terms ,  th e demand s 

on short-ter m storag e capacit y ar e likel y 

t o increas e systematicall y wit h eac h 

additiona l  letter .  However ,  ther e i s a 

reduce d requiremen t  fo r  storag e an d 

organizatio n followin g transformatio n o f 

th e fourt h letter ,  sinc e a t  tha t  poin t 

th e subjec t  i s  i n a  positio n t o outpu t 

hi s o r  he r  answe r  t o th e problem . 

Accordingly ,  th e interactio n betwee n 

incentiv e an d lette r  positio n ma y b e 

interprete d a s reflectin g th e greate r 

efficienc y o f  som e short-ter m storag e 

syste m unde r  incentiv e conditions . 

It is interesting to compare the 

effect s o f  monetar y incentiv e an d whit e 

nois e o n thi s task .  Hajnilto n an d 

Hocke y foun d tha t  nois e increase d th e 
spee d o f  transformatio n bu t  decrease d 

th e spee d o f  storag e an d organization , 
V/hil e mor e level s o f  nois e an d incentiv e 

must  b e sample d befor e an y definit e 
conclusion s ar e possible ,  i t  i s 

nevertheles s interestin g t o not e th e 

rathe r  differen t  patternin g o f  th e 
effect s o f  incentiv e an d noise .  I n 

particular ,  incentiv e increase s th e 
spee d o f  storag e an d organization , 

wherea s nois e decrease s it .  I t  i s  thu s 
possibl e tha t  nois e an d incentiv e shoul d 

no t  b e considere d merel y a s equivalen t 

arousin g agents . 

In the third experiment in the 
serie s -.v e looke d a t  th e effect s o f 

distractio n o n th e performanc e o f  th e 

4-letter ,  add- 4 versio n o f  th e letter -

transformatio n task .  Th e tas k wa s 
carrie d ou t  i n th e presenc e o f  auditoril y 
presente d distractin g stimul i  (letters , 
numbers ,  o r  meaningles s blips )  whic h 

wer e presente d o n averag e on e «ver y 5 

seconds ,  o r  i n th e absenc e o f  distraction , 
Ther e wer e thre e within-subjects ' 
incentiv e conditions :  n o incentive ; 

£9 (abou t  2 0 dollars )  distribute d amon g 

th e to p Iff o o f  subject s o n low-incentiv e 

trials ;  an d ^7 0 (abou t  16 0 dollars ) 

distribute d amon g th e to p 2'i ^  o f  subject s 

on high-incentiv e trials .  Th e sessio n 

laste d approximatel y on e hour . 

One of the reasons for investigating 

th e effect s o f  distractio n wa s tha t 

Easterbroo k argue d tha t  incentiv e lead s 

t o increase d concentratio n o n task -

relevan t  stimuli ,  v/hic h seem s t o impl y 

tha t  incentiv e shoul d reduc e 

distractibility .  A n alternativ e 

possibilit y  i s  tha t  mor e o f  th e availabl e 
processin g resource s ar e investe d i n th e 

tas k unde r  incentiv e conditions .  I f  th e 

activ e rejectio n o f  intermitten t 

distractin g stimul i  require s processin g 

resources ,  the n incentivize d subject s 

migh t  b e mor e rathe r  tha n les s 
distractible .  A  furthe r  possibilit y  i s 

tha t  incentiv e interact s v;it h typ e o f 

distraction ,  s o tha t  incentiv e ca n eithe r 

increas e o r  decreas e distractibilit y 
dependin g o n th e natvir e o f  th e distractin g 

stimuli .  Th e dat a fro m th e thir d 

experiment ,  whic h ar e currentl y bein g 
analyzed ,  wil l  provid e answer s t o som e o f 

thes e issues . 

In sum, it is erroneous to assume 

tha t  incentiv e produce s a n across-the -
boar d improvemen t  i n al l  o f  th e processin g 

operation s involve d i n th e letter -

transformatio n task .  V/ha t  actuall y 
happen s i s tha t  simpl e menta l  operation s 
suc h a s thos e involve d i n transformatio n 

ar e speede d u p b y incentive ,  an d th e 

efficienc y o f  som e short-ter m stor e i s 
improved .  However ,  anothe r  processin g 

operatio n (accessin g long-ter m memory )  i s 
unaffecte d b y incentive ,  perhap s becaus e 

i t  i s  a  relativel y automati c skill .  I t 

i s  onl y b y doin g fine-i^rai n analyse s tha t 

one ca n obtai n importan t  informatio n abou t 
th e precis e pattern s o f  effect s produce d 

y incentive .  Th e abov e finding s hav e 
een obtaine d wit h th e us e o f  relativel y 

odes t  incentives ,  o f  course .  "ĵ' e ha,v e 
reliminar y dat a su,̂ -gestin g tVia t  large r 

ncentive s ma y produc e eithe r  somewha t 
ifferen t  o r  ver y differen t  result s (a s 

> oul d obviousl y occu r  i f  on e hundre d 
housan d dollar s wer e offere d fo r  goo d 
erformance) , 
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The Rol e o f  TAU » i n Narrative s 

Michael G. Dyer 
Compute r  Scienc e Departmen t 

Yal e University ,  Ne w Have n Ct ' 

1.  Introductio n 

People often rely upon common sayings, or adages, 
when aske d t o characteriz e storie s (eithe r  b y wa y o f 
summarization ,  o r  titl e selection) .  What  ar e peopl e 
doin g i n suc h cases ? Why d o adage s ofte n serv e a s a n 
effectiv e wa y o f  characterizin g a  story ,  an d ho w ar e 
peopl e abl e t o accomplis h this ? 
For instance, when asked to characterize the 
followin g story : 
MINISTER'S COMPlJiINT 

In a lengthy interview, Reverend X severely 
criticize d Presiden t  Carte r  fo r  havin g 
"denigrate d th e offic e o f  president "  an d 
"legitimize d pornography "  b y agreein g t o b e 
interviewe d i n Playbo y magazine .  Th e 
intervie w wit h Reveren d X  appeare d i n 
Penthous e magazine . 

readers often responded with adages such as: 
ADG-1: The pot calling the kettle black. 

ADG-2:  Throwin g stone s whe n yo u liv e i n 
a glas s house . 

Clearly, these adages are an effective 
characterizatio n o f  MINISTER' S COMPUINT.  Bu t  ho w d o 
we recogniz e thi s fact ? B y wha t  proces s doe s a n 
'appropriate '  adag e com e t o mind ,  an d t o wha t  purpose ? 

Furthermore, when supplied with an adage and a 
context ,  som e individual s experienc e reminding s fro m 
episode s i n thei r  lives .  Fo r  instance ,  on e individua l 
was firs t  presente d wit h th e following : 
context: EDUCATION 

ADC-3: Closin g th e bar n doo r  afte r 
th e hors e ha s escaped . 

and the n aske d t o recal l  som e episod e fro m hi s life . 
He experience d thi s reminding : 

ACADEMIA 

Years ago, I was at University U-1, where I 
coul d neve r  ge t  th e facilitie s I  neede d fo r 
th e researc h I  wante d t o do .  S o I  decided  t o 
appl y t o Universit y U-2 ,  whic h offere d a  muc h 
bette r  researc h environment .  When th e 
chairma n learne d I  ha d bee n accepte d t o U- 2 
and wa s actuall y leavin g U-1 ,  h e offered  t o 
acquir e th e facilitie s I  ha d wanted .  B y then , 
however ,  my min d wa s alread y mad e up . 

Several observations are worth making here: First, 
fo r  adag e ADG- 3 t o hav e initiale d thi s reminding ,  th e 
ACADEMIA episod e mus t  hav e someho w bee n indexe d i n 
long-ter m memor y i n term s o f  som e abstrac t  situatio n 
charncterize d b y tha t  adage .  Furthermore ,  thi s 
indexin g coul d no t  hav e ha d anythin g t o d o wit h th e 
specifi c  semanti c conten t  o f  th e adage ,  sinc e ADG- 3 
ostensibl y concern s a  farmer ,  a  hors e an d a  bar n door . 
I n contrast ,  ACADEMIA involve s a  chairman ,  a 
researcher ,  an d universit y facilities . 

'Thi s wor k supporte d i n par t  b y th e Advance d 
Researc h Project s Agenc y unde r  contrac t  N0014-75-C-l1 1 
and i n par t  b y th e Nationa l  Scienc e Foundatio n unde r 
lontrac t  IST7918463 . 

To accoun t  fo r  suc h phenomena ,  I  wil l  presen t  a 
clas s o f  knowledg e constructs ,  calle d TAD s (Themati c 
Affec t  Units) ,  whic h shar e similaritie s wit h othe r 
representationa l  system s unde r  developmen t  a t  Yale , 
suc h a s Schank' s TOPs 18 ]  an d Lchnert' s  Plo t  Unit s 

1̂ 1 151 . 
2. Thematic Affect Units 

TAUs were first developed in the context of BORIS 
(3 )  [2l ,  a  compute r  progra m designe d t o rea d an d 

answer  question s abou t  narrative s tha t  requir e th e 
applicatio n an d interactio n o f  man y differen t  type s o f 
knowledge .  I n BORIS ,  TAU s serv e a  numbe r  o f  purposes : 
First ,  the y allo w BORI S t o represen t  situation s whic h 
ar e mor e abstrac t  tha n thos e capture d b y scripts , 
plans ,  an d goal s a s discusse d i n 17) .  Second ,  TAU s 
contai n processin g knowledg e usefu l  i n dealin g wit h 
th e kind s o f  plannin g an d expectatio n failure s tha t 
character s ofte n experienc e i n narratives .  Finally , 
TAUs als o serv e a s episodic  memor y structures ,  sinc e 
the y organiz e event s whic h involv e simila r  kind s o f 
plannin g failures .  Fo r  mor e detai l  o n th e us e o f  TAU s 
i n narra t  ivc s ,  se e 111 . 
In general, TAUs arise when expectation failures 
occu r  du e t o error s i n planning .  A s such ,  the y 
contai n a n abstracte d plannin g structure ,  whic h 
represent s situation-outcom e pattern s i n term s of : 
(i )  th e pla n used ,  (2 )  it s  intende d effect ,  (3 )  wh y i t 
failed ,  an d (A )  ho w t o avoi d (o r  recover )  fro m tha t 
typ e o f  failur e i n th e future .  I f  w e abstrac t  ou t 
tlii s  plannin g structur e fro m bot h th e BARN-DOOR an d 
ACADEMIA episodes ,  w e ge t  th e followin g TAU : 

TAU-POST-HOC 
(1) X has preservation goal G [7] active 

sinc e enablemen t  conditio n C  unsatisfie d 
(2 )  X  know s a  pla n P  tha t  wil l  kee p G 

fro m failin g b y satisfyin g C . 
(3 )  X  doe s no t  execut e P  an d G  fails . 

X attempt s t o recove r  fro m th e failur e 
of  G  b y executin g P . 

P fail s  sinc e P  i s effectiv e fo r  C , 
but  no t  i n recoverin g fro m G' s failure . 

(4 )  I n th e future ,  x  mus t  execut e P  whe n G 
i s activ e an d C  i s no t  satisfied . 

TAU-POST-HOC captures the kind of planning failure 
tha t  occurre d fo r  bot h th e farme r  wh o los t  hi s horse , 
and th e chairma n wh o los t  a  graduat e student .  I f  th e 
ACADEMIA stor y wer e tol d t o a n actua l  farme r  wh o ha d 
los t  hi s hors e unde r  th e sam e plannin g circumstances , 
tha t  farme r  migh t  wel l  b e reminde d o f  hi s ow n 
experience .  Whethe r  thi s occur s o r  not ,  however , 
depend s upo n wha t  othe r  episode s ar e i n long-ter m 
memory an d wha t  feature s ar e share d betwee n them . 
Notice ,  fo r  instance ,  tha t  bot h BARN-DOOR an d ACADEMIA 
shar e goal s a t  som e level .  Tha t  is ,  bot h th e farme r 
and th e chairma n ha d a  goa l  requirin g proximit y o n th e 
par t  o f  anothe r  entity .  Sinc e thes e feature s ar e 
shared ,  on e experienc e ha s a  bette r  chanc e o f  causin g 
a remindin g o f  th e othe r  t o occur .  Fo r  instance ,  th e 
farme r  woul d hav e recalle d th e HIRE D HAND episod e 
belo w befor e recallin g th e BARN-DOOR episod e becaus e 
of  thei r  share d features : 

HIRED HAND 
The hired hand always wanted a raise, but 

th e farme r  woul d no t  gran t  it .  Finally ,  th e 
hire d han d go t  a n offe r  t o wor k a t  a 
neighbor' s farm .  When th e farme r  foun d out , 
he offered  th e hire d han d a  nic e raise ,  bu t  i t 
was to o late . 

Thank s g o t o To m Wol f  an d Mart y Korsi n fo r  helpin g 
wit h som e o f  th e idea s presente d here ,  an d fo r  bein g 
source s o f  remindings . 
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Althoug h thes e episode s (i.e .  HIRE D HAND,  ACADEHIA, 
BARN-DOOR)  shar e th e sam e TAD ,  HIRE D HAND an d ACADEHIA 
hav e mor e indice s i n common.  On e possibl e 
organizatio n fo r  the m appear s below : 
TAU-POST-HOC 

(misusin g avoidenc e pla n 
as recover y plan ) 

/  \ 
/  \ 

.  .  .  Proximit y failur e 
/  \ 

/  \ 
Contractua l  Failur e BARN-DOOR 

/  \ 
/  \ 

ACADEHIA HIRE D HAND 
In this way TAUs can account for cross-contextual 
reminding s (a s i n th e cas e o f  BARN-DOOR an d ACADEHIA) . 
Episode s ar e ofte n relate d i n memor y becaus e the y 
shar e th e sam e abstrac t  plannin g erro r  eve n thoug h 
the y diffe r  i n content .  However ,  cross-contextua l 
reminding s ca n occu r  onl y wher e episode s ar e organize d 
unde r  th e sam e TAU ,  ye t  d o no t  shar e conten t  features . 
Where conten t  i s shared ,  th e "closer "  episod e wil l  b e 
recalled. ^  Conside r  th e followin g episode : 

IRANIA N EHBASSY 
Whil e holdin g 5 2 U S hostage s i n Iran ,  th e 

Irania n governmen t  condemne d th e take-over ,  b y 
terrorists ,  o f  it s  embass y i n Grea t  Britain . 
"Thi s i s a  violatio n o f  internationa l  law" , 
proteste d Iran . 

A reader was spontaneously reminded of this episode 
whil e readin g HINISTER' S COHPLAINT (o n pag e 1 ) . 
Again ,  ther e i s littl e i n common betwee n thes e storie s 
at  th e conten t  level .  IRANIA N EHBASSY i s abou t 
politics ,  whil e MINISTER' S COHPAINT i s abou t 
pornography .  However ,  a t  th e abstrac t  plannin g level , 
the y bot h shar e th e followin g TAU : 

TAU-HYPOCRISY 
X is counter-planning against y 

X i s tryin g t o ge t  a  highe r  authorit y z  t o 
eithe r  bloc k y' s us e o f  a  pla n P- 1 
(o r  t o punis h y  fo r  havin g use d P-1 ) 
by claimin g tha t  P- 1 i s a n unethica l  pla n 

y claim s tha t  x  ha s use d a n unethica l  pla n P- 2 
simila r  t o P- 1 

therefore ,  x' s strateg y fail s 
In the case of MINISTER'S COHPLAINT, x is Reverend 
R,  y  i s Presiden t  Carter ,  an d th e thir d part y i s 
'publi c opinion' .  I n th e cas e o f  IRANIA N EHBASSY,  x 
i s th e Irania n militants ,  y  i s th e Britis h terrorists , 
and th e thir d part y i s 'worl d opinion' ,  suc h a s th e 
Unite d Nations . 

As argue d i n [81 ,  th e remindin g proces s i s usefu l 
fo r  thi s reason :  Onc e a  situatio n ha s cause d on e t o b e 
reminde d o f  a n episode ,  al l  o f  th e expectation s 
associate d wit h tha t  episod e becom e availabl e fo r  us e 
i n makin g prediction s abou t  wha t  wil l  occu r  next .  I n 
th e cas e o f  TAUs ,  thei r  associate d expectation s 
includ e advic e o n eithe r  ho w t o avoi d makin g th e erro r 
predicte d b y th e TAU ,  o r  o n wha t  alternativ e pla n ca n 
be use d t o recove r  fro m th e erro r  onc e i t  ha s bee n 
made.  Th e abilit y  t o stor e cross-contextua l  episode s 
make TAU s ver y genera l  an d powerfu l  mechanisms .  Onc e 

^Thi f  doe s no t  impl y tha t  BARN-DOOR can' t  remin d on e 
of  episode s unrelate d t o TAU-POST-HOC.  Clearly ,  othe r 
indexin g method s may b e operatin g a t  th e sam e time . 
The farme r  may recal l  BARN-DOOR simpl y i n term s o f 
"experience s I'v e ha d wit h horses" .  Of  course ,  thi s 
kin d o f  indexin g ca n no t  lea d t o cross-contextua l 
reminding s . 

an episod e ha s bee n indexe d gnde r  a  TAD ,  it s 
recovery/avoidanc e heuristic s becom e availabl e fo r  us e 
i n completel y differen t  situations .  Thus ,  plannin g 
advic e learne d i n on e contex t  ca n hel p processin g i n 
othe r  contexts ,  i f  th e experienc e wa s recognize d i n 
term s o f  a n appropriat e TA D i n th e firs t  place . 

3. Bad Planning la Widespread 

An examinatio n o f  adage s reveal s tha t  man y ar e 
concerne d wit h plannin g failures .  Tha t  is ,  adage s 
advic e u s eithe r  ho w t o recove r  fro m a  failure ,  o r  ho w 
t o recogniz e an d thu s avoi d futur e failures .  Often , 
thi s advic e i s give n implicitly ,  simpl y b y describin g 
situation s i n whic h certai n plannin g error s lea d t o 
goa l  failures .  I n mos t  cases ,  adage s captur e wha t  ha s 
been calle d meta-plannin g [10 ]  — i.e .  plannin g 
advic e o n ho w t o selec t  o r  us e plan s i n general .  Fo r 
example ,  som e adage s dea l  wit h th e nee d fo r  checkin g 
enablemen t  condition s befor e pla n execution : 

ADG-4 Don't count your chickens 
befor e they'r e hatched . 

Other adages stress choosing less costly avoidance 
plan s ove r  mor e costl y recover y plans : 

ADG-5 A stitch in time saves nine. 

or weighing the risks involved with the goal to be 
achieved : 

ADC-6 If it ain't broke, don't fix it. 
ADG-7 Th e cur e ca n b e wors e tha n th e disease . 

Many plans require cooperation or coordination with 
others .  Thi s ca n simplif y plannin g bu t  complicat e 
pla n execution : 

ADG-8 Two heads are better than one. 
ADG-9 Tw o man y cook s spoi l  th e broth . 

Some plans involve selecting an appropriate agent: 

ADG-10 The blind leading the blind. 
ADG-11 Who pay s th e pipe r  call s th e tune . 

Timing, enablement conditions, cost, plan 
coordinations ,  an d agent s ar e jus t  a  fe w o f  th e area s 
i n whic h plan s ca n g o wrong .  Othe r  areas ,  fo r 
example ,  includ e counter-plannin g agains t  a  foe , 

ADG-12 Cut off your nose to spite your face. 

anticipating planning failures when using high risk 
p1an s  , 

ADG-13 Don't burn bridges behind you. 

the timing of plans, 

ADG-14 The early bird catches the worm. 

and tradeoffs between short-term and long-term 
plannin g strategies : 

ADG-15 I f  yo u can' t  lic k 'e m joi n 'em . 
ADG-16 Don' t  bit e th e han d tha t  feed s you . 
ADG-17 Honest y i s th e bes t  policy . 
ADG-18 Liv e b y th e sword ,  di e b y th e sword . 

Any story that involves these kinds of planning 
failure s wil l  en d u p bein g indexe d unde r  a  TA U whic h 
contain s abstrac t  plannin g advic e (an d ca n b e 
expresse d i n natura l  languag e b y a n adage. )  When a 
relate d stor y i s rea d an d indexe d unde r  tha t  TAU ,  it s 
associate d adag e may com e t o mind .  Fo r  instance ,  a 
stor y abou t  ho w a  ghett o rio t  protestin g ba d economi c 
condition s resulte d i n blac k businesse s bein g burned , 
woul d b e indexe d unde r  TAU-GREATER-HARH,  wit h a n adag e 
suc h a s ADG-1 2 possibl y comin g t o mind . 

Plan s an d pla n failure s cu t  acros s al l  knowledg e 
domains .  Thi s i s becaus e w e ar e alway s choosin g 
plans ,  adjustin g ol d plan s t o ne w situations , 
recoverin g fro m error s i n planning ,  findin g 
explanation s fo r  wh y a  pla n failed ,  etc .  Furthermore , 
we hav e a  larg e storehous e o f  heuristi c  plans ,  an d 
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ther e ar e man y way s a  pla n ca n g o wrong ;  Yo u can' t 
execut e on e pla n unti l  yo u hav e th e righ t  enablement s 
satisfied ;  pla n component s mus t  b e execute d i n th e 
righ t  order ;  plan s requir e agents ,  etc .  Thi s larg e an d 
comple x domai n serve s a s a  perfec t  terrai n i n whic h t o 
inde x man y episodes . 

Many of these adages give what may appear to be 
superficia l  advice .  I t  may see m strang e tha t  memorie s 
shoul d b e organize d aroun d suc h 'obvious '  rule s fo r 
planning ,  bu t  the n again ,  ho w ofte n d o w e fai l  i n ou r 
plan s becaus e w e hav e violate d som e adage ? Ho w often , 
fo r  instance ,  hav e w e faile d becaus e w e acte d befor e 
we planned ? ("Loo k befor e yo u leap." )  Ho w man y time s 
hav e w e gotte n int o troubl e fo r  bein g late ? When have 
we initiate d a  plan ,  onl y t o discove r  w e ha d 
miscalculate d th e amoun t  o f  effor t  (o r  th e 
side-effects )  involved ? ("Easie r  sai d tha n done." ) 
How ofte n hav e w e delaye d executin g a  simpl e plan , 
onl y late r  havin g t o execut e a  mor e costl y plan ? Th e 
answer  is :  "ver y often" .  Thes e adage s ar e common 
becaus e the y poin t  ou t  th e kind s o f  plannin g error s 
peopl e ar e alway s naking .  B y definition ,  plan s whic h 
faile d wer e "bad "  plans .  Goo d planner s a t  th e ver y 
leas t  follo w th e genera l  plannin g advic e represente d 
i n th e adage s o f  thei r  culture . 
4. TAU Implementation 
The recognition of TAUs is complex. Clearly, goals 
and plan s mus t  b e tracked .  I n man y case s ther e i s 
als o a n affec t  component .  Fo r  instance ,  i n 
TAU-POST-HOC i t  i s  th e futilit y o f  th e recover y plan , 
combine d wit h th e sens e o f  "i f  onl y I  ha d don e thing s 
differently "  tha t  help s provid e a n acces s "key "  t o 
thi s TAO. 
So far the BORIS project has emphasized the use of 
TAUb i n narrativ e comprehension .  Muc h wor k remain s t o 
be don e i n modelin g reminding s durin g comprehension . 
Thi s i s  importan t  fo r  extractin g th e 'moral '  o r  poin t 
of  a  story .  A  compute r  progra m whic h ca n onl y answe r 
question s o f  fac t  abou t  IRANIA N EMBASSY,  suc h as : 
Q: How many Americans are being held in Iran? 

A:  Fifty-two . 
Q: Who seized the Iranian embassy in Britain? 

A:  Terrorists . 
Q: What did the Iranians do? 

A:  The y proteste d th e take-over . 
is missing the point of why the IRANIAN EMBASSY is of 
interest .  Th e poin t  o f  IRANIA N EMBASSY i s 
TAU-HYPOCRISY,  an d that' s wher e i t  shoul d b e 
remembere d i n long-ter m memor y (rathe r  tha n jus t  unde r 
"thing s I  kno w abou t  Iran" ,  o r  "embass y event s X  have 
read") . 

b. TAU Experiments 
What is the psychological validity of TAUs? Do 
peopl e hav e TAUs "i n thei r  heads "  and ,  i f  so ,  ho w d o 
the y us e them ? Some initia l  explorator y experiment s 
by Seifer t  |9 1 i n th e Yale  psycholog y departmen t 
indicat e tha t  peopl e us e TAUs t o organiz e narratives . 

I n on e experiment ,  subject s rea d group s o f  storie s 
each sharin g th e sam e TAU ,  bu t  differin g i n content . 
Subject s wer e abl e t o generat e ne w stories ,  usin g 
completel y differen t  contexts ,  ye t  capturin g th e sam e 
plannin g structur e specifie d b y eac h TAU .  I n a 
follow-u p experiment ,  differen t  subject s were  aske d t o 
sor t  th e resultin g storie s generate d fro m th e firs t 
experiment .  A  cluste r  analysi s [6 ]  reveale d a  stron g 
tendenc y fo r  subject s t o sor t  storie s togethe r  b y 
TAUs.  Wher e storie s share d th e sam e conten t  (bu t  no t 
th e sam e TAUs )  the y wer e stil l  groupe d b y TAUs . 

6.  CoDclusion s 

In this paper I have presented a class of knowledge 
constructs ,  calle d TAUs ,  whic h ar e relate d t o TOPs 

[8 1 an d PLOT UNlT s [51 .  I  have  argue d tha t  TAUs 
organiz e episode s aroun d failure s i n planning ,  an d a s 
such ,  TAUs accoun t  fo r  a t  leas t  on e for m o f 
cross-contextua l  remindin g phenomena .  Furthermore , 
TAUs hav e adage s associate d wit h them ,  whic h expres s 
avoidanc e and/o r  recover y advic e availabl e once  th e 
TAU ha s bee n accessed .  Sinc e storie s ar e indexe d i n 
term s o f  plannin g errors ,  thi s informatio n ofte n 
capture s th e mora l  o r  poin t  o f  a  story . 

[1 1 

[2] 

13) 

[4] 

15) 

[6) 

(7) 

(8) 

(9) 

(10) 
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CONTROLLING PARSIN G B Y PASSIN G MESSAGES 

Brian Phillips & James Hendler 
Texa s Instruments ,  Inc . 

1. 0 INTRODUCTION 

The functional segmentation of 
linguisti c knowledge ,  int o rule s abou t  for m 
and rule s abou t  meaning ,  ha s bee n vita l  i n 
unravellin g th e complexitie s o f  language . 
Ho»ever ,  i t  doe s no t  follo w tha t  th e proces s 
of  analysi s wil l  respec t  th e sam e boundarie s 
and s o th e ver y segmentatio n tha t  provide d 
th e insight s ca n b e troublesom e whe n on e 
seê ^ s t o creat e a  dynami c mode l  o f  language . 
Her e w e ar e concerne d wit h ho w linguisti c 
knowledg e i s use d rathe r  tha n wha t  knowledg e 
i s used .  Th e stud y o f  proces s i s on e o f  th e 
contribution s o f  a  computationa l  linguistic s 
t o th e stud y o f  languag e (Hays ,  1971) . 

Improper control strategies result in 
one o f  th e apparen t  paradoxe s o f  curren t 
knowledge-base d systems :  th e mor e 
knowledgeabl e the y are ,  th e mor e inefficien t 
the y become .  Th e system s ar e unabl e t o 
handl e th e combinatoria l  explosio n o f 
possibilitie s tha t  searche s o f  th e knowledg e 
spac e produce .  Thi s situatio n i s obviousl y 
counte r  t o intuition ,  an d t o huma n behavior : 
more knowledgeabl e system s shoul d perfor m 
better . 

We believe that a language understanding 
syste m shoul d hav e th e abilit y  t o brin g 
syntacti c an d semanti c knowledg e t o bea r  o n 
th e analysi s a t  man y point s i n th e 
computation .  Thi s enable s i t  t o resolv e th e 
alternative s a s soo n a s possibl e an d preven t 
th e flo w o f  extraneou s analyse s t o late r 
phases . 

Existing conceptual analyzers fall into 
thre e majo r  categories :  linea r  contro l 
parser s (Wood s &  Kaplan ,  1971) ,  semanti c 
grammar s (Hendrix ,  1977) ,  an d semanti c 
analyzer s (Schank ,  1975) .  Non e permit s th e 
flexible ,  data-governe d interactio n o f  synta x 
and semantics . 
t o 
communicating , 
problem-solvin g 
(Hewitt ,  1976) . 

Our  approac h t o creatin g suc h a  mode l  i s 
use th e notio n o f  a  societ y o f 

knowledge-based , 
experts ,  calle d "actors " 

Thes e actor s ca n communicat e 
by passin g message s t o an y othe r  acto r  i n th e 
system .  Thi s flexibl e contro l  structur e 
allow s actor s a t  an y leve l  o f  th e analysi s t o 
interac t  wit h actor s a t  othe r  levels .  Th e 
routin g o f  informatio n i n th e syste m i s 
determine d b y th e conten t  o f  th e linguisti c 
act ,  thu s achievin g a  data-drive n contro l 
structure .  Th e abilit y  t o direc t  informatio n 
t o th e acto r  tha t  need s it ,  i s  expecte d t o 
improv e efficiency .  Eac h subsyste m i n 
languag e contribute s t o th e proces s o f 
understanding ,  bu t  ofte n offer s severa l 
differen t  view s o f  th e data .  I n ou r  scheme , 
actor s communicat e t o achiev e a  mutuall y 
consisten t  analysis ,  ou t  o f  whic h come s a n 
understandin g o f  th e data . 
The capabilities of each actor are 
determine d b y th e functiona l  segmentation , 
e.g. ,  a n acto r  ca n hav e th e abilit y  t o us e 
constituen t  rule s tha t  describ e th e structur e 
of  a  nou n phrase ,  thu s retainin g thi s 
importan t  face t  o f  linguisti c theory . 

2. 0 DESIG N FEATURES 

In the system we are trying to achieve 
severa l  othe r  desig n goal s i n additio n t o th e 
gai n i n efficiency : 

We agre e wit h Schan k ( 
goa l  o f  analysi s i s no t  t o 
tree .  I t  shoul d no t  eve n b e 
th e cas e i n system s tha t 
pars e tree ,  the n pe r 
interpretation .  Th e pars e 
considere d a  dat a stru c 
constructe d incidentall y t o 
can b e constructe d i f  i t  i 
synta x canno t  b e ignored ;  i t 
i n determinin g antecedent s o f 
example . 

1975 )  tha t  th e 
produc e a  pars e 

a subgoal ,  a s i s 
firs t  produc e a 

for m semanti c 
tre e shoul d b e 

tur e tha t  i s 
th e analysis ,  o r 
s needed .  Bu t 

i s ofte n usefu l 
preforms ,  fo r 

Schank' s (1975 )  hypothesi s o f  semanti c 
predictio n appear s t o b e a  goo d approach . 
But  on e canno t  alway s hav e expectations .  We 
envisag e a  syste m tha t  ca n flo w int o a 
predictiv e mod e whe n th e situatio n i s 
appropriate ,  wit h a  defaul t  contro l  structur e 
of  syntax-then-semantics . 
The output of the system should be 
semanti c descriptio n o f  th e inpu t  a s 
instantiate d case-frames .  Th e novelt y o f  th e 
situatio n i s capture d b y th e wa y i n whic h 
thes e case-frame s ar e linke d an d b y thei r 
spatio-tempora l  settings .  Th e semanti c 
descriptio n augment s th e encyclopedia ,  th e 
stor e o f  worl d knowledge ,  an d i s thu s 
availabl e a s pragmati c knowledg e i n th e 
continuin g analysi s o f  th e input . 

3. 0 TH E ACTORS 

Most of our actors are "experts" on 
aspect s o f  th e primitiv e organizin g 
principle s o f  synta x an d o f  semantics .  The y 
become associate d wit h domai n knowledge , 
i.e. ,  th e gramma r  o f  a  language ,  o r  worl d 
knowledg e fo r  a  proble m area .  Th e jo b o f  a n 
acto r  i s t o instantiat e a  mode l  i t  ha s bee n 
give n (top-dow n analysis) ,  o r  i f  i t  wa s no t 
give n a  model ,  the n t o fin d a  mode l 
(bottom-u p analysis) .  Th e proces s o f 
instantiatio n i s performe d b y elicitin g 
informatio n fro m othe r  actor s tha t  ca n us e 
thei r  expertis e o n th e problem ;  they ,  o f 
course ,  may hav e t o consul t  stil l  othe r 
actors . 

3. 1 Th e Syntacti c Expert s 

The organizing principle of syntax is 
constituency ;  th e principa l  acto r  i n synta x 
thu s use s th e constituenc y rule s o f  th e 
grammar  t o associat e word s int o highe r  leve l 
constructs .  Th e constituen t  acto r  recognize s 
syntacti c construction s primaril y b y matchin g 
word s t o syntacti c rule s usin g th e dictionar y 
entrie s o f  word s t o determin e thei r  syntacti c 
categories . 

3. 2 Th e Semanti c Expert s 

The primitiv e organizin g 
conceptua l  knowledg e ar e 

contingency . seguence , 
equivp i  «>n̂« , 
(Phil : 
how 1 

•-  a  v/-»nrMn\ f 

principle s o f 
relation s o f 

enablement . 
nar*-—whn l  e . etc . 

3W 
r 
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export ,  fo r  example ,  know s ho w t o uk p 
"continqpncy" ,  "sequence" ,  an d "enahle " 
1 inks . 
3.3 Translation Experts 

The actor s hav e 
peculia r  t o t 
iiier,!;aqo s may re q 
tcrminoloq y o f 
receiver .  Take , 
betwee n claus e 
actor s (CFA) .  T h 
subject ,  object , 
user ,  event ,  -tat e 
specia l  actor s i n 

vocabularie s tha t  ar e 
hei r  domains .  Therefore , 
uir o translatio n fro m th e 
th e sende r  t o tha t  o f  th e 

fo r  example ,  messaqe s 
actor s (CLA )  an d case-fram e 
e forme r  use s concept s lik e 
and verb ,  wherea s th e latte r 

aqent ,  etc .  Ther e ar e 
th e syste m t o handl e this . 

r,  . 0 OTIIK R TOPIC S 

It is our belief that ou 
cndtro l  structur e ca n 
improve d efficiency .  Sev e 
difficul t  problem s i n 
procer,sin q com e abou t  du e t 
differen t  type s o f  knowled q 
boar  a t  th e sam e time .  On e 
understandin q o f  th e ba s 
messaqe passin q w e woul d l i 
phenomena as : 

•i. l  Robustnes s 

r  messaqe-passin g 
yiel d mor e tha n 

ra l  o f  th e mor e 
natura l  lanquaq e 

o th e inabilit y  o f 
e t o b e brouqli t  t o 
e w e hav e a  bette r 
i c principle s o f 
ke t o loo k a t  suc h 

4. 0 A  fragmi-;n t  o f  a n analysi s 

Wp will show how the system analyzes: 

(1) The loft- front tire is flat. 
(2 )  I  wil 1 chanq e it . 

and determines the referent of "it" in (2). 

The qoal of the syrtem is to create a 
roeaninq  representatio n b y instantiatin q a  CF . 
Tlitouq h equivalenc y an d part-whol e relations , 
a CF ca n b e equivalen t  t o a  comple x o f  CF's ; 
ĥii s  th e top-leve l  instantiatio n may b e 

achieve d b y instan t  latin o th e lowe r  ran k 
CF's . 
A CFA normally has a model of a CF that 
i t  i s  tryin q t o instantiate .  Initiall y  thi s 
canno t  b e th e cas e an d th e syste m ha s t o 
rever t  t o a  bottom-u p approach .  Th e CF A 
rend s a  messaq e t o th e CL A requestin q tha t  i t 
be sen t  a  translatio n o f  a  syntacti c analysi s 
of  . 1 clause .  Th e CL A ha s t o fin d a  claus e 
usin q th e rule s o f  th e qramma r  in .  A  serie s 
of  instance s o f  th e constituen t  acto r  ar e 
invoke d t o analyz e th e rules .  A s the y 
proces s th e rules ,  the y simultaneousl y notif y 
an "inpu t  actor "  o f  th e termina l  categorie s 
tha t  the y hav e encountered . 

When all necessary constituents have 
been expanded ,  th e constituen t  actor s ar e 
halted ,  waitin g t o kno w whic h o f  th e pars e 
path s miqh t  b e consisten t  wit h th e input . 
The inpu t  acto r  prompt s th e use r  fo r  a  word . 
I t  the n send s message s t o constituen t  actor s 
t o caus e th e deletio n o f  path s inconsisten t 
wit h th e inpu t  an d the n message s t o thos e 
constituen t  actor s tha t  stil l  hav e vali d 
paths .  Effectivel y ther e i s paralle l 
processin g synchronize d b y th e input . 

When a  clause ,  i.e. ,  (1) ,  ha s bee n 
found ,  a  translatio n ca n b e sen t  t o th e 
case-fram e expert ,  bu t  firp t  i t  mus t  b e 
translate d a s discusse d i n th e previou s 
section .  A  reques t  i s sen t  t o th e 
transl. i  t  io n exper t  fro m th e claus e expert . 
Thi s translatio n ca n b e sen t  t o th e 
case-fram e exper t  directly . 

The CFA next knows to ask Chronology for 
th e NEXT-EVENT.  Chronolog y predict s tha t 
"chanq e tire "  wil l  b e th e nex t  act .  Th e 
Chronolog y Exper t  no w passe s thi s informatio n 
back t o th e CFA. 

The CFA has now processed the first case 
fram e t o th e bes t  o f  it s  abilitie s an d set s 
out  t o instantiat e th e prediction .  I t  i s  no w 
workin g i n a  top-dow n manner .  whe n th e 
predictio n i s passe d t o th e CL A an d 
translated ,  "tire "  wil l  b e availabl e a s a 
matc h fo r  th e pronou n "it" . 

Rathe r  tha n havin g a  predefine d selectio n o f 
rule s t o rela x (Sondheime r  &  Weischedel , 
1980) ,  o r  usin g exhaustiv e backtracking ,  w e 
believ e tha t  wit h messag e passin g w e ca n us e 
th e natur e an d contex t  o f  error s t o see k 
informatio n fro m othe r  actor s o n way s o f 
circumventin g th e impasse . 

5.2 Noun Groups 

Oft-foun d nou n group s s 
th e Selec t  Commissio n 
Refuge e Policy "  ar e fr a 
th e unwar y natura l 
Example s lik e thes e le d 
conclud e "Bot h linguis t 
ar e require d fo r  co r 
handlin g o f  nou n group s 
fo r  "th e advantage s 
applicatio n o f  bot h 
withou t  separatin g 
understandin g int o s y 
stages. "  (p .  57 ) 

5. 3 Parallelis m 

uch a s "Th e staf f  o f 
on Immigratio n an d 

ught  wit h peril s  fo r 
languag e processor . 
Gershman (1979 )  t o 

i c an d worl d knowledg e 
rec t  an d efficien t 

He wen t  o n t o argu e 
of  th e simultaneou s 

kind s o f  knowledge , 
th e proces s o f 

ntacti c an d semanti c 

The origin s o f  th e acto r  methodolog y ar e i n 
an investigatio n o f  paralle l  processing . 
Kornfel d (1979 )  ha s pointe d ou t  a n 
interestin g phenomenon ,  "combinatoria l 
implosion, "  i n communicatin g systems .  I n hi s 
example, a paralle l  an d communicatin g searc h 
algorith m dramaticall y reduce s th e tim e 
behavior ,  eve n whe n th e algorith m i s ru n i n a 
pseudoparallei ,  time-slice d environment .  On e 
of  ou r  overwhelmin g interest s i s t o fin d 
whethe r  thi s behavio r  i s manifes t  i n languag e 
understandin g system s writte n usin g th e acto r 
methodology . 
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A P A R S E R W I T H SOM^H-I I IN G F O R E V E R Y O N E* 2.  Maodlin ^  Ungramraalica l  Sentence s 

Eugen e Charnia k 
Uepl .  o f  Compute r  Science .  Brow n Universit y 

ABSTRACT 

We present d syntactic parsrr. Poragram. which tries 
t o occomrnodal e thre e goal s Firs t  i t  wil l  parse ,  i n n 
natura l  way ,  urgraminatica l  sentence s Secondly ,  i t 
aspire s t o 'captur e th e relevan t  generalizations'" ,  a s i n 
transfornaliona l  grammar ,  an d thu s it s rule s ar e i n 
virtua l  one-to-on e correspondenc e wit h typica l 
transformationa l  rule s Fir.ally .  i t  promise s t o b e rea -
sonabl y ericirrt .  especiall y give r  certai n limite d 
paralle l  processin g capabilitie s 

1. Introduction 
Syntacti c parsin g i n Artificia l  Intelligenc e (AI )  ha s 

alway s ha d it s shar e o f  controversie s Man y i n A i  hav e 
see n i n thi s wor k " m u c h waste d e(Tort"[4 )  an d suggeste d 
tha t  "th e heavil y hierarchica l  synta x analyse s o f 
yesteryea r  ma y no t  b e necessary "  [6] ,  A t  th e sam e 
time ,  syntacti c parser s hav e bee n attacke d b y thos e i n 
linguistic s a s "devoi d o f  an y principle s whic h coul d serv e 
as eve n a  basi s fo r  a  seriou s scientifi c  theor y o f  h u m a n 
linguisti c behavior "  [2 ]  And .  whil e psychologist s hav e 
bee n kinder ,  an y psychologis t  mus t  b e uncomfortabl e 
wit h theorie s which ,  i f  take n literally ,  woul d predic t  tha t 
peopl e canno t  understan d ungrammatica l  sentence s — a 
predictio n whic h ar e false . 

I n thi s pape r  w e wil l  propos e a  parser ,  name d 
"Paragram" .  whic h goe s som e wa y t o answerin g thi s cri -
ticis m I n particula r 
1)  Th e parse r  i s "semi-grammatiear '  i n th e sens e tha t 

i t  take s a  standar d 'correct "  g r a m m a r  o f  Englis h 
and applie s i t  s o lon g a s i t  can .  bu t  wil l  accep t  sen -
tence s whic h d o no t  fit  th e g rammar ,  whil e notin g i n 
whic h way s th e sentence s ar c devian t  Thu s i t  wil l 
pars e (1 )  whil e stil l  usin g grammatica l  rule s fo r 
subject/vor b agreemen t  t o distinguis h (2 )  fro m (3) . 

(1) 'The boys is dying ' 
(2 )  Th e fis h i s dyin g 
(3 )  Th e fish  arc -  dyin g 

2) The rules of the parser are intended to capture the 
relevan t  generalization s abou t  languag e i n m u c h th e 
some wa y a s a  goo d transformationa l  g r a m m a r 
I'aragram' s rule s ar e nearl y i n one-to-on e 
correspondenc e wit h thos e propose d i n som e 
version s o f  transformationa l  g r a m m a r  '  Despit e th e 
fac t  tha t  augmente d transitio n networ k (ATN ) 
parser s ar e base d upo n transformationa l  grammar . 
when examine d closel y typica l  AT N grammar s [7 ] 
see m t o b o fa r  fro m th e abov e idea l 

3)  Th e parse r  i s  reasonabl y efficient .  ( 0 3 
seconds/wor d fo r  a  grou p o f  tes t  sentences )  an d 
woul d b e ver y efficien t  i f  implemente d o n a  machin e 
Wit h limite d parallelism ,  s o tha t  th e rule s o f  th e 
g rammar  al l  tes t  th e inpu t  i n parallel ,  bu t  onl y on e 
IS actuall y applie d (estimate d .0 4 seconds/word ) 
lifTicienc y aspect s wil l  no t  b e discusse d furthe r  i n 
thi s pape r 

2.1 .  Why We Nee d a  Delerministi c Parse r 
Paragra m i s base d upo n Marcus' s parse r  "Parsi -

fal"[3 ]  We wil l  explai n Parsifa l  shortly ,  bu t  first  le t  u s 
explai n wh y w e chos e i t  a s a  startin g poin t 

Probabl y th e bes t  know n parse r  i n A I  toda y i s 
Woods'  AT N parse r  [7 ]  Howeve r  i t  woul d no t  b e possibl e 
t o bas e a  Paragra m typ e parse r  upo n th e AT N parsin g 
model .  T o se e wh y thi s i s  so .  w e nee d onl y conside r  tha t 
when Paragra m finds  a n ungrammatica l  situation ,  i t 
must  simpl y recogniz e i t  a s .̂ uch .  an d continu e a s bes t  i t 
ca n ATS' s simpl y d o no t  wor k thi s wa y Whe n a n AT N 
finds  a n ungrammatica l  situatio n i t  lake s i t  a s evidenc e 
tha t  i t  m a d e a n incorrec t  decisio n earlie r  i n th e sen -
tence ,  an d henc e back s u p t o find  th e correc t  pat h So . 
conside r 

(4 )  Jac k sol d th e bal l 
(5 )  Jac k sol d Su e th e ball . 

Suppos e tha t  a n AT N parse r  initiall y  decide s t o pars e 
"Sue "  i n (5 )  a s a  direc t  object ,  jus t  lik e "th e ball "  i n (4 ) 
When i t  get s t o th e secon d nou n phras e i n (5) ,  "th e ball " 
i t  ha s n o wa y t o handl e it .  an d henc e i t  back s u p an d 
trie s makin g "Sue "  int o a  dativ e whic h ha s bee n move d 
befor e th e direc t  objec t  Bu t  suppos e w e ha d th e 
ungrammatica l  sentence . 

Mack sol d Su e ball . 
Her e th e AT N woul d bac k u p a s well ,  bu t  t o n o avail ,  sinc e 
ther e i s n o wa y t o ge t  a  grammatica l  sentenc e ou t  o 
thiŝ " 

I n a  deterministi c parse r  (on e whic h doe s no t  bacl ' 
up )  th e parse r  m a y assum e tha t  i t  ha s parse d cverylhin f 
correctl y u p t o th e poin t  whor e i t  run s int o troubl e 
Thus Parsifa l  know s wher e th e troubl e lie s I t  i s  thi s pr o 
pert y whic h make s i t  a n idea l  startin g poin t  fo i 
Paragra m 
2.2 .  Parsifa l 

Parsifa l  ha s tw o basi c dat a structures ,  a  stac k an d a 
bufTe r  Th e stac k contain s th e sentenc e constituent s o n 
whic h i t  I S stil l  workin g I f  a  constituen t  i s  complete . 
the n i t  mus t  resid e i n on e o f  tw o place s first ,  i t  m a y sim -
pl y han g of f  som e large r  constituen t  S o a t  th e en d o f  a 
sentenc e ther e i s onl y on e ite m o n th e slack ,  th e lop -
mosl  s  node ,  an d everythin g els e hang s of f  it .  Second . 
Parsifa l  m a y hav e a  complet e constituent ,  bu t  no t  kno w 
ye l  wher e i l  shoul d g o Suc h constituent s ar e pu t  i n th e 
buffe r  whic h i s a  storag e are a o f  limite d size .  A n obviou s 
exampl e woul d b e a n individua l  wor d (whic h i s clearl y 
complete) .  A  les s obviou s exampl e woul d b e a  nou n 
phras e which ,  whil e complete ,  migh t  b e attache d a t  an y 
one o f  severa l  place s i n th e tre e 

Rule s i n Parsifa l  ar e o f  th e typica l  situation/actio n 
typ e T o decid e i f  i t  i s  applicable ,  a  rul e wil l  mos t  ofte n 
loo k t o se e wha t  i s i n th e bufTer .  although ,  wit h som e lim -
itations ,  rule s m a y als o loo k a t  th e stac k Tw o position s 
m th e slac k ar e special ,  th e botto m o f  th e slack ,  whic h 
I S name d c ,  an d th e lowes t  sentenc e nod e i n I  h e stack , 
whic h i s name d s  T o lak e a  simpl e example ,  i n Parsifa l 
th e rul e fo r  recognizin g passiv e construction s i s thi s 

(rul e passivc-au x :Th. e rul p t x n a m e d ptn^sivp-mi x 
[ = be )  [ = en |  •  :l l  lonk x a t  fin; !  tw o hujfi'n ; 
Attac h Is l  L o c  ./ (  pv.l a th e "be "  o n th e bntlitm. -

a? passive. )  .rnns l  nod e o f  th e stock . 

Thi « I S fi n '-x'-endc d abstrac t  o f  8  muc h !on/̂ c r  pnuc r  b y t̂ c  Sfim e 
nnme.  nviulnbl c fro m th e nutho r  My 'hank- ^  l o Cr.icrn c H,rst ,  wli o com -
mente d o n th e orjRfi.i l  pape r  Thi s res<fj-c h wd s sĵ jpo'-le d i n pa""' ,  a y 
th e Oflic c o f  Nav n ficsrarc n jndc r  conlrnc t  N000M-7ft-C-0')93 .  an d i n 
par t  b y th e N'otionu i  Sc.enc e Founda'.;.jr i  unde r  contrac :  S"'-HOin6fl O 
U.nlcss we exp!.<'illy ndicMle lo ' ne contrary, this and a!) othc 
example s m thi s pape r  ca n b e handle d b y l'a-»i/'-a-i '  When a n exampl e 
t s iinc-ammatical .  ''.•ira*»'-a m wi "  rc<of'-iiz c 11 .t s su(h ,  bu l  p-oduc e a 
reasonabl e dee p s i  •  jc',j-< '  '  anywa y j'-thenor e . '  w.i '  i.-id.'-it o wha t 
i n tn e vcnienc e a d d no t  i;!« e 

^Ve w.l l  b e usiri R a  vcsio n o f  transfo-'nationa l  R-n-rmii r  whic h w a 
current ,  i n th e lat e sxt.rs .  'h e p r n nr. \  -caio n 'o' -  '-'it s  tho^r e , s  i t 
familiarity .  I t  siiojl d no t  b e assume d '-la l  Paragra m mjs .  necessari i 
use n  groi n ma r  u '  thi s typ e 

"* F jrl.fK-mor e ;h c tim e i t  take s a n AT N t o decid e tha t  th e sentenc -
IS ong-anmatica l  sho.il d g o u p roup,hl y exponentiall y wit h th e n u m b e 
of  word s "o r  som e reason ,  thos e wh o tou t  ATN s a s a  mode l  o f  h u m a 
pc-fo-mGnr c d o no t  dra w muc h attentio n t o thi s 'prediction ' 
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The tw o square-bracke t  grouping s indicat e wha t  th e rul e 
require s i n th e firs t  an d secon d bufle r  I n particular ,  th e 
"  =  "  indicate s tha t  wha t  appear s i n th e correspondin g 
buffe r  mus t  hav e th e featur e spcciflcd ,  suc h a s bein g a 
for m o f  th e ver b "be "  Everythin g followin g th e "-» "  i s 
th e actio n portio n o f  th e rul e Thes e action s ar e 
specifie d i n a  languag e calle d "Pidgin" ,  whic h i s quit e 
restricte d bu t  formulate d t o loo k lik e Englis h 

Suppos e w e wer e applyin g thi s rul e i n th e cours e o f 
processin g th e sentenc e 

Jac k wa s take n t o th e hous e 
At  th e poin t  wher e passive-au x i s applicable ,  th e slat e o f 
th e parse r  woul d b e a s follow s 

STACK BUFFERS 

Jac k 

was ta.ker j j£ _ 

Her e th e n p "Jack "  ha s bee n m a d e a  constituen t  o f  th e 
to p leve l  sentence ,  bu t  i t  i s  hangin g of T t o th e sid e t o 
indicat e tha t  i t  i s  n o longe r  o n th e stack ,  sinc e i t  i s  a 
complete d constituen t  I n th e cours e o f  testing ,  Parsifa l 
wil l  se e tha t  "was "  i s a  for m o f  th e ver b "t o be" ,  whil e 
"taken "  i s a n "en "  for m o f  th e ver b "t o take "  an d thu s 
th e buffer s matc h th e rul e test .  A t  thi s poin t  th e actio n 
woul d b e executed ,  whic h i s t o pu t  th e "was "  o n th e au x 
whic h i s currentl y th e nod e Parsifa l  i s  workin g o n Thi s 
wil l  hav e th e sid e effec t  o f  removin g th e "was "  fro m th e 
buffer ,  a t  whic h poin t  th e word s furthe r  alon g i n th e sen -
tenc e wil l  mov e i n t o replac e thos e whic h hav e bee n 
remove d fro m th e buffe r 

However ,  no t  al l  rule s o f  th e g r a m m a r  wil l  actuall y 
be teste d a t  an y give n poin t  Indee d mos t  o f  th e rule s 
woul d b e completel y irrelevant ;  whil e parsin g th e auxi -
liarie s o f  a  ver b w e woul d hardl y expec t  t o fin d direc t 
object s T o preven t  Parsifa l  fro m eve n looking ,  eac h o f 
it s  rule s I S foun d i n on e o r  mor e "packets "  an d onl y th e 
rule s whic h ar e i n "active "  packet s wil l  b e trie d Th e 
activ e packet s ar e thos e whic h ar e attache d t o th e bot -
to m nod e o f  th e stack ,  c  Shoul d thi s nod e b e removed , 
th e packet s o n th e nex t  highe r  nod e wil l  b e active .  Th e 
ide a i s tha t  i f  Parsifa l  i s  workin g o n a  nou n phrase ,  the n 
nou n phras e rule s wil l  b e active .  Onc e Parsifa l  i s  don e 
wit h it .  i t  wil l  b e remove d fro m th e stack ,  an d th e rule s 
on th e nex t  highe r  uncomplete d constituent ,  sa y a  ver b 
phrase ,  wil l  becom e activ e onc e mor e Whic h packet s 
ar e attache d t o a  give n nod e i s explicitl y  controlle d b y 
th e g r a m m a r  rule s themselves . 

Ther e ar e complication s t o thi s scheme ,  bu t  thi s 
shoul d du e t o giv e th e reade r  a  basi c ide a o f  ho w Parsifa l 
work s 
2.3. Parsing Ungrammatical Sentences 

Naturally ,  Parsifa l  a s currentl y constructe d wil l  onl y 
pars e grammatica l  sentence s Shoul d i t  b e give n a n 
ungrammatica l  sentence ,  i t  wil l  eventuall y com e t o a 
poin t  wher e n o rul e applies ,  an d i t  wil l  simpl y giv e u p 

Paragra m differ s fro m Parsifa l  i n numerou s ways , 
but  allowin g fo r  ungrammatica l  inpu t  require s onl y a 
comparativel y mino r  modificatio n Wherea s Parsifa l 
rule s ar e trie d sequentiall y  unti l  on e works ,  activ e 
Paragra m rule s ar e t o b e though t  o f  a s bein g teste d i n 
parallel .  Naturally ,  o n curren t  computers ,  the y ar e 
reall y bein g trie d sequentially ,  bu t  i t  i s  usefu l  t o thin k o f 
the m a s workin g i n paralle l  Furthermore ,  unlik e Parsi -
fal ,  th e resul t  o f  a  tes t  i n Paragra m i s no t  a  yes/n o deci -
sio n Rathe r  i t  i s  a  numerica l  "goodnes s rating "  whuch , 
th e highe r  th e number ,  th e belte r  th e fit  betwee n th e 
rul e an d th e buffer/stac k Paragra m the n take s th e rul e 
wit h th e highes t  numbe r  an d run s it ,  allowin g i t  t o 
chang e th e stac k an d buffer s I t  the n repeat s th e pro -
ces s 

The goodnes s ratin g o f  a  rul e i s th e su m o f  th e 
value s returne d b y th e rule' s atomi c tests .  Eac h atomi c 
tes t  wil l  ad d t o th e scor e i f  i t  succeeds ,  an d subtrac t  i f 
not .  N o significanc e shoul d b e attache d t o th e actua l 
number s Th e basi c ide a i s tha t  th e mor e test s succeed -
ing ,  th e highe r  th e score ,  an d failur e i s punishe d 
severely . 

Now th e crucia l  poin t  i n al l  o f  thi s i s tha t  fo r  a n 
ungrammatica l  sentence ,  th e variou s rating s tha t  w e wil l 
get  a t  th e poin t  o f  ungrammaticalit y wil l  al l  b e quit e low , 
sinc e non e o f  th e rule s o f  g ramma r  wil l  exactl y matc h 
th e input .  Nevertheless ,  on e rul e mus t  stil l  hav e th e 
highes t  score ,  an d henc e wil l  apply ,  eve n thoug h i l  doe s 
not  reall y approv e o f  th e sentenc e a s given. *  So .  fo r 
example , 

•Th e boy s i s dying . 
wil l  b e give n a  lo w ratin g whe n Paragra m start s t o pars e 
th e auxiliar y "is" ,  a t  whic h poin t  th e bes t  rul e wil l  be : 

(rul e subjecl-verb-agreemen t  i n parse-au x 
[ = verb ]  [test :  Th e n p o f  s  agree s wit h 1st. ]  - • 
Creat e a n aux .  Activat e build-aux. ) 

When applie d t o th e abov e ungrammatica l  sentenc e thi s 
rul e wil l  hav e a  poo r  goodness-of-ft t  ratin g sinc e ther e i s 
a matc h wit h verb ,  bu t  th e subject/ver b agreemen t  fail s 
Nevertheless ,  thi s i s th e bes t  valu e a t  tha t  point ,  s o th e 
rul e I S use d anyway ,  an d Paragra m start s parsin g th e 
auxiliar y verb ,  a s intuitivel y i t  should .  Not e howeve r  tha t 
wit h sentence s lik e 

The fish  i s dying . 
The fish  ar e dying , 

th e abov e rul e wil l  succee d i n eac h case ,  an d i n th e pro -
ces s specif y tha t  th e wor d "fish "  i s t o b e understoo d a s 
singula r  an d plura l  respectively .  S o m e othe r  ungram -
matica l  sentence s handle d b y Paragra m ar e 

•Bil l  sol d Su e boo k 
•Jac k want s g o t o th e store . 

Ther e ar e however ,  man y ungrammatical .  ye t  under -
standable ,  construct s whic h Paragra m canno t  currentl y 
handl e Fo r  example ,  extr a constituent s giv e i t  a  prob -
lem .  S o mor e wor k need s t o b e don e 
3. Parsing the Relevant Generalizations 

The secon d goa l  se t  ou t  fo r  Paragra m i s tha t  i t  cap -
lur e appropriat e generalization s abou t  languag e i n m u c h 
th e sam e wa y a s a  goo d transformationa l  g ramma r  Thi s 
has prove d a n elusiv e goa l  i n parsin g program s Th e 
most  wel l  know n o f  A l  parsers .  Woods' s AT N parser ,  ha s 
bee n base d upo n transformationa l  grammar ,  an d 
Bresna n [l ]  point s ou t  tha t  on e coul d us e th e AT N frame -
wor k t o provid e th e lin k neede d betwee n he r  "realistic " 
g rammar  o f  Englis h an d a n actua l  performanc e mode l  o f 
parsin g Nevertheless ,  whil e ATN s ar e inspire d b y 
transformationa l  grammar ,  th e singl e extende d AT N 
g rammar  1  hav e see n ofte n require d severa l  special-cas e 
rule s t o handl e wha t  i s a  singl e rul e i n transformationa l 
g rammar  Whil e w e wil l  no t  pursu e thi s poin t  i n an y 
detail ,  le t  u s tak e a  singl e example ,  take n fro m th e AT N 
g rammar  fo r  Englis h give n i n [7 ] 

The rul e o f  there-insertio n i n transformationa l 
g rammar  relate s sentence s lik e these : 

Ther e wer e barnacle s o n th e shi p 
Y/er e ther e barnacle s o n th e ship ? 
The shi p o n whic h ther e wer e barnacle s san k 
The shi p ther e wor e barnacle s o n san k * 

The statemen t  o f  th e rul e i s somethin g lik e this : 

*Ther e i s sti U th e possibilit y  o f  ties .  Howeve r  i n practic e thi s ha s 
not  com e up ,  an d i t  ca n b e arpue d tha t  barin g problem s wit h th e basi c 
ide a o f  detcrmjnisti c parsing ,  tie s shoul d simpl y no t  occur . 

Ŝtylisticall y t}ii s  ain' t  s o hot ,  bu t  presumabl y i t  i s  grammatical . 
At  an y rate ,  th e AT N gramma r  ha s a  rul e t o handl e it . 
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np(-der )  exisl-^er b - •  Ther e exist-ver b n p . 
Th\ s rul e handle s al l  case s o f  unstresse d " there "  (a s 
oppose d t o th e " there "  i n "Ther e i s Jack" )  However . 
Woods' s AT N ha s tou r  separat e rule s fo r  l-hercHnscrlio n 
on e fo r  handlin g eac h o f  th e abov e case s So .  despit e th e 
inspiratio n o f  transformationa l  g r a m m a r ,  thi s A l \  grafn -
m ar  ha s no t  don e a s wel l  a s on e woul d lik e i n th e 
eleganc e o f  th e rule s i t  embod ie s ° 

Now i n m a n y respects .  Parsifa l  doe s belte r  I n par -
ticular ,  i t  need s onl y on e rul e o f  Ihere-insorlio n Bu t 
thi s i s no t  t o sa y tha i  al l  o f  Parsifal' s  rule s ar e thi s 
elegan t  Indued ,  o f  th n b 7 o r  s o niie s ujh.ic h I  have . 
looke d a t  i n dept h f ro m th e detaile d g r a m m a r  a t  th e en d 
of  MoTC-iis '  boo k '3\ .  onl y tivenl y n r  x n correspon d t o 
trarusformaltona l  rule s Of  th e res t  the y m a y b e 
categorize d int o Ihre o groups ,  dependin g o n th e particu -
la r  deficiencie s whic h require d the m t o appea r  m th e 
grammar 

MiRcellancou s problem s Si x o f  th e rule s ar e 
neede d becaus e o f  variou s peculiaritie s o f  th e g r a m m a r 
and th e parse r  Whil e som e o f  thes e ar c interestin g i n 
thei r  ow n right ,  (particularl y two .  whic h dea l  wit h th e 
rul e o f  raising ,  a  controversia l  rul e i n Linguistics )  w e 
shal l  sa y n o mor e abou t  the m her e 

Phras e Structur e Rule s Th e majoril y  o f  th e 3 1 
othe r  rules .  2 1 i n all .  ar e ther e becaus e Parsifa l  mu'̂ l 
hav e explici t  rule s i n it s  g r a m m a r  fo r  th n placemen t  o f 
phras e structur e ronslilucnt s Thus ,  a  rul e lik e 

s *  n p v p 
IS implemente d b y fou r  separat e rule s i n th e g r a m m a r 
one fo r  creatin g a n s  whe n needed ,  on e fo r  attachin g th e 
np a t  th e righ t  spot ,  anothe r  fo r  th e vp .  an d finally  on e 
whic h say s t o slo p parsin g th e s  No t  onl y woul d i t  woul d 
be preferabl e t o hav e a  singl e rule ,  bu t  th e packe t 
mechanis m i n Parsifa l  i s  reall y a  phras e structur e 
mechanis m i n disguise ,  thu s thes e twent y on e rule s ar e 
redundant ,  a t  leas t  i n principl e 

Paragra m solve s thi s proble m b y explicitl y  usin g 
phras e structur e rule s t o handl e packe t  switching ,  a s 
wel l  a s replac e m a n y o f  th e aforementione d rule s How -
ever ,  i t  ha s no t  prove d possibl e a s o f  ye t  t o replac e th e 
rule s whic h creat e ne w constituent s o f  th e appropriat e 
typ e Thi s i s becaus e suc h rule s typicall y diffe r  widel y 
fro m on e anothe r  i n wha t  the y ar e lookin g fo r  i n th e 
buffe r  t o clu e the m i n tha t  th e ne w constituen t  i s 
neede d Thes e creatio n rule s ar e currentl y th e onl y 
rule s whic h ar e no l  i n one-to-on e correspondenc e wit h 
typica l  transformation.i l  rule s 

irh-movomcn l  Next ,  th e te n remainin g rule s ar e 
involve d i n th e implementatio n o f  th e wh -movcmcn L 
rule ,  a s use d i n 

Who di d Jac k giv e th e bal l  to' ' 
Some o f  thes e rule s ar e neede d becaus e Parsifa l  ha s tw o 
set s o f  verb-phras e rule s Ther e i s a  norma l  set .  whic h 
handle s mos t  ver b phrases ,  bu t  a s soo n a s w e mus t  worr y 
abou t  gaps ,  w o hav e a  completel y differen t  se t  Thi s 
secon d se t  diffe r  fro m th e first  i n tw o way s First . 
becaus e the y mus t  worr y abou t  gaps ,  thi s secon d se t 
continuall y check s th e semantic s t o insur e tha t  i t  ha s 
not  gon e astra y I n fact ,  ther e ar e case s wher e i t  i s  onl y 
semantic s tha t  ca n tel l  th e parse r  wha t  t o d o Fo r  exam -
pl e 

What  di d Ro b giv e th e gir P 
Who di d Bo b giv e th e book'' ' 

Second ,  thi s secon d se t  contai n man y rules ,  eac h lookin g 
fo r  a  differen t  configuratio n o f  thing s i n th e buffe r  which . 
i n turn ,  wil l  sugges t  wher e t o local e th e "gap "  lef t 
behin d b y wh -movcmen l 

**I L I S inipormnt .  howcvnr .  t o kee p i n min d I'l p dj-s i  nclio n 'i<>'.wce n 
Iimilntion s i n th e prt.''Re [  nn d limilQ'.ion ^  i n I'l c  piirLi t  ulfl '  p^o-m^nr .  I t 
IS possibl e tha t  a  mor e e  eve r  RramTia r  wrne r  niiKh t  hav e ov o dc d thi s 
proble m Indee d Woods fin s cl a 're d Tpersona l  eominunication )  tha t 
Parisra i  I S siriipl y on e kj'i d o '  AT N 7 h s  nui y  ̂ e so .  bu t  onl y m • .  'l e unin -
leresLin p sens e Ihi u bot h ar e on e kni d o '  Tjrin p maehin e I n partjculnr . 
th e o'i: y  way s I  ca n .se e o f  s:riiulatinf t  Pa-si' n wit h u n A^ N woul d eom -
plctel y ,/;:ior e ai !  o f  th e bui.i-. n fen ;  iirc s tha i  'iMlt e A "  Ns wfia ;  :  le y a.'-e . 
Al  an y rate ,  i f  i '  - s tru e tha t  Parsifa '  i s on e kin d o f  A  N  *.'le n u  mj s 
sjre! v b e Ih e cas e thn' .  .in y ;Tprovcmen' .  i n !*ars,fill' s  gramma r  ove r  a 
particula r  AT N fi'-omipar  mus t  onl y indicat e deCie'encie s m ''l e AT N 
Rrammnr. 
'rhere are two exceptions, due to proble-n^ -i ojr h.-nd. -ir of 
daUvc-movcmen t 

Pa rag ra m doe s withou t  al l  o f  thi s b y m a k i n g tw o 
change s i n th e parsin g m e c h a n i s m Th e first  i s a  techni -
ca l  chang e i n th e wa y th e parse r  decide s t o postulat e 
tha t  rt  w h migh t  hav e bee n m o v e d fro m a  particula r  loca -
tio n Th e second ,  an d perhap s m o r e interestin g change . 
I S t o avoi d needin g tw o set s o f  verb-phras e rule s (wit h 
an d withou t  call s t o semantics )  Paragra m a lway s 
check s t o se e i f  a  constituen t  i s semanticall y reasonabl e 
befor e i t  wil l  ad d i t  t o th e syntacti c tre e Not e tha t  th e 
use r  nee d no t  explicitl y  specif y tha t  a  cal l  t o semantic s 
I S require d her e Rathe r  Parag ra m automaticall y add s 
suc h call s t o th e testin g sectio n o f  an y rul e whic h add s a 
constituen t  t o th e tre e ' 

4. Conclusion 
Whil e w e hav e give n n o reaso n t o tak e Pa rag ra m 

seriousl y a s a  mode l  o f  h u m a n cognition ,  i f  w e wer e t o d o 
so w e woul d wan t  answer s t o tw o importan t  question s 
Firs t  an d foremost ,  ho w doe s synta x fits  int o th e overal l 
parsin g process' '  Pa rag ra m essentiall y  take s th e conser -
vativ e vie w tha t  synta x i s th e initia l  m e c h a n i s m whic h 
take s th e wor d strin g an d produce s a s it s outpu t  s o m e 
"deeper "  representatio n tha t  ha s propertie s tha t  m a k e 
i t  usefu l  fo r  th e furthe r  pragmati c processin g I t  differ s 
slightl y fro m thi s howeve r  i n tha t  i t  require s tha t  seman -
tic ? b e performe d o n a  constituen t  befor e i t  ca n b e 
attache d t o th e tree . 

Once w e hav e decide d t o adop t  a  mode l  i n whic h 
syntacti c analysi s i s done ,  an d don e a s a  separat e pro -
fess ,  w e mus t  the n answe r  th e secon d majo r  questio n 
what  i s  th e relatio n o f  th e syntacti c parsin g proces s t o 
standar d " c o m p e t e n c e "  model s o f  syntax' '  Again , 
Pa rag ra m take s th e ol d fashio n vie w tha t  thi s relation -
shi p I S reasonabl y direc t  Pa rag ra m argue s tha t  i t  m a y 
be possibl e t o hav e a  one-to-on e correspondenc e 
betwee n parsin g rule s an d rule s o f  g r a m m a r  i n a  parse r 
whic h I S computationall y efficien t 

Thes e view s were ,  o f  course ,  ver y c o m m o n i n th e 
sixties .  The y ar e les s c o m m o n now .  i n par t  becaus e o f 
variou s psychologica l  result s suc h a s thos e o f  Slobi n |5 ) 
I t  I S no t  m y inten t  t o tr y t o refut e th e interpretatio n 
place d upo n thes e results .  Rathe r  I  hop e tha t  th e 
existenc e o f  Parser s lik e Parag ra m ca n reope n th e 
debat e o n thes e crucia l  subject s 
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Though t  Sequence s an d 

The Language of Consciousness 
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Conside r  th e followin g episode ,  t o b e referre d t o a s 
(1) : 

It Is early evening. I am on my way back from the 
supermarket ,  an d I  pas s throug h a  smal l  publi c 
garden .  "I t  i s  a  sham t  tha t  I  canno t  pic k som e 
flower s fo r  H .  ,  becaus e i t  i s  dark, "  I  thin k t o my -
self .  I t  occur s t o me ,  however ,  tha t  "bu t  i t  i s 
possibl e t o buy "  (flowers ,  tha t  is ) ,  an d I  not e tlia t 
"sh e wil l  enjo y me bringin g he r  some" .  Consequently , 
I  decid e t o "buy" ,  I  tur n bac k an d I  g o bac k t o tli e 
supermarke t  i n orde r  t o purchas e som e flowers . 
The episode is the story of one thought sequence. 
Sequence s o f  thi s type ,  I  presume ,  ar e familia r  t o 
everybody .  A t  variou s occasion s w e fin d tha t  a 
though t  i s "passin g i n ou r  heads" :  Ther e i s a  trig -
ger ,  severa l  phrase-lik e expression s follow ,  an d • 
the n on e feel s a  break ,  a n end .  I n th e previous 
paragraph ,  th e though t  sequenc e i s triggere d b y th e 
sigh t  o f  th e bushes ;  i t  consist s o f  fou r  though t 
state s (marke d b y Inverte d commas) ,  an d i t  termi -
nate s wit h a  cal l  fo r  action .  Thi s for m i s general , 
though t  sequence s ar e cognitiv e entities  character -
ize d b y beginnin g an d en d point s whic h ar e well -
demarcate d an d betwee n whic h ther e i s a n ordere d 
serie s o f  discree t  step s tha t  usuall y consis t  o f 
linguistic-lik e though t  expressions .  Th e presen t 
pape r  i s a  brie f  repor t  o n a  fe w pattern s reveale d 
i n a  comprehensiv e investigatio n o f  a  larg e corpu s 
of  tliough t  sequence s I  hav e collecte d ove r  a  perio d 
of  severa l  years .  Suc h a n investigatio n i s inter -
esting ,  I  believe ,  becaus e though t  sequence s con -
stitut e a  natura l  cognitiv e kind ,  a  genuin e expres -
sio n o f  th e working s o f  th e mind ,  no t  a  reactio n 
impose d o n i t  b y th e demand s o f  a n artificia l  tas k 
(othe r  suc h natura l  kind s ar e linguisti c expressions , 
common-sensica l  inference s an d dreams) . 
The corpus was collected by means of introspection. 
Willi e i n som e paradigm s o f  moder n psychology ,  th e 
metho d o f  introspectio n lia s bee n regarde d a s "tli e 
most  fundamenta l  o f  al l  th e postulate s o f  psychology " 
"wha t  w e hav e t o rel y o n firs t  an d foremos t  an d al -
ways "  (James ,  i n th e Principle s o f  Psychology) ,  th e 
metho d i s commonl y regarde d a s non-scientifi c  an d 
unreliable .  Suc h a  critica l  judgement ,  I  think ,  stem s 
fro m misappreciatio n o f  th e appropriat e usage s o f  th e 
method ,  an d a  failur e t o distinguis h the m fro m it s 
abuses .  Th e mos t  notoriou s o f  al l  critique s o f  in -
trospectio n hav e bee n raise d i n respons e t o th e 
researc h conducte d i n Wurzbur g a t  th e beginnin g o f 
th e century .  Th e member s o f  th e Wiirzbur g schoo l 
use d introspectio n a s a  metho d fo r  th e direc t 
solutio n o f  psychologica l  issues .  The y believe d 
tha t  i n orde r  t o fin d ou t  ho w concept s ar e repre -
sente d an d processed ,  i t  i s  sufficien t  t o loo k in -
sid e one' s hea d an d t o observe .  I f  on e i s percep -
tive ,  carefu l  an d experience d enough ,  on e i s boun d 
t o fin d a  factua l  answe r  t o th e issu e a t  han d (th e 
Wurzburgia n subjects ,  recall ,  wer e th e leadin g 
psychologist s o f  thei r  time) .  Introspection ,  howeve r 
canno t  b e use d fo r  th e direc t  solutio n o f  psycholo -
gica l  issue s an d th e generatio n o f  theories ,  bu t 
onl y fo r  th e collectio n o f  data .  Th e analysis  an d 
modellin g tha t  ensu e d o no t  depen d o n introspection j 
i n th e presen t  cas e the y ar e conducte d i n a  manne r 
employe d i n th e linguisti c stud y o f  texts .  A s a 
consequence ,  th e investigatio n i s objectiv e i n th e 
sens e tha t  i t  nee d no t  b e confine d t o th e stud y o f 
one person ,  th e on e wh o ha d furnishe d th e sequences . 
I n fact ,  th e stud y i s base d o n th e analysi s o f  se -

quence s furnishe d b y severa l  informants ,  an d n o 
significan t  individua l  variation s wer e noted . 

The use of Introspection does require precautions. 
I n orde r  t o safeguar d agains t  contamination s o f 
memory an d Interpretation ,  al l  th e sequence s i n th e 
corpu s wer e collecte d a t  th e ver y tim e o f  thei r 
occurance .  Mor e important ,  however ,  ar e th e analy -

tica l  (no t  th e technical )  precautions .  Th e employ -
ment  o f  introspectio n set s limit.ntion s o n th e per -
spectiv e b y whic h th e corpu s may b e examined . 
Clearly ,  ther e i s n o wa y t o compar e th e though t  ex -
pression s t o an y pur e thought s whic h underl y them . 
Hence th e analysi s canno t  dea l  wit h th e structur e 
of  individua l  though t  expressions ,  bu t  onl y wit h 
th e patterns  whic h ar e exhibite d b y entir e sequence s 
Thes e pattern s ar e t o b e evaluate d i n term s o f 
intrinsi c coherence ,  no t  extrinsi c correspondence . 
I n fact ,  th e presen t  corpu s exhibit s bot h a  system -
ati c coherenc e an d a  completenes s i n tha t  a t  pre -
sen t  th e probabilit y  fo r  an y ne w sequenc e t o revea l 
a patter n no t  alread y specifie d I n th e mode l  i s 
clos e t o nil . 
That the topic of the investigation is sequences of 
though t  expressions ,  no t  thought s i n an y pur e form , 
need no t  b e viewe d a s a  shortcoming .  On th e contrar y 
th e formulatio n o f  expression s i n a n inne r  code , 
whic h i s ver y muc h lik e a  natura l  languag e i s itsel f 
a cognitiv e phenomenon .  Clearly ,  no t  al l  though t 
processe s ar e amenabl e t o introspection :  reactio n 
tim e psychology ,  a s wel l  a s psychoanalysis ,  attes t 
t o thi s fact .  On th e othe r  hand ,  however ,  i t  i s 
conceivabl e tha t  th e huma n min d woul d hav e bee n ( 
nizan t  onl y o f  though t  state s whic h hav e practic ; 
ramifications ,  suc h a s th e cal l  fo r  actio n whic h 
terminate s sequenc e (1) .  Tha t  th e degre e o f  reso ; 
utlo n exhibite d b y though t  sequence s i s o f  inter -
mediat e orde r  i s itsel f  o f  cognitiv e significanc i 
Followin g thi s lin e o f  reasoning ,  th e stud y o f 
though t  sequence s b y mean s o f  introspectio n cu m 
linguisti c analysi s may b e viewe d no t  a s th e 11 m 
ed stud y o f  th e shadow s o f  thoughts ,  bu t  a s th e 
genuin e stud y o f  th e languag e whos e totalit y con -
stitute s huma n consciousness . 
From the present perspective the grammar of the 
languag e o f  consciousnes s i s th e se t  o f  mapping s 
define d b y th e sequence s o f  though t  expressions . 
Loca l  mapping s defin e th e relationshi p betwee n V 
successiv e state s i n a  sequence ,  bu t  i t  appear s 
tha t  th e histor y o f  th e sequenc e i s itsel f  a  de t 
minan t  o f  it s  progressio n an d tha t  globa l  mappi n 
als o nee d t o b e postulate d i n th e grammar .  Fo r 
lac k o f  space ,  onl y genera l  patterns  regardin g t 
loca l  mapping s wil l  b e noted . 

The different local mappings, it was found, cons 
tut e differen t  patterns  define d o n a  smal l  numb e 
of  parameters .  Mos t  significan t  o f  thes e i s th e 
leve l  servin g a s th e basi s fo r  th e mapping.  Loc a 
operation s may b e base d o n th e relatin g o f  thou g 
expression s b y mean s o f  store d links ,  content , 
structur e o r  particula r  symbols .  Th e firs t  o f  t h 
base s define s associations .  Association s relat e 
item s i n store d representatio n b y mean s o f  a  li n 
whic h i s als o stored .  Association s var y accordi n 
t o th e type s o f  th e representatio n the y relate , 
th e scope s associate d wit h them .  Representation s 
may b e lexical ,  semantic ,  episodic ,  phonologica l 
modality-specific ,  o r  motor ;  wherea s scope s may 
volv e on e constituent ,  severa l  constituents ,  o r 
tir e though t  expressions .  Traditionally ,  th e te i 
"association "  ha s bee n use d t o refe r  t o lexical -
lexica l  mapping s o f  a  unitar y scope .  I n th e pre s 
corpus ,  however ,  instance s o f  al l  possibl e asso c 
lation s wer e encountered .  (2 )  fo r  instance ,  i s s 
exampl e o f  a n associatio n relatin g on e constltu t 
i n th e perceptua l  domai n t o on e entir e episodi c 
phrase . 
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(2 )  0 .  Hearin g a  tune . 
1.  N .  Introduce d me t o thi s singer . 

Content operations relate thoug.it states on the 
basi s o f  one' s knowledg e o f  tli e world .  Th e item ! 
relate d b y th e mappin g may thetrselve s b e eithe r 
store d o r  generated .  Tli e operation s may eithe r 
suppl y furthe r  informatio n regardin g a  give n it e 
specif y simila r  informatio n regardin g otiie r  items . 

Formal operations relate thoueht expreRsions by 
form ,  no t  content ,  henc- .  the y ar e mos t  usefu l  i n tli e 

generatio n o f  ne w Information .  The y include :  nega -
tion ,  interrogation ,  generalization ,  specificatio n 
and conversion .  Whil e th e term s note d ar e familia r 
fro m logic ,  th e operation s the y denot e ar e mor e 
genera l  tha n th e traditiona l  forma l  ones .  Genera -
lization ,  fo r  instance ,  i s a n entir e famil y o f 
operations ,  whic h var y accordin g t o th e paramete r 
and scop e o f  bot h domai n an d range .  (3 )  i s  a  frag -
meat  i n whic h tw o application s o f  generalizatio n 
ar e noted ;  th e domain s an d range s o f  eac h apprec -
iatio n ar e underlined : 

(3) 1. to ask R. about it 
2.  t o as k adult s abou t  i t 
3.  to_conduc t  exgerinients_on_adults . 

The move from "ask about" to "conduct experiments", 
note,woul d no t  b e classifie d a s generalizatio n i n 
traditiona l  treatises . 

Lastly, operations wliose basis is the particular 
symbol  Involv e a  shif t  i n th e perspectiv e (readin g 
or  Jevel )  b y whic h th e give n though t  ex|)ressio n I s 
processed .  Her o ar e tw o examples : 

(^) 0. Rating spaghetti with a spoon. 
1.  Wl\ y isn' t  ther e a  too l  tha t  wil l  kee p 

th e noodle s an d le t  tii e liqui d pass . 
2.  for k 

In (li) the shift is from the definition of the sym-
bol  t o It s specification ,  wherea s (5 )  th e shif t  i s 
fro m on e readin g o f  a  give n strin g t o another . 

(.')) 0. (reading) I draw my finger across her 
forehead . 

1.  A n imag e o f  mysel f  drawin g my finge r 
acros s I,.' s  forehead . 

The typology of local operations is only one fare 
of  th e stud y o f  tliouglt t  sequences .  Th e richnes s o f 
th e though t  machine ,  i t  appears ,  i s  a  produc t  no t 
of  th e possessio n o f  a  ric h repertor y o f  many , 
comple x operations ,  bu t  rathe r  o f  th e rapidit y an d 
flexibilit y  o f  thei r  dynamics .  Mos I  notabl y th e 
followin g cluste r  o f  pattern s wil l  b e noted : 
a) tach constituent of a tliought expression is a 
fii;:z y designator ,  whic h may trigge r  a  though t  oper -
atio n throug h it s differen t  aspects ,  som e o f  whic h 
may b e onl y partiall y  specified . 
b)  Th e sequencin g o f  mapping s i s drive n b y siiift s 
of  scop e whereb y a  thougit t  expressio n may b e gen -
erate d vi a on e constituent ,  bu t  serv e a s th e basi s 
fo r  anothe r  expressio n vi a another . 
c) Similarly, shifts of levels are encountered. 
Some shift s ar e recursive ,  whereb y th e ver y appli -
catio n o f  a n operatio n serve s a s th e trigge r  fo r 
th e nex t  stat e i n tli e sequence . 
d) Throughout, the application of operations in-
volve s interactions ,  bot h amongs t  themselve s an d 
iJlt h othe r  psychologica l  modules . 

Together, these patterns suggest the metaphor 
exemplifie d b y th e followin g episod e (fo r  me ,  a n 
habitua l  pattern) : 

I  a m a t  th e to p o f  a  stee p rock y slope .  I  hav e t o 
descen d it ,  bu t  1  a m afraid .  My solutio n i s t o 
ru n dow n a s fas t  a s I  can .  I  jum p fro m on e ston e 
t o another ,  an d b y avoidin g bein g statione d a t  an y 
one o f  them ,  1  manag e t o transvers e th e entir e 
rout e throug h them . 

Returning to the cognitive domain, this cascade 
patter n seem s t o b e th e on e tha t  enable s no t  onl y 
th e processin g o f  give n information ,  bu t  als o it s 
generatio n d e novo . 
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What  condition s sroul d a  theor y o f 
consciousnes s me«"t ? 

Bernard J. Baars 
SUNY Ston y ft-ook 

M s pape r  i s writte n i n th e ncmviolio n 
tha t  theorie s o f  consciousnes s toda y .tt o i n th e 
same situatio n tha t  semanti c theorie s w'>r r  i n a 
decad e ago .  A t  tha t  tim e tr.er e wa s a  widesprea d 
belie f  tha t  semantic s wa s a n essentiTll y  in.-̂ ol -
ubl e puzzle ,  tha t  muc h mor e dat a wouU '  hav e t o 
be collecte d t o constrai n adequat e t fory .  I n 
th e event ,  i t  turne d ou t  tha t  th e rea l  obstacle s 
wer e conceptua l  rathe r  tr.a n empirica l  .  Oic e th e 
actua l  condition s t o b e me t  b y a n adequat e 
semantic s ar e specified ,  th e theoretica l  option s 
ar e vastl y reduced .  Further ,  condition ? o n seman -
ti c theor y wer e no t  difficul t  t o find :  al l  suc h 
theorie s mus t  b e abl e t o handl e discours e refer -
ence ,  paraphras e generation ,  questio n answering , 
th e detectio n o f  anomal y an d contradiction ,  an d 
th e abilit y  t o resolv e ambiguitie s a t  al l  level s 
of  analysis .  Unti l  peopl e looke d a t  thes e actua l 
constraints ,  n o progres s coul d b e made .  an i  th e 
proble m wa s treate d a s insoluble .  Similai'ly , 
unti l  w e actuall y loo k a t  widely-accepte d con -
straint s o n tl-.eor y o f  consciousness ,  th "  topi c 
wil l  b e treate d a s fuzzy ,  mystical ,  an d insoluble . 

Wrat  ar e th e condition s fo r  a n adequat e 
treor y o f  consciousness ? First ,  w e ca n specif y 
some pre-theoretlca l  criteria ; 

1.  A n adaptiv e construc t  .  Conscj-̂ iisn«s s 
shoul d b e treate d a s a  cognitiv e construc t  muc h 
lik e an y otr.er ,  witr .  a n adaptiv e information -
proces s inp ,  function . 

2.  Relationshi p t o oti.e r  construct s .  Th. e 
propose d construc t  sroul d b e distin -̂ t  frrx n 
others ,  bu t  explicitl y  relate d t o perception , 
memory,  intentionality ,  executiv e fun';lions , 
automaticity ,  availability ,  th e "interna l  mono -
logue" ,  tr. e subjectiv e observer ,  an d especiall y 
attention . 

3.  Wr.a t  i s  UNconscious ? A  tr.e.'r y . f  con -
sciousnes s shoul d giv e a  (principled )  explanatio n 
of  th e differenc e betwee n consciou> ^  -inr i  iin-"n -
sciou s processes . 

1.  Respec t  fo r  common-sens e r̂ vcholof. v . 
Ther e i s a  worl d o f  differenc e betwee n h?Dtstrap -
pin g one' s way  beyon d common sens e a-i 1 hlindl y 
Ignorin g it .  Common sens e i s ou r  startin g point , 
and w e canno t  eve n as k abou t  th e natur e o f 
consciousnes s withou t  it . 

5.  Empirica l  referenc e .  Finally ,  a  clear , 
empirically-base d domai n shoul d b e specified . 
Table s 1  an d 2  sho w a  numbe r  o f  contrastin g pair s 
ol  claim s abou t  simila r  consciou s an d unccnsciou s 
processes .  Th.es e claim s command a  wid e cons<-:;su s 
among psychologists .  Tr. e jo b o f  theor y i s th'> n 
t o fi t  som e explanator y mode l  t o th e constraint s 
i n th e simples t  possibl e way . 

Tabl e 1 :  Capabilit y  Constraint s 
on a  theor y o f  consciou s contents . 

Conscious Processes vs. Unconscious processors 

1. Computationally Highly efficient in 
inefficient .  specializer /  tasks . 

2. Great range, h Limited domains K 
relationa l  capacity .  relativ e autonomy . 

3. Apparent unity. Very diverne, parallel, 
seria l  ity ,  i  limite d an d togetr.«> r  hav e 
capacity .  grea t  capacity . 

Tabl e 1  show s som e Capabilit y  Constraint s , 
whic h indicat e th e capacitie s an d limitation s o f 
consciou s vs .  unconsciou s phenomena .  Fo r  example , 
i f  w e us e th e ter m "computationa l  efficiency "  t o 
mean th e abilit y  t o wor k ou t  som e algoritrj n 
quickl y an d withou t  error ,  i t  i s  clea r  tha t  whol -
l y consciou s processe s ar e no t  computationall y 
efficient .  Eve n simpl e additio n o r  subtractio n 
i s performe d slowl y an d wit h a  goo d chanc e o f 
error .  I t  appear s tha t  th e grea t  bul k o f  far t 
and efficien t  processin g i s don e b y a  larg e se t 
of  specialize d processors .  Iher e i s muc h neuro -
physiologica l  evidenc e t o thi s effec t  a s wel l 
(Geschwind ,  1979) . 

Ih. e grea t  rang e an d diversit y o f  consciou s 
content s seem s t o compen-at e fo r  thes e efficienc y 
limits .  Peopl e ca n b e consciou s o f  virtuall y an y 
energ y patter n impingin g upo n an y sensor y system , 
down t o singl e proton s hittin g singl e visua l  rec e 
tors .  B y mean s o f  consciou s biofeedback ,  on e ca n 
gai n voluntar y contro l  ove r  th e action s o f  two -
neuro n spina l  moto r  units .  Etc .  Or  on e ca n b e 
consciou s o f  event s tha t  requir e enornoo s cooper a 
tiv e activit y betwee n man y million s o f  neurons . 

Further ,  consciou s content s alway s appea r 
internall y consisten t  a t  an y on e time ,  eve n i f 

thi s consistenc y i s spurious .  Thi s I s i n apreeme n 
wit h th e fac t  tha t  consciou s capacit y i s limite d 
and tha t  th e content s o ^  consciou s nes s appea r 

seriall y .  Thes e fact s belon g together :  I f  ther e 
must  b e interna l  consistenc y a t  an y on e time , 
the n ther e i s a  clea r  capacit y limi t  fo r  incorpo -
ratin g mutuall y inconsisten t  contents ,  an d suc h 
mutuall y exclusiv e content s mus t  als o appea r 
serially . 

I n contras t  t o consciou s processes ,  th^r e i s 
reaso n t o thin k tha t  unconsciou s proi'cssor s ca n 
operat e autonomousl y i n thei r  specialize d dr.nain s 
withou t  difficulty ,  becaus e the y ar e isolate d 
fro m eac h other .  Tne y see m t o b e highl y diverse , 
operatin g fast ,  efficiently ,  an d i n parallel . 
Take n a s a  whole ,  th e se t  o f  al l  unconsciou s 
special-purpos e processor s ha s a  ver y grea t 
capacit y Indeed . 

Tnes e Capabilit y  Constraint s hav e le d me t o 
associat e consciousnes s wit h a  well-knovv n 
information-processin g configuration :  A  globa l 
data-base ,  operatin g i n a  ver y large ,  distribute d 
system ,  fe e globa l  dat a bas e i s essentiall y  a 
centra l  informatio n exchang e whic h p-̂ rmit s 
otherwis e autonomou s specialize d processor s t o 
interac t  wit h eac h other .  Representation s i n 
th e globa l  dat a bas e ar e globall y distributed , 
so tha t  an y on e o f  a  myria d specialist s ca n 
respon d t o th e globa l  information ,  an d som e se t 
of  specialist s ca n cooperat e i n retur n t o creat e 
anothe r  globa l  representation . 

I n thi s system ,  globa l  processe s ar e 
inefficient ,  slow ,  an d error-pron e becaus e the y 

requir e cooperatio n betwee n differen t  s t̂ s  o f 
specialists .  Ye t  globa l  informatio n wil l  hav e 

grea t  range ,  diversit y an d context-sensitivit y 
precisel y becaus e i t  involve s interactio n betwee n 
many specialize d processor s i n th e system .  Globa l 
informatio n wil l  show  apparen t  unity ,  becaus e 
inconsisten t  globa l  representation s wil l  lea d t o 
competitio n betwee n mutuall y exclusiv e special -
ists ,  whic h wil l  caus e th e globa l  representatio n 
t o becom e rapidl y unstable .  Tĥ er e wil l  tr.u s b e a 
narrowl y limite d capacit y t o displa y mutuall y 
competitiv e content s a t  an y on e time ,  nn d thes e 
wil l  hav e t o b e displaye d serially .  I n thi s 
way,  al l  th e Capabilit y  Constraint s o f  labl e 1 
can t> e show n t o appl y t o globa l  representation s 
i n a  distribute d system .  Bu t  thi s i s no t  th e 
whol e story . 
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Tabl e 2 :  Boundar y constraint s o:v n w. " 
content s o f  consciousness . 

ConsciOLi S pr.e r r'̂ men a 
'Ji'iiu l  Igneou s oases : 

1. Percepts. 

2. Input consistent 
witr .  context . 

Djacf.ronic cases: 
3.  Percepts . 

14. Any cf.ange in a 
l-.abituate d stimulus . 

Unconsci'̂ u s pr.fiionien a 

orp.nni7" i-" -opi s. 
Inpu t  ini;or-istr>n l 
witr .  cont"x '  . 

Pre-p'^'^fptual 
procesji-r-, . 

Habitu.it"f |  percept . 

Conside r  th e conscious-unconsciou s contrast s i n 
Tabl e 2 ,  entitle d Boundar y Constraint s — a 
well-i'.:i3w n se t  o l  lactr > 3'>ou t  percepti:)n .  I'" i  ,jept s 
ar e conscious ,  bu t  tr. e rapi d pre-percptuT l 
r.ypoth.esis-testinp ,  tr.-i' ,  i s  neede d t o "."tablisr .  th e 
consciou s percep t  i s  unconscious .  FurtK-^i'nne . 
th e p̂ ,ysica l  stimul i  tha t  lea d t o th e cMn.'Moii s 
percept s ar e onl y consciou s i f  the y ar "  •Icfin^ d 
withi n a  stabl e se t  o f  contextua l  constraints . 
These contextua l  constraint s ar e n«>'>'ie d t o pro -
vid e tr. e presuppositiona l  backgroun d fo r  th e 
percpts ,  an d tr.e y ar e no t  conscious .  Ir. r  pr.ysi -
cal  stimul i  tr.emselve s ar e no t  cony c i->u-- .  "Ithe r 
i f  th e appropriat e contextua l  back?,rou:i d i s 
missinp .  Further ,  percept s tr.a t  ar e Ir.oiou'.r.l y 
analyze d dro p ou t  o f  consciousnes s (hnbituatio n 
and automaticity) . 

Ih:es e fact s impl y tha t  consciou s content s 
involv e mor e tha n jus t  globa l  information .  IV.e y 
need t o b e stabl e an d coheren t  ,  t o accomodat e 
th e fac t  tha t  rapi d pre-perceptua l  pro-°ssin g 
i s no t  conscious .  Further ,  fo r  a  globa l  represen -
tatio n t o b e conscious ,  i t  mus t  b e abl e t o trigge r 
widesprea d adaptio n i n th e nervou s syste m — 
onc e thi s adaptatio n ha s occurred ,  th °  consciou s 
percep t  become s unconscious ,  presumabl y becaus e 
i t  ha s no w becom e a  par t  o f  th e stable ,  presup -
positiona l  background .  T o pu t  i t  al l  tof^ether , 
then :  consciou s content s mus t  b e globa l  , 
coherent ,  an d informativ e . 

A firs t  approximatio n t o a  syste m tha t  fit s 
thes e constraint s i s  show n i n Figur e 1 . 

Figur e 1 

Globally Dlstributetl Information: 

CONSCIOUS 

CONTENTS 

Consciou s content s ar e no t  onl y globs] ,  hu t  al s 
coherent ,  becaus e internall y inconsisten t  ^nntent s 
woul d impl y competitio n betwee n differe-^ t  s'-t s o f 
specialists .  An y activ e competitio n vrjul d rapidl y 
remov e th e incoheren t  representatio n f n n fr. e 
globa l  dat a base . 

Figui- e 2  present s a  mor e refine d sy«;t°i i  t o 
fi t  th e constraint s se t  ou t  i n Table s i  .tv )  2 , 

Figur e 2 . 

ENERGY PATTERNS 

f f f * f 

INFORMATION 

Globally Distributed 

Adaptin a 

Specialist s 

Stabl e Contextua l  Specialist s 

Tne globa l  representatio n i s  no w show n t o b e 
bounde d b y a  se t  o f  stabl e contextua l  ?pecialist s 
whic h provid e th e presupposition s wit-hi n whic h th e 
globa l  representatio n i s  defined .  Howeve r  tr. e 
contextua l  specialist s ar e no t  themselve s conscious . 
Othe r  specialist s ar e i n th e proces s o f  adaptin g 
t o th e globa l  representation .  Onc e a^Japtatio n i s 
complete ,  th e globa l  representatio n fTlr r  (ro m 
consciousness ;  i t  become s par t  o f  th e contextua l 
background ,  thoup, h i t  •  mtinu-' s t o constrai n 
othe r  consciou s contents . 

Thi s fina l  mode l  ca n handl e al l  th e majo r 
empirica l  constraint s o n theor y liste d above : 
Consciou s content s mus t  b e global ,  internall y 
coherent ,  an d informativ e (i.e. ,  abl e t o trigge r 
widesprea d adaptation) . 

Tri s theoretica l  approac h i s  tr' -  )t." d i n muc h 
greate r  detai l  i n Baar s (i n press )  an d IVia r  s  an d 
Mattso n (i n press) . 
Baars, B.J. Conscious contents provide the 
nervou s syste m wit h coherent ,  globa l  info i  mition . 
I n R.J .  Davidson ,  G .  Schwartz ,  an d P .  f̂ .aplr o 
(eds. )  Consciousnes s an d self-regula t  io n Vol . 
n i  ,  NY :  Plenun ,  i n press . 

Baars ,  B.J .  an d Mattson ,  M.E .  Consciousnes s 
and intention :  A  framewor k an d som e evidenr^e . 

Cognitio n 4  Rrai n Theor y ,  I n press . 
Geschwind ,  N .  Specialization s o f  th e f.tna n 

brain .  Scientifi c  American .  ^1 1 J j )  .  IT^Q ,  180-?01 . 

Spaclol l  i« d Syit«m s 

(Urtcensc lout ) 

Not e tha t  consciou s content s a i  "  plohall y 
available ,  bu t  mos t  detaile d informatio n r '  ••"'"ss -
in g i s  performe d locall y b y a  larg e .'" t  o f 
specialized ,  distribute d processors .  Ih "  ?r-"ial -
Ize d processor s maintai n th e processm p ini '  iative . 
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THE ROLE O F TH E OBSERVER I N COGNITIV E SCIENCE. 
Rlcluir d H.immcrslcy. * 

TliL '  curren t  ph i  losoplilca l  bnsl s o f  cognitiv e scienc e 
lead s t o problem s I n th e theorie s o f  cognitio n pro -
posed .  A n .iitern.i t  Iv c basis ,  usin g phenoraonology ,  ma y 
be mor e viiible . 

Wester n metaphysic s ha s bee n divide d betwee n dual -
ist s an d monists .  Bot h equat e sel f  an d mind .  Cogni -
tio n i s th e relatio n betwee n th e sel f  o r  min d an d th e 
wori d o r  th e res t  o f  th e world . 

Cognitio n require s a  worl d an d a  menta l  representa -
tio n o f  tha t  world .  Unfortunall y w e canno t  b e sur e o f 
th e worid .  An y variet y o f  realis m require s som e 
representatio n o f  th e world .  Theorisin g become s th e 
relatio n o f  o n mode l  t o another .  Becaus e o f  ou r  prej u 
dice s w e len d t o ascrib e on e o f  thes e model s reality . 
The subject s o f  ou r  theorisin g ar c take n t o posses s 
representation s o f  thi s world .  We deduc e th e natur e 
of  thei r  representations ,  an d th e processe s necessar y 
t o gai n thes e representation s upo n th e assumptio n tha t 
our  "observer s world "  i s  real .  I n fac t  wha t  w e tak e t o 
be propertie s o f  th e subjec t  ma y b e impose d b y th e 
n.itur e o f  th e assumption s withi n tli e observer' s worid . 

Phenomonoiog y equate s th e worl d wit h th e sel f  (e.g . 
Merlej u Pont y 19(>2 ,  1964) .  My worl d I s myself .  Min d i s 
a p.ir i  o f  mysel f  whicl i  I  hav e learne d t o contras t  t o 
th e real .  R.itl>e r  tha n tryin g t o contro l  one' s ow n 
subjectivity ,  a s a n observer ,  on e mus t  understan d it . 
Ther e i s n o rea l  worl d t o bas e one' s cognitiv e model s 
on .  Instea d on e mus t  conside r  th e relationshi p betwee n 
worlds .  What  canno t  b e communicate d canno t  b e stu -
died .  A s researcher s w e devis e man y way s fo r  subject s 
t o communicat e wit h us .  I t  i s  a  mistak e t o ignor e 
thei r  roi e i n thi s communication . 

As cognitiv e scientist s w e shoul d conside r  th e 
world s o f  subjects .  T o d o thi s w c mus t  abando n ou r 
priviloge j  positio n a s "objective "  observers .  Wc hav e 
struggle d t o objectif y ou r  analyse s o f  behaviou r  an d 
otiie r  manifestation s o f  cognition ,  thi s attemp t  i s 
spurious .  We wil l  onl y progres s b y devisin g way s o f 
recordin g an d relatin g subjectiv e worlds . 

Thi s ma y loo k a s i f  i t  wil l  b e ver y difficult ,  an d 
further ,  non-objectivc .  Th e remainde r  o f  thi s pape r 
argue s tha t  1 .  Curren t  cognitiv e scienc e theorisin g i s 
alread y non-objectiv e an d th.i t  thi s pose s a  seriou s 
problem .  2 .  Thi s proble m mus t  b e face d b y makin g th e 
rol e o f  t f  -  observe r  explici t  i n tlieory . 

Let  me provid e example s o f  I  .  I  hop e tha t  th.:̂ y  wil l 
be clea r  enoug h t o allo w yo u t o generat e others .  Le t 
me tak e a  psychologica l  example ,  a  linguisti c exampl e 
and a n A .  1  .  example .  Fo r  psychology ,  conside r  th e 
concep t  o f  imager y I n particula r  an d menta l  rcprese n 
tatio n i n general .  Th e intia l  interes t  i n imager y wa s 
fairl y simplistic ,  earl y studie s sough t  t o discove r  i f 
ther e wer e an y ipparen t  performanc e correlate s o f  a 
menta l  image .  Report s o f  imager y wer e correlate d wit h 
performanc e i n on e wa y o r  another .  I t  ha s sinc e 
become clea r  tha t  reportin g a n imag e correlate s wit h 
some analogu e kind s performanc e especiall y i n terra s 
of  "distance "  traverse d ove r  time .  I t  ha s als o becom e 
clea r  tlia t  reporte d imager y i s no t  necessar y fo r  suc h 
effect s (Friedma n 1979 )  an d tlia t  us e o f  "th e image "  i s 
not  lik e us e o f  a n objec t  (Hinto n 1980 ,  Richma n an d 
Mitchel l  1979) .  S o w c no w hav e representation s whic h 
ar e lik e images ,  bu t  clearl y canno t  correlat e pre -
cisel y wit h Imager y reports .  Th e problem s o f  inter -
pretin g th e origina l  observe d performance s hav e no t 
bee n solved .  I t  i s  no t  clea r  wha t  th e basi s o f  imager y 
report s o r  tim e difference s i n processin g are .  Th e 
assumption s tha t  tim e difference s represen t  rea l  pro -
cessin g an d tha t  reporte d Imager y ha s som e Imagina l 
(e.g .  analogue )  basi s ar e par t  o f  th e observer' s o r 
theorist' s  world .  I  sugges t  tha t  th e observer s hav e 
foun d evidenc e wtiic h support s tliei r  world .  The y hav e 
not  foun d evidenc e whic h woul d convinc e thei r  mor e 
cynica l  colleagues .  B y wadin g int o suc h excitin g 
problem s a s imagery ,  withou t  bein g clea r  wha t  the y 
believ e a n imag e coul d be ,  cognitiv e psychologist s 
hav e produce d a  lo t  o f  experiment s whic h ar e unlnter -pretable .  Yo u ca n lik e the m o r  dislik e the m bu t  i s i s 

unclea r  wha t  the y hav e shown .  Th e imag e a s a  concep t 
may b e a  usefu l  par t  o f  th e observer' s world ,  i t  I s 
not  clear ,  an d canno t  b e withou t  th e distinction , 
whethe r  i t  i s  a  usefu l  par t  o f  th e subject' s world ,  o r 
eve n a  functiona l  entit y withi n th e processin g system . 

Space prevent s me goin g Int o detai l  fo r  th e othe r 
examples .  I'l l  jus t  nam e the m t o anno y an d teas e thos e 
who believ e I n them .  I n A l  th e notio n o f  a  representa -
tio n o f  knowledg e seem s t o b e a  forma l  1  sa t  io n o f  th e 
observer' s knowledge ,  i t  i s  no t  a  theor y o f  knowledg e 
i n Itself .  I n linguistic s th e notio n o f  a  languag e I s 
par t  o f  th e observer's/communit y world .  I t  I s  no t 
clea r  tha t  I t  i s  a n essentia l  par t  o f  linguisti c 
theory .  Nee d on e assum e th e objec t  o f  stud y t o under -
stan d it ? I t  woul d b e bette r  t o deriv e it . 

How wil l  considerin g th e rol e o f  th e observe r  hel p 
t o solv e suc h problems ? Fo r  a  start ,  i t  become s clea r 
tlia t  ther e ar c n o "bal d facts "  whic h w e al l  agre e 
abou t  a s decen t  an d uprigh t  scientists .  Fo r  example , 
pro-imager y peopl e see m t o believ e I n th e realit y o f 
images ,  linguist s believ e i n language .  Fo r  som e pur -
pose s thes e belief s may b e useful ,  the y canno t  b e 
validate d b y assumin g them .  No r  ca n th e existenc e o f 
suc h thing s b e proven .  I f  w e wan t  t o understan d th e 
min d o f  a  subject ,  rathe r  tha n simpl y capturin g 
behaviou r  I n a  descriptiv e way ,  the n w e hav e th e prob -
le m tha t  thei r  belief s an d our s may b e different .  Sup -
posin g on e foun d "imager y effects "  i n a  perso n wh o 
reporte d n o imagery .  Th e curren t  wa y o f  understandin g 
thi s woul d b e t o clai m tha t  th e perso n lia d a n uncons -
ciou s Image .  I t  I s  importan t  t o recognis e tha t  thi s i s 
a clai m abou t  ou r  worid ,  no t  th e subjects .  Fo r  exampl e 
i t  migh t  b e futil e t o tel l  suc h a  subjec t  t o "picture " 
something ,  othe r  way s o f  enablin g "imagery "  migh t  b e 
necessary .  Tli e Ideal ,  i f  w e wis h t o stud y th e mind s o f 
others ,  woul d b e som e mode l  whic h bot h observe r  an d 
subjec t  coul d agre e on ,  o r  a t  leas t  b e mad e t o agre e 
on . 

One rol e o f  scienc e i s t o establis h suc h a n agree -
ment  withi n a  scientifi c  community .  Fo r  example ,  Human 
Informatio n Processin g ha s certai n agreement s abou t 
how t o conside r  psychology .  A  critica l  notio n i s tha t 
of  information .  Recently ,  w e hav e see n criticism s b y 
Gibso n (e. g 1966 )  an d Turve y (e.g .  1977 )  o f  th e assump -
tio n tha t  ther e i s som e absolut e wa y o f  definin g unit s 
of  informatio n i n th e enviroment .  Thei r  alternativ e 
becomes subjec t  relative .  1  sugges t  tha t  thi s i s to o 
simple .  Th e "primitiv e unit s o f  information "  i n th e 
envlroraen t  wil l  depen d upo n th e subject ,  th e enviro -
menta l  context ,  th e historica l  contex t  o f  th e subjec t 
and ,  no t  leas t  important ,  th e wa y i n wliic h th e 
observe r  characterise s th e proble m o f  interest .  Tha t 
is ,  th e notio n o f  invarianc e onl y ha s meanin g withi n a 
syste m whic h include s th e observer ,  th e subjec t  an d 
th e enviroment .  A n affordance ,  lik e edible ,  o r  a 
feature ,  lik e straigh t  line ,  ca n onl y b e specifie d i n 
thi s m.inner .  Th e fac t  tha t  the y appea r  "real "  invari -
ant s t o u s i s du e t o ou r  Ignoranc e abou t  ou r  partici -
patio n i n thi s process .  Yo u may protes t  tha t  b y 
Includin g ou r  participatio n i n science ,  w e ar e liabl e 
t o destro y th e objectiv e an d repcatabl e natur e o f  sci -
ence .  Clearl y th e functiona l  utilit y  o f  severa l  sci -
ences ,  o r  better ,  system s o f  scientifi c  communication , 
i s  great .  I t  i s  no t  clea r  tha t  thi s i s th e cas e i n 
cognitiv e science .  I  a m proposin g tha t  cognitio n b e 
reg.irde d a s a  relatio n betwee n th e worl d o f  th e 
observe r  an d tli e worl d o f  th e subject ,  rathe r  tha n a s 
a stati c syste m whic h ca n b e charte d an d understoo d a s 
processin g withi n a  singl e world .  1  believ e tha t  thi s 
wil l  oveicom e th e problem s wit h usin g phenoraonolog y a s 
tli e basi s merel y fo r  Introspectio n o r  som e uncritica l 
descriptio n o f  people' s beliefs .  1  a m suggestin g usin g 
tw o phenomonoiogie s a t  once .  Th e relatio n betwee n 
thos e world s wil l  serv e a s th e basi s fo r  cognitiv e science ,  rathe r  tha n attemptin g t o bas e on e worl d i n 
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th e other ,  ii s  i s presentl y done .  A s o  gli b sumranr y t o 
rcmcrabLr :  What  i s roii l  i s  no t  impor t  int ,  wha t  th e sub -
jec t  an d th e observe r  believ e t o b e rea l  i s  critical . 
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Ar e We Read y fo r  a  Cognitiv e Engineering ? 
S.  K .  CaRI I .  Xero x Pol o Ali o Researc h Cente r  A N D 

A.  N l iWtLL ,  Camefii-Mello n Untyenll y 

ll IS an interesting irony that psychology is often criliciicd for its 
impracticaUt y an d it s concer n wit h minutia e whil e a t  th e s a m e lim e 
th e crucia l  problem s impedin g m a n y engineerin g development s ar e 
problem s o f  psychologica l  performance .  N o w h e r e i s thi s m o r e Inr e 
tha n i n th e are a o f  h u m a n - c o m p u t e r  interaction ,  whethe r  i t  i s a 
matte r  o f  automatio n i n th e cockpi t  o f  advance d aircraf t  o r  i n th e 
task s o f  offic e workers .  I n bot h case s i t  i s  th e lac k o f  understandin g 
o f  th e determinant s o f  psychologica l  performanc e i n th e use r  tha t 
currentl y set s limit s o n th e us e o f  technology . 

Yet ,  anyon e w h o ha s ha d th e tas k o f  tryin g t o obtai n fro m th e 
literatur e psychologica l  guidanc e fo r  th e desig n o f  a n interactiv e 
c o m p u t e r  syste m i s awar e o f  th e grea t  frustration s engendere d b y th e 
j umb l e o f  empirica l  result s an d micro-theories ,  tightl y b o u n d t o 
expenmenta l  paradigms ,  whic h h e finds.  I t  i s  no t  tha t  psycholog y 
ha s n o informatio n t o offer .  Indeed ,  whil e th e literatur e admittedl y 
contain s quantitie s o f  ill-founde d trivia ,  ther e ha s c o m e t o b e 
establishe d i n cognitiv e psycholog y a  soli d se t  o f  verifie d fact s abou t 
th e workin g o f  th e h u m a n m ind .  Hu t  thes e fact s ar c difficul t  l o 
retriev e an d t o appl y i n n e w circumstances .  Thi s i s tru e partiall y 
becaus e i n psychology ,  unlik e s o m e othe r  fields,  ther e ha s bee n 
insufficien t  effor t  devote d l o codifyin g an d condensin g th e 
knowledg e learne d int o simpl e forms ,  usabl e b y worker s wit h othe r 
specialties .  ITi c codificatio n an d simplificatio n o f  establishe d fact s i s 
importan t  t o th e progres s o f  science  i f  th e result s fro m on e speciall y 
ar e t o b e c o m e ih e tool s o f  anothe r  (Latou r  an d Woolgar ,  1979) ,  i f 
th e result s o f  cognitiv e psycholog y ar c t o coalesc e int o a  science  bas e 
fo r  cognitiv e engineering . 

Uut  ar e w e read y fo r  a  cognitiv e engineering ? I s i t  n o w withi n 
ou r  reac h t o creat e a  systemati c methodolog y fo r  designin g machine s 
optimize d fo r  h u m a n cognitiv e performance ? ITier e i s certainl y th e 
engineerin g nee d an d ther e ar c als o th e promisin g development s i n 
cognitiv e psychology ,  bu t  i t  i s a  grea t  mistak e t o thin k that ,  b y 
merel y listin g a  miscellaneou s collectio n o f  results ,  cognitiv e 
psycholog y i s thereb y rendere d usabl e t o suppor t  a  disciplin e o f 
cogniuv e engineering .  W h a t  i s require d i s a  m o r e radica l  departur e 
fro m wha t  i s  usua l  i n psychologica l  research .  Wherea s th e poin t  o f 
expenmenta l  manipulation s i s  ofte n t o discriminat e betwee n 
compet in g theorie s n o matte r  h o w smiil l  th e discrimination ,  b y 
contras t  i n a  psycholog y usefu l  fo r  engineerin g design ,  smal l 
difference s ar e los t  i n th e m a n y approximation s alway s necessary . 
W h at  i s imponan t  i s th e abilit y  t o d o tas k analysi s (determinin g Ih e 
specific ,  rationa l  m e a n s o f  accomplishin g variou s goals) ,  calculatio n 
(zero-paramete r  prediction s o f  behavio r  capabl e o f  parametri c 
variation) ,  an d approximatio n (simplificatio n o f  th e tas k an d o f 
psychologica l  theory) . 

I n th e remainde r  o f  thi s paper ,  w e wis h t o sugges t  a  w a y i n 
whic h n u m e r o u s result s fro m cognitiv e psycholog y migh t  b e include d 
i n a  singl e mode l ,  usabl e b y compute r  syste m designer s an d others . 
T h o u g h limited ,  thi s mode l  (wliic h w e sh.il l  d u b th e M o d e l  H u m a n 
Processor )  doc s m a k e i t  possibl e t o cal'.ul.ii c  predictions  o f  use r 
performance ,  albei t  o f  a n approximat e kind .  Ili c  purpos e o f  th e 
m o d el  i s no t  t o provid e a  precis e dcscnp l  o n o f  wha t  i s i n th e head , 
bu t  t o provid e a n economica l  an d sufficien t  basi s fo r  applie d 
analysis . 
THE MODEL HUMAN PROCESSOR 
The MiiJd lluiii.in l'nn.> vui i.iii l)e dixribcd by (1) ,i set of 
vMlii 1^1 . -ti vl 1111111.1, i 1 I n,^i.iuiin" tlijiii. .•'I. Ili^ piiii.ii..il 

propertie s o f  th e processor s an d memor ie s ar c summar ize d b y a 
smal l  se l  o f  parameters .  A  simila r  techniqu e ha s prove d successfu l 
fo r  simplifyin g th e analysi s o f  electroni c information-processin g 
system s (se c Sicwiorek ,  llcll ,  an d N e w c H ,  1981) .  I'h e m e m o r y 
parameter s use d i n Ih e njode l  ar c ar e 

/I. the storage capacity in items, 
S.  th e deca y lim e (half-life )  o f  a n item ,  an d 
K.  th e mai n cod e typ e (iconic ,  acoustic ,  visual ,  semantic) . 

The only processor parameter used is 
T, the cycle lime. 
The complete model is elaborated and argued in Card, Moran, and 

Newel l  (i n preparation) .  Here ,  w e wis h onl y l o giv e a n illustratio n o f 
h o w a  singl e paramete r  t  fro m th e mode l  ca n b e use d t o s u p p o n 
syste m engineerin g analysis . 

Accordin g t o th e M o d e l  H u m a n Processor ,  th e m i n d i s comprise d 
of  thre e partiall y  couple d processors ,  th e Perceptua l  Processor ,  th e 
Cognitiv e Processor ,  an d th e Mo to r  Processor ,  eac h wit h a  simila r 
cycl e time ,  derive d fro m th e literature . 
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Figur e 1 .  Th a Mode l  Human Proeesso*—Memon«« . 
;  proc«9S0» ,  en d B«sl c Pxncipi o o (  Op«r*lron . 
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Pi.  Variable Perceptual Froceisor Rate Principle. The Perceptual Processor 0xU time 
T varies inversely mth stimulus intensity. 
P2.  hncoding Specificity Principle. Specific encoding operations performed on what is 

prrn-nr d Jeiermin e ŷha f  i s store d an d wha t  i s store d determine s wha t  retrieva l  cue s ar e 
rffrciiv e i n providin g acces s t o wha t  t s store d 

P3.  lUscriminatio n Principle .  Th e dijficult y o f  memor y retrieva l  i s  determine d b y th e 
candidate s tha t  exis t  i n th e memory ,  relativ e t o th e retrieva l  clues . 

P4.  Variabl e Cognitiv e Processo r  Rat e Principle .  Th e Cognitiv e Processo r  cycl e lim e r  i s 
shorter for greater task demands and increased information loads; it also diminishes 

îf h practice . 
P5.  fill s  s  Imw .  Th e lim e T  1 0 mov e th e han d t o a  targe t  o f  siz e S  whic h lie s a  distanc e 
Dnnm Kgiven  by  Tpo^^'M^^H^^^^^^  ^''^'^^ 'w~  100ins/biM70~  120nis/bit). 
/ U Powe r  La w o f  Practice .  Th e nmcT ^  t o perfor m a  las k o n th e nt h tria l  follow s a  powe r 
law: T^== r^n- '. where r- 4[ 2- 6]. 
P7.  The Uncertainty Principle. Decision time T increases with uncertainty about the 

Judgement  o r  decisio n t o b e mod t  •  T  ~  l^li ,  wher e I t  i s  th e information-theoreti c 
entropy of the decision and />-.= 150 ms/bil |0-157 ms/bitj. Tor n equally probably 
alternatives  (Hick s Imw). 11 = logj (n + 1) For n alternatives with different 
probabilities of occurring P-. // = ;',log2(I/;»y + 1). 
P8.  Maiionality Principle. A person acts so as to attain his goals through rational action, 

give n th e structur e o f  th e tas k an d hi s input s o f  informatio n an d bounde d b y limitation s 
on hi s knowledg e an d processin g ability : 
Goal s +  Tas k +  Operator s +  Input s +  Knowledg e +  Process-limit s —*  Behavior . 

P9.  rh e ProblemSpac e Principle .  I  h e rationa l  activii v  i n whic h peopl e engag e t o solv e a 
proble m ca n b e describe d i n term s o f  (I )  a  se t  o f  slate s o f  knowledg e (2 )  operator s fo r 
chanfin K on e stat e int o anoiher .  (J )  constraint s o n operato r  movement ,  and(4 )  contro l 
knowledg e fo r  decidin g whic h operato r  t o appl y nex t 

Figur e 2 . 
Operation . 

The Mode t  H u m a n Processoi—Addlliona l  Principle s o f 
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Tp =  10 0 m s (50-200 ) 
T^  =  10 0 m s (25-17 0 ms j 
Tj ^  -  10 0 m s (70-36 0 msJ . 

For some tasks (pressing a key in response lo a light) the system 
must  behav e a s a  seria l  processo r  Fo r  othe r  task s (typing ,  reading . 
and simultaneou s translaiiun )  integrated ,  paralle l  operatio n o f  th e 
thre e subsystem s i s possible ,  i n th e manne r  o f  thre e pipeline d 
processors :  mformatiu n How s continuousl y fro m inpu t  l o output , 
wit h a  la g showin g tha t  al l  thre e processor s ar e workin g 
simultaneously . 

Suppos e a  stimulu s impinge s upo n th e retin a o f  th e ey e a t  tim e ( 
0.  A t  th e en d o f  on e Herccptua l  Processo r  cycle ,  /  =  t ^  ,  th e 

imag e i s assume d t o b e availabl e i n th e Visua l  Imag e Stor e an d th e 
human abl e t o se e i t  Shortl y thereafter ,  a  recognised ,  symbolic , 
acousticdily -  (o r  visually- )  code d representatio n o f  a t  leas t  par t  o f  th e 
Visua l  Imag e Stor e content s i s assume d l o b e presen t  i n Workin g 
Memory.  I n truth ,  thi s descriptio n i s a n approximatio n sinc e 
differen t  informatio n i n th e imag e become s availabl e a t  differen t 
time s muc h a s a  photopr.ip h develops ,  an d a  perso n ca n reac t  befor e 
th e imag e i s fiill y  dc\clopc d o r  h e ca n w.ii i  fo r  a  bette r  image . 
dependin g o n whethe r  spee d o r  accurac y i s th e mor e imporlan L 
Accordin g l o th e model ,  perceptua l  event s occurrin g withi n a  singl e 
cycl e ar c combine d int o a  singl e percep t  i f  the y ar e sufficientl y 
similar . 

Once i n Workin g Memory ,  informatio n i s processe d b y th e 
Cognitiv e 1'roces.sor' s rccuumze-ac l  cycle ,  analogou s l o th e fctch -
cxccut c cvcl e o f  standar d coinpiiters .  O n eac h cycle ,  th e content s o f 
Workin g Memor y iniliiil c  rfSsocLitivclylinkcd  action s i n I  ong-ler m 
MciTidi y ("rcci)gni7e '  )  whic h i n tur n modif y lli e content s o f  Workin g 
Mcnmry ("act) .  seilni B th e stag e fo r  th e nex t  cycle .  I'lans . 
procedures ,  an d othe r  form s o f  organize d behavio r  ca n exist ,  bu i 
Uics c .li e buil t  u p lui l  o f  .II I  organi/c d se t  o f  iccogni/c-.ic l  cycles . 

Conscgiicn t  l o a  decisio n l o ac t  b y th e Cogniiu c Processor ,  th e 
actio n Itsel f  i s  conirollc d h v th e Moto r  Processor .  Ciinlrar y l o casua l 
appearances ,  moiemen t  i s nu l  conliiuious .  hu l  consist s o f  a  serie s o f 
discrei c innroniuvcmtiiis ,  c.ilI i  icquiiiii ;  on e Moto r  I'Kucsso r  cycl e 
ol  .ibiiii i  T,, = 11)1 )  Ill s  I  h o licdb,n.l .  loo p Iron )  .utin n t o perceptio n 
i s •̂iill u iriiil y  liMl| '  I  til l  I-.soi l  ins )  ili.i l  i.ipi d hcll.ivioi.i l  .v.l s  soc h i s 
I  I '  '. r  !  '  I  I .  '.. H I  I  I I  • !  Ml  I  I I  '  *> '  I  t  I  I  '  •:nii u 1 
M'.lii l  I'lii. v  -i i  i  1 . 
CALCULATING HUMAN PERFORMANCE 
We now illustrate how the portion of the Model Human 
Processo r  w e hav e describe d ca n b e use d t o calculat e answer s t o 
problem s o f  huma n performanc e l o addres s uncenainlie s i n th e 
p.irameter s o f  th e model ,  w e defin e thre e mode l  versions :  on e i n 
whic h al l  th e parnmeter s liste d ar e se t  t o giv e th e wors t  performanc e 
iShwmiin) .  on e i n whic h the y ar e se t  t< i  giv e th e bes t  performanc e 
U'asiman) .  an d on e se t  fo r  a  typica l  performanc e [Middleman) . 
Scnsilivit y analyse s t o se c i f  th e result s o f  interes t  ar c affecte d b y th e 
tru e value s o f  th e parameter s ca n b e performe d b y makin g 
calculation s fo r  bot h Slowma n an d Fasunan . 
Example 1. Morse Code listening rate. 
What is the maximum rate, in words/min. at which 

Mors e Cod e ma y b e perceived ? (Assum e th e ol d sor t 
of  America n telegrap h wher e dot s an d dashe s ar e 
made b y th e click s o f  th e armatur e o f  a n 
electromagnet ,  dot s bein g distinguishe d fro m dashe s b y 
a shorte r  interva l  r,etwee n armatur e clicks. ) 

Solution. If a dash takes less than one Perceptual Processor cycle 
7^=10 0 ms ,  ther e woul d b e n o wa y t o tel l  i t  fro m a  do t  since . 
accordin g t o th e model ,  duration s smalle r  tha n ^  p  canno t  b e 
perceived .  Similarly ,  i f  tw o dot s occu r  close r  tha n abou t  10 0 m s the y 
woul d b e perceive d a s th e sam e dot .  S o a  reasonabl e approximatio n 
of  th e fa,stes t  rat e i s 10 0 ms/dol ,  20 0 ms/dash .  an d 10 0 m s betwee n 
Icttere . 

I f  th e probabilitie s fo r  th e variou s letter s i n F.nglis h ar e 
multiplie d b y lli e calculate d lim e pe r  lette r  accordin g t o th e abov e 
nilc ,  w c calculat e a  mea n tim e o f  45 9 ms/letter .  Assumin g 4, 8 
char/wor d (th e valu e fo r  llrya n an d llarter's ,  1898 ,  telegraphi c spee d 
lest) , 
Max reception rate = (.459 s/letler X 4.8 leiter/word) 

+ .20 0 s/word-spac e 
= 2. 4 s/wor d =  2 5 words/min .  I 

This number is in the range quoted by Hryan and Hartcr (1898) 
fo r  \cr y good ,  experienced ,  railroa d telegraphers ,  20-2 5 words/min . 

An uppe r  boun d o n th e maximu m ral e i s give n b y a  Fastma n 
calculation : 

o r  cours e thi s calculatio n doc s no t  guarante e tha i  5 0 words/mi n i s 
actuall y possible ,  onl y tha i  i t  woul d b e surprisin g I f  anyon e wer e t o 
be faster .  I n fact ,  th e fastes t  performanc e know n t o Urya n an d 
Harte r  wa s clos e t o thi s rate ,  4 9 words/min . 

Example 2. Reaching to a button 

Suppose a user needs to move his hand D cm to reach 
a buiu m . S c m wid e o n a  calculato r  (H e canno t  reac h i t 
by louch) .  H o w lon g wil l  th e movemen t  require ? 

llie movement of the hand, as wc have said, is not continuous. 
In n consist s o l  a  scrie s o l  micr o correction s eac h wit h a  certai n 
,H.i.iii.ic\ .  l o ni.ik c . 1 correctio n i.ikc s a t  minimu m on e c>cl c o f  th e 
I'.i i  ,|iM i  i l  I'nn' .  •  I  M .. h .-n c ili c  h  in d iin c lul c o f  ilu- (  (H'liiliv c 
l'nii.i-..i i  t o dv>ul k o n Il k liimclIiiii i  .iii d mi' ,  cycl e o f  tli c  Moto r 
Processo r  t o perfor m th e correction ,  o r  t;, + Tj-+Tj, ^  .  Th e tim e t o 
move th e han d t o th e targe t  i s the n th e tim e l o pcrfon n n  o f  thes e 
correction s o r  n(tp+r^^+rf^) .  Sinc e t ^ + t ^ + t ^  ~  30 0 ms ,  n  i s 
th e numbe r  o f  roughl y 30 0 m s interval s i t  take s t o poin t  t o th e 
target . 

Let  X ^  b e th e distanc e remainin g t o th e targe t  afte r  th e rt h 
correctiv e mov e an d X ^  ( = D )  h e th e startin g poin L Assum e tha i 
th e relativ e accurac y o f  movemen t  i s conslan L tha t  is ,  tha t  A'j/A'̂ _ ] 
= a .  wher e a  ( < 1 )  i s th e constan t  error .  O n th e first  cycl e th e han d 
moves t o 
r, = aX^ = oO. 
On the second cycle, the hand moves to 

Xj = aX, = a(aD) = a^D. 

On the nth cycle it moves to 

X, = a'D. 

The hand slops moving when it is w:thin the target area, that is 
when 

Solving for n gives 

n = -log2(2Z)/5) / logj a. 

Hence th e tou l  movemen t  tim e T i s give n b y 

n(T^+T^+Tj^^ ) 
Tpc, = 'w log,(2Z)/5) 
L « , = 

(1) 
wher e / ^  =  -(t/. + Tj~+tjĵ )  /  log . 

Fx)uatio n 1  i s calle d Fitls' s l.a w (thi s derivatio n base d o n Keele , 
1968) .  I t  say s tha t  th e tim e t o mov e th e han d l o a  targe t  depend s 
onl y o n th e relativ e precisio n required ,  tha t  is ,  th e rati o betwee n th e 
target' s distanc e an d it s size , 

lli e constan t  a  ha s bee n foun d t o b e abou t  .0 7 (Vincc ,  1948) ,  s o 
l̂ f  ca n b e evaluated : 
I^, = -300 ms/log2(,07) bits 

= 7 8 ms/bi L 
Results from various experiments give values in the in the l/^ -
70-12 0 ms/bi t  range . 

Example 3, Reaction time. 

The user is presented with two symbols, one at a time. 
I f  th e secon d symbo l  i s identica l  t o th e first,  h e i s t o 
pus h th e ke y labele d ̂  c s otherwis e h e i s t o pus h No , 
What  i s th e lim e bciwee n signa l  an d respons e fo r  th e 
Yes case ? 

Soluiiiin llie first symbol is presented on the screen where it is 
observe d b y th e use r  ,uk I  pioicssci l  b v hi s Pcrccpuia l  Processo r 
civiii f  ris e I n ;issoci.iIC( l  icprcsoni.ilii'n s i i  th e iiscT s Visn;i l  lin.î c 
Sior e ;ini l  UihIiiil '  Mcmuii a I  li e m'cih u sMiihii l  i s  iim v H.ishc d ml 
th e SLKci i  :iii d i s siniil.iil y  processed .  Si m e  w c .ir e intcieste d I n ho w 

Max ral e = (10 0 ms/5 0 ms )  X  2 5 words/mi n 
= 5 0 words/min . 
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lon g i t  take s t o respon d t o th e secon d symbol ,  w e no w star t  th e cloc k 
at  0 .  Th e Perceptua l  Processo r  processe s th e secon d symbo l  t o ge t 
an iconi c representatio n i n Visua l  Imag e Stor e an d the n a  visua l 
representatio n i n Workin g Memory ,  requirin g on e cycle ,  i p .  I f  no t 
to o muc h tim e ha s passe d sinc e th e first  symbo l  wa s presented ,  It s 
visua l  cod e i s stil l  i n Workin g M e m o r y an d th e Cognitiv e Processo r 
ca n matc h th e visua l  code s o f  th e first  an d secon d symbol s agains t 
eac h othe r  t o se e i f  the y ar e th e same .  1  hi s matc h require s on e 
Cognitiv e Processo r  cycle ,  j^. .  I f  the y match ,  th e Cognitiv e 
Processo r  decide s t o pus h th e Ye s button ,  requirin g anothe r  cycl e 
Tf .  fo r  th e decision .  Finally ,  th e Moto r  Proces,so r  processe s th e 
reques t  t o pus h th e Ye s button ,  requirin g on e Moto r  Processo r  cycl e 
T ^ .  Th e tota l  elapse d reactio n time ,  accordin g t o th e Mode l  H u m a n 
Processor ,  i s 
Reaction time = t^ + 2t(~ + Tj^ 

= 10 0 (50-200 )  +  2X(10 0 |25-170| ) 
+ 10 0 [70-360 1 m s 

= 40 0 [170-900 1 m s . 
This analysis could be repeated for the case ("name match") 
wher e th e use r  i s t o pres s Ye s i f  th e symbol s wer e bot h th e sam e 
letter ,  althoug h on e migh t  b e i n uppe r  case ,  th e othe r  i n lowe r  case . 
Here ,  a n extr a Cognitiv e Processo r  cycl e i s require d t o ge t  th e 
abstrac t  cod e fo r  th e symbo l  (Compute d reactio n tim e =  50 0 
[195-1070 1 ms) .  Likewise ,  i f  th e use r  wer e t o pres s Ye s whe n th e 
symbol s wer e onl y o f  th e sam e clas s ("clas s match") ,  sa y bot h letters , 
yet  anothe r  Cognitiv e Processo r  cycl e woul d b e require d (Compute d 
reactio n tim e =  60 0 [220-1240 1 ms) . 

Experiment s hav e bee n performe d t o collec t  empirica l  dat a o n 
th e question s presente d i n thes e examples ,  lli e finding  i s tha t  nam e 
matche s ar e abou t  7 0 m s slowe r  tha n physica l  matche s an d tha t  clas s 
matche s ar c abou t  7 0 m s slowe r  yet .  a  numbe r  i n lin e wit h ou r  10 0 
ms (25-17 0 ms l  valu e fo r  t ^  . 
The forgoing examples start from task analysis of a problem and 
procee d throug h approximatio n an d calculatio n t o mak e prediction s 
of  h u m a n performanc e o f  th e sor t  tha t  migh t  b e use d i n a n 
engineerin g analysi s o f  cognitiv e behavior .  Althoug h i t  i s  hope d tha t 
th e Mode l  H u m a n Processo r  itsel f  wil l  b e usefu l  fo r  engineering ,  th e 
rea l  poin t  i s  i n th e spiri t  o f  th e enterprise :  tlia t  knowledg e i n 
cognitiv e psycholog y an d collatera l  science s i s sufficientl y advance d 
t o allo w th e analysi s an d improvemen t  o f  c o m m o n menta l  tasks .  I n 
short ,  tha t  a  cognitiv e engineerin g i s no w feasible ,  provide d ther e i s a 
discipline d understandin g o f  ho w th e knowledg e mus t  b e structure d 
t o b e useful .  O f  course ,  suggestion s fo r  improvemen t  t o th e presen t 
model  wil l  occu r  al l  around .  Uu t  tlie n tha t  i s par t  o f  th e ide a an d 
th e challenge :  t o us e th e Mode l  H u m a n Processo r  a s a  framewor k 
int o whic h ne w researc h result s an d insight s ca n b e fit  i n a  wa y 
amenabl e t o us e i n th e cognitiv e engineerin g o f  practica l  menta l 
tasks . 
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Knowledg e Structure s o f  Compute r  Programner s 

Beth Adelson 
Harvar d Universit y 

Thre e resedrc n ijestlon s ar e lidressei i 

nere: '^hai are me <no«ledif structures ot 

novice and expeit orojr^'^'^ers; ^nai princi-

ples underlie these structures; and how is 

the <no*le'))e used.' The results ot the two 

experiments nescrioed nere indicate that 

novices form syntactically oasei) represerlt^-

tions ot pro-jrams .uhlcti are concerned with 

the details ot ho* the program tunctions 

While experts form ,nore ahstract conceptually 

Dase) representjl Ions Ahich are concerned 

dith that tne pioiraT, does. The results of 

these expeiiinents suggest mat the represen-

tation use-l in d LasK constrains per f ormance 

and that ne* representations develop with 

exper t i se . 

tJiaeLiiieaL i. 

In this txperiment novice and Kxpert 

computer ptograiiniers pertorm a multi-trial 

tree recall tasK CUeH). The stimulus set 

consists ot lines ot pro-jraTimina code wriicn 

can be organized either syntactically or con-

ceptually, rne clusters found in the recall 

protocols ot each group will sugyest the 

nature ot ttie kno»ledge structures of each 

group. 

iuaiecti. Kive Novice anJ five Lxpert pro-

grammers torined the two jroups of subjects. 

Stimuil. The organization of trie stimulus 

set Is central to this experiment. rne 

stimuli cotislsted ot lb lines ot code in 

Polymorphic Frogrammin j Lanjuage (•'PPL"is a 

language similar to APL) which could be 

organized either syntactically or 

procedurally.Under the Procedural cldsslfica-

tlo n th e item s (line s o t  code )  ca n b e organ -

ized into three projraiis: the first Is a 

sortlnj routine, tne second and the third are 

random sampling routines. The second basis 

for the classification of the stimulus set Is 

syntactic, »im syntax being used here the 

way It Is used to describe natural language. 

Different control phrases ot the computer 

language act as different parts of speech in 

that they expect certain other icinds of con-

trol phrases to precede or follow them.lnere 

are five ilttetent syntactic categories 

present in the stimulus set. 

ELacedute. Kacri subject sa* all ot the 

items ,  on e a t  a  tim e ^n d the n ha d t o recal l 

as many ot tiie items as possible. fhis pro-

cedure WHS repeated nine times.The stimulus 

set uas presented in a dittercnt random order 

on each trial. I'he presentation ot items was 

not blocKed eltrier by program or by syntactic 

category. Neither group icne* wtiat the organ-

ization of the stimulus set was although both 

groups were familiar with the syntax of the 

Ian luage as well as the concepts behind ttie 

three programs. 

Ue^ults aod ulscussiao. 

The Novices recalled sijnitleant ly more than 

the Experts, ttiey also had larger chunKs and 

more consistent subjective organization. In 

order to look at tlie orjanization underlying 

these guantitative results multi-dimensional 

scalinjs and hierarchical clusterings were 

done on the recall protocols of each gioup. 

In figure 1 we see ttie two-dimensional scal-

ing solution 

Inser t h igure 1 Here. 

ot tnler-iLem sm.ilarity tor the Movlce 

jroup. fnt- points in the solution are the 
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Items ,  the y ai e labelle d b y syntacti c 

category .  ih e procedura l  class!tIcalio n o f 

eac h Ite m i s jlve n I n parentheses .  Fo r  th e 

Novice s th e Item s cluste r  b y syntacti c 

category ;  th e Assiijamen t  statenents ,  (th e 

A ' s ) ,  cluste r  i n th e tirs t  quadran t  wit h th e 

Conditiona l  I f  statement s (th e I's )  aroun d 

them .  rti e iteratio n o r  KOR statement s (th e 

F's )  cluste r  i n th e secon d quadrant ,  th e 

functio n Header s (th e H's )  cluste r  i n th e 

thir d quadtan t  an d th e KLTURf J statement s (th e 

R's )  cluste r  i n th e fourt h quadrant . 

Ihbert Figure 2 Here. 

The t *o-dimens ional scaiin^j solution for 

th e Fxper t  arou p i s presente d i n Figur e two . 

Her e w e se e th e sam e se t  o f  items ,  bu t  thi s 

tim e the y cluste r  b y program .  i n th e label -

lin g o f  th e item s th e firs t  numbe r  fo r  a n 

ite m represent s th e progra m tha t  i t  belong s 

to ,  th e secon d numoe r  to r  a n ite m represent s 

it s posito n i n th e program .  l-o r  exampl e ite m 

2. 0 i s tri e firs t  ite m i n progra m two .  Th e 

item s fro m progra m one ,  thos e labelle d 1, 0 

throug h 1.4 ,  ar e i n tri e firs t  (luadrant .  Th e 

item s fro m progra m i. ,  thos e labelle d <; .  0 

throug h 2.4 ,  ar e i n th e thir d quadran t  an d 

th e item s fro m progra m three ,  thos e labelle d 

3. 0 throug h 3.5 ,  ar e i n th e fourt h quadrant . 

The syntacti c classificatio n i s give n her e i n 

parentheses ,  i t  doe s no t  captur e th e cluster s 

of  th e Expert s th e wa y i t  di d th e cluster s o f 

th e Novices .  Th e origina l  recal l  protocol s 

als o showe d tha t  edc U o f  th e Lxper t  subject s 

recalle d al l  o f  th e line s fro m al l  thre e pro -

gram s i n th e orde r  i n whic h the y woul d hav e 

bee n evaluate d i n a  runnin g program,thi s sug -

gest s tha t  th e bxpert s ar e usin g thei r 

knowledg e o f  th e seria l  natur e o f  compute r 

program s t o organiz e th e item s withi n a  clus -

ter ,  i t  appear s tha t  th e cluster s o f  th e 

Exper t  subject s ar e mor e abstrac t  an d concep -

tua l  tha n th e syntacti c cluster s o f  th e 

Novic e subjects .  Her e a s i n othe r  skille d 

proble m solvin g domain s w e fin d tha t  th e 

chunk s o f  th e expert s ar e base d o n th e func -

tiona l  principle s o f  th e skill ;  item s ar e 

categorize d a s member s o t  on e procedur e o r 

anothe r  an d ar e the n organize d seriall y 

withi n thos e procedura l  categories .  Th e 

chunk s o t  th e iJovice s however ,  at e no t  func -

tionall y based ,  the y ai e syntacti c i n nature . 

I n addition ,  th e recal l  protocol s o f  th e 

Novice s sriowe d n o interna l  organizatio n o f 

th e item s otrie r  tha n th e groupin g b y syntac -

ti c category ,  tha t  i s  withi n th e Novic e 

categorie s trier e wa s n o regularit y a s ther e 

was i n th e Exper t  cate-jories . 

l:.xa£I.lu&QL 11 

The result s o f  th e firs t  experimen t  sug -

geste d tha t  th e organizatio n o f  tn e Novice s 

was syntacti c wnil e th e organizatio n o t  tli e 

Expert s wa s functional .  I t  i s  possibl e then , 

tha t  whe n give n wliol e program s t o comprehen d 

expert s for m a n abstrac t  representatio n tha t 

i s concerne d no t  wit h th e specifi c  mechanic s 

of  a  give n algorith m bu t  onl y wit h niha l  i t  i s 

tha t  th e progra m does .  U  I s als o possibl e 

tha t  a  representatio n forme d b y a  novice , 

becaus e i t  i s  syriactica l  l y  base d woul d o e 

more concerne d wit h iio u th e specifi c  progra m 

functioned .  Th e secon d experimen t  presente d 

her e wa s designe d t o chec k ou t  th e possibil -

it y  tha t  durin g progra m comprehensio n novice s 

for m representation s o t  ho w program s func -

tion ,  whil e expert s for m representation s o t 

what  program s do . 

The strateg y use d t o loo k a t  thi s possi -

bilit y • -  • -  "-•• -  -...I .  .„,, » :.„ H .,r „ 
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bot h type s o t  represeiitd t  i  ori s an d ttie n t o 

loo k a t  th e resiJltin j  perlorTsnc e I n e^c h 

situation . 

:iutiiecti. ine subjects »ere a jroup ot 

Novic e an' J a  grou p o £ Lxper l  programmers . 

iLiauii .  m e sti-nul i  consiste d o f  eiqn t  hp l 

projr-i'̂ s  •it h t* o type s o f  t ie *  chart s an d 

tw o type s o t  question s fo r  eact \  o f  th e eigii t 

projra'ns .  Ih e t lo *  chart s consiste d o f  Lo « 

retai l  fio *  chart s Aihlct i  descrioe d wha t  th e 

proiraj i  Ji d an d Hig h Detai l  tlo « chart s *hic h 

describe d no *  th e progra m functioned .  in e 

(jaestion s consiste d o t  Lo x Detai l  question s 

*hlc h asKe d a  questio n abou t  *ha t  th e progra m 

'Ji d an d lli-j h Detai l  question s *tiic n asKe d a 

questio n abou t  h o s  th e proqtdi i  functioned . 

titacedujie .  i n orde r  t o encouraq e subject s t o 

for m a  representatio n a t  on e leve l  o f 

abstractio n o t  anothe r  subject s wer e firs t 

shown a  tlo *  ctjar t  o f  a  progra n a t  a  give n 

leve l  o f  abstract ion .  Ine y wer e the n show n 

th e actua l  progra m alon g wit h a  questio n 

abou t  th e program .  Afte r  seein g tti e progra m 

itself ,  alon g wit h th e questio n th e subject s 

answere d tn e questio n .  Leve l  o t  detai l  o t 

th e flo w char t  *a s combine d wit h leve l  o t 

detai l  o f  th e questioi ^  t o for m tou r  condi -

tion s fo r  eac h grou p o t  subjects ;  t« o 

"congruent "  condit ion s an d tw o "non -

congruent "  condi t ions .  I n th e tw o congruen t 

condition s subject s sa w eittie r  a  Lo *  Detai l 

flo w char t  an d the n a  Lo *  Detai l  questio n o r 

a Hig h Detai l  tlo « char t  an d the n a  Hig h 

Detai l  guestlon .  I n tn e t/i o "non-congruent " 

condition s subject s sa w eithe r  a  Lo w Detai l 

flo w Char t  an d the n a  Hig h Detai l  guestlo n o r 

a Hig h Detai l  flo w char t  an d the n a  Lo w 

Detai I  ques t  ion . 

Iw o time s Aer e recorded :  Comprenen s i  o n 

tine ,  tha t  i s tti e tim e i t  too < tn e subjec t  t o 

sa y tha t  s/h e understoo d th e flo w char t  wel l 

eno u ) h t o q o o n an d stui y th e progra m an d th e 

questio n togetfje r  an d questio n t ine ,  tha t  i s 

tri e tim e interva l  betwee n seein g th e progra m 

wit h th e questio n an d oein q abl e t o *rlt e 

down th e aiiswer . 

A "Cod e unly "  contro l  condito n wa s 

include d i n *nicr i  subject s sa *  tri e prorra m 

itsel f  immediatel y an d ttie n sa *  th e sam e pro -

gra m agai n *itr i  tti e question . 

iie^uXL^ aad Uiscus&lou 

1.  Comprehensio n Tim e 

(interva l  oetwee n seeiii q th e flo w char t 

and understanain g it ) 

Comparin g th e result s o t  th e Lo w Detai l , 

Hig h Detai l  an d Cod e Unl y condi t ions ,  sub -

ject s understoo d th e Lo w Detai l  flo w chart s 

more quickl y tha n th e HIj h Detai l  flo w chart s 

and th e Hig h Detai l  flo w chart s mor e quickl y 

tha n th e cod e alone .  Ih e tlo *  chart s d o see m 

t o ai d comprehensio n an d i t  appear s tha t  the y 

do s o b y orqaniii n 1  th e informatio n fo r  th e 

subject s rathe r  ttia n b y jus t  reducin g th e 

informatio n sinc e tn e Hig h Detai l  flo w 

charts ,  whic h ha d mor e unit s o n th e averag e 

tha n th e cod e wer e understoo d mor e <iuickl y 

tha n th e cod e alon e i n th e Cod e unl y contro l 

conditio n (Unit s ar e boxe s i n th e flo w char t 

or  singl e line s i n th e code. ) 

II. yuestion lime (interval between seeini 

tri e questio n an d bei n )  abl e t o answe r  It ) 

A.  Non-conqruen t  Conditon s (her e th e 

leve l  o f  detai l  o t  tti e flo w char t  an d th e 

guestlo n d o no t  matcti ) 

Ih e result s o f  tli e non-congruen t  condi -

tion s giv e u s informatio n abou t  eac h group' s 

most  natura l  leve l  o t  abstraction .  th e 
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rational e behin d thi s I s tha t  th e flo w chart s 

prepar e th e subject s t o represen t  th e cod e a t 

one leve l  o t  abstractio n o r  another .  I t  th e 

leve l  the n turn s ou t  t o b e inappropriat e to r 

answerin g th e questiot i  subject s *il l  b e sub -

stantiall y  slowe d dow n i t  th e appropriat e 

leve l  i s  als o no t  th e leve l  whic h the y usu -

all y use .  U n th e othe r  han d i t  tli e appropri -

at e leve l  i s  th e leve l  *hic h the y usuall y us e 

the y shoul d stil l  b e abl e t o quickl y tor m •= > 

representatio n a t  tha t  level . 

Insert Ki lure i Here. 

Looking at the lett hand side ot Fiqure J *e 

se e tha t  tri e Novice s ar e actuall y faste r  tha n 

th e Expert s whe n answerin g a  Hig h Detai l 

questio n althoug h « e se e o n th e righ t  han d 

sid e tha t  th e txpert s ar e faste r  tha n th e 

Novice s When answerin g a  Lo w Detai l  question . 

That  th e Novice s ar e faste r  tha n th e f:xpert s 

when havin g t o answe r  a  Hig h Detai l  questio n 

indicate s tha t  th e Novice s ar e use d t o form -

in g Hig h Detail ,  tha t  i s  non-abstract , 

specifi c representation s o t  ho w program s 

function .  Tha t  tri e txpert s ar e teste r  tha n 

th e Novice s wrie n havin g t o answe r  a  Lo * 

Detai l  questio n indicate s tha t  th e txpert s 

ar e use d t o formin g Lo w Detail ,  tha t  i s 

abstrac t  representation s o f  wha t  a  progra m i s 

doing .  Th e erro r  rate s to r  th e non-congruen t 

and Cod e Unl y condition s bot h sho w th e sam e 

interaction .  Novice s d o wel l  o n Hig h Detai l 

question s whil e txpert s d o wel l  o n Lo w Detai l 

questions . 

progra m function s whil e txpert s represen t 

what  a  progra m does .  Althoug h i t  seem s dif -

ficul t  fo r  bot h group s t o switc h fro m thei r 

preferre d level s o f  representatio n whe n the y 

hav e bee n encourage d t o us e them ,  I t  i s  stil l 

possibl e tha t  bot h group s ca n for m effectiv e 

representation s a t  thei r  non-preferre d level s 

i f  the y ar e give n th e prope r  aid .  Ttii s  i s 

what  wa s don e i n th e congruen t  condltons . 

The result s o t  thes e condlton s showe d tha t 

bot h Novice s an d txpert s answere d botf i  Hig h 

and Lo w Detai l  question s equall y quickl y sug -

gestin g tha t  the y ca n b e somewha t  flexibl e i n 

thei r  encoding . 

CoocXu&lao& 

The result s o t  th e tw o experiment s 

reporte d her e sugges t  tha t  Novic e an d Kxper t 

compute r  programmer s represen t  informatio n 

abou t  program s differently .  Th e representa -

tion s o f  th e txpert s i s mor e abstrac t  an d i s 

base d o n wha t  th e progra m does ,  whil e th e 

representatio n o f  th e Novice s i s mor e 

detaile d an a i s base d o n ho w th e progra m 

functions .  Ihes e difference s als o influenc e 

tli e utilizalio n o t  ^n e informatio n bein g 

represented . 

b.  Congruen t  Condlton s (her e th e leve l 

ot  detai l  o f  th e flo w 

char t  an d th e questio n matc h ) 

The result s o f  th e Non-congruen t  Condi -

tion s sugges t  tha t  Novice s (t o represen t  ho w a 
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GLISP:  A N EFFICIENT ,  ENGLISH-LIK E 
PROGRAMMING LANGUAGE 

Gordo n S .  Nova k Jr . 
Compute r  Science s Departmen t 

Universit y o f  Texa s a t  Austi n 
Austin ,  Texa s 7871 2 

1. 0 INTRODUCTION 

My earlie r  researc h o n compute r  understandin g 
of  physic s problem s state d i n Englis h [1,2 ]  ha s 
convince d me tha t  Englis h i s bes t  viewe d a s a 
programmin g language .  Tha t  is ,  a n Englis h sentenc e 
does no t  contai n th e messag e t o b e transmitte d t o 
th e reader ,  bu t  rathe r  i s a  progra m whic h provide s 
th e minimu m Informatio n necessar y fo r  th e reade r  t o 
construc t  th e messag e fro m wha t  th e reade r  alread y 
knows .  I n th e cas e o f  physic s problems ,  th e siz e 
of  th e mode l  constructe d b y th e ISAA C progra m i s 
some 3 0 time s a s larg e a s th e siz e o f  th e Englis h 
sentence s whic h specifie d th e constructio n o f  tha t 
model .  Woods [3 ]  ha s suggeste d tha t  th e nee d t o 
communicat e comple x concept s ove r  a 
bandwidth-limite d seria l  channe l  (speech )  wa s th e 
drivin g forc e behin d th e evolutio n o f  natura l 
lariguag e abilitie s i n humans . 

Study of the ways In which English permits 
compact  expressio n o f  comple x Idea s reveal s severa l 
feature s whic h woul d b e usefu l  i f  incorporate d int o 
programmin g languages .  Th e reade r  o f  a n Englis h 
tex t  maintain s a  curren t  context ,  o r  focu s [4] , 
whic h ca n b e use d t o understan d definit e reference s 
t o object s o r  feature s o f  object s whic h ar e no t 
specifie d completely ,  bu t  ar e closel y relate d t o 
object s i n th e curren t  context .  Fo r  example , 
conside r  th e followin g sampl e o f  text : 

Last night I went to Scholz's for a beer. 
The bartende r  aske d fo r  a  rid e home , 
sinc e hi s ca r  wa s disabled .  Somebod y ha d 
le t  th e ai r  ou t  o f  th e tires . 

A person reading this passage can easily understand 
a definit e referenc e suc h a s "th e air" ,  whic h mean s 
"th e ai r  whic h wa s containe d i n th e tire s whic h ar e 
par t  o f  th e ca r  whic h I s owne d b y th e perso n wh o 
work s a s a  bartende r  a t  th e ba r  name d Scholz's" . 
The reade r  ha s mad e thes e connection s whil e readin g 
th e stor y b y usin g worl d knowledg e an d b y 
maintainin g a  curren t  contex t  relativ e t o whic h 
definit e reference s t o previousl y unmentione d 
object s an d feature s ca n b e understood ,  eac h 
referenc e t o a n objec t  o r  featur e cause s I t  t o b e 
brough t  int o th e context ,  thu s enablin g furthe r 
reference s relativ e t o it .  Th e abilit y  o f  th e 
reade r  t o infe r  th e connectio n betwee n a  definit e 
referenc e i n a  sentenc e an d a  "closel y related " 

objec t  i n th e curren t  contex t  permit s th e compac t 
specificatio n o f  comple x relationship s amon g 
objects . 

Another valuable feature of English is that it 
provide s a  standar d Interfac e fo r  communicatin g 
information .  Th e write r  an d th e reade r  may hav e 
ver y differen t  interna l  representation s fo r  certai n 
objects ,  bu t  the y bot h hav e procedure s fo r 
translatio n betwee n thei r  interna l  representation s 
and correspondin g Englis h descriptions .  A  relate d 
featur e i s provide d b y "object-oriented " 
programmin g i n th e SMALLTALK languag e [5] ,  whic h i s 
base d o n th e ide a o f  Object s whic h communicat e b y 
exchangin g Messages .  I n mos t  programmin g 
languages ,  objec t  representation s ar e merel y 
storaij e locations ;  th e natur e o f  th e representatio n 
i s represente d implicitl y  i n th e program s whic h 
manipulat e th e storag e locations .  I n SMALLTALK, 
th e interna l  structur e o f  object s i s hidden ,  an d 
program s canno t  manipulat e th e interna l  structure s 
directly ;  Instead ,  program s quer y an d chang e value s 
i n th e object s b y sendin g the m messages ,  e.g. , 
"wha t  i s you r  X? "  o r  "se t  you r  X  t o th e valu e y" . 
Onl y th e objec t  itsel f  know s whethe r  i t  actuall y 
has a n X ,  o r  whethe r  it s X  i s a  consequenc e o f 
othe r  values .  I n addition ,  th e objec t  ca n ac t  t o 
maintai n it s ow n interna l  consistency ;  fo r  example , 
changin g th e siz e o f  a n objec t  may requir e tha t  th e 
objec t  chang e th e siz e o f  it s  pictur e o n a  displa y 
screen .  Unfortunately ,  SMALLTALK ha s bee n 
implemente d o n specia l  hardware ,  an d ha s bee n 
unavailabl e t o mos t  researchers . 

2. 0 NEED FOR ENGLISH-LIK E PROGRAMMING LANGUAGES 

English-like programming provides two features 
whic h ar e neede d b y worker s i n Cognitiv e Scienc e 
and Artificial  Intelligenc e an d whic h ar e no t 
provide d b y mos t  existin g programmin g languages : 
brevit y o f  expressio n an d eas e o f  changin g 
representations .  I n fact ,  thes e tw o ar e 
intertwined :  th e mor e detai l  on e ha s provide d 
abou t  ho w t o perfor m a n actio n o n a n object ,  th a 
more cod e on e wil l  hav e t o chang e i f  th e basi c 
structur e o f  th e objec t  i s  t o b e changed .  Mos t 
existin g programmin g language s implicitl y  specif y 
th e structure s o f  object s withi n th e code .  Fo r 
e^cample ,  i n eithe r  PASCAL o r  CLIS P [6] ,  referencin g 
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a fiel d o f  a  recor d structur e require s tha t  bot h 
th e recor d an d a  complet e pat h fro m th e recor d t o 
th e desire d fiel d b e specifie d I n th e code ;  I f  th e 
recor d structur e I s t o b e changed ,  al l  th e cod e 
whic h reference s suc h record s wil l  ofte n hav e t o b e 
change d also .  I n a  larg e system ,  suc h change s ar e 
so difficul t  tha t  significan t  change s t o dat a 
structure s ar e seldo m possibl e onc e a  larg e bod y o f 
code exists . 

3. 0 GLIS P 

GLISP Is a LISP-based language which permits 
English-lik e program s containin g definit e 
references .  GLIS P I s implemente d b y a  compile r 
whic h compile s GLIS P program s int o LIS P relativ e t o 
a knowledg e bas e whic h i s separat e fro m th e 
programs ;  th e resultin g LIS P cod e ca n b e furthe r 
compile d t o machin e languag e b y th e LIS P compiler . 
I n GLISP ,  th e executio n o f  a  progra m cause s a n 
implici t  contex t  o f  computatio n t o b e constructed , 
jus t  a s a n Englis h conversatio n cause s a n implici t 
conversationa l  contex t  t o b e constructe d i n th e 
mind s o f  th e conversants .  Th e contex t  i s  compute d 
at  compil e time ,  usin g flo w analysis ,  fro m th e 
previou s context ,  whic h include s Structur e 
Description s o f  previousl y mentione d objects . 
Definit e reference s t o feature s o f  object s whic h 
ar e currentl y i n contex t  ar e permitted ;  thes e caus e 
th e newl y reference d object s t o b e adde d t o th e 
context ,  allowin g furthe r  reference s relativ e t o 
them. 

The initial context within a GLISP function 
consist s o f  th e argument s o f  th e function ,  it s  PROG 
variables ,  an d an y declare d globa l  variables .  Th e 
contex t  contains ,  fo r  eac h variable ,  it s  variabl e 
name,  referenc e name ,  an d Structur e Description . 
When a  definit e referenc e i s encountere d withi n a 
GLISP program ,  th e compile r  determine s whethe r  th e 
referenc e name s suc h a  variabl e o r  name s a 
substructur e o r  featur e o f  som e variabl e whic h i s 
i n context .  I f  a  substructur e o r  featur e i s 
referenced ,  th e compile r  determine s ho w t o ge t  i t 
fro m th e origina l  structure ;  th e resultin g cod e 
replace s th e definit e referenc e i n th e compile d 
versio n o f  th e program .  I n additio n t o producin g 
code t o ge t  th e featur e fro m th e startin g 
structure ,  th e compile r  als o determine s th e 
Structur e Descriptio n o f  th e result .  Th e ne w ite m 
and it s Structur e Descriptio n ar e adde d t o th e 
context ,  thu s enablin g furthe r  definit e reference s 
relativ e t o it .  When th e compilatio n i s finished , 
th e contex t  structure s disappear ;  th e compile d cod e 
contain s onl y th e LIS P cod e necessar y t o perfor m 

th e specifie d actions .  Thus ,  th e cod e produce d b y 
GLISP i s relativel y efficient ;  th e use r  o f  GLIS P 
must  pa y fo r  compilation ,  bu t  doe s no t  incu r  a 
runtim e penalty .  Th e GLIS P compile r  run s 
Incrementally ,  s o tha t  function s ar e compile d 
automaticall y th e firs t  tim e the y ar e called . 

The following example Illustrates some of the 
feature s o f  GLISP .  Suppos e tha t  a  wicke d witc h 
curse s a  grandmothe r  b y decreein g tha t  eac h o f  he r 
calic o cat s shal l  ag e b y fiv e years .  Th e cod e t o 
accomplis h thi s ca n b e writte n I n GLIS P a s follows : 

(CURSE (GLAMBDA ( (A GRANDMOTHER) ) (PROG () 
(FOR EACH CAT WIT H COLOR =  'CALIC O 

DO AGE <- + 5 )  )) ) 

The GLAMBDA indicates that this is a GLISP 
function ,  an d cause s th e GLIS P compile r  t o b e 
calle d whe n th e functio n i s firs t  interprete d 
(usin g th e LAMBDATRAN featur e o f  INTERLIS P [6]) . 
Sinc e GLIS P maintain s a  contex t  an d permit s 
definit e reference ,  i t  i s  ofte n unnecessar y t o giv e 
names t o variables ;  thus ,  we nee d onl y declar e th e 
typ e o f  th e argument ,  ( A GRANDMOTHER).  Sinc e a 
GRANDMOTHER i s i n context ,  th e compile r  ca n 
determin e ho w t o acces s he r  CATs an d ho w t o 
generat e a n appropriat e loo p t o examin e eac h o f 
them.  Withi n th e loop ,  o f  course ,  th e curren t  CAT 
i s i n context ,  allowin g definit e referenc e t o it s 
features .  Th e compile r  generate s th e appropriat e 
kin d o f  tes t  t o compar e th e COLOR o f  th e CAT 
agains t  th e constan t  'CALICO ;  i f  needed ,  th e 
constan t  an d th e operato r  coul d b e coerce d int o th e 
appropriat e forms .  Fo r  example ,  'CALIC O migh t  hav e 
severa l  possibl e meanings ;  i n th e contex t  o f  th e 
COLOR o f  a  CAT,  i t  coul d b e coerce d t o th e uniqu e 
constan t  'CALICO-CAT-COLOR .  I f  th e tes t  i s 
satisfied ,  th e AGE o f  th e CAT i s increase d b y 5 ; 
th e operato r  ^  +  ,  whic h specifie s appendin g whe n 
applie d t o lists ,  i s  interprete d a s additio n whe n 
applie d t o numbers . 

In the GLISP program, we have implied that 
certai n object s hav e certai n features ,  e.g. ,  tha t  a 
CAT ha s a  COLOR,  bu t  we hav e sai d nothin g abou t  ho w 
t o ge t  o r  replac e th e COLOR o f  a  CAT,  o r  abou t  wha t 
typ e o f  entit y th e COLOR actuall y  Is .  Thi s 
informatio n I s hel d separatel y i n th e knowledg e 
base o f  Structur e Description s an d othe r 
informatio n relativ e t o whic h th e progra m i s 
compiled .  Thi s make s possibl e significan t  change s 
t o dat a structure s wit h n o change s t o th e cod e — a 
goal  lon g sough t  i n high-leve l  languages ,  bu t  on e 
whic h ha s bee n largel y unrealize d fo r  structure s 
Involvin g pointers .  GLIS P ca n b e viewe d a s simila r 
t o SMALLTALK i n th e sens e tha t  a  progra m doe s no t 
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specif y directl y ho w t o manipulat e objects . 
Instea d o f  sendin g a  messag e t o a n object ,  w e ca n 
thin k o f  th e GLIS P compile r  a s generatin g th e cod e 
t o d o wha t  th e objec t  woul d d o i f  I t  receive d suc h 
a message .  Thi s provide s som e o f  th e flexibilit y 
of  SMALLTALK wit h hig h runtim e efficiency . 

The GLISP compiler allows GLISP expressions 
and ordinar y LIS P t o b e mixed ;  th e use r  ca n us e a s 
much o r  a s littl e GLIS P a s desired .  A  Structur e 
Descriptio n languag e i s 
LIS P dat a structures , 
automaticall y generate s 
structures .  I n addition , 
clea n interfac e t o on e 
languages ,  th e use r  ca n 

provide d fo r  th e common 
and th e compile r 

cod e t o acces s suc h 
th e compile r  provide s a 
or  mor e representatio n 

use bot h ordinar y LIS P 
structure s an d unit s i. n hL s favorit e representatio n 
language ,  accessin g bot h i n a  transparen t  manner . 
A mor e compact ,  CLISP-llk e synta x fo r  GLIS P 
expression s i s provide d i n additio n t o th e 
English-lik e syntax.  Th e GLIS P compiler ,  accessin g 
bot h LIS P structure s an d ou r  GIR L represeatatio u 
Innguag e [7] ,  i s  currentl y running . 
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SOME gii':sTioN, s Aiio m veuiiai .  an d imcioiuai .  kri'kksf.nt -
AllO N 

Shrlilti n K'llIiiiiimu I 
Ito x lA'i3 ,  Stnlid n 1 ! 
Dnwn.-.vU'w ,  Ontari o 

I'.ir.i 1 Ic Is hi-Lwi'Cn di'Linct ri-nii>n:. .lie intrin>'i"R. 
They suRgoK t  previousl y nnsiispoctct i  unities .  Fo r 
inst.imo ,  tli c  parallel s .iinon n tli c  law s o f  railintion , 
magnetism ,  an d electricity .  O f  course ,  w o ma y 
impos e . 1 paralle l  upo n tw o region s suggestin g a n 
inirea l  unity .  Fo r  in s t a m e ,  parallelin g law s o f 
historica l  developmen t  an d liiima n socia l  organizatio n 
alon g tli e line s o f  biologica l  evolutio n suggest s a n 
tmrea l  unit y betwee n culture ^  an d biology .  Thus , 
parallel s sugges t  unities ,  hu t  th e unitie s shoul d 
alway s b e approache d wit h a  questioning-attitude . 
Tt  i s  wit h thi s altitud e tha t  1  wis h t o approac h 
th e paralle l  hypothese s presente d b y E.I) ,  llirsch ,  Jr. , 
and E.ll .  Gombricl i  abou t  th e histor y an d psyciiolog y 
of  verba l  an d pictoria l  representation ,  respectively . 
Tli e p.lralle l  aspec t  o f  thes e hypothese s r.'ii-S e iiii)>or -
tan t  <iuestlon s aboii t  cognitiv e processe s connecte d 
wit h verba l  an d pictoria l  structures :  I s ther e on e 
cognitiv e proces s underlyinj ;  rcsulin g worif s an d seein g 
pictures ? D o reailin g an d seein g picture s appea r  t o th e 
min d i n th e sam e way ? 

I f  w e syntlu>si7. e tli c  wor k o f  llirsc h an d Coinbrich , 
we arriv e a t  yes-answer s t o bot h questions .  Thi s 
resul t  i s  surprising .  I t  counter s th e coirwim n 
assumptii> n tha t  verba l  an d pictoria l  representatio n 
ar e ver y differen t  niorle s o f  co^;nition .  Th e o  L<l  sayin g 
" a pictur e I s wort h a  1,00 0 words "  may b e literally 
true .  Picture s may b e dens e version s o f  writte n verb -
al  representations .  So ,  thinkin g pictoriall y  an d 
thinkin g verball y may b e on e menta l  process .  This , 
then ,  i s th e purpos e o f  my p.'iper :  t o rais e question s 
abou t  a  possibl e unit y betwee n picturin g an d verbal -
isin g suggestt' d b y parallel s i n th e wor k o f  Combric h 
and llirsch . 
1.  llirsc h o n Composition : 

llirsc h ar.ks :  ar e ther e universa l  rule s fo r 
composition ? Hi s answe r  involvi s ilevelopin g a  theor y 
oi  th e psycholog y o f  readin g ani l  applyin g thi s theor y 
t o th e bisti>r y o f  compositio n an d th e process  o f 
reading .  Th e histor y o f  writte n languag e progresse s 
towar d increadin g readability .  Th e mor e easil y a 
passag e ca n b e read ,  th e mor e readabl e i t  is .  Th e 
le.s s tim e on e ca n se e throug h a  passage ,  a s i t  were , 
th e mor e eas y i t  i s  t o road .  Thus ,  principle s o f 
style—develope d b y a  proces s o f  tri. i  l-and-erro r 
throughou t  th e histor y o f  writing--ten d towards 
'economy' ,  'simplicity' ,  'variet y withi n unity'.. . 
fo r  tli e purpos e o f  conveyin g th e author' s though t 
(includin g intentionall y obscur e an d comple x thought) . 
I n short :  "...relativ e readabilit y  i s  a n intrinsi c 
and trul y universa l  nor m o f  writing". ' 

Thi s thesi s o f  th e universalit y o f  th e goa l  o f 
increadin g rcad.ibilit y  i s intertwine d w i  tl i  th e liypo -
thesi s o (  "linguisti c universals" .  Th e minr i  fuocess -
es al l  writte n text s i n th e sam e way .  I'o r  instance , 
th e min d look s fo r  pattern s tb.i t  whe n no t  fiMin< l  lea d 
t o uncertainty ;  an d whe n to o ofte n foun d lea d t o 
inattention : 

To avoi d v.asielu l  attentio n shifts ,  th e 
verba l  them e o f  on e phras e mus t  b e simila r 
t o th e tluMn e o f  th e preceilin g phrase .  Th e 
expectancie s se t  u p b y on e phras e shoul d b e 
fulfille. l  i n th e next... ^ 

At  thi s point ,  th e reade r  may wonde r  ho w verba l 
pattern s appea r  i n th e mind ? D o the y appi-i r  a s word -
like ? Ilirscl i  ha s a  provokin g ansvjer .  Th e short -
ter m memor y holrl s verba l  pattern s almos t  literally . 
Conse(|ueu t  ly ,  th e short-ter m memor y whic h come s int o 
immediat e contac t  wit h th e page ,  look s to r  similarit y 
i n verba l  pattern s fo r  cas e o f  retention .  However , 
th e long-ter m memor y contain s semanti c content s an d 
recall s th e meaning s throug h seekin g themati c repre -
sentation s o r  label s tha t  surroun d th e meanings . Frim i  thi s differenc e i n th e way s ;;hor t  an d long-ter m 

memory proces s verba l  patterns ,  tw o consequence s 
occu r  fo r  th e readin g o f  texts :  l)Tli e shr)rt-ter m 
memory b{̂ s t  operate s (u i  c  Iauses--discrcL e unit s o f 
verba l  pattern s tha t  rccur r  i n th e ter.t . 

Readabilit y  i s enli.ince d whe n closur e i s 
rapi d .in d stable ,  simr -  rapi d am i  stabl e 
closur e greatl y reduce s bot h processin g 
tim e an d th e burde n o n short-ter m memory. 3 

2)Th e long-ter m memor y i s stimulate d b y label s o r 
"themati c tags' '  tha t  refe r  t o a  variet y o f  specifi c 
ways o f  verb a I  i/ ,  i  n g meanings . 

Sinc e th e meanin g o l  th e whol e discours e 
(remembere d .in d expected )  i s mainl y 
store d I n , 1 nontemporal ,  non l  ingu i  s  t  i c 
form ,  th e write r  wil l  assis t  th e reade r 
by continuall y repi.Uin g n  rathe r  smal l 
number  o l  themati c tag s whic h represen t 
tha t  rememberei l  (an d expected )  holisti c 
meaning... ^ 

I n short ,  th e proces s o f  readinginvolve s th e 
applicatio n o f  nonlinguisticall y store d scmonti c 
content s t o verba l  pattern s ttio t  rcc/tiir c fcprtitio n 
fo r  stora/; e i n t/i e slmrt-Lcr m rnvmniry.  Uitliiiii t 
en»Migl i  rcpctiti(} n o f  vcrhn l  pnLCcrns ,  th e short -
ter m memor y canno t  gras p th e tex t  i n orde r  t o trans -
fe r  th e sema?iti c ciuitent s t o th e huig-tc-n n meiii<»ry . 
However ,  wit h to o muc h repetitii»n ,  th e min d lose s 
attention .  Likewise ,  withou t  th e us e o f  labels , 
semanti c content s canno t  b e rea l  le d fo r  applicatio n 
t o specifi c  verba l  patterns ;  bu t  wit h th e us e o f 
to o man y label s to o often ,  semanti c content s becom e 
.lulled . 

llirsch' s theor y o f  readabilit y  may b e extrapol -
ate d t o a  theor y o l  bo w thought s appea r  i n th e mind : 
how doe s th e miml' s ey e se e thoughts ? We thin k wit h 
nonlingui s t  i c  semanti c contents .  Th e mlntl' s  ey e 
see s nothing ,  bu t  th e mind' s 'hands '  shap e semanti c 
contents .  Word s stimulat e an d simulat e nonlinguisti c 
thinking .  Fo r  instance ,  readabilit y  depend s upo n 
strikin g a  balanc e betwee n th e us e o f  themati c tag s 
and specific ,  riiurrent ,  verba l  patterns :  themati c 
tag s se t  u p a  contex t  o T expectations ,  an d recurren t 
verba l  pattern s full{ I  am i  modif y thos e expectations . 
Thi s wa y o f  s  truclvi r  i  ui ;  ti-xt s simulate s th e proces s 
(i f  specifyin g an d modifyin g genera l  meanings :  ou r 
thinkin g involve s th e formatio n o f  genera l  theme s 
tiia t  ar e applie d t o specifi c s  i t  uations--an d so , 
thinkin g i n 'theraala '  involve s settin g u p expectation s 
tha t  whe n unsatisfie d li'ad s t o th e refashionin g o f 
thos e 'tluMiiata' .  Thus ,  th e mor e reailabl e a  tex t  i s 
th e mor e recognizabl e i s it s  illusio n o f  thought -
processes :  th e formatii m an d refashionin g 'i f  semanti c 
world s o r  themata . 

I n short ,  my extrapolatio n o f  llirsrh' s theor y o f 
readabilit y  t o cognitiv e processe s i s this :  tliinkin g 
may b e a  nonlinguisti c process  o f  whic h verba l  pattern s 
provid e a n illusion :  th e greate r  th e illusion ,  th e 
more readabl e th e text--tlu '  mor e transparen t  th e 
meanin g o r  thougiit .  Thoug h w e don' t  thin k jj |  words , 
we thin k wit h words :  words ,  b y simulatin g cognitiv e 
processes ,  provid e a  trac k fo r  directin g an d improvin g 
our  cognitiv e processes . 

1 wil l  com e bac k t o thi s theor y o f  th e illusor y 
natur e o f  verba l  representatio n afte r  turnin g t o 
Gombrich' s paralle l  discussio n o f  th e representativ e 
natur e o f  pictoria l  illu;ion . 
2.  Combric h o n Pictoria l  Representation : 

Most  peopl e assiim e tha t  lookin g a t  rea l  objects 
i s radicall y differen t  fro m lookin g a t  pictures . 
Combric h ha s taugh t  u s tha t  thi s natirra l  wa y o f 
thinkin g abou t  picture s i s mistaken .  Th e menta l 
proccssc' S involvet l  i n lookin g a t  picture s an d object s 
ar e th e same :  bot h involv e epxecta t  ions ,  corrobor -
ations ,  an d counter-expiHtation s .  Thi s surprisin g 
the<ir y o f  th e cognitiv e proct-sse s involve d i n percep -
tio n provoke s th e question ;  ho w d o w e eve r  tel l  th e 
differenc e betweee n Picture s an d objects ? Th e 
answer  i s obvious :  whe n yo u tr y t o pu t  you r  hea d throug h a  paintin g o f  a n ope n window ,  th e canvas s 
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or  wal l  get s i n th e way : 
...w e stil l  experienc e snm e kin d o f  illusio n 
when w e se e a  pictur e o n a  wal l  o r  i n a  boo k 
--fro m a  point ,  tha t  is ,  wher e tli e perspec -
tiv e shoul d g o wrong .  Her e a s alway s w e 
firs t  rea d th e picture -  fo r  ci'tisistency , 
and thi s consistency ,  th e interactio n n l 
clues ,  i s  no t  wholl y upse t  b y ou r  changin g 
viewpoint .  Th e paintin g ma y ceas e t o b e 
consisten t  wit h th e worl d jroun d it ,  bu t 
i t  rcamin s clo t̂-l y  kni t  withi n it s ow n 
syste m o f  references. ^ 

I  wan t  t o explai n Combrich' s theor y i n som e 
<lctail--i n orde r  t o brin g ou t  it s parallel s wit h llirsch' s 
clieory .  I n seein g pictures ,  accordin g t o Gombricli , 
nur  mind s matcl i  th e conventionalize d mode s o f  rep -
resentin g realit y agains t  th e picture ;  an d matc h 
th e pictur e agains t  reality .  Ou r  mind s tes t  th e 
degre e o f  recogni;^3bi l  it y  o f  th e picture .  Moreover , 
th e histor y n f  pictoria l  representatii> n i n ar t  i s 
a liisLor y o f  makin g .lu d mntching .  Th e cognitiv e pro -
ces s o f  makin g an d mnlihin g h.i s a n overflo w int o th e 
natur e i» f  veritlica l  perception ;  w e fint i  th.'i t  veri -
dica l  perceptio n als o involve s makin g .un l  iiiatchiiig . 
Jus t  a s i n paintin g pictures ,  artist s us e conventiona l 
schemat a a s hyp<ithese s abou t  ho w w e se e reality ,  s o 
to o i n attemptin g t o se c object s an d event s i n th e 
rcii l  world ,  <)u r  min d employ s hypothetica l  schemat a 
tha t  ar e oitlie r  corroborate d o r  refute d b y reality : 

I t  i s  th e powe r  o f  expectatio n rathe r  tha n 
th e powe r  o f  conceptua l  knowledg e tha t 
mol<l s wha t  w e se c i n lif e n o les s tha n 
i n art...Ever y tim e w e sca n th e iH-tanc e 
we someho w compar e ou r  expectation ,  ou r 
projection ,  wit h th e incomhi g message . 
...Her e a s alway s i l  remain s ou r  tas k t o 
kee p ou r  guesse s flexible ,  t o revis e the m 
i f  realit y appear s t o contradict ,  am i  t o 
tr y agai n fo r  a  hypoihesi s tha t  mig.h t  fi t 
th e data.< > 

Uy no w th e thesi s o f  th e inferentia l  natur e o f 
perceptio n i s well-known .  However ,  thi' ,  thesi s 
raise s a n importan t  hu t  unakse d tuiestio n abou t  th e 
natur e o f  menta l  representations :  ho w doe s th e mind' s 
eye se e th e correctio n o f  false  visua l  hypotheses ? 
Does th e min d se e piiLure s tha t  ar e redrawn ? 

For  theoretica l  reason s th e answe r  i s no :  th e 
mind' s ey e see s nothing ;  railu-r ,  th e mind' s hand s 
reshap e nonvisuali/.c d hypothese s abou t  tli e world . 
Give n Combrich' s theor y tha t  pictoria l  representatio n 
has a  histor y becaus e th e min d make s an d matche s 
visu.i !  scheriiaL a agains t  reality ,  i t  follow s tha t  th e 
vir.ua l  schemat a teac h u s ho w t o see : 

...Th e wis h t o fin d ccui f  irma t  io n o f  som e 
new experimen t  may mak e th e pr<»gressiv e 
suggestibl e an d ma y thu s facilitat e th e 
artist' s  tas k o f  iiiodifyio g hi s code...w e 
genuinel y recogniz e pictoria l  effect s i n 
th e worl d aroun d us ,  rathe r  tha n th e fam -
ilia r  siglit s  o f  th e w<irl d i n pictures. ' 

The fac t  tha t  picture s sometime s teac h u s ho w t o 
see ,  falsifie s th e commonl y liel d thesi s tha t  i n 
paintin g w e cop y ou r  interna l  three-dimensiona l 
menta l  picture s ont o a  two- d iiiien-.iona l  plane .  N o 
riTognitio n o f  realit y coul d h( -  possibl e i f  w e wer e 
onl y copyin g ou r  menta l  linage s whe n w e paint--wt ' 
couli l  onl y se e reflection s o f  ou r  mind s rathe r  tha n 
reflecti.in s o f  realit y (an d reflection s o f  ar t  i n 
reality) .  Since  painte d image s o f  realit y bot h 
thn-eiv e an d infor m th e eye^ ,  vj e lear n ho w t o se c realit y 
by i;a y o f  tc'tin g ou r  pictoria l  representation s an d 
Uiuivisii a I  ize d Interna l  (mental )  schemat a infonnin g 
our  visua l  expectation- ,  agains t  reality .  When 
'introspecting '  upo n th e proces s o f  correctin g 
n«'nta l  schemata ,  thoug h w e 'sec '  nothing ,  w e fee l 
th e impa (  t .  o f  ou r  mind' s hand s reshapin g thos e non -
visualize d sclu'niac a tha t  rese t  ou r  expectation s abou t 
visua l  reality . 

At  thi s point ,  ou< -  ma y wonder :  d o w e eve r  hav e 
menta l  images ? Takin g of f  fro m Ci>mhrich' s theor y 
o(  makin g pictoria l  •. (  Iiem.it a an d matchin g the m agains t 
realit y lo r  recogni, -  di i  I  i  ty ,  I  hypothesiz e tha i  w e 
lear n t o hav e menta l  image s b y introjectin g visual -
i  zei l  pictoria l  schemata .  Th e mind' s ey e i s a 
constrin t  dcrivei l  fro m seein g representationa l 
pictures .  Consc-quen L 1  y ,  ther e i s n o natura l  wa y o f 
seein g reality :  n o fixe d r<-|iertoir e o f  menta l 
image s tha t  w e attemp t  t o impos e upo n reality . 
Rather ,  w e lear n t> > se c realit y i n specifi c  way s 
throug h th e constructio n an d testin g o f  visiializee l 
hypothese s o r  pictures .  Wc lear n t o hav e differen t 
form s o f  menta l  image s b y intrt t  je c t  in g differen t 
s< hem a t a . 

I n short ,  i f  w c coul d construc t  a  catner a fo r 
takin g picture s o f  menta l  images ,  w e woul d onl y se e 
copie s o f  introjecte d pictures .  When th e min d i s 
activel y sr-cing--prt>bin g reality--i t  t̂ mploy s non -
visualize d projecti(Ui s o f  reality :  th e min d 'feels ' 
realit y wit h 'menta l  shapes '  tha t  ar c refashione d b y 
th e wa y o f  th e proces s o f  makin g an d matching . 
3. Parallels between Reading and Secing-Pictures: 

For  th e sak e o f  brevity ,  1  tabulat e th e parallel s 
betwee n llirsc h an d Cimibrich : 
juestions/Answer s 

How doc s th e histor y o f 
progri-ss ? 
I! y makin g an< l  matdiin g schemat a 
Cor 

lirsc h 

:ompos ition 

readabiIity, 

How cl o w c reae l 
se e 

li y  testin g anticipation s 
agains t  L  . .  . 

texts ? 

text . 

-Rxtrapolation s 

How do th e menta l  content s o f  I 
appea r  i n th e mind ? rvcrbal / 

They appea r  as _ 
(schemata) . 

content s (uin-linguis -
ii c 

Gombricl i 

pictures 

recogn-
izabllity . 

pictures ? 

picture. 

pictorial / 
schemat a 

non-
'isua1ize d 

Ihn o doe s th e min d correc t  it s internrt l  schemata ? 

li y  matchin g it s schemat a 
agains t  introjecte d . uerba1 /  |  pictorial / 

representations . 

Thes e paralle l  questifui s an d these s promp t  th e ide a 
of  a  singl e proces s informin g th e tw o distinc t  areas . 
It. Is there a common psyrluilogj ca 1 process for reading 
and seclng-pictures? : 

I'lii s  question ,  suggeste d b y th e paralli-l s  betwee n 
llii'scl i  an d Gonibrich ,  involve s searchin g fo r  a  singl e 
ini-nt a I  proces s fo r  th e representatio n o f  realit y 
throug h word s an d throug h pictures .  Thougj i  bot h 
form s o f  represeiua t  loii--word s an d ]iirtures--hav e 
liifferen t  manner s o l  re(eirin g L o reilily ,  w e wonde r 
whethe r  the y ar e graspe d an d use d b y th e min d i n on e 
way wit h on e menta l  oper.ition .  To r  instance , 
accordin g t o Nelso n ilooiiman'' ,  thoug h picture s am ! 
word s ar e non-notaliona 1 (i.e .  unlik e musica l  score s 
wher e eac h not e o n a  scal e stand s fo r  a  specifi c 
sinind )  ,  hu t  weird s no t  picture s ar e syntacticall y 
and semanticall y el i  f  f  eren t  iate d .  I n plai n words , 
word s ar e distinc t  an d refe r  L "  di-.tinc t  re|',ion s o f 
reality ;  bu t  picture s contai n foiaii s  tlia i  merg e an d 
refe r  t o overlappin g area s o f  reality .  However , 
th e questio n w e as k her e -.eck s t  r i  uncove r  a  common 
menta l  proces s fo r  graspin g th e ver y differen t 
symbi>li c system s o f  word s am i  pictines .  Ho w 
coul d thi s common niiiita l  proces s work ,  i f  i t  wer e 
t o exist ? 
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Tli e ciignitiv o tnntoiiL s o l  mim l  .iic -  iioniijinb n 1  i c 
and mmrcprpsontn t  ivo .  Ou r  mind s .sli,i|> r  i(r .  cunlciiC n 
by simulcant-iMisl y in l  roji' c  t  inj ;  iin d ii i  i d j i  c  Liiii' , 
verba l  o r  p ic tmin l  p.iLtrrns .  Ou r  mind s |)riij<' c I 
slinpc s upo n realit y llia t  .ir e ptrcepln a 1  l y refine d 
by th e us e o f  Intr o jeeLe d pictori.i l  s < liemal a .nu l 
counter-expecte d verball y code d perception'; .  Il u 
flexibl e menta l  fiehl s o f  ou r  niinil s  tak e o n in i  reaa -
in R representativ e conten t  tbroupl i  nsinp ,  mismatche s 
of  introjcctc d verbal/pictoria l  sclic-in.il.i ,  an d mis -
inatclic s o f  reality ,  t o reshap e til e iiienL.i l  fii'lds . 

I n Slim :  syntbe s iuinj ;  th e theorie s o l  llirsc b 
and Gombric h permit s u s t o see k fo r  a n unifie< l 
menta l  proces s fo r  thinkinp ,  an d siciu); .  The -  proces s 
may b e this :  We prob e realit y wit h simulation s o f 
thinking--words--an d simulation s u T rcaIity-scen- -
picLures .  Thes. e probe s nccu r  i n th e titin d a s pru -
jecti' d nonsyiiilit) !  i o field s an d appea r  L< > Lb e miiul' s 
ey e a s inCrojecte d verba l  patti-rn s an d pictoria l 
schemes .  1 t  i s  eas y t o confus e Lb e inLrojecte d 
content s o f  ou r  min d vjitl i  th e actua l  meni.i l 
processe s o f  tbinkinR/secinj; :  Ch e proces s n f 
holdin g an d shapin g content s wit h oyn -  miiul' s  'hands' . 
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The relationshi p betwee n huma n motio n 
and object s i n th e cognitiv e 
representatio n o f  visua l  events . 

Margot D. Lasher 
Assumptio n Colleg e 

This paper concerns the cognitive 
representatio n o f  event s whic h involv e huma n 
motion. *  I  hav e elsewher e propose d a  schemati c 
structur e fo r  event s whic h involv e onl y th e 
motio n o f  th e body ,  a s i n som e athletic s an d 
danc e (Lasher ,  1981) .  I n thi s pape r  I  woul d 
lik e t o describ e th e relationshi p betwee n th e 
motio n o f  th e bod y an d object s whic h may b e par t 
of  th e event .  Th e eventua l  goa l  i s  t o develo p 
schemati c representation s fo r  al l  type s o f 
event s o f  huma n motion . 

The paper will look at two pairs of event 
units .  Th e firs t  even t  o f  eac h pai r  involve s 
onl y th e motio n o f  th e body ;  th e secon d involve s 
tha t  sam e categor y o f  motio n i n relatio n t o a n 
object .  Certai n aspect s o f  thes e paire d event s 
can b e identifie d withou t  furthe r  analysis .  We 
ar e dealin g wit h onl y on e typ e o f  even t  unit , 
an even t  involvin g voluntar y huma n motion .  Th e 
AGENT o f  th e even t  wil l  alway s b e th e perso n i n 
motion .  Th e ACTIO N wil l  consis t  o f  a  descrip -
tio n o f  tha t  person' s motions . 

Event 1: A person leans, reaches out, 
and bring s th e ar m bac k towar d 
th e body . 

Event 2: A person leans, reaches out, 
pick s u p a  glas s an d bring s 
th e glas s bac k towar d th e 
body . 

Figure 1 provides schematic structures for 
Event s 1  an d 2 .  Even t  1  describe s a  motio n un -
relate d t o an y object .  I t  migh t  b e a  movement 
i n athletic s o r  dance .  Th e ACTIO N consist s o f 
a preparator y motio n an d a  completin g motion . 
Ther e i s experimenta l  evidenc e fo r  th e psycho -
logica l  coherenc e o f  thi s preparatory-complet -
in g structur e i n th e perceptio n o f  event s in -
volvin g huma n motio n (Lasher ,  1981) .  A  psycho -
logicall y coheren t  even t  uni t  consist s o f  a 
small ,  unfixe d numbe r  o f  preparator y motion s 
followe d b y a  completin g motion .  Preparator y 
motion s ten d t o b e relativel y stabl e motions , 
whil e completin g motion s ar e relativel y unstabl e 
motions .  Th e unstabl e completin g motio n i s 
encode d a s th e intentio n o f  th e entir e even t 
unit .  Th e even t  uni t  i s  encode d a s complete d 
when thi s relativel y unstabl e motio n i s finishe d 

and th e perso n ha s returne d t o a  positio n o f 
stabilit y  i n relatio n t o th e ground . 

Each motion, whether preparatory or com-
pleting ,  ca n b e describe d i n term s o f  bot h th e 
change s i n th e huma n bod y itself ,  labele d MOTION 
i n Figur e 1 ,  an d i n term s o f  th e variable s whic h 
influenc e tha t  motion ,  labele d MOTION RELATIONS. 
Ther e ar e a  potentiall y  infinit e numbe r  o f 
motio n relations .  Th e actua l  representatio n o f 
any even t  i n a  rea l  min d wil l  depen d upo n wha t 
variable s ar e attende d t o a t  th e time .  I  hav e 
assumed,  fo r  purpose s o f  illustration ,  tha t  w s 
ar e attendin g t o th e directio n o f  th e lea n an d 
reach ,  whic h i s forward ,  an d t o nothin g else . 

Event 2 adds a visible object to the scene, 
a glass .  We wan t  th e representation s t o accu -
ratel y reflec t  tha t  th e bodil y motion s ar e al -
most  identica l  i n Event s 1  an d 2 ,  ye t  ther e i s 
a crucid l  difference :  a  glas s i s picke d u p i n 
Event  2 .  Th e differenc e i s expresse d i n th e 
representatio n o f  th e COMPLETING MOTION,  whic h 
i s cognitivel y interprete d a s th e intentio n o f 
th e even t  unit .  Th e completin g motio n i s a  mo -
tio n whic h contain s a s on e o f  it s  interna l 
position s tha t  o f  th e finger s closin g i n upo n 
and pressin g agains t  th e glass .  I  hav e arbi -
traril y  use d th e word s reaches-pick s u p t o 
represen t  thi s motion .  Th e fac t  tha t  i n lan -
guag e thes e ar e tw o separat e verb s i s irrele -
van t  t o th e representatio n o f  th e visua l  even t 
unit . 

The MOTION RELATION which most influences 
th e for m o f  thi s completin g motio n i s th e OBJECT, 
th e glass .  Th e verba l  natur e o f  th e representa -
tio n i s agai n no t  relevant .  Holdin g migh t  see m 
t o b e a  separat e motio n becaus e i t  i s  a  ver b 
rathe r  tha n a  preposition .  Fro m th e viewpoin t 
of  th e visua l  event ,  i t  i s  equivalen t  t o a  pre -
position :  i t  i s  a  lin k betwee n th e bodil y mo -
tio n an d som e othe r  spatiall y  represente d var -
iabl e whic h influence s th e for m o f  th e body' s 
motion .  Th e holdin g i s no t  a  separat e motion . 
The bod y return s t o a  stable ,  balance d position , 
wit h th e ar m nea r  th e centra l  axi s o f  th e torso , 
at  th e end s o f  bot h paire d events .  I n Even t  2 , 
however ,  th e bod y return s wit h a  glass . 

Events 1 and 2 were originally paired be-
caus e the y bot h belon g t o a  genera l  categor y o f 
human motio n events ,  reachin g motions .  Laba n ha s 
spoke n o f  suc h abstrac t  categorie s o f  motio n 
(Laban ,  1966) .  We reac h t o pic k somethin g up , 
t o han g somethin g up ,  t o pu t  somethin g down . 
The motio n i n bowlin g an d th e pitc h i n basebal l 
ar e ful l  reachin g motions .  When th e reachin g 
motio n i s extende d t o it s fulles t  withou t  th e 
presenc e o f  a n object ,  an d on e le g i s extende d 
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backward s i n orde r  t o balanc e th e reachin g arm , 
we hav e a n arabesqu e i n ballet . 

An interesting thing about human motion 
event s i s tha t  an y even t  involvin g voluntar y hu -
man motio n ca n b e describe d i n term s o f  AGENT-  • 
ACTION,  withou t  a n OBJECT:  an y ACTIO N whic h ca n 
be performe d i n relatio n t o a n OBJECT ca n als o 
be performe d withou t  th e ObJECT.  Bu t  i n term s 
of  a  descriptio n o f  th e visua l  structure ,  ther e 
i s alway s a  spatia l  directio n involved .  Th e 
perso n reache s upwar d o r  downward ,  towar d th e sk y 
or  towar d th e ground .  I n trainin g fo r  athletic s 
or  dance ,  aspect s o f  th e environmen t  tha t  ar e 
take n fo r  grante d i n ordinar y motio n ar e ofte n 
brough t  t o consciou s attention :  th e athlet e i s 
traine d t o notic e th e relationshi p betwee n th e 
body an d th e ground ,  an d th e bod y an d th e spac e 
aroun d it .  I f  th e spatia l  aspect s o f  th e even t 
ar e considere d i n relatio n t o th e motio n itself , 
thes e spatia l  aspect s ac t  i n th e sam e way s a s a n 
objec t  woul d act :  a s variable s relevan t  t o th e 
intentio n o f  th e motion . 

Because of this similarity between visual 
direction s an d ordinar y object s i n a  scene ,  I 
have represente d the m equivalentl y unde r  th e MO-
TION RELATIONS node .  Th e variabl e i s represent -
ed a s th e end-poin t  o f  th e motio n unde r  th e OB-
JECT node .  Th e LIN K nod e i s require d t o repre -
sent  exactl y ho w th e OBJECT influence s th e MO-
TION.  I n Even t  1 ,  fo r  example ,  th e preparator y 
motio n o f  leanin g actuall y goe s into ,  o r  bodil y 
fills ,  th e forwar d space ;  th e completin g motio n 
of  reachin g goe s toward ,  bu t  no t  into ,  th e for -
ward space .  Of  cours e th e forwar d spac e o f  th e 
preparator y motio n ca n b e a  differen t  physica l 
are a fro m th e forwar d spac e o f  th e completin g 
motion :  spac e i s forwar d o r  backwar d onl y i n 
relatio n t o th e body . 

The addition of an object in the second 
pai r  o f  event s take s u s int o th e interestin g 
proble m o f  representin g causa l  relationship s 
betwee n even t  units . 

Event 3: A dancer steps and leaps. 

Event 4: A basketball player steps 
and take s a  jum p shot . 

Figure 2 shows the visual relationships 
betwee n th e motio n o f  th e person ,  an d th e mo-
tion s o f  th e perso n plu s th e ball ,  i n Event s 
3 an d 4 .  Schemati c representation s o f  thes e 
event s ar e give n i n Figur e 3 . 

Until point 5 (Fig. 2) the visual struc-
tur e o f  Event s 3  an d 4  overlap .  A t  poin t  6 ,  th e 
perso n begin s t o descen d t o th e groun d (Event s 3 

and 4 )  an d th e bal l  continue s t o ris e (poin t  7 ) 
unti l  i t  fall s  a t  poin t  8  (Even t  4  only) .  I n 
bot h Event s 3  an d 4  th e perso n mus t  descen d t o 
th e ground .  Bu t  th e bal l  ha s i t  own ,  independ -
end motio n i n Even t  4 .  We hav e i n Even t  4  tw o 
separat e motio n description s t o dea l  with :  th e 
perso n i n motion ,  whos e structura l  descriptio n 
i s almos t  identica l  t o tha t  o f  Even t  3 ,  an d th e 
objec t  i n motion ,  whic h spatiall y  an d temporall y 
goes throug h it s ow n motion . 

We want our representations to mirror the 
similarit y o f  th e person' s motion s i n Event s 3 
and 4 .  We als o wan t  th e representatio n o f  Even t 
4 t o correspon d t o th e intuitio n tha t  th e basket -
bal l  player' s jum p shot ,  an d th e basketball' s 
descen t  throug h th e hoop ,  ar e part s o f  th e sam e 
event .  We d o no t  wan t  t o b e i n th e positio n o f 
sayin g tha t  Even t  4  i s represente d b y tw o loose -
l y joine d schemati c structures ,  on e representin g 
th e player s motio n an d th e othe r  th e motion s o f 
th e ball .  Thes e consideration s lea d t o schemati c 
structure s whic h ar e ver y simila r  fo r  Event s 3 
and 4 ,  an d i n whic h th e motion s o f  th e bal l  i n 
Event  4  ar e par t  o f  th e highe r  even t  o f  th e 
person' s motions . 

Nevertheless, there is a real difference 
betwee n th e bal l  i n Even t  4  an d th e objec t  i n 
Event  2  (th e glas s whic h i s picke d up) :  th e 
bal l  ha s a  motio n whic h i s spatiall y  an d tempo -
rall y non-co-extensiv e wit h th e motio n o f  th e 
agent .  I n a  basketbal l  game peopl e ten d t o watc h 
th e motio n o f  th e ball ,  an d fo r  many people ,  th e 
even t  end s whe n th e bal l  goe s int o o r  misse s 
th e basket ,  no t  whe n th e playe r  ha s descende d 
agai n t o th e ground .  Attachin g th e bal l  a s a 
MOTION RELATIO N t o th e ACTIO N o f  takin g a  jum p 
shot ,  a s th e glas s i s a  MOTION RELATIO N t o th e 
ACTION o f  reaching/pickin g up ,  capture s onl y 
par t  o f  th e experience . 

In order to represent these relationships I 
have describe d Even t  4  a s a n even t  uni t  contain -
in g a n embedde d even t  uni t  (Figur e 3b) .  A s lon g 
as a n objec t  i s  carried ,  pushed ,  o r  pulle d b y a 
person ,  s o tha t  th e object' s motio n retain s a 
one-to-on e relationshi p wit h thos e o f  th e person , 
th e object' s motio n i s no t  represente d a s a  sep -
arat e uni t  (ie :  th e glas s i n Even t  2) .  When 
th e object' s motio n cease s t o hav e a  one-to-on e 
correspondenc e wit h thos e o f  th e person ,  th e 
object'< = motio n become s represente d a s a  sep -
arat e event .  However ,  th e object' s motio n i n 
thi s cas e i s a  consequenc e o f  th e person's ;  th e 
bal l  goe s int o th e baske t  becaus e th e playe r 
steps ,  jumps ,  an d release s th e bal l  i n a  certai n 
way.  Player s an d coache s ca n ofte n predic t  a t 
th e moment  th e bal l  leave s th e player' s hand s 
whethe r  th e bal l  wil l  hi t  th e basket .  Thi s de -
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Figur e 2 :  Event s 3  an d k 
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pendenc e o f  th e ball' s  motio n upo n th e player' s 
motio n i s capture d b y th e embedde d structure . 

Events 3 and 4 fall into another abstract 
categor y o f  huma n motio n events ,  run-leap .  Thi s 
categor y i s especiall y interestin g becaus e th e 
body defie s gravit y i n a  visuall y dramati c wa y 
at  th e cente r  o f  th e completin g motion .  When w e 
ar e watchin g jus t  a  perso n i n motio n w e normall y 
watc h th e perso n descen d t o th e groun d a t  th e 
end o f  th e leap .  Th e even t  i s full y  complete d 
onl y whe n th e perso n ha s returne d t o a  positio n 
of  stabilit y  o n th e ground . 

But in the case of an embedded event in 
whic h th e objec t  ha s a n independen t  motio n o f 
it s  own ,  th e ey e tend s t o follo w th e motio n o f 
th e objec t  {th e bail ,  fo r  example )  onc e i t 
leave s th e person' s hands .  Th e follow-throug h 
aspec t  o f  th e completin g motio n i s no t  actuall y 
perceived .  Th e dun k sho t  i n basketball ,  however , 
i s  a n interestin g exception .  I n th e dun k shot , 
th e player' s an d th e ball' s  descen t  occu r  to -
gethe r  temporall y an d ar e ver y clos e togethe r 
spatially .  I t  i s  a n interestin g possibilit y 
tha t  th e excitemen t  o f  th e dunk-sho t  fo r  specta -
tor s i s partiall y  du e t o th e synchron y o f  ending s 
of  th e embedde d an d embeddin g even t  unit s 
(Phillipp e Poisson ,  persona l  communication) . 

Our excitement may arise from our ability, 
i n thi s particula r  event ,  t o actuall y se e bot h 
th e playe r  an d th e bal l  retur n t o th e ground . 
Thi s excitemen t  woul d reall y b e a n aestheti c 
kin d o f  excitement :  th e experienc e o f  a  perfec t 
fi t  betwee n th e schemati c cognitiv e structur e 
and th e particula r  manifestatio n o f  tha t  struc -
tur e bein g observed . 
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Towar d a  Mode l  o f  Cognitiv e Proces s 
i n Cartoo n Comprehensio n 

Michae l  E .  J .  Masso n an d Ing a Boehle r 
Universit y o f  Victoria ,  Victoria ,  Canad a 

The comprehension of humorous material Involves 
an importan t  interactio n betwee n us e o f  gencrn l  worl d 
knowledg e an d th e encodin g o f  ne w verba l  o r  pictoria l 
information .  Understandin g humorou s episode s ofte n 
require s th e comprehende r  t o dra w a  numbe r  o f  inference s 
abou t  th e character s an d event s i n th e episode .  Un -
lik e comprehensio n o f  othe r  tvpe s o f  material ,  however , 
thes e Inference s ofte n ar e no t  straightforwar d no r 
applie d "automatically. "  Instead ,  a  logica l  serie s 
of  inference s mav b e required ,  implyin g a  for m o f 
proble m solvin g activity .  Thi s characterizatio n o f 
comprehensio n o f  humorou s materia l  I s particularl y 
appropriat e fo r  multipl e fram e cartoons .  Sinc e w e 
ar e especiall y Intereste d I n th e rol e o f  thes e sort s 
of  cognitiv e processe s I n understandin g humorou s 
material ,  w e hav e focuse d ou r  effort s o n cartoo n 
comprehension . 

The proces s mode l  tha t  w e hav e bee n tryin g t o 
develo p i s base d o n recen t  conceptualization s o f 
comprehensio n processe s an d o n theoretica l  Idea s abou t 
th e definin g attribute s o f  humorou s material .  We 
characteriz e a  cartoo n a s a  brie f  narrativ e tha t  I s 
describe d plctoriall v  an d linguistically .  A s such , 
much o f  th e Informatio n learne d fro m readin g a 
cartoo n i s inferre d rathe r  tha n explicitl y  state d 
or  illustrated .  I t  i s  furthe r  assume d tha t  a s a 
cartoo n i s processe d expectation s abou t  upcomin g 
informatio n ar e constructed ,  jus t  a s i n readin g 
ordinar y discourse .  Ofte n thes e expectation s ar e 
violate d b v som e for m o f  Incongruou s information , 
causin g a  revisio n o f  previousl y Inferre d informatio n 
or  a t  leas t  a  reorganizatio n o f  knowledg e abou t  th e 
even t  bein g described .  Thi s revisio n o r  resolutio n 
of  incongruit y ha s bee n claime d t o b e a n Importan t 
elemen t  o f  humo r  b y recen* :  theorists .  I n addition , 
resolutio n may Introduc e furthe r  Incongruitie s whic h 
ar e neve r  resolved .  We argu e tha t  thes e inferentia l 
proble m solvin g processe s ar e o f  centra l  importanc e 
I n an y accoun t  o f  comprehensio n o r  appreciatio n o f 
humorou s material / 
In order to specify in more detail the nature 
of  comprehensio n processe s associate d wit h readin g 
cartoo n material ,  w e mad e us e o f  multipl e regressio n 
modellin g procedures .  We planne d t o focu s o n 
cognitiv e processe s involve d i n cartoo n comprehensio n 
and,  t o a  lesso r  extent ,  o n th e characteristic s o f 
cartoon s tha t  ar e associate d wit h humor .  Therefore , 
we sough t  t o develo p regressio n model s tha t  woul d 
accoun t  fo r  variabilit v  o f  cartoo n item s o n thre e 
dimensions :  (a )  comprehensio n time ,  (b )  proble m 
solvin g processe s associate d wit h understandin g th e 
jok e o n whic h a  cartoo n i s based ,  an d (c )  degre e o f 
humor . 

We selecte d a  se t  o f  6 A cartoon s sample d fro m 
fiv e differen t  syndicate d cartoo n strips .  Tli e item s 
wer e originall y publishe d betwee n 197 6 an d 1978 . 
A sampl e o f  3 5 universit y student s rate d (o n a  7 -
poln t  scale )  th e degre e o f  difficult y involve d i n 
understandin g o r  figurin g ou t  th e jok e o n whic h eac h 
cartoo n wa s based .  Thi s serve d a s a  ver y genera l 
measur e o f  th e complexit y o f  th e proble m solvin g 
comprehensio n processe s w e hav e postulated .  Anothe r 
sampl e o f  5 6 student s wa s show n th e sam e Item s i n th e 
followin g manner .  First ,  al l  frame s o f  a  cartoo n 
excip t  th e Lis t  fram e wer e show n together ,  the n th e 
las t  fram e wa s shown .  Tim e require d t o comprehen d 
eac h sectio n (firs t  frame s an '  las t  frames )  wa s 
measured .  I n addition ,  thes e subject s rate d o n a 
7-poin t  scal e th e degre e o f  humo r  o f  eac h cartoon . 

Cartoons were then classified according to a 
set  o f  Independen t  variable s representin g many 
characteristic s o f  cartoo n items .  Verba l  informatio n 
variable s include d numbe r  o f  letters ,  svllables . 

words ,  propositions ,  an d sentence s an d numbe r  o f 
speake r  transitions .  Visua l  informatio n wa s code d 
by suc h variable s a s numbe r  o f  characters ,  numbe r 
of  physicall y transforme d characters ,  chang e o f 
scenes ,  activity ,  an d presenc e o f  a  visua l  detai l 
whi( h wa s critica l  fo r  understandin g a  cartoon .  Cartoon s 
wer e als o code d accordin g t o whethe r  a  possibl e o r 
impossibl e incongruit y wa s Introduce d I n th e las t 
fram e an d lef t  unresolved .  Th e logi c o n whic h a 
cartoo n wa s base d wa s als o coded .  Categorie s include d 
exaggeration ,  iteratio n (e.g. ,  a  to w truc k towin g 
a to w truck) ,  an d mode l  theor y (th e reade r  interpret s 
an ambiguou s statemen t  o r  situatio n i n th e mos t 
usua l  way ,  the n find s tha t  a n alternativ e Interpretatio n 
was intended) .  Finally ,  I n orde r  t o reflec t  cartoonists ' 
styl e differences ,  th e item s wer e classifie d accordin g 
t o cartoo n strips . 
Four regression analyses will be reported. In 
al l  case s a  stepwis e multipl e regressio n wa s use d I n 
whic h variable s wer e adde d int o th e regressio n equatio n 
unti l  a n optima l  adjuste d R  wa s reached .  Th e firs t 
tw o analyse s Involve d mea n comprehensio n tim e o n firs t 
frame s an d o n fina l  frames .  Th e lis t  o f  Independen t 
variable s Include d thos e mentione d abov e a s wel l  a s 
mean rate d humo r  an d difficult y i n understandin g th e 
cartoon' s joke .  We ha d tw o genera l  expectation s abou t 
thes e analyses .  Firs t  w e expecte d t o d o a  bette r  jo b 
of  accountin g fo r  variabilit y  i n firs t  fram e com -
prehensio n time s sinc e mos t  o f  th e comple x comprehensio n 
processe s ar e associate d wit h th e las t  frame .  Fo r 
simila r  reason s w e expecte d th e las t  fram e comprehensio n 
tim e regressio n equatio n t o mor e heavil y weigh t  th e 
difficult y ratin g variabl e tha n woul d th e equatio n fo r 
firs t  frames . 

The optimal adjusted R for the first frame analysis 
was a  ver y respectabl e .9 i  (multipl e R=.98) .  Eightee n 
variable s wer e entere d althoug h si x di d no t  contribut e 
significan t  predictiv e power .  Comprehensio "  tim e in -
crease d a s a  functio n o f  numbe r  o f  letters ,  sentences , 
and transforme d character s i n th e firs t  frames .  I n 
addition ,  relativel y smal l  contribution s wer e mad e 
by difficult y ratin g (smalles t  bet a weigh t  o f  al l 
significan t  variables )  an d th e variabl e whic h code d 
exaggeration :  longe r  comprehensio n time s wer e asso -
ciate d wit h highe r  difficult y an d cartoon s base d o n 
exaggeration .  Th e seve n othe r  significan t  variable s 
wer e al l  supresso r  variables :  ver y lo w simpl e 
correlation s wit h comprehensio n time ,  bu t  the y 
accounte d fo r  som e variabilit y  o f  significan t  predicto r 
variable s whic h wa s no t  associate d wit h comprehensio n 
time .  Mos t  o f  thes e suppresso r  variable s wer e asso -
ciate d wit h verba l  an d visua l  informatio n containe d 
i n th e las t  frame . 

The regressio n analysi s o f  firs t  fram e compre -
hensio n tim e successfull y accounte d fo r  a  grea t  majorit y 
of  variability .  l*teria l  o f  thi s sor t  doe s no t 
normall y cal l  fo r  muc h comple x cognitiv e activit y 
whil e readin g th e firs t  frames ,  an d s o a  fe w simpl e 
variable s ar e sufficien t  t o accoun t  fo r  mos t  o f  th e 
variance .  Number  o f  letter s an d transforme d character s 
togethe r  produce d a  regressio n e<iuatio n wit h an  adjuste d 
R o f  .86 .  Rate d difficult y di d no t  pla y a  larg e 
rol e i n accountin g fo r  firs t  fram e comprehensio n time . 
Finally ,  i t  wa s rathe r  surprisin g tha t  othe r  visua l 
informatio n variable s suc h a s numbe r  o f  character s 
di d no t  hav e muc h Impact .  I t  appear s tha t  a s lon g 
as character s maintai n a  consisten t  appearanc e 
reader s requir e ver y littl e tim e o r  effor t  t o 
recogniz e them ,  eve n whe n firs t  Introduced . 

The regressio n analysi s o f  fina l  fram e compre -
hensio n tim e produce d a n optima l  adjuste d R  o f 
.7 9 (multipl e R  .91) ,  wit h 1 3 independen t 
variable s involve d i n th e equation .  Onl y fiv e 
variable s mad e significan t  contributions .  Compre -
hensio n tim e increase d wit h highe r  number s o f  letter s 
i n th e las t  frame ,  race d difficulty ,  numbe r  o f  ne w 
character s Introduce d I n th e fina l  frame ,  an d numbe r 
of  syllable s i n th e firs t  frames .  Number  o f  syllable s 
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I n th e las t  fram e wa s a  supresso r  variable .  A s 
expected ,  th e Importanc e o f  proble m solvin g compre -
hensio n processe s wa s eviden t  i n th e analysis .  Rate d 
difficult y wa s th e secon d variabl e entere d int o th e 
equatio n fo r  las t  fram e comprehensio n time .  I n 
addition ,  th e introductio n o f  ne w character s i n th e 
las t  fram e requrie d mor e readin g time .  Reinterpretin g 
Informatio n fro m th e firs t  frames ,  o r  usin g tha t 
Informatio n t o understan d th e las t  fram e ar e import -
ant  processe s sinc e amoun t  o f  firs t  fram e verba l 
informatio n strongl y Influence d las t  fram e comprehensio n 
tim e . 

Sinc e difficult y rating s playe d suc h a n importan t 
rol e i n th e comprehensio n tim e analyses .  I t  woul d b e 
interestin g t o discove r  whic h variable s contribut e 
t o th e degre e o f  difficult v i n comprehendin g a  cartoon . 
The relevan t  regressio n analysi s indicate d tha t  th e 
presen t  dat a coul d offe r  onl y limite d ai d i n answerin g 
thi s question .  Th e optiona l  adjuste d R  wa s onl y .5 2 
(multipl e R  =  .85) ,  wit h 2 6 variable s i n th e equation . 
Thirtee n o f  th e variable s m-̂ d e significan t  contributions . 
Cartoonists '  styl e playe d a n importan t  rol e a s th e 
firs t  variabl e entere d wa s th e "0/1 "  variabl e whic h 
code d cartoon s a s bein g fro m "Wizar d o f  Id "  versu s 
some othe r  cartoo n strip .  Accordin g t o th e 
regressio n model ,  suc h cartoon s adde d a  ful l  1. 5 unit s 
of  difficult y o n th e 7-poin t  scale .  Cartoon s base d 
on iterativ e logi c als o increase d difficulty .  In -
crease s i n th e numbe r  o f  propositions ,  syllables ,  o r 
speake r  transition s i n th e firs t  frame s als o in -
crease d difficult y ratings .  Th e othe r  seve n variable s 
(othe r  cartoon s an d las t  fram e information )  acte d 
as suppresso r  variables .  Thi s analysi s clearl y 
point s t o th e importanc e o f  reviewin g firs t  fram e 
Informatio n whil e tryin g t o comprehen d th e fina l 
fram e an d basi c jok e o f  a  cartoon .  Difficult y wa s 
not  associate d wit h amoun t  o f  fina l  fram e Informatio n 
which .  I n itself ,  i s  jus t  a s straightforwar d a s 
verba l  an d visua l  informatio n containe d i n th e firs t 
frames .  Interpretin g th e las t  fram e i n th e contex t 
of  previou s information ,  however ,  i s  a  majo r  par t 
of  th e reader' s proble m solvin g comprehensio n 
process . 

Finally ,  wha t  make s cartoon s funny ? Th e re -
gressio n analysi s o f  humo r  rating s produce d a  rathe r 
lo w adjuste d R  o f  .6 0 (multipl e R  =  .82) ,  s o n o 
definit e answer s ar e ye t  available .  Nin e significan t 
variable s wer e Involved ,  tw o o f  whic h ar e relate d t o 
cartoonists '  style .  The"Wizar d o f  Id "  an d "Haga r  th e 
Horrible "  wer e associate d wit h rathe r  hig h humo r 
ratings .  Thes e rating s als o increase d wit h th e numbe r 
of  scen e change s i n th e firs t  frame s an d th e numbe r 
of  speake r  transition s i n th e las t  frame .  Addin g 
an impossibl e incongruit y i n th e las t  fram e seeme d 
t o improv e th e humo r  o f  cartoons ,  bu t  basin g a 
cartoo n o n a  critica l  visua l  detai l  i n th e fina l 
fram e wa s associate d wit h reduce d humo r  ratings . 
The othe r  thre e variable s wer e suppresso r  variables . 
Obviousl y thi s analysi s doe s no t  provid e a  ver y 
satisfactory  explanatio n o f  wha t  make s a  cartoo n 
humorous ,  bu t  i t  ha s helpe d t o identif y attribute s 
tha t  characteriz e successfu l  attempt s t o creat e 
humorou s materials . 

Our  futur e effort s wil l  b e directe d a t  a  close r 
and mor e detaile d stud y o f  th e proble m solvin g compre -
hensio n processe s involve d i n readin g cartoons .  I n 
addition ,  i t  i s  clea r  tha t  i t  wil l  b e a  difficul t 
tas k t o identif y th e natur e o f  th e relationshi p 
betwee n humo r  an d thes e cognitiv e processes .  I n ou r 
dat a ther e i s presentl y n o clea r  relatio n (linear , 
or  otherwise )  betwee n humo r  an d difficult y ratings . 
Althoug h w e hav e begu n t o mak e progres s I n th e 
developmen t  o f  d  mode l  o f  cartoo n comprehensio n 
processes ,  th e secre t  o f  th e humo r  o f  cartoon s I s 
stil l  wel l  kept . 26 2 
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Introductio n 

The limitation s i n huma n short-ter m memory ,  o f 
whateve r  exten t  the y ar e determine d t o be ,  mus t  b e 
accounte d fo r  i n constructin g cognitiv e models .  Th e 
vie w o f  thi s memor y a s a  dat a (o r  knowledge )  stor e lead s 
t o model s wit h a  fixed-lengt h buffe r  o f  quickl y 
accessibl e short-ter m data ,  an d genera l  procedure s fo r 
replacin g item s i n tha t  buffe r  wit h othe r  item s (se e 
Marcu s [1979] ,  fo r  example) .  Anothe r  vantag e poin t  o n 
thi s questio n come s fro m viewin g th e thi s memor y i n 
terra s o f  th e activ e proble r  solvin g processe s o f  th e 
model .  Thi s perspectiv e suggest s buildin g model s wit h 
time-limite d processe s tha t  may no t  remai n activ e 
indefinitely .  Jus t  a s th e siz e o f  a n individua l 
constituen t  i n a  fixed-lengt h buffe r  may depen d o n th e 
natur e o f  tha t  item ,  s o th e tim e limi t  o f  a n activ e 
proces s (eve n th e unit s o f  tim e employed )  mus t  b e 
allowe d t o depen d o n th e natur e o f  it s  functioning . 
Every active process in a cognitive model must be 
associate d wit h anothe r  process ,  calle d a  timeou t 
process ,  whic h ca n forc e it s prematur e terminatio n (it s 
timeou t  o r  expiration )  o n specifi c  criteria .  Th e 
timeou t  specifie s ho w lon g th e proces s (th e paren t 
process )  may remai n active ,  i n term s o f  specifi c  tim e 
unit s o r  mode l  events ,  an d i n addition ,  wha t  action s t o 
tak e (o r  processe s t o initiate )  o n expiration .  Not e th e 
enormou s significanc e o f  thi s organization :  Th e 
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at  th e Unlversit e d e Paris ,  an d compute r  facilitie s wer e 
provide d b y th e Institu t  d e Recherch e e t  Coordinatio n 
flcou.'Jtique/Husiqiie.  Th e suppor t  o f  NASA,  th e 
Fulbrlght-Haye s program ,  an d IRCA M ar e gratefull y 
acknowledged . 
processin g o f  individua l  actor s i n a  mode l  ca n depen d o n 
eithe r  th e existenc e o r  th e non-existenc e o f  relex'an t 
Information .  I n term s o f  huma n problem-solving ,  thi s i s 
analogou s t o ou r  basin g som e decisio n o n th e explici t 
knowledg e tha t  w e d o no t  kno w something .  Ofte n th e 
knowledg e tha t  w e d o no t  kno w somethin g ca n b e c; s usefu l 
t o solvin g a  proble m a s an y othe r  sor t  o f  knowledge . 

Uor d Exper t  Parsin g 

Thi s kin d o f  approac h ha s bee n take n i n th s 
modellin g o f  huma n languag e comprehensio n b y th e I-.'or d 
exper t  Parse r  (l.'FP) .  UE P view s languag e comprehensio n 
as Interaction s amon g a  larg e numbe r  o f  huma n cognitiv e 
processes ,  includin g word-base d contex t  analysi s 
processe s calle d wor d experts ,  an d othe r  mech.inism s suc h 
as belie f  maintenance ,  genera l  proble m solving ,  an d s o 
forth .  Th e syste m model s thi s understandin g a s rsmor y 
interne t  inn s throug h th e message-passin g behavio r  o f  it s 
differen t  constituen t  processes .  Evaluatio n o f  th e 
syste m ough t  no t  t o b e mad e throug h it s output ;  rather . 
It s Importan t  aspect s ar e (a )  th e organisatio n an d 
representatio n o f  th e mode l  processes ,  (b )  th e orde r  o f 
executio n o f  dependen t  processe s an d th e concurrenc e o f 
others ,  an d (c )  th e message s exchange d anon g th e 
processes . 

An Importan t  aspec t  o f  UE P i s tha t  it s  processe s 
ar e no t  permitte d t o wai t  Indefinitel y fo r  informatio n 
the y nigh t  nee d t o perfor m thei r  functions .  I n 
understandin g th e meanin g o f  a  wor d i n som e sentence , 
fo r  example ,  ofte n a  reade r  require s som e knowledg e o f 
th e contex t  followin g it .  Ho w lon g woul d a  reade r  wai t 
fo r  a  piec e o f  disambiguatin g informatio n befor e 
choosin g on e o f  th e competin g Interpretation s o f  th e 
word ? Doe s thi s wai t  depen d o n genera l  syntacti c o r 
semanti c criteria ,  o r  o n th e particula r  word s involve d 
and thei r  idiosyncrati c coupling s wit h othe r  words ? An d 
a las t  question :  Ho w ca n a  mode l  o f  languag e 
understandin g (o r  o f  an y cognitiv e mechanism )  accoun t 
fo r  thi s limitatio n i n activ e short-ter m memor y 
processing ? 

As a  completel y procedura l  distribute d model ,  UE P 
doe s no t  contai n som e finit e fixe d lengt h buffe r  t o 
represen t  a  short-ter m memory ,  bu t  model s th e memor y 
limitatio n wit h processe s tha t  hav e a  strictl y limite d 
lif e span .  Th e huma n understande r  doe s no t  wai t 
indefinitel y fo r  informatio n tha t  coul d ai d his/he r 
understanding ,  an d th e mode l  canno t  either .  When a 
proces s i n UE P decide s t o awai t  som e piec e o f 
informatio n fro m anothe r  process ,  a  pattern-invoke d 
timeoo t  proces s i s initiate d t o monito r  th e duratio n o f 
th e v;ait .  I n th e idea l  case ,  th e desire d informatio n 
quickl y become s availabl e i n th e model ,  an d th e awaitin g 
proces s promptl y receive s it .  I f  th e informatio n doe s 
not  appea r  withi n a  certai n time ,  however ,  th e timeou t 
proces s mus t  command th e awaitin g proces s t o g o o n 
withou t  it . 

Timeout s 

The genera l  notio n behin d thes e timeout s i s a 
simpl e one .  Anytim e a  cognitiv e mode l  woul d ordinaril y 
creat e a  demon ,  o r  an y pattern-invoke d proces s ( a 
spontaneou s computatio n [Rieger ,  19771) ,  i t  shoul d 
instea d creat e a  pai r  o f  competin g demons ,  a  paren t 
demon an d a  timeou t  demon .  Th e timeou t  demo n shoul d b e 
guarantee d t o trigge r  withi n a  certai n fixe d amoun t  o f 
processin g b y th e mode l  a s a  whole .  I f  th e paren t 
trigger s first ,  th e timeou t  disappear s an d th e paren t 
proces s perform s it s pattern-invoke d operations .  I f  th e 
timeou t  trigger s first ,  ther e ar e tw o possibilities ; 
eithe r  (a )  bot h th e timeou t  an d th e paren t  disappea r 
immediately ,  o r  (b )  th e timeou t  disappear s immediatel y 
and -th e paren t  perform s certai n specia l  timeou t 
operation s an d the n disappears .  Th e timeou t  operation s 
ar e process-specifi c  an d onl y execut e i n th e cas e whe n 
thei r  associate d pattern-invoke d proces s (demon )  doe s 
not  trigge r  withi n it s allotte d lif e span . 

The resul t  o f  thi s arrangemen t  i s t o plac e a 
limitatio n o n th e duratio n o f  applicabilit y  o f  demon s i n 
th e model ,  preventin g the m fro m waitin g indefinitel y fo r 
desire d information .  I n thi s way ,  futil e wait s fo r 
informatio n tha t  wil l  neve r  arriv e ca n b e avoided ,  an d 
excessivel y lon g wait s - -  fa r  exceedin g huma n memor y 
limitation s - -  ca n b e disallowed .  Furthermore ,  b y 
appropriat e us e o f  timeou t  operations ,  processe s i n a 
cognitiv e mode l  ca n b e triggere d b y eithe r  th e 
invocatio n o r  th e non-invocatio n o f  som e patter n i n th e 
memory.  B y no t  knowin g somethin g withi n a  certai n tim e 
limi t  o f  mode l  events ,  an d b y knowin g abou t  thi s lack ,  a 
syste m ca n mak e valuabl e inferences . 

Timeou t  Cr i  teni a 

The question oi how long to spend looking for 
helpfu l  informatio n befor e goin g o n withou t  it ,  whethe r 
i n problem-solvin g o r  cognitiv e modelling ,  i s  clearl y 
not  a  ne w one .  Ho w fa r  ough t  on e t o searc h a  promisin g 
pat h i n a  ches s tree ,  o r  ho w man y association s i n a 
semanti c memor y ough t  t o b e examined ,  befor e availabl e 
knowledg e i s use d t o com e t o som e conclusion ,  eve n i f 
not  th e righ t  one ? Variou s answer s t o thi s proble m hav e 
been studied ,  althoug h fro m a  differen t  perspectiv e tha n 
th e on e suggeste d here .  Fro m ou r  vantag e point ,  ther e 
ar e tw o interrelate d questions :  (a )  What  object s o r 
event s migh t  b e use d t o trigge r  demo n timeou t  i n a 
particula r  cognitiv e model ? An d similarly ,  (b )  What 
sequenc e o f  event s i n th e mode l  ca n b e use d t o measur e 
th e duratio n o f  th e wai t  fo r  desire d Information ? 
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The progressio n o f  event s I n a  cognitiv e mode l 
depend s fundamentall y o n th e natur e o f  th e particula r 
activit y bein g modelled .  I n natura l  languag e 
understanding ,  a  perso n read s word s an d sequence s o f 
word s o f  variou s lengths ,  create s conceptua l 
conglomerates ,  follow s characte r  an d plo t  developmen t 
(i n readin g a  story )  o r  speake r  intention s (i n 
participatin g I n a  dialogue) ,  make s hypothese s an d ha s 
some hypothese s fulfille d an d other s rejected ,  an d s o 
forth .  Eac h o f  thes e facet s o f  languag e understandin g 
represent s a n even t  tha t  migh t  b e use d t o trigge r  demo n 
timeou t  i n a n understandin g model .  Furthermore ,  th e 
event s coul d b e counte d an d treate d a s unit s o f  tim e fo r 
measurin g duration s i n th e model . 

For  a  mode l  o f  governmen t  decision-makin g o r 
administrativ e behavior ,  perhap s th e numbe r  o f  memorand a 
reachin g a  particula r  departmen t  woul d b e a  goo d gaug e 
on th e progres s o f  th e problem-solvin g activity . 
Anothe r  measur e migh t  b e th e numbe r  o f  response s fro m 
department s participatin g I n a  decision,  o r  fro m 
sub-department s o f  a  modelle d one .  Recen t  histor y 
suggest s tha t  i n modellin g governmen t  processing ,  th e 
number  o f  advers e newspape r  article s o r  advers e 
decision s i n othe r  branche s o f  governmen t  coul d b e 
useful .  Problem-solvin g system s mus t  no t  wai t 
Indefinitel y fo r  dat a neede d t o mak e inferences ;  bette r 
make a  wron g Inferenc e tha n com e t o n o decisio n a t  all . 
The impatienc e o f  peopl e i n suc h decision-makin g 
situation s make s thi s al l  th e mor e importan t  i n 
cognitiv e modelling . 

Timeout s i n Uor d Expert  Parsin g 

The processe s I n th e Wor d Exper t  Parse r  limi t  thei r 
wai t  fo r  relevan t  informatio n b y employin g severa l  o f 
th e yardstick s mentione d above ;  i.e. ,  th e syste m 
maintain s count s o n certai n mode l  action s intende d t o 
correspon d t o relevan t  event s o f  natura l  languag e 
understanding .  A t  present ,  thes e includ e th e tota l 
number  o f  word s rea d b y th e system ,  th e numbe r  o f 
conceptua l  conglomerate s create d b y th e model ,  an d th e 
number  o f  sentenc e break s encountered .  Whil e thes e ar e 
fairl y  straightforwar d measures ,  ou r  curren t  researc h 
wil l  giv e UE P tw o ne w timeou t  criteria .  I n bot h cases , 
th e timeou t  processe s migh t  b e considere d 
meta-processes ,  a s thei r  action s ar e base d o n th e 
functionin g o f  othe r  processe s (rathe r  tha n o n thei r 
result s o r  o n message s fro m them) . 

The firs t  ne w waitin g criterio n cause s a  timeou t  o n 
th e terminatio n o f  som e mode l  process .  Thus ,  a  proces s 
Bigh t  wai t  fo r  som e informatio n jus t  a s lon g a s som e 
othe r  proces s wer e stil l  activ e (an d coul d provid e It , 
fo r  example) .  Th e moment  th e specifie d proces s 
terminated ,  th e demo n fo r  th e awaitin g proces s woul d 
expire ,  an d perhap s carr y ou t  it s specia l  timeou t 
action s befor e terminatin g Itself .  Thi s timeou t 
criterio n ha s bee n simpl e t o implement .  Th e othe r  ne w 
waitin g criterio n cause s th e timeou t  o f  som e demo n o n 
th e creatio n o f  a n Identica l  demo n (I.e. ,  on e awaitin g 
th e sam e information )  b y anothe r  process .  T o pu t  tha t 
anothe r  way ,  th e syste m may permi t  a  proces s t o wai t  fo r 
some datu m o r  even t  jus t  s o lon g a s n o othe r  proces s 
initiate s a  wai t  fo r  th e sam e datu m o r  event . 

proces s ca n b e force d t o mak e som e Inferenc e (e.g. ,  th e 
definit e nou n grou p ha s n o referent )  whe n th e overal l 
understandin g proces s require s It ,  bu t  no t  before . 
Ideally ,  o f  course ,  th e correc t  referen t  woul d b e foun d 
befor e then ,  an d non e o f  thi s woul d b e necessary . 
Timeou t  demon s exist ,  however ,  solel y fo r  thos e 
situation s whe n th e idea l  contex t  fo r  makin g correc t 
Inference s doe s no t  presen t  Itself .  The y ar e a  mean s 
fo r  decidin g whe n t o mak e a n Inferenc e withou t  al l  th e 
fact s bein g present . Summsry 

An Importan t  face t  o f  genera l  problem-solving ,  an d 
likewis e cognitiv e modelling ,  I s ho w lon g t o spen d 
lookin g fo r  helpfu l  Informatio n befor e goin g o n withou t 
it .  I n a  compute r  mode l  base d o n spontaneou s 
pattern-invoke d processe s (demons) ,  ther e mus t  b e a 
means fo r  limitin g th e duratio n (i n term s o f  som e 
measur e o f  mode l  convergence )  o f  thei r  applicability . 
Thi s pape r  suggest s timeou t  processe s a s a  mean s o f 
limitin g th e lif e spa n o f  pattern-Invoke d demon s I n a 
cognitiv e model .  Ever y proces s i n a  mode l  mus t  b e 
associate d wit h a  timeou t  process ,  whic h monitor s 
variou s specifi c  mode l  event s an d prevent s th e proces s 
fro m remainin g activ e indefinitely .  I f  th e proces s doe s 
not  finis h it s activit y befor e bein g stoppe d b y it s 
timeout ,  i t  may nonetheles s perfor m certai n timeou t 
action s befor e disappearing .  Thes e action s ca n mak e us e 
of  th e (possibl y valuable )  informatio n tha t  th e trigge r 
patter n fo r  th e proces s neve r  arrived .  Timeout s thu s 
enabl e processe s t o us e knowledg e abou t  no t  havin g 
certai n knowledg e t o hel p mak e importan t  inference s i n 
cognitiv e models . 
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Thi s particula r  strateg y aid s i n modellin g a 
phenomenon tha t  occur s frequentl y I n natura l  languag e 
comprehension .  Th e proble m o f  anaphori c referenc e 
illustrate s th e Issue .  When a  compute r  mode l  suc h a s 
UEP begin s readin g a  definit e nou n group ,  i t  ough t 
Immediatel y t o Initiat e a  referenc e proces s t o searc h 
fo r  th e referen t  o f  tha t  group .  Ho w lon g shoul d thi s 
referenc e proces s b e permitte d t o searc h befor e usin g 
availabl e informatio n t o conclud e it s processing ? On e 
answer  migh t  b e tha t  whe n th e understandin g o f  furthe r 
discours e require d knowledg e o f  th e referent ,  th e 
proces s shoul d com e t o som e decision s immediately .  Th e 
timeou t  action s o f  a  referenc e proces s migh t  provid e 
some defaul t  substitut e fo r  th e desire d referent ,  fo r 
example ,  whil e a t  th e sam e tim e initiatin g som e ne w 
proces s t o procee d alon g a  differen t  pat h base d o n th e 
(known )  situatio n a t  hand . 

The timeou t  o f  a  proces s allow s i t  t o com e t o som e 
conclusio n withou t  waitin g indefinitel y fo r  dat a tha t 
wil l  insur e th e correc t  decision .  I n thi s example ,  th e 
timeou t  o f  th e referenc e proces s take s plac e whe n th e 
understandin g o f  subsequen t  tex t  require s informatio n 
abou t  th e searched-fo r  item .  I n thi s way ,  th e referenc e 
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The effect s o f  integrate d 
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Thes e earlie r  studie s sugges t  th e loliowin g tentativ e 
conclusion s Regardles s o (  tti e natur e o l  th e (oils ,  th e ta n effec t  i s 
attenuate d b y  th e subnod e structur e afforde d b y  thematicall y 
relate d material .  Tha t  is ,  havin g subnode s speed s searc h b y 
prunin g searc h a t  inappropriat e subnode s Therefore ,  fa n i s no t 
compute d fo r  th e tota l  numbe r  o f  fact s learne d abou t  a  concept . 
I^oreover ,  viihe n th e loif s ar e no t  thematicall y relate d t o th e 
learne d facts ,  subject s ca n als o sto p searc h a t  th e appropriat e 
subnode ,  an d circumven t  th e effec t  o f  "relevan t  fan "  (th e numbe r 
ol  fact s associate d wit h th e probe d theme) ,  l-lowever ,  regardles s 
of  whethe r  subject s us e a  plausibilit y  judgmen t  o r  mus t  retriev e a 
specifi c  fac t  t o answie r  a  question ,  ther e i s stit i  a  fa n effec t  fo r  th e 
number  o f  theme s associate d wit h a  concept ,  i.e. ,  th e numbe r  o f 
link s fro m th e concep t  nod e t o th e variou s subnodes . 

To understan d ho w w e ca n easil y retriev e (act s fro m memor y w e 
must  als o understan d th e limitation s o f  memor y Interferenc e ha s 
bee n recognize d lo r  a  lon g tim e a s a  majo r  sourc e o f  forgetting . 
Î or e recentl y interferenc e ha s als o bee n show n t o affec t  spee d e f 
retrieval .  Peopl e ar e slowe r  t o recogniz e a  studie d fac t  whe n 
othe r  studie d fact s shar e s o m e o f  th e sam e concept s (e.g. , 
Anderson ,  1974 ,  1976 ;  Anderso n &  Bower ,  1973 ;  Hayes-Roth , 
1977 ;  Kin g &  Anderson ,  1976 ;  Lewi s &  Anderson ,  1976 ;  Thorndyk e 
& Bower ,  1974) .  Thi s interferenc e ellec t  ha s bee n calle d th e fa n 
effec t  b y  Anderso n (1974) ,  becaus e o f  th e underlyin g 
representatio n h e assume s t o explai n thi s interferenc e 
phenomenon .  Specifically ,  fact s ar e assume d t o b e represente d 
i n a  networ k structur e wher e node s i n th e networ k represen t 
concepts ,  an d link s represen t  relation s amon g concepts .  Studie d 
fact s tha i  shar e th e sam e concept s woul d b e represente d a s 
proposition s wit h relationa l  link s fannin g ou t  o (  th e sam o concep t 
nodes .  Tim e t o retriev e an y on e fac t  depend s o n th e lim e t o 
activat e th e entir e proposition .  Activatio n spread s fro m variou s 
concep t  node s unti l  th e entir e propositio n i s activated ,  an d i t  I s 
slowe d dow n whe n ther e ar e mor e link s tha t  divid e th e activatio n 
(se e Anderson ,  1976 ,  o r  Collin s S  Loftus ,  1975) . 
This robust fan effect has been under close scrutiny of late 
(e.g. ,  K/lcClosk y &  Bigle r  1980 ;  Ivloeser .  1977 ,  1979 ;  Smith ,  Adams , 
S Schorr ,  1978 )  du e t o th e paradoxica t  implication s o f  th e effect . 
The parado x i s a s follov/s :  A n exper t  know s mor e abou t  th e topi c 
tha n a  novice ,  an d w e woul d expec t  a n expor t  t o b e abl e t o answe r 
question s abou t  tha t  topi c faste r  tha n a  novic e Ye t  accordin g t o 
th e theory ,  th e mor e on e know s abou t  a  p.̂ rticula r  topic ,  th e mor e 
potentia l  interferenc e t o tha t  topic ,  an d th e slowe r  shoul d b e 
retrieva l  o f  an y give n fact . 
Smith, Adams, and Schorr (1978) and f^oeser (1977; 1979) 
partiall y  demystifie d thi s parado x b y showin g tha t  whe n th e fact s 
associate d wit h th e particula r  concep t  ar e themselve s thematicall y 
related ,  ther e doe s no t  see m t o b e an y interferenc e amon g the m 
wit h respec t  t o lim e t o verif y th e trut h o f  on e o f  thes e facts .  Rede r 
and Anderso n (1980)  showe d tha t  thi s atlenuatio n o f  th e fa n effec t 
onl y occur s whe n subject s ca n m a k e plausibilit y  judgment s rathe r 
tha n explici t  fac t  retrieva l  judgment s ( e g  ,  whe n foil s ar e no t 
thematicall y relate d t o th e tact s studied) .  Rede r  an d Anderso n 
propos e a  prepositiona l  networ k wit h th e additiona l  assumptio n 
tha t  relate d fact s ar e store d i n a  subnod e structur e attache d t o 
individua l  node s Recognitio n an d consistenc y judgment s us e th e 
same representatio n an d activatio n process ,  bu t  requir e th e 
subject s t o us e dilloren t  criteri a W h e n subject s ar e no t  lorco d l o 
retriev e a  specifi c  fact ,  becaus e th e foil s ar e no t  thematicall y 
related ,  subject s sto p searc h a t  Ih c appropriat e Ihcmali c subnode . 
Thi s subnod e mode l  account s lo r  anothe r  Rede r  an d Anderso n 
linding ;  Subject s wer e slowe r  l o verif y a  fac t  th e mor e theme s 
ther e wer e associate d wit h th e fictitiou s individual .  Th e 
interferenc e effect s di d no t  drpen d o n th e numbe r  o f  fact s abou t 
th e theme s unrelate d t o th e on e specificall y queried ,  onl y th e 
number  o l  irrelevan t  themes .  Thi s mode l  als o explain s a  simila r 
resul t  o f  McClosk y an d Bigle r  (1980 )  Ther e i s othe r  empirica l 
suppor t  lo r  th e notio n tha t  peopl e wil l  answe r  a  questio n b y 
judgin g plausibility ,  whe n aske d l o mak e recognitio n judgments , 
(Reder ,  1980 .  1981) .  I n everyda y situations ,  peopl e mak e 
plausibilit y  judgment s rathe r  tha n tryin g t o decid e i f  a  specifi c  fac t 
ha s bee n presente d t o the m W e usuall y d o no t  hav e t o 
discriminat e somethin g tha t  wa s sai d t o u s Iro m somethin g tha t  i s 
tru e bu t  i s a n inferenc e o r  a  paraphras e o f  somethin g tha t  w e 
heard . 

Ther e wer e tw o basi c motivation s fo r  th e researc h t o b e 
reporte d i n thi s paper :  Th e firs t  i s  t o exten d an d replicat e previou s 
researc h t o insur e tha t  ther e reall y i s a  fa n effec t  fo r  numbe r  o f 
themes .  Th e secon d i s t o examin e th e effec t  o f  relevan t  fa n whe n 
subject s ar e aske d t o mak e consistenc y judgment s W e expec t  a 
neoativ e fa n effec t  i n th e consistenc y conditio n rathe r  tha n a n 
attenuatio n o f  tii e effect .  Th e mor e relevan t  fact s tha t  ar e 
availabl e Iro m whic h t o sefec t  i n orde r  t o m a k e a  consistenc y 
judgment ,  th e faste r  a  subjec t  ca n fin d enoug h informatio n t o 
m a ke a  judgment .  Th e fac t  tha t  ther e wa s onl y a n attenuate d fa n 
effec t  wit h unrelate d foil s ma y rellec t  a  mixtur e o f  plausibilit y 
fudgment s an d direc t  retrieval s whe n aske d t o mak e a  recognitio n 
judgment . 

In addition to the recognition blocks, (one block with 
thematicall y relate d toil s an d on e wit h unrelate d foils) ,  an d th e 
consistenc y judgmen t  blocks ,  w e als o include d anothe r  kin d o f 
judgmen t  whic h w e cal l  them e judgment s O n thes e trial s subject s 
se e th e fictitiou s individual' s n a m e (e.g. .  Marty )  an d a  them e o r 
topi c n a m e (eg. ,  ship-christening )  W e expec t  subject s t o sto p a t 
th e them e nod e lo r  bot h type s o l  judgments .  Th e latte r  conditio n 
serve s a s a  chec k o n th e processe s use d fo r  consistenc y 
judgments . 

Method 

Procedural Overview' 

There were two major phases in the experiment; study and test. 
I n th e initia l  stud y phase ,  subject s learne d set s o l  fact s abou t 
variou s character s Thi s phas e include d a n initia l  presentatio n o f 
fact s fo r  eac h character ,  organize d b y theme .  The n subject s 
studie d an d wer e teste d o n th e material s usin g tw o set s o f  dropou t 
procedures ,  s o tha t  the y coul d recal l  th e fact s studie d abou t  eac h 
characte r  Subject s wit h belo w a  9 0 % criterio n o f  fina l  recal l  wer e 
exclude d Iro m th e analyses . 

In the critical phase, the test phase, reaction times to make 
variou s type s o f  judgment s abou t  th e learne d materia l  wer e 
collected ,  wit h eac h judgmen t  typ e teste d i n a  differen t  block .  Th e 
thre e judgment s wer e recognitio n judgment s wit h (oil s 
thematicall y relate d l o th e sentence s actuall y studie d abou t  th e 
probe d character ,  recognitio n judgment s wit h loil s  unrelate d l o 
th e materia l  studie d abou t  th e prob e character ,  an d consistenc y 
judgment s (whethe r  th e prob e wa s consisten t  wit h wha t  ha d bee n 
studied) .  Intermixe d a m o n g thes e variou s tes t  block s wer e them e 
judgments ,  wher e subject s woul d se e a  characte r  n a m e an d a 
them e name ,  rathe r  tha n a n entir e sentence . 
Both speed and accuracy were emphasized. Subjects were told 
t o respon d a s fas t  a s the y coul d whil e remainin g ver y accurate . 
Feedbac k wa s give n afte r  ever y trial . 

Thi s descriplio n mus l  b e brie f  du e l o spac e limitations ,  lo r  a  fulle r  description . 
consul t  Rede r  an d Ros s (i n preporation ) 
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Tabl e 1 Resu l t s 

Example s o f  Studie d Fact s 
and Tes t  Question s 

# olfacts in 
th e thre e theme s 

3-2-1 Alan bought a ticket lor the train. 
Ala n hear d th e conducto r  cal l  "Al l  aboard" . 
Ala n arrive d o n tim e a t  Gran d Centra l  Statio n 

Alan added bleach to the rinse cycle, 
Ala n sorte d hi s clothe s int o color s an d whites . 

Alan fell while skiing down the steepest stretch. 

1-1-0 Brian watched the freaks In the side show. 

Brian wanted to major in psychology. 

4-0-0 Steven called to have a phone installed. 
Steve n rea d an d signe d th e lease . 
Steve n unpacke d al l  o l  hi s boxes . 
Steve n maile d ou t  chang e o l  addres s cards . 

3-3-0 James compared 5 different model cars. 
J a m es pai d th e ca r  deale r  i n cash . 
J a m es pu t  th e licens e plate s o n hi s car . 

James checked the Amtrack schedule. 
J a m es arrive d o n tim e a t  Gran d Centra l  Station . 
J a m es watche d th e train s fro m th e platform . 

Recognitio n 

Target 

Consistenc y 

Target (Yes) (3-2-1 )  Ala n bough t  a 
ticke t  lo r  th e train . 

Reactio n time s wer e truncate d t o 5  second s an d missin g cell s 
replace d wit h R T s o f  5  seconds .  A n analysi s o f  varianc e wa s 
performe d separatel y o n eac h o f  th e eleve n tas k type s becaus e 
th e variance s ar e no t  th e s a m e i n th e differen t  tasks .  Th e dat a 
hav e bee n collapse d i n differen t  way s t o analyz e differen t  aspect s 
of  th e experiment ,  eac h o f  whic h ca n onl y b e summarize d here . 
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Relevan t  Fa n 
Figur e 1 .  Mea n reactio n time s (an d proportio n o f  crroni ) 

as a  lunctio n o f  relevan t  fa n i n th e recognitio n blocks . 
First consider the recognition blocks, shown In Rgures 1 and 2 
(wit h th e percen t  erro r  liste d abov e eac h point) .  Ther e i s n o effec t 
of  relevan t  fa n i n th e unrelate d foi l  block .  Fo r  th e themati c foil s , 
reactio n tim e increase d v;il h relevan t  Ia n and ,  a s i n Rede r  an d 
Anderso n (1980) ,  th e target s i n thi s bloc k showe d a n effec t  o f 
relevan t  fa n o n accuracy .  A s th e numbe r  o f  theme s associate d 
wit h th e probe d characte r  increased ,  reactio n Ijm e increase d fo r 
th e target s i n bot h recognitio n blocks ,  bu t  no t  fo r  th e foils . 

Foi l  Inconsisten t  (No )  (1-1-0 )  Bria n unpacke d 
Unrelate d al l  o f  hi s boxes . 

Foil Thematic (Yes) (3-3 0) James bought a 
Relate d ticke t  fo r  th e train . 

(3-2-1 )  Ala n trai n 

(3 2-1) Alan circus 

T h e me judgmen t  (True ) 

Theme judgment (False) 

Design and Materials 

Tabl e 1  illustrate s som e o f  th e materia l  tha t  a  subjec t  migh t  see . 
Ther e wer e severa l  factor s tha t  defin e th e conditio n withi n whic h a 
particula r  prob e i s tested :  relevan t  Ia n (on e t o fou r  fact s relate d t o 
th e probe) ,  them e Ia n (on e t o thre e theme s learne d abou t  eac h 
character) ,  an d irrelevan t  fa n (zer o t o liv e lacts ,  irrelevan t  t o th e 
probe ,  tha t  wer e als o learne d abou t  th e probe d character) . 

The test variables were type ol judgment required (recognition 
wit h relate d foils ,  wit h unrelate d foils ,  consistenc y judgments ,  an d 
them e judgments )  an d prob e typ e (target ,  foils ,  an d thematic ,  th e 
latte r  define d onl y fo r  consistenc y judgments) .  S o m e example s 
ar e illustrate d i n Tabl e 1 .  Stud y an d foi l  material s wer e 
constructe d fo r  eac h o f  th e 3 3 subject s randomly . 
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Theme Fa n 
Figur e 2 .  Wean reactio n time s (an d proportio n o f  emra ) 
as a  functio n o f  tfiem e fa n I n th e recognitio n bloclts . 

N o w,  conside r  th e result s fro m th e consistenc y block s o f  trials , 
s h o w n i n Figure s 3 a an d 4a .  Reactio n time s ar e plotte d onl y fo r 
targe t  (presented )  sentence s an d lo r  thetnaticall y relate d 
sentence s tha t  wer e no t  studied ,  becaus e th e unrelate d 
statement s canno t  b e plotte d a s a  lunctio n o l  relevan t  Ian .  Ther e 
i s a  significan t  negativ e Ia n ellec t  lo r  themati c statements ,  siic h 
tha t  subject s ar e taste r  t o m a k e a  consistenc y judgmen t  th e mor e 
lact s the y k n o w o n th e relevan t  topic .  Reactio n time s als o 
decreas e (o r  target s i n th e consistenc y block .  Ther e i s a 
signilican t  effec t  fo r  bot h target s an d theme s o n accuracy ,  siic h 
tha t  subject s ar e als o mor e accurat e th e greate r  th e relevan t  Ian . 
Th e numbe r  o f  theme s associate d wit h th e probe d characters , 
collapse d ove r  th e thre e prob e types ,  sho w a  fa n effect . 
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Figur e 3 .  Mea n teaclio n lime s (an d proportio n o f  errors ) 
as a  functio n o f  relevan t  fa n i n th e consislerK y bloc k 
and fo r  th e them e judgments . 

T h e me judgment s (Figure s 3 b an d 4b) ,  lik e consistenc y 
judgment s sho w a  significan t  negativ e fa n effec t  fo r  th e relevan t 
them e fo r  th e positiv e judgments .  Ther e i s a  stron g positiv e (a n 
effec t  o f  numbe r  o f  themes .  I n n o tas k wa s ther e a n effec t  o f  th e 
irrelevan t  fa n o n reactio n time . 

Iwlor e important ,  perhaps ,  i s  th e findin g tha t  fa n facilitate s 
questio n answerin g whe n exac t  fac t  retrieva l  o r  recognitio n i s no t 
needed ,  i n th e consisilenc y an d them e judgments .  Thi s i s a  tjette r 
resolutio n o f  th e parado x o f  th e exper t  tha n a  findin g tha t  fa n nee d 
not  hur l  retrieva l  tim e Rather ,  w e hav e foun d tha t  knowin g mor e 
actuall y speed s decisio n lim e i n man y situations .  Ou r  explanatio n 
fo r  a  negativ e Ia n effec t  (se e Reder ,  submitted ,  an d Rede r  S  Ross , 
I n preparation ,  lo r  a  mor e thoroug h explanalion)i s tha t  th e mor e 
fact s attache d t o th e subnod e th e stronge r  th e lin k t o tha t 
subnode .  I n othe r  words ,  rat e o f  activatio n i s no t  onl y a  functio n 
of  th e numbe r  o f  link s t o a  concep t  bu t  th e relativ e strengt h o f 
variou s links .  Strengt h o f  a  lin k i s a  functio n o f  it s usag e (usag e 
depend s o n th e frequenc y tha t  th e lin k i s  traversed) ,  an d recenc y 
of  las t  usage .  I n fact ,  th e experiment s reporte d her e manipulate d 
strengt h independently ,  an d foun d suppor t  fo r  thi s notio n o f 
dillerentia l  strengt h o f  arc s affectin g respons e time .  Fo r  spac e 
considerations ,  tha t  resul t  wa s no t  discusse d here .  Thos e result s 
wil l  b e describe d i n detai l  i n Rede r  an d Ros s (i n preparation) . 
In summary, we have learned that experts are not hampered by 
knowin g to o muc h fo r  severa l  reasons :  first ,  expert s organiz e 
thei r  informatio n int o mor e specifi c  subtopics .  Thi s i s reasonable , 
becaus e expert s understan d thei r  topi c are a wel l  enoug h t o 
appreciat e subcategorie s Second ,  expert s ar e no t  aske d whethe r 
the y recogniz e havin g bee n tol d a  specifi c  fact ;  rather ,  the y ar e 
aske d t o judg e whethe r  somethin g i s  tru e o r  somethin g i s 
plausible .  Therefore ,  the y ca n us e thei r  redundan t  knowledg e i p 
orde r  t o spee d judgment . 
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A QUESTION ANSWERING MKTllo n OF EXPLORING PROSE 
COMPREHENSION:  A N OVERVIEW 

Arthu r  C .  Grnesse r 
Californi a Stat e University.Fullerto n 

I'lhen Individuals comprehend prose, they construct 
a larg e numbe r  o f  Inference s an d expectations .  Wher e 
do thes e Inference s an d expectation s com e from ? i t  I s 
believe d tha t  generi c srhema s provid e th e backgroun d 
knowledg e tha t  I s neede d t o generat e inference s an d 
expectations .  Th e schema s correspon d t o differen t 
knowledg e domain s an d level s o f  structure .  Ther e ar e 
schemas fo r  objects ,  actors ,  even t  sequences ,  goa l 
oriente d activities ,  an d s o on .  Durin g comprehensio n 
th e coraprehende r  Identifie s a  variet y o f  schemas .  When 
a schem a I s Identified ,  I t  guide s th e interpretatio n 
of  explici t  inpu t  a s wel l  a s th e constructio n o f 
Inference s an d expectations . 
There are several schema-based models in psychology 
and othe r  discipline s I n cognitiv e science .  Psycholog -
ist s hav e typicall y Investigate d globa l  issue s regard -
in g schema s i n comprehension .  The y hav e rarel y speci -
fie d detaile d representation s an d symboli c procedures . 
However ,  durin g th e las t  fou r  year s th e Cognitiv e 
Researc h Grou p a t  Ca l  Stat e î ullerto n ha s venture d 
int o a  detaile d an d ver y time-consumin g project .  We 
se t  ou t  t o explor e th e followin g problems : 

(1) To identify the Inferences and expectations 
thn t  comprehender s generat e whe n a  passag e i s 
comprehended . 

(2) To trace the constructive history of specific 
inference s an d expectation s whe n a  passag e i s 
comprehende d on-line . 

(3 )  T o formulat e a  syste m fo r  representin g 
knowledge . 

(4) To map out the content and structure of schemas 
whic h are  Invoke d whe n a  passag e i s comprehended . 

(5) To examine how conceptualizations in generic 
schemas ar e passe d t o th e representatio n o f  a 
specifi c  passage . 

(6 )  T o asses s whethe r  behaviora l  dat a ca n h e 
explaine d b y propertie s o f  passag e representation s 
and th e proces s o f  constructin g thes e representa -
tions .  The  behaviora l  task s Includ e questio n 
answering ,  recall ,  an d inferenc e verification . 

We have analysed both narrative and expository 
passages .  However ,  th e mos t  extensiv e analyse s hav e 
been o n shor t  narrativ e passage s suc h a s th e following : 

The Cza r  an d Hi s Daughter s 

Once ther e wa s a  Cza r  wh o ha d thre e lovel y dnughfers . 
One da y th e thre e daughter s wen t  walkin g i n th e woods . 
They wer e enjoyin g themselve s s o muc h tha t  the y for -
got  th e tim e an d staye d to o long .  A  drago n kidnappe d 
th e thre e daughters .  A s the y wer e bein g dragge d off , 
the y crie d fo r  help .  Thre e heroe s hear d th e crie s an d 
set  of f  t o rescu e th e daughters .  Th e heroe s cam e an d 
fough t  th e drago n an d rescue d th e maidens .  The n th e 
heroe s returne d th e daughter s t o thei r  palace .  When 
th e Cza r  hear d o f  th e rescue ,  h e rewarde d th e heroes . 

Conceptual Graph Structures 
I t  i s  believe d tha t  knowledg e ca n b e represente d i n 

th e for m o f  conceptua l  grap h structures .  A  grap h struct -
ure  i s constructe d whe n a n individua l  comprehend s a 
passag e suc h a s th e Cza r  story .  Bot h explici t  statement s 
and inference s ar e structurall y interrelate d i n a  grap h 
structure .  Similarly ,  th e conten t  o f  generi c schema s 
ar e represente d a s conceptua l  grap h structures . 
In our representational system, a graph structure 
i s a  se t  o f  Libele d statemen t  nodr s whic h are  inter -
relate d b y labeled ,  directe d arcs .  A  statemen t  nod e I s 
roughl y a  proposition .  Eac h statemen t  nod e i s assigne d 
t o one  o f  si x nod e categories :  Physica l  State- ,  Physica l 
Event ,  Interna ]  State ,  Interna l  Event ,  Goa l  (whic h 

include s actions) ,  an d Style .  Fo r  example ,  thre e heroe s 
hear d th e crie s an d se t  of f  t o rescu e th e daughter s ha s 
th e followin g fou r  statemen t  nodes : 

(l)lnterna l  Event :  heroe s hear d crie s 
(2)Physlca l  State :  ther e wer e thre e heroe s 
(3)Goal :  heroe s se t  of f 
(4)Goal :  heroe s rescu e daughter s 

Ther e ar e fiv e categorie s o f  labeled ,  directe d arcs : 
ReaBnn(R) ,  Inltiate(I) ,  Manner(M) ,  Consequence(C) ,  an d 
Property(P) .  Thes e arc s Interrelat e th e nodes .  Th e abov e 
fou r  statement s woul d b e interrelate d a s follows : 

For  a  mor e complet e descriptio n o f  thi s representationa l 
system ,  se e Graesse r  (1981 )  an d Graesser ,  Robertson ,  an d 
Anderso n (1981) . 

One distinctiv e featur e o f  thi s representatio n I s tha t 
i t  capture s difference s betwee n p.onl-orlente d structure s 
(wit h Goa l  nodes .  Reaso n arcs ,  an d Initiat e arcs )  an d 
causally-oriente d structure s (wit h Even t  nodes .  Stat e 
nodes ,  an d Consequenc e arcs) . 

A Questio n Answerin g Metho d o f  Exposin g Implici t  Node s 

A question answering (Q/A) method has been used to 
expos e Inference s an d expectations .  Afte r  comprehender s 
rea d a  passage ,  the y answe r  why ,  how ,  an d what-happened -
nex t  (WHN)  question s abou t  eac h explici t  statemen t  I n 
th e text .  Th e answer s Includ e a  larg e numbe r  o f  Implici t 
nodes .  A n implici t  nod e i s analyze d i f  i t  i s  produce d a s 
an answe r  b y a t  leas t  tw o comprehenders .  Thus ,  th e 
ideosyncrati c answer s are  eliminated . 
When comprehenders are probed with questions after 
readin g a  passage ,  th e inference s i n th e Q/ A protocol s 
ar e classifie d a s preserve d nodes .  Ther e i s a  larg e 
nvimbe r  o f  preserve d node s i n a  shor t  passag e suc h a s 
th e Cza r  story .  I n ou r  analyses ,  ther e wer e 18 9 preserv -
ed nodes .  Therefore ,  ther e wer e 1 0 uniqu e Inferenc e 
node s fo r  ever y explici t  node .  Conceptua l  grap h struct -
ure s wer e compose d fro m th e se t  o f  explici t  node s an d 
inferenc e nodes . 

Constructin g Grap h Structure s On-lin e 
I t  i s  possibl e t o trac e th e constructiv e histor y o f 

eac h nod e i n a  passag e structure .  Thi s i s accomplishe d 
by manipulatin g th e amoun t  o f  passag e contex t  tha t  a 
comprehende r  receive s befor e a  statemen t  1 5 probe d wit h 
questions .  I n a  N o Contex t  condition ,  passag e state -
ment s ar e probe d ou t  o f  context .  Th e inference s gener -
ate d i n thi s conditio n ar e classifie d a s statement -
drive n (SD) .  I n a  Prio r  Contex t  condition ,  passag e 
statement s ar e probe d on-line ;  th e comprehende r  read s 
onl y th e passag e conten t  u p throug h th e targe t  state -
ment  an d the n th e statemen t  I s probed .  Inference s i n 
thi s conditio n ar e classifie d a s prior-context-drive n 
(PCD)  I f  the y are  no t  SD.  I n a  Ful l  Contex t  condition , 
th e comprehende r  read s th e entir e passag e befor e th e 
passag e statement s ar e probed .  Inference s i n thi s 
conditio n ar e subsequent-context-drive n (SCD )  i f  the y 
are  neithe r  S D no r  PCD. 

On th e basi s o f  thes e contex t  manipulation s w e 
trace d th e constructiv e histor y o f  eac h inferenc e nod e 
(answe r  t o wh y o r  ho w question )  an d expectatio n nod e 
(answe r  t o WHN question) .  Eac h implici t  nod e wa s 
classifie d o n th e basi s o f  th e firs t  explici t  nod e I n 
th e passag e whic h activate d th e implici t  node .  Of  th e 
preserve d Inferenc e nodes ,  61 % wer e SD ,  34 % wer e PCD, 
and onl y 5 % wer e SCD.  Consequently ,  th e on-lin e repre -
sentatio n o f  a  targe t  statemen t  account s fo r  95 % o f  th e 
inference s associate d wit h th e statement ;  subsequen t 
contex t  add s ver v little . 26 8 
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Sonetlne s Implici t  node s ar e generate d sometim e 

durin g comprehensio n ,  bu t  ar e late r  dlsconfirmed . 
Ther e wer e 10 8 dlsconfirme d node s I n th e Cza r  story . 
Erroneou s S D node s wer e usuall y disconflrme d b y sub -
sequen t  context ,  rathe r  tha n bein g blocke d b y prio r 
context . 

We trace d th e entir e evolutio n o f  th e conceptua l 
grap h structure s a s passag e statement s ar e interprete d 
incrementally ,  statemen t  b y statement .  Thi s analysi s 
Include d bot h preserve d node s an d inferenc e nodes .  Th e 
analysi s o f  th e Cza r  stor y reveale d tha t  establishe d 
conceptualization s ar e rarel y restructure d a s ne w 
Informatio n i s received .  Ne w node s wer e rarel y Inserte d 
Inbetwee n ol d nodes ;  erroneou s ol d node s wer e rarel y 
remove d fro m chain s o f  ol d node s tha t  en d u p bein g 
preserved .  Instead ,  ne w node s wer e appende d t o ol d nodes ; 
erroneou s node s an d nod e chain s wer e prune d fro m ol d 
structures .  A  prunlng+appendln g mechanis m explaine d 
much o f  th e on-lin e constructio n o f  grap h structure s 
fo r  narrative . 

Schema Content and Structure 
A free generation plus Q/A method has been used to 
map ou t  th e conten t  an d structur e o f  schemas .  Conside r 
a DAUGHTER schema .  Individual s i n a  fre e generatio n 
grou p writ e dow n typica l  action s an d attribute s o f 
daughters .  Fre e generatio n node s includ e al l  statement s 
tha t  ar e produce d b y tw o o r  mor e Individuals .  A  secon d 
grou p o f  individual s participat e i n a  Q/ A task .  Eac h o f 
th e fre e generatio n node s ar e probe d wit h a  wh y an d a 
how question .  Th e fina l  se t  o f  node s includ e al l  state -
ment s produce d b y a t  leas t  tw o Individuals .  Conceptua l 
grap h structure s ar e the n prepare d fo r  schema s suc h a s 
th e DAUGHTER schema . 
We have identified 31 schemas that are relevant to 
th e Cza r  story .  Th e conten t  o f  thes e schema s ha s bee n 
analyze d usin g th e fre e generatio n plu s Q/ A method . 
Twent y o f  thes e schema s wer e classifie d a s microstruct -
ur e schema s becaus e the y referre d t o explicitl y  mentione d 
actors ,  objects ,  actions ,  o r  propertie s (e.g. ,  HERO, 
PALACE,  KIDNAP ,  ATTRACTIVENESS).  Ther e wer e 1 1 macro -
structur e schema s whic h wer e derive d fro m th e tex t  o n 
th e basi s o f  ou r  intuition s (e.g. ,  GOODNESS,  FAIRYTALE , 
RETURNING FAVOR) .  Th e numbe r  o f  node s pe r  schem a varie d 
fro m 3 2 t o 18 7 wit h a  mea n o f  9 3 nodes .  Th e numbe r  o f 
fre e generatio n node s varie d fro m 3  t o 2 2 wit h a  mea n o f 
13.  Therefore ,  th e Q/ A tas k expose d mos t  o f  th e schem a 
content . 
Passin g Schem a Node s t o Passag e Representation s 

Among th e 3 1 schema s relevan t  t o th e Cza r  story ,  ther e 
wer e 288 3 nodes .  Onl y 36 2 o f  thes e generi c node s matche d 
an inferenc e nod e i n th e passage .  Ther e wer e thre e type s 
of  matche s betwee n Inferenc e node s an d schem a nodes . 
Exact  matche s accounte d fo r  9 % o f  th e matches .  Mos t  o f 
th e matche s (86% )  Involve d a n argumen t  substitution ,  a s 
shown below : 

Schema node :  perso n ge t  exercis e 
Inferenc e node :  daughter s ge t  exercis e 

Some matche s (5% )  wer e mor e complex .  Sinc e onl y 13 % o f 
th e schem a node s wer e passe d t o th e conceptua l  grap h 
structur e fo r  th e passage ,  a  substantia l  numbe r  o f  schem a 
node s ar e someho w eliminated .  We ar e presentl y examinin g 
symboli c mechanism s tha t  migh t  explai n whic h generi c 
node s ar e passe d t o th e passag e structure . 

The schema s accounte d fo r  mos t  o f  th e node s I n th e 
Czar  stor y structure .  Fo r  79 % o f  th e implici t  passag e . 
nodes ,  ther e wa s a  matc h wit h a  nod e i n a t  leas t  on e 
schema.  Fo r  74 % o f  th e Inferenc e nodes ,  ther e wa s a 
matc h wit h a  nod e i n a t  leas t  on e microstructur e 
schema;  ther e wa s a  matc h wit h a  nod e i n a t  leas t 
one macrostructur e schem a fo r  31 % o f  th e inferenc e 
nodes .  On th e average ,  a n Inferenc e nod e ha d a  matc h 
wit h 1. 7 schemas .  We ar e presentl y examinin g ho w schem a 
structure s ar e synchronize d wit h structure s o f  passag e 
excerpts—a s passag e statement s ar e comprehende d 
on-line . 

Questio n Answering ,  Recall ,  an d Verificatio n Rating s 

Do the conceptual graph structures correspond closely 
t o huma n conceptualizations ? On e wa y t o asses s thi s i s 
t o examin e whethe r  th e structure s explai n behaviora l 
data .  We hav e extensivel y examine d pattern s o f  dat a i n 
thre e tasks :  questio n answering ,  recal l  o f  explici t 
information ,  an d verificatio n o f  node s i n th e grap h 
structure s (se e Craesser ,  1981 ;  Graesse r  e t  al. ,  1981) . 
The result s o f  thes e analyse s hav e bee n encouraging . 
We assumed that specific symbolic procedures are 
invoke d i n an y give n behaviora l  task .  Mos t  o f  th e sym -
boli c procedure s wer e writte n i n th e for m o f  a  product -
io n system .  A  productio n syste m operate s o n a  conceptua l 
grap h structur e an d thereb y generate s expecte d output . 
Hopefully ,  th e expecte d outpu t  woul d matc h closel y t o 
th e obtaine d behaviora l  output .  Fo r  example ,  w e formula -
te d productio n system s fo r  specifi c  type s o f  questions . 
The productio n syste m fo r  on e typ e o f  questio n follow s 
differen t  path s o f  arc s an d node s tha n doe s tha t  o f 
anothe r  typ e o f  question ;  th e expecte d answer s woul d 
therefor e b e differen t  fo r  th e tw o type s o f  questions . 
The productio n system s an d grap h structure s hav e 
togethe r  accounte d fo r  90 % o f  th e specifi c  answer s t o 
specifi c  questions . 
Final Comments 
We have been Impressed with the Q/A method as an 
empirica l  techniqu e fo r  explorin g comprehension .  Th e 
metho d ca n b e use d t o dra g ou t  th e implici t  knowledg e 
tha t  i s par t  o f  passag e representation s an d schemas . 
The metho d ca n als o b e use d t o trac e th e proces s o f 
constructin g structure s whil e passage s ar e comprehende d 
on-line .  Ou r  researc h ha s uncovere d dozen s o f  informa -
tiv e trend s whic h hav e Importan t  implications .  However , 
I t  i s  beyon d th e scop e o f  thi s presentatio n t o repor t 
many o f  th e interestin g observation s (se e Graesser , 
1981) .  I t  suffice s t o sa y tha t  th e dat a ar e suffici -
entl y ric h an d distinctiv e t o discove r  ne w piece s t o 
th e puzzle s o f  comprehension . 
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ROLE O F CONTEXT _I N COGNITIV E DEVRLOPMENTI 

Cldeo n Carml ,  Hebre w University ,  Jerusalem ,  Israe l 
(Theoretica l  Expositio n an d Preliminar y 

On Experiments ) 

Purpos e an d SiRnificanc e 

The purpose of this study is to contribute 
bot h theoreticall y an d practicall y withi n th e are a 
of  cognitiv e developmen t  an d conceptualization . 
We wil l  discus s th e effect s o f  manipulatin g 
concep t  supportin g an d concept-distractin g percep -
tua l  cue s o n performanc e i n cognitiv e task s -  a n 
are a whic h ha s bee n virtuall y ignore d b y Piage t 
and hi s colleagues .  We propos e tw o mai n effects : 
1)  tha t  th e manipulatio n o f  perceptua l  cue s wil l 
rê 'ea l  th e capabilit y  o f  bot h lo w an d middle-clas s 
soci o economical-statu s (SES )  childre n t o reaso n 
concrete-operationall y wel l  befor e th e age s 
posite d b y Piaget ,  o r  posite d b y investigator s o f 
cognitiv e functionin g o f  lo w SE S children ,  onc e 
and perceptua l  dressin g o f  th e standar d task s i s 
made mor e digestibl e t o thes e children ,  2 )  tha t  b y 
exposin g thes e childre n t o a n effectivel y space d 
sequenc e o f  perceptuall y varyin g task s whic h lea d 
up t o standar d Piagetia n o r  Piaget-lik e tasks , 
the y wil l  perfor m successfull y als o o n th e latter , 
agai n wel l  befor e th e posite d ag e rang e fo r  suc h 
performance .  Thi s i s intende d t o serv e a s a  mode l 
fo r  acceleratin g cognitiv e functionin g i n general , 
whethe r  a t  school ,  i n everyda y lif e o r  i n voca -
tiona l  training . 

From a theoretical standpoint, we propose to 
contribut e thereb y toward s th e crystallizatio n o f 
a mode l  o f  cognitiv e developmen t  whic h integrate s 
th e "cognitive-chang e position "  o f  Piage t  an d oth -
ers ,  wit h th e "perceptua l  chang e position "  o f  Odo m 
and other s (Odom ,  1978) .  Thi s mode l  -  whic h coul d 
be calle d a  "cognitive-perceptua l  position "  ha s 
been emergin g ou t  o f  fiel d wor k i n "Creativ e Math s 
and Scienc e Teaching "  wit h lo w SE S childre n I n 

lsrael 2 (1976-81) ,  I n Venezuela 3 (1978-81) ,  Cost a 
Rica A (1981 )  an d Brasil S (1981) .  Thi s mode l  take s 
accoun t  o f  th e perceptua l  inpu t  a s a n additiona l 
dimensio n t o cognitiv e processing ,  ye t  i s  closel y 
and causall y Interwine d wit h th e latter .  Ou r 
model  i s a  continuou s mode l  fro m whic h Piaget' s 
stage-lik e structure s should ,  i n principle ,  b e 
derivabl e withou t  furthe r  assumption s a s a  resul t 
of  sudde n overlap s o f  continuousl y changin g 
regions .  Piaget' s experiment s ar e see n a s iso -
late d points ,  eac h o n anothe r  continuou s dimensio n 
alon g wliic h a  "sallence"-paramente r  an d changes . 
Thi s mode l  leave s ampl e roo m fo r  cultural ,  socia l 
and othe r  difference s i n cognitiv e development , 
especiall y i n th e attainmen t  o f  stage-lik e 
behaviora l  criteria .  Th e mode l  als o indicate d th e 
theoreti c tool s fo r  explainin g an d predictin g suc h 
differences . 
Its major significance should be seen in its 
potentia l  t o provid e a  theoretica l  basi s a s wel l 
as practica l  tool s fo r  examinin g an d acceleratin g 
cognitiv e an d conceptua l  development ,  especiall y 
fo r  disadvantage d children . 

1.  Supporte d b y th e For d Foundatio n an d b y th e Is -
rael i  Ministr y o f  Education . 

2. Project Petakh (PP), short for "development of 
thinking" ,  directe d b y G .  Carm i  a t  th e Departmen t 
of  Scienc e Teachin g a t  th e Hebre w University , 
Jerusalem ,  an d sponsore d b y th e Israe l  Ministr y o f 
Education .  Thi s stud y i s wit h 3 6 teacher s i n 
Jerusale m an d wit h severa l  replicatio n group s 
elsewhere . 

3.  Cienci a Creatlv a (CC) ,  (Creativ e Science) , 
directe d an d implemente d b y CENAMEC (Centr o Na -
ciona l  par a e l  Mejoramient o d e l a Ensenanz a d e l a 
Ciencia) ,  wit h th e autho r  a s principa l  investiga -
tor .  Thi s i s a n adaptatio n o f  P P i n Venezuela . 

4. Ciencia Creatlva (CC), directed and implemented 
by CEMEC (Centr o par a e l  Mejoramient o d e l a En -
senanz a d e l a Cienci a o f  Cost a Rica) ,  wit h th e au -
thor ,  G.C. ,  a s principa l  Investigator .  Thi s i s a n 
adaptatio n o f  PP . 

5. Ciencia Creatlva (CC), pilot sponsored by 
CAPES,  Ministr y o f  Education ,  Brasl l  wt h th e au -
thor ,  G.C. ,  a s th e principa l  investigator .  Thi s 
i s a n adaptatio n o f  PP . 
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CONCEPT FORMATION THROUGH 
THE INTERACTIO N OF MULTIPL E MODELS 

Mark H .  Burstei n 
Yal e Universit y 

INTRODUCTION 

This paper is about some of the processes 
involve d i n learnin g th e fundamenta l  concept s o f  a  ne w 
domain .  I n particular ,  I  hav e bee n studyin g ho w 
peopl e lear n som e o f  th e basi c concept s use d i n 
compute r  programming ,  give n littl e o r  n o prio r 
experienc e wit h th e us e o f  computers ,  o r  compute r 
languages .  Th e goa l  o f  th e researc h i s t o buil d a 
compute r  mode l  capabl e o f  learnin g suc h basi c 
concepts . 
The problem is that most current theories are 
eithe r  to o wea k o r  combinatoriall y  explosive . 
Generalizatio n technique s [4,6 )  d o no t  construc t 
radicall y ne w conceptua l  structures .  Concep t 
clusterin g technique s [2 ]  requir e correlation s ove r 
larg e set s o f  data .  Peopl e learnin g wha t  a  compute r 
variabl e i s mus t  lear n somethin g radicall y ne w t o 
them ,  bu t  wit h ver y limite d experience .  Ho w ca n the y 
do this ? 
The theory I am developing is based on the study 
of  transcript s o f  1-on- l  tutoria l  session s wit h 
severa l  subject s learnin g th e programmin g languag e 
BASIC,  collecte d ove r  a  perio d o f  severa l  months .  Th e 
subject s lacke d an y previou s experienc e wit h 
computers ,  bu t  eve n th e youngest .  Perry ,  ag e 10 ,  ha d a 
number  o f  preconception s abou t  wha t  wa s t o b e learned , 
and a  wealt h o f  knowledg e an d experienc e i n othe r 
domain s whic h h e use d t o provid e correlate s fo r 
experience s an d observation s i n th e ne w domain . 
Learning to program a computer is a rather 
"formal "  subject ,  requirin g th e developmen t  o f 
expertis e i n symboli c manipulation .  Thu s on e migh t 
readil y expec t  prio r  knowledg e o f  mathematic s t o b e 
usefu l  i n learnin g t o program .  Indeed ,  ou r  subject s 
ofte n dre w parallel s t o concept s i n mathematic s whe n 
learnin g programmin g concepts .  Perhap s les s 
expectedly ,  however ,  ou r  subject s als o invoke d a  grea t 
deal  o f  common sens e worl d knowledg e whe n learnin g t o 
program . 
This common sense knowledge included such diverse 
area s a s puttin g object s i n boxes ,  movin g piece s 
aroun d o n a  gam e board ,  an d writin g o n blackboards . 

Thi s wor k wa s supporte d i n par t  b y th e Advance d 
Researc h Project s Agenc y o f  th e Departmen t  o f  Defense , 
monitore d b y th e Offic e o f  Nava l  Researc h unde r 
contrac t  N00014-75-C-1111 ,  an d i n par t  b y th e Nationa l 
Scienc e Foundatio n unde r  contrac t  IST7918463 . 

I t  als o include d knowledg e o f  English ,  an d o f  ho w 
agent s perfor m task s requeste d o f  them .  I n thi s shor t 
paper ,  I  hop e t o a t  leas t  giv e som e ide a o f  ho w thes e 
othe r  area s o f  expertis e wer e use d t o for m som e ver y 
basi c concept s o f  compute r  programming . 

HOW ARE CONCEPTS IMPORTED? 

One of the techniques a teacher can use to 
explai n a n unfamilia r  concep t  i s t o us e analogie s o r 
metaphor s (5) .  Fo r  example ,  a  coromo n wa y o f 
introducin g th e concep t  o f  a  compute r  variabl e i s t o 
make a n analog y t o boxe s an d thei r  contents .  On e 
introductor y BASI C manua l  phrase d i t  thi s way : 
(1) To illustrate the concept of variable, imagine 

tha t  ther e ar e 2 6 littl e boxe s insid e th e 
computer .  Eac h bo x ca n contai n on e numbe r  a t 
any on e time .  11 ] 

Anothe r  tex t  referre d onl y to :  "location^ "  insid e th e 
computer ,  bu t  illustrate d th e concep t  wit h diagram s 
showin g contiguou s rectangle s containin g numbers . 
Bot h o f  thes e description s sugges t  tha t  essentiall y 
th e sam e se t  o f  relation s an d operation s tha t  exis t 
betwee n container s an d thei r  physica l  content s ca n b e 
applie d t o variable s an d their:"contents" . 
However, this is not the only way to describe 
variables .  Anothe r  common descriptio n i s base d o n 
similaritie s t o concept s i n elementar y algebra . 

(2) In ordinary algebra, letters of the alphabet 
ar e ofte r  use d fo r  term s tha t  ca n tak e o n 
varyin g numerica l  values .  BASI C ha s a  ver y 
nice ,  built-i n algebrai c featur e tha t  allow s 
th e use r  t o assig n numeri c value s t o an y 
lette r  o f  th e alphabet.. .  Th e use r  ca n se t 
th e valu e o f  A  b y typin g A=10 .  [3 ] 

Whil e eac h o f  thes e model s suggest s a  numbe r  o f 
thing s tha t  ar e tru e fo r  variables ,  neithe r  o f  the m 
tell s th e whol e trut h an d nothin g bu t  th e truth . 
Althoug h eac h analogica l  notio n o f  variabl e presente d 
suggest s enoug h o f  th e trut h t o ac t  a s a n initial , 
workin g mode l  o f  th e functionin g o f  variable s i n 
compute r  programs ,  the y als o sugges t  hypothese s whic h 
ar e eithe r  irrelevan t  o r  wrong ,  o r  both . 
Since neither model is sufficient to give the 
learne r  a n understandin g o f  ho w t o us e variables ,  o r 
how the y wil l  wor k i n al l  situations ,  eac h mode l  mus t 
be "debugged" .  [9 ]  Tha t  is ,  havin g see n th e metaphor , 
th e studen t  i s presente d wit h simpl e problem s t o b e 
solve d o r  ne w situation s t o b e understoo d i n th e ne w 
domain ,  whic h h e attempt s t o solv e usin g hypothese s 
suggeste d b y th e metaphor .  Thi s lead s t o som e 
successes ,  an d a  numbe r  o f  failures .  Interestingl y 
enough ,  th e failure s provid e th e mos t  usefu l 
informatio n abou t  ho w th e developin g concep t  mus t  b e 
modifie d s o tha t  i t  agree s wit h first-han d experience . 
[7,8 ]  Th e cause s o f  th e failur e mus t  b e fixe d mus t  b e 
fixe d t o produc e usefu l  expectation s i n th e future . 
USING MULTIPLE MODELS 
One kind of modification that can be made to an 
inaccurat e mode l  i s t o ad d restriction s t o preven t 
specifi c  erroneou s inferences .  Fo r  example ,  ther e ar e 
no inheren t  restriction s o n th e numbe r  o r  kin d o f 
object s tha t  ca n g o i n boxes .  Variables ,  on  th e othe r 
hand ,  ca n hol d onl y on e thin g a t  a  time .  Hence ,  a 
statemen t  o f  tha t  restrictio n mus t  b e adde d b y th e 
teacher ,  a s i n (1 )  above ,  o r  b y th e studen t  afte r  a n 
erro r  occurs . 
A more important kind of modification of the 
developin g concep t  i s t o introduc e additiona l  model s 
or  analogies .  Thes e additiona l  analogie s ca n b e use d 
t o explai n and/o r  t o replac e fault y inference s mad e b y 
earlie r  version s o f  th e ne w concept .  Th e ne w 
analogie s als o allo w additiona l  inference s an d 
expectation s t o b e made . 
For example, a second extremely common analogy 
fo r  compute r  variable s an d compute r  memor y i s huma n 
memory.  Th e followin g i s a n exampl e o f  suc h a 
statement : 
(3) The computer "remembers" any values 

assigne d t o numerica l  variables .  Of  course , 
th e value s o f  th e variable s ca n b e change d a t 
any tim e — simpl y d o th e variabl e =  valu e 
command again .  [3 ] 

This metaphor for computer memory comes from the same 
tex t  tha t  containe d th e algebrai c descriptio n o f 
variables ,  (2) ,  above .  A s w e wil l  se e shortly ,  suc h 
secondar y model s ca n an d d o affec t  th e hypothese s 
whic h ca n b e generated . 
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Thes e example s illustrat e th e us e o f  multipl e 
mpdel s i n describin g a  ne w concept .  Thi s i s no t 
unusual .  Rather ,  i t  na y b e th e norm .  Furthermore , 
th e student s wil l  ad d metaphor s an d model s o f  thei r 
own discovery ,  base d o n chanc e wor d choices ,  observe d 
consistencies ,  an d inference s the y made . 

A model of learning must explain how these 
analogica l  description s ca n b e "combined "  whe n formin g 
new concepts . 

GENERATING ERRONEOUS HYPOTHESES 

Here are some examples of the kinds of errors and 
correction s tha t  occu r  whe n a  studen t  ha s severa l 
model s fo r  th e sam e concept .  I n th e followin g 
examples ,  M i s myself ,  an d P  i s th e student .  Perry . 
Perr y wa s initiall y  give n a  shor t  paragrap h t o rea d 
whic h sai d tha t  th e computer' s memor y use d variable s 
whic h wer e lik e boxe s i n whic h on e coul d stor e 
numbers . 

STORING TH E PROBLEM WIT H TH E ANSWER 

M: Suppose I wanted to add up 7 and A and store 
i t  i n X . 

P:  How? Yo u wan t  t o pu t  7+ 4 o r  th e answer ? 
H:  I  wan t  t o pu t  th e answe r  in . 
P:  Yo u wan t  hi m t o tel l  me th e answe r  an d the n 

put  i t  in ? 
M;  Well ,  jus t  pu t  i t  in . 
P:  Yo u write.. .  X  equal s 11 .  Yo u ca n writ e X*7'» A 
M:  Yo u ca n d o tha t  too .  Tr y it . 
P:  (type s X'=7+A ) 
M::Ok .  No w what' s insid e th e bo x calle d X 7 
P:  7  plu s 4 ,  .. .  11 .  Yo u wan t  me t o as k him ? 
M:  Yea ,  wh y don' t  yo u as k him ? 
P:  (type s PRIN T X )  oh .  11 .  I t  doesn' t  matter . 

I f  yo u wan t  hi m t o onl y answe r  7+4 ,  an d 
not  th e answer ,  ca n i t  d o that ? 

M:  No ,  i t  onl y store s on e numbe r  i n eac h box . 
P:  H e think s yo u onl y wan t  th e answer . 
M:  It' s  no t  that ,  it' s  jus t  tha t  wha t  yo u pu t 

i n th e bo x wa s no t  "7+4" ,  bu t  U .  I t  add s i t 
up an d the n put s th e answe r  i n th e bo x 

P:;Oh .  I t  doesn' t  pu t  7+ 4 i n th e box . Perr y produce d th e followin g summar y o f  tha t 
description : 

AH INITIAL HYPOTHESIS 

P: Yea. This, the variable, is the box, and you tell 
i t  to.. .  It' s  wher e h e put s hi s memor y an d 
everythin g an d the n yo u as k hi m t o pu t  i t  i n 
there .  Yo u sa y th e wor d (variable) ,  an d the n h e 
put s i t  in . 

M:  Right ,  ok .  S o suppos e 1  wante d t o tel l  hi m t o 
remember  th e numbe r  5  i n variabl e X.. . 

P:;Oh .  What  d o yo u mea n X ? I n an y bo x tha t  h e wants ? 
This shows that for Perry, variables were related 
t o (human )  memory ,  an d tha t  the y wer e someho w lik e 
boxe s whic h yo u pu t  thing s in .  Hi s las t  statemen t 
als o show s tha t  h e alread y ha d th e concep t  o f  a n 
algebrai c variable ,  sinc e her e h e though t  X  stoo d fo r 
th e unknown .  Thi s fac t  wil l  b e importan t  i n othe r 
examples . 
Using the box metaphor. Perry tried to 
investigat e directl y th e clas s o f  object s tha t  ca n b e 
place d i n th e computer' s "boxes" .  Sinc e physica l 
object s ca n certainl y hol d othe r  physica l  objects ,  h e 
though t  tha t  th e boxe s i n th e compte r  migh t  b e abl e t o 
hol d other:"boxes" . 
STORING BOXES IN BOXES 

— anothe r  (partially )  wron g hypothesis . 

P: Can he store a box in a box? Let's say you tell 
hi m X=7+4 ,  an d the n yo u mak e hi m anothe r  bo x an d 
tel l  hi m t o stor e X ,  th e bo x X  int o th e othe r  box . 

H:  Yo u can' t  pu t  boxe s insid e boxes ,  bu t  yo u ca n pu t 
what' s insid e the m i n anothe r  box . 

Another error made in trying to specify what can 
go int o th e boxe s come s fro m th e us e o f  a  secon d 
metaphor .  A s thi s wa s als o suppose d t o b e a  mode l  o f 
th e computer' s memory .  Perr y ofte n generate d 
hypothese s consisten t  wit h hi s knowledg e o f  huma n 
memories .  Sinc e people ,  whe n aske d t o solv e simpl e 
arithmeti c problems ,  wil l  generall y remembe r  bot h th e 
questio n an d th e answer ,  Perr y assume d tha t  th e 
computer  woul d a s well . 

The additio n o f  semanti c cue s t o th e name s o f 
variable s cause d Perr y t o assum e tha t  th e compute r  wa s 
eve n mor e lik e a  huma n agent ,  wit h human-lik e memor y 
capabilities .  Here ,  h e wonder s whethe r  th e compute r 
has th e abilit y  t o querr y it' s  "framb "  fo r  a  perso n i n 
severa l  differen t  ways . 
THE COMPUTER AS HUMAN AGENT 

M: 1 can say FERRY=10. How old are you? 
P:  1 0 
M:;Ok ,  an d no w i f  I  PRIN T PERRY. 
P:  I t  wil l  sa y 1 0 
M:  Right . 
P:  I f  yo u tel l  him.. .  Let' s sa y Perr y i s 1 0 year s 

old .  Ca n yo u sa y that ? An d the n yo u as k hi m 
"Ho w ol d i s Perry? "  or .  "Wh o i s 1 0 year s old?" , 
wil l  h e answe r  you ? 

Finally, there is the case in which several of 
Perry' s model s mak e conflictin g predictions ,  an d h e i s 
aske d t o choos e whic h on e i s correct .  I n thi s 
example ,  th e tw o model s ar e th e bo x metapho r 
(assignmen t  i s lik e puttin g somethin g i n a  box )  an d 
presume d similaritie s t o th e algebrai c notio n o f 
equalit y (A=1 0 mean s A  i s th e sam e a s 10) ,  whic h Perr y 
inferre d fro m th e us e o f  th e equa l  sig n t o denot e 
assignmen t  i n BASIC .  I f  assignmen t  i s lik e movin g 
somethin g int o a  box ,  the n movin g somethin g fro m on e 
box t o anothe r  shoul d remov e i t  fro m th e firs t  box . 
However ,  i f  assignmen t  i s lik e algebrai c equality , 
the n th e statemen t  Q= P shoul d mea n tha t  th e tw o 
variable s hav e th e sam e value . 
After I had typed P=10 and then Q=P, (causing 
bot h Q  an d P  t o hav e valu e 10) ,  th e followin g dialogu e 
occurred : 
GENERATING CONFLICTING HYPOTHESES 

M: So, what's in P now? 
P:  ;0h .  Nothing . 
M:  Nothing ? 
P:  10 !  an d the n Q  i s also . 
M:  What  d o yo u thin k i t  is ? I s i t  nothin g o r  10 ? 
P:  Let' s fin d out .  Firs t  let' s  see.. . 
M:  Well ,  wha t  d o yo u thin k i t  is ? 
P:  I f  yo u hav e tw o boxes ,  an d yo u moved...yo u move d 

or  i t  equal s to ? Yo u move d what' s i n P  t o Q  s o 
ther e s  nothin g i n it ,  o r  di d yo u onl y pu t  th e 
same numbe r  i n Q  that' s i n P ? 1  thin k it' s  10 . 

M:  Yo u thin k it' s  10 ? 
P:  Becaus e yo u don' t  sa y that ,  um ,  mov e P  a t  all.. . 

tak e P  out .  Yo u onl y sai d tha t  Q  equal s th e sam e 
as P .  S o i f  i t  equals ,  i t  ha s t o b e 10 ,  becaus e 
i f  there' s n o 1 0 i n it ,  Q  wouldn' t  equa l  t o it . 
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Clearly ,  ther e i i  grea t  indecisio n her e abou t 
whic h mode l  i s goin g t o prov e correct .  Onl y afte r 
reviewin g bot h choice s doe s h e finall y choose s th e on e 
whic h make s th e correc t  prediction . 

This exanple clearly shows Perry operating with 
at  leas t  tw o distinc t  model s o f  th e wha t  a  variabl e 
is .  Eac h mode l  i s capabl e o f  makin g a  numbe r  o f 
prediction s whic h ar e useful .  Eac h make s prediction s 
whic h mus t  b e corrected .  Thus ,  correction s ar e 
possibl e no t  onl y whe n a  preferre d mode l  produce s a n 
error ,  bu t  wheneve r  tw o model s contradic t  eac h other . 
I n bot h cases ,  mor e question s ar e raise d t o guid e 
inferenc e experiment s i n th e "mode l  debugging " 
process . 
In this example. Perry was forced to reiterate 
th e tw o model s s o tha t  h e coul d reevaluat e hi s choice , 
and fin d th e on e tha t  seeme d mos t  consisten t  wit h th e 
situatio n an d hi s beliefs .  I n thi s case ,  th e answe r 
10 seeme d preferabl e du e t o th e us e o f  th e phras e " Q 
equal s P" . 
My goal is to develop a computer model capable of 
learnin g concept s radicall y differen t  fro m thos e i t 
alread y has ,  withou t  requirin g hug e amount s o f 
exemplar y data .  Th e techniqu e suggeste d b y th e 
protocol s i s t o maintai n a  se t  o f  model s tha t  ar e al l 
partiall y  useful ,  bu t  whic h occasionall y contradic t 
each other .  Muc h o f  th e learnin g arise s fro m th e 
correctio n o f  th e faile d expectation s o f  thes e models . 
However ,  thes e failure s ca n occu r  eve n withou t  th e 
studen t  "makin g a  mistake" .  Contradictor y 
expectation s generate d b y competin g model s may provid e 
an importan t  alternativ e sourc e o f  error s fo r  th e 
debuggin g process . 
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A Simulate d Worl d fo r  Modelin g 

Learnin g an d Developmc.i t 

Pal Langley, David Nicholas, David Klahr, and Greg Hood' 
Carnegi e Mello n Universit y 

1. Introduction 

The creation of a complete intelligent system is a goal of many 
researcher s i n cognitiv e scienc e an d artificia l  intelligence .  A n 
elegan t  pat h t o realizin g tha t  goa l  »/oul d b e t o le i  a  syste m develo p 
it s intellec t  throug h interaction s vi/it h th e environmen t  Recen t 
wor k i n perceptual  an d moto r  skill s  ha s brough t  thes e hope s 
close r  t o fulfillment ,  bu t  w e ar e stil l  man y year s fro m constructin g 
system s tha t  ca n adequatel y interac t  wit h th e rea l  world . 

I n thi s pape r  w e describ e a  simulate d worl d fo r  developin g an d 
testin g model s o f  learnin g an d development .  Suc h a  facilit y  coul d 
pla y a n importan t  rol e i n th e emergin g fiel d o f  cognitiv e science , 
sinc e I t  woul d encourag e researcher s t o construc t  complet e 
systems ,  an d sinc e i t  woul d provid e a  c o m m o n groun d o n whic h 
competin g theorie s migh t  b e compare d Belo w w e summariz e th e 
aim s o f  th e projec t  an d th e desig n criteri a fo r  th e simulate d 
environmen t  Alte r  this ,  w e presen t  a n overvie w o f  th e simulate d 
worl d an d o f  th e sensory/effecto r  interlace s throug h whic h mode l 
organism s m a y interac t  wit h i t  W e clos e wit h a  brie f  discussio n o f 
th e interlac e betwee n th e use r  an d th e environment . 

2. Aims of ttie Research 

The simulation system described here was conceived by, and 
for .  cognitiv e scientist s representin g a  variet y o f  theoretica l  biase s 
an d paradigms .  It s purpos e i s  no t  t o embod y particula r 
assumption s abou t  comple x inlormatio n processin g (huma n o r 
otherwise) ,  bu t  rathe r  t o provid e a  mediu m fo r  empirica l  researc h 
tha t  ca n b e share d b y an d tailore d t o th e need s an d goal s o f  • • 
as wid e a  rang e o f  investigator s a s possible . 
2.1 .  Focu s o n Learnin g an d Deve lopmen t 

The majo r  goa l  o f  cognitiv e scienc e i s t o understan d th e natur e 
of  intelligence .  However ,  th e knowledg e an d strategie s 
responsibl e fo r  intelligen t  behavio r  var y wit h tim e Sinc e an y 
scienc e searche s fo r  invarian t  regularitie s o f  behavior ,  thi s 
present s a  difficul t  proble m lo r  ou r  fiel d Langle y S  Simo n (1981 ) 
hav e argue d tha t  w e ma y fin d th e desire d invariant s i n a  theor y o f 
learnin g an d development ,  an d preliminar y step s toward s a  theor y 
of  th e transitio n proces s hav e bee n take n b y Klah r  &  Wallac e 
(1976) .  a m o n g others . 

Theorie s o f  tearin g an d developmen t  ca n b e characterize d a s 
havin g h« o problem s t o solv e First ,  the y nee d t o accoun t  lo r 
behavio r  a t  severa l  differen t  point s i n a  develoomenta l 
progression .  Second ,  the y mus t  accoun t  lo r  th e mechanism s tha t 
enabl e th e syste m t o progres s fro m stal e t o stat e Th e qualit y o f 
th e transitiona l  theor y i s constraine d b y th e qualit y o f  th e theor y 
tha t  account s lo r  behavio r  a t  eac h stat e O n e natura l 
consequenc e o f  thi s argumen t  i s a  focu s o n "expert "  o r  "mature " 
performance :  suc h model s provid e a n ultimat e targe t  fo r  th e 
transitiona l  processes ,  an d woul d thu s appea r  t o hav e to p priorit y 
i n theor y buildin g efforts .  iy,l x 

However ,  w e believ e tha t  thi s emphasi s ha s resulte d i n a n 
unfortunat e limitation .  Th e contac t  betwee n curren t  compute r 
simluatio n model s an d a n empirica l  bas e i s almos t  exclusivel y vi a 
adul t  performanc e measures ,  an d ofte n skille d adults ,  a t  that .  T o 
th e bes t  o f  ou r  knowledge ,  non e o f  th e currentl y propose d 
mechanism s lo r  takin g a  syste m fro m stat e N  t o stat e N  +  1  coul d 
plausibl y hav e brough t  th e syste m t o stat e N  i n th e firs t  place . 
That  is .  mos t  model s hav e littl e aevelopmenta l  tractabilily . 
althoug h the y ma y provid e a  reasonabl e accoun t  o f  th e learnin g 
mechanis m i n a n alread y wel l  develope d system . 

The Kjea s piespnie d her e pvolvP d ou t  o f  th e interactiv e ellort s o i  th e CMU 
v/o' i  I  Modeler s GiouD .  i n Ahic h jgim e Cntbonel l  ha s piav d a  m.i|O f  foi o an d 
ĥic h h.T S include d H3ri s E'̂rlinef ,  GfC g Hani c r.ltit y  Herman ,  an d Gien n Iba ,  i n 

additio n t o th e pr̂-serr t  author s 

I n orde r  t o remed y thi s situation ,  w e nee d t o as k question s 
abou t  inlan t  systems ,  abou t  th e rudimentar y encoding s an d 
interna l  representations ,  an d abou t  th e innat e kerna l  o f  sel f 
modifyin g processes .  W e thin k i t  i s  importan t  t o attemp t  t o 
lomulal e developmenta l  theorie s i n whic h th e abilit y  t o underg o 
sel f  modificatio n i n a  plausibl y supportiv e environmen t  i s th e 
priirtar y constrain t  o n syste m design ,  wit h performanc e a  proble m 
t o b e solve d withi n tha t  constraint .  (Th e convers e i s almos t 
universall y th e cas e wit h moder n theorie s o f  sel l  modification : 
performanc e model s c o m e first ,  wit h sel l  modificatio n adde d o n i n 
ingeniou s ways. )  Th e simluate d worl d propose d her e woul d 
facilitat e suc h a n effor t  W e envisio n ou r  simulatio n syste m a s a 
too l  fo r  investigatin g an y o f  severa l  domain s o f  knowledg e 
development ,  includin g for m perception ,  objec t  constancy , 
proble m solving ,  o r  quantitativ e processes . 
2.2. Constructing Complete Systems 

A standar d approac h i n scienc e i s t o partitio n a  phenomeno n 
an d stud y th e piece s separately .  I n cognitiv e science ,  w e fin d 
researcher s specializin g i n languag e processing ,  proble m solving , 
perception ,  an d man y othe r  areas .  An d thoug h thi s divisio n o f 
labo r  ha s clarifie d m u c h abou t  th e component s o f  intelligence ,  i t 
ha s reveale d littl e abou t  thei r  interaction .  Fo r  example , 
researcher s i n languag e acquisitio n hav e separate d tha t  for m o f 
learnin g Iro m concep t  lormalio n an d wor d learning ,  despit e thei r 
stron g interplay .  Similarly ,  proble m solvin g theorist s hav e ignore d 
perceptua l  an d moto r  factors ,  thoug h the y ma y significantl y 
influenc e th e dillicult y o f  a  proble m W e fee l  enoug h i s 
understoo d o f  th e component s t o initiat e attempt s t o construc t 
complet e intelligen t  systems . 

A secon d argumen t  fo r  creatin g complet e system s come s fro m 
representationa l  consideralioî s  A s lon g a s on e focuse s o n onl y 
an artilicinll y  bounde d subse t  o l  behavior ,  th e inpu t  o f  th e syste m 
must  b e specifie d b y th e use r  Thus ,  on e migh t  buil d a  syste m 
wit h apparentl y genera l  learnin g mechanisms ,  bu t  whic h woul d 
lear n onl y whe n presente d wit h careluH y han d crafte d dat a Th e 
constructio n o l  a  complet e syste m shoul d guar d agains t  suc h 
subtl e kludges ,  sinc e informatio n woul d b e obtaine d throug h 
direc t  interactio n wit h th e environmen t  o r  b y  inlerencP" :  '*• -
syste m m a d e itself . 
2.3. Simulated Worlds vs. Real Worlds 

The idea l  complet e intelligenc e woul d b e a  robot ,  wit h sensor y 
abilitie s fo r  perceivin g th e rea l  worl d an d moto r  abilitie s fo r 
affectin g it .  Unfortunately ,  w e ar e stil l  fa r  fro m understandin g 
perceptua l  an d moto r  behavio r  i n th e necessar y detai l  Thi s lead s 
us t o propos e th e les s impressiv e bu t  mor e manageabl e optio n o f 
devisin g a  simulate d environmen t  Th e notio n o f  a  simulate d 
worl d ha s it s ow n attractions ,  includin g it s relativ e independenc e 
of  hardwar e an d it s transportabilit y  betwee n sites ,  makin g i t  a n 
idea l  too l  fo r  cognitiv e scientist s t o emplo y i n thei r  mode l 
construction .  I t  als o eliminate s th e computationa l  constrain t  tha t 
cognitiv e processin g b e don e i n rea l  time . 

3. Criteria for a Simulated Environment 

In order lor the simulated world to be useful as an experimental 
too l  i n cognitiv e scienc e studie s o f  learnin g an d development ,  th e 
followin g point s wer e considere d centra l  desig n criteria : 

• Independence and richness The world model must be 
trul y separat e fro m th e organism s an d thei r  interna l  "models " 
of  th e worl d Moreover ,  th e worl d mus t  b e sufficientl y ric h an d 
unpredictable ,  s o tha t  n o organis m ca n internaliz e a  complet e 
model  o l  th e worl d i n it s  lifetime .  I n particular ,  th e environmen t 
shoul d b e muc h riche r  tha n eithe r  Becker' s (1970 )  gri d 
univers e o r  Winograd' s (1972 )  block s worl d Thi s i s crucial , 
sinc e th e rea l  worl d elicit s qualitativel y differen t  behavio r  tha n 
woul d a  completelyinternalizabl e worl d (wher e tabl e looku p 
and formul a evaluatio n woul d sulfic e fo r  perfec t  behavior) . 

•  Extensibilil y an d consistenc y •  Th e worl d mus t  b e 
extensibl e i n term s o f  introducin g arbitrar y number s o f  ne w 
object s an d n e w organism s However ,  physica l  law s mus t 
remai n invariant . 
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•  Cross -sensor y correlatio n Th e worl d mode l  shoul d 
suppor t  multipl e sensor y media ,  an d eac h organis m can .  i n 
principle ,  b e designe d t o tak e inpu t  fro m an y subse t  o f  th e 
sensor y media .  Cros s m e d i u m sensor y correlation s pla y a 
centra l  rol e i n theorie s o f  perceptua l  an d cognillv e 
development ,  an d ye t  fe w computationa l  studie s o f  thi s 
p h e n o m e n o n hav e appeare d t o date . 

•  Multi-leve l  sensor y interlace s • •  I n orde r  t o satisf y th e 
objective s o (  differen t  researcher s exploitin g th e s a m e world -
model  tool ,  interactio n betwee n th e worl d mode l  an d th e 
organism s shoul d b e mediate d vi a sensor y an d effecto r 
interfaces ,  w h o s e purpos e i s t o provid e th e organis m wit h dat a 
(o r  effecto r  functions )  specifie d a t  th e desire d leve l  o f 
abstraction . 

•  S y n c h r o n o u s process in g -  T h e environmen t  shoul d no t  b e 
lorce d t o sto p i n orde r  lo r  th e organism s t o thin k a t  thei r 
leisure .  Therefore ,  i f  th e organism s ar e unabl e t o proces s al l 
incomin g input ,  th e focu s o f  attentio n proble m i s introduce d 
as a n integra l  aspec t  o f  cognition . 

•  Communicatio n a m o n g organism s Th e onl y 
communicatio n possibl e i s  vi a th e sensor y an d elfecto r 
interlace s (b y gesture s language ,  etc.) ,  requirin g organism s t o 
pay attentio n i n orde r  fo r  th e communicatio n t o tak e place . 

In formulating the above criteria we considered various issues 
we wishe d t o researc h usin g th e simulated-worl d environment . 
For  instance ,  learnin g purposiv e actio n i s a  basi c functio n i n mos t 
higher-leve l  organisms ,  includin g h u m a n "rational "  thought .  W e 
wishe d t o provid e organism s wit h basi c drive s (e.g. ,  hunger , 
curiosity ,  companionshi p o f  lik e organisms ,  etc.) ,  basi c actions , 
and learnin g mechanisms .  Exactl y wha t  th e startin g poin t  fo r 
learnin g processe s ough t  t o b e i s a  matte r  o r  researc h and/o r 
discretio n accordin g t o th e p h e n o m e n o n on e wishe s t o 
investigate. '  Fo r  example ,  on e typ e o f  purposiv e actio n i s t o lear n 
subsumptio n goal s (Wilensky ,  1978) ;  e.g. ,  secur e mor e o f  a 
resourc e (suc h a s food )  tha n presentl y require d t o satisf y a n 
interna l  driv e - •  i f  pas t  experienc e ha s s h o w n tha t  th e driv e wil l 
recu r  an d findin g th e resourc e m a y b e a n uncertai n o r  costl y 
operation .  Anothe r  i s  t o posi t  intrinsi c satisfactio n fro m th e 
simple ,  repeate d executio n o f  activities :  e.g. ,  Piaget' s "circula r 
reactions. " 
4. An Overview of the Simulated 

Environmen t 
The simulated three dimensional environment contains objects 
of  tw o types :  primitiv e (th e buildin g block s o f  th e physica l  domain ) 
and comple x (hierarchica l  structures ,  aggregate s o f  primitiv e 
objects) .  Ever y physica l  structure ,  includin g th e manifestation s o f 
organism s i n th e simulate d world ,  i s eithe r  a  primitiv e o r  a  comple x 
object . 

Polygo n 

Normal 
^ - ^ — 

Cent e 
vect o ^<J^ ^ 

Circl e Cylinde r 

Figur e 1 .  Primitiv e Object s 

Spher e 

4.1 .  Primitiv e Object s 

Figur e 1  illustrate s th e fou r  type s o f  primitiv e object s (polygon , 
circle ,  cylinder ,  sphere )  an d th e spatia l  parameter s tha t  mus t  b e 
define d lo r  each .  A  polygo n i s specifie d b y a n ordere d lis t  o f 

One must  b o carelu l  i n researchin g learnin g b y simulatin g autonomou s 
organism s no t  l o fal l  int o th e sel l  organisin g syste m fall.-ic y Earl y A l  researc h i n 
le.lrnin g postulate d enlromel y simpl e learnin g mechanism s an d a  virtua l  tabul a 
ras a wit h respec t  t o rea l  vvorl d knowledge ,  wil h th e enpodalio n tha t  suc h a  syste m 
coul d organiz e itsel f  int o a  thinkin g entit y Th e onl y paialle l  o f  suc h a  "magical " 
fea t  i n th e rea l  worl d i s  th e evolutionar y process ,  bu t  thi s proces s require d billion s 
of  ye.lis ,  billion s o f  qeneialion s o f  organisms ,  an d million s o l  individua l  organism s 
pei  geneiatio n Ou r  worl d mode l  i s  designer !  wit h th e objectiv e o f  modelin g 
developmenta l  learnin g wher e a  singl e organis m ca n tea m purposiv e actio n i n a 
tractio n o l  it s  llletim e A s such ,  i l  ifquiic s a  no n zei o stallin g poin l  wit h som e 
innat e abilities ,  a  hig h comniumcatio n han d widt h wil h th e r«terna l  world ,  an d 
buil t  i n drive s t o locu s it s altenlio n an d guid e it s t>ehavio r  (a t  le.-rs l  initially ) 

vertices ,  a  circl e b y th e coordinate s o f  it s center ,  a  radius ,  an d a 
norma l  vector ,  an d s o o n Al l  primitiv e object s hav e a n additiona l 
set  o f  physica l  propertie s tha t  mus t  b e specified :  mass ,  cente r  o f 
mass ,  velocity ,  angula r  velocity ,  elasticity ,  stati c an d dynami c 
coelficient s o f  friction ,  temperature ,  taste ,  color ,  an d texture . 

Turnin g Axi s 
Hvolin g poin i  » ^ 

^ f l b z ^  ^ > [ M l 
r:.,v<- i  oi:^:» » Ani s *  Turnin g Poin t Axi s 

Pivotin g 

Turnin g Poin t 
Twistin g 

Fixe d Slidin g *" ' 

Figure 2. Joint types used in complex objects 

4.2 .  Comple x Object s 

The joinin g o f  primitiv e object s t o on e another ,  i n an y o f  th e 
severa l  way s show n i n figur e 2  (joint s ma y b e fixed ,  sliding , 
pivoting ,  o r  W/isting) ,  produce s a  comple x objec t  -  a n organize d 
structura l  hierarch y withi n whic h propertie s ma y b e share d an d 
whic h ma y b e acte d upo n b y th e physica l  law s o f  th e environmen t 
as a  singl e unit .  A  join t  ma y b e broken ,  an d th e comple x objec t 
separate d int o tw o (reorganized )  hierarchies ,  b y th e applicatio n o f 
forc e i n exces s o f  tha t  joint' s  prespecifie d sfres s limit .  A  fifth ,  o r 
"virtual, "  join t  typ e ma y als o b e employed ,  whe n tw o object s ar e 
touchin g an d no t  movin g relativ e t o on e anothe r  (i.e. ,  i n stati c 
contact) . 

Conside r  th e exampl e o f  a  tabl e wit h a  coffe e cu p restin g o n it . 
A typica l  tabl e ha s fou r  leg s an d a  top :  fou r  primitiv e object s 
(long ,  thi n cylinders )  connecte d b y fixe d joint s t o a  fift h ( a circula r 
or  polygona l  plane) .  Th e cu p ma y b e broke n dow n int o it s bod y 
and a  handle :  th e forme r  a  hollo w cylinde r  close d a t  on e en d b y a 
circl e o f  equa l  radius ,  an d th e latte r  thre e mor e cylinder s 
connecte d t o resembl e thre e side s o l  a  squar e A  virtua l  join t 
connect s th e tw o comple x objects ,  s o tha t  i f  a  gentl e forc e i s 
applie d t o th e tabl e i t  wil l  tak e th e cu p wit h i t  whe n i t  move s 
(depending ,  o f  course ,  o n th e exac t  magnitud e an d directio n o f 
th e force ,  th e frictiona l  coefficient s o f  th e tabl e to p an d th e botto m 
of  th e cup ,  th e inerti a o f  th e cup ,  etc.) . 
4.3 .  Physica l  Law s 

The simulate d environmen t  mus t  b e "updated "  a t  th e star t  o f 
eac h quantu m o f  time .  Th e position s o f  object s nee d t o b e 
adjusted ,  base d o n previou s velocitie s an d th e applicatio n o f 
forces :  stresse s o n joint s mus t  b e compute d and ,  i f  necessary , 
object s fragmented .  I n short ,  change s tha t  hav e resulte d fro m th e 
influence s o f  object s (includin g th e mode l  organisms )  upo n on e 
anothe r  -  o r  fro m som e alteratio n introduce d fro m without ,  b y th e 
user  -  mus t  b e incorporate d int o th e descriptio n o f  th e curren t 
"stat e of-the-world. "  Thi s i s  accomplishe d b y applyin g 
(recursively ,  t o comple x object s an d thei r  components )  a  se t  o l 
simplifie d physica l  laws :  rule s fo r  th e modelin g o f  relativel y gros s 
interaction s i n th e environment . 
5. Sensory and Effector Interfaces 

Organisms must interact with the simulated environment in a 
manageabl e wa y tha t  ca n b e tailore d t o th e need s o f  th e 
researche r  A s figur e 3  illustrates ,  th e sensor y an d effecto r 
interface s (als o calle d sensor y moto r  interfaces ,  o r  S  Mi's )  ar e 
independen t  o f  bot h th e organism s an d th e extnrna l  worl d model . 
T h e primar y reaso n fo r  thi s decisio n i s tha t  differen t  researcher s 
shoul d b e allowe d t o defin e th e leve l  o l  abstractio n o f  th e sensor y 
informatio n detecte d b y  eac h clas s o f  organism .  Hence ,  a 
researche r  intereste d i n languag e acquisitio n ca n "plu g in "  a 
symboli c visua l  interlac e tha t  provide s th e n a m e s an d location s o f 
object s i n th e visua l  fiel d o f  th e organis m (i n orde r  t o relat e object s 
an d action s t o word s an d sentences )  However ,  a  researche r 
intereste d i n perceptua l  o r  moto r  learnin g ca n substitut e a  lower -
leve l  interfac e tha t  provide s onl y collection s o f  feature s fo r  visibl e 
object s o r  ye t  lowe r  leve l  visua l  dat a "decompiled "  fro m th e 
worl d mode l  b y th e sensor y interface .  Th e s a m e desig n principl e 
hold s fo r  effecto r  interlaces . 
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Figur e 3 .  M o d u l e s o f  th e S y s t e m 

We believe that the sensory and effector interfaces should 
themselve s b e subject s o f  research .  A s a n exampl e o f  th e 
problem s tha t  aris e i n designin g a  sensor y interlace ,  conside r  th e 
fac t  tha t  huma n being s ca n tel l  »/it h precisio n th e locatio n o f 
nearb y objects ,  bu t  ca n onl y plac e approximat e value s o n th e 
absolut e locatio n o f  mor e distan t  object s Thi s phenomeno n 
seems crucia l  lo r  som e form s o f  generalizatio n Fo r  example ,  i t 
doe s no t  matte r  i f  a  predato r  i s 100 1 o r  100 3 fee t  awa y th e 
organis m shoul d flee ;  however ,  i n reachin g fo r  a n objec t  tha t  i s  1 
or  3  fee l  away ,  differen t  action s ar e calle d for .  Therefore ,  th e 
perceptua l  mechanis m tha t  accentuate s th e latte r  difference , 
whil e glossin g ove r  th e former ,  appear s t o b e a  desirabl e feature . 

6. The User Interface 

To exploit the advantages of a simulated world it is essential to 
hav e a  powerfu l  use r  interfac e O f  majo r  importanc e i s th e abilit y 
t o vie w th e worl d a s a n observe r  withi n th e worl d woul d se e it .  I n 
our  implementation ,  th e use r  m a y creat e multipl e windows ,  eac h 
of  whic h i s a  perspectiv e drawin g o f  th e worl d fro m a  differen t 
viewpoin t  Thes e viewpoint s m a y b e fixed ,  o r  the y ma y b e boun d 
t o th e "eyes "  o f  particula r  organism s withi n th e worl d s o tha t  th e 
windo w accuratel y portray s th e imag e see n b y th e organism .  A 
graphica l  displa y als o allow s th e use r  t o easil y construc t  ne w 
object s an d organism s differin g i n physica l  characteristics . 

I n additio n t o havin g c o m m a n d s fo r  controllin g th e windows ,  th e 
use r  mus t  als o b e abl e t o contro l  th e moto r  an d verba l  behavio r  o f 
certai n organism s tha t  functio n a s teacher s (o l  othe r  organisms) . 
The interfac e shoul d allo w th e use r  t o specif y action s a s hig h leve l 
c o m m a n ds instea d o f  cumbersom e primitive s (suc h a s force s t o 
be applie d a t  certai n joints) .  Simulatio n o f  th e worl d als o enable s 
a detaile d recor d o f  event s t o b e kep t  lo r  late r  examinatio n b y th e 
investigator .  Assumin g th e cognitiv e state s o f  th e organism s ar e 
save d periodically ,  suc h a  recor d coul d b e backe d u p t o a  certai n 
poin t  i n tim e an d th e simulatio n restarted ,  providin g a  valuabl e 
opportunit y t o explor e alternativ e course s o f  action . 
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Why D o We D o What  We Do ? 
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Abstrac t 

We examine d th e reason s peopl e 

giv e fo r  th e action s i n routin e event s 

and classifie d the m a s actio n 
enablement ,  mai n goa l  satisfaction ,  o r 

external .  We argu e tha t  th e externa l 
reason s indicat e tha t  som e action s i n 

event s ar e store d a t  mor e genera l  lev -
el s i n memor y tha n th e specifi c  even t 
schemas . 

Ther e ha s bee n a  recentl y re -
kindle d interes t  i n th e relationship s 

betwee n th e goal s o f  common activitie s 
and th e structur e o f  ou r  knowledg e o f 
these .  A  num.be r  o f  researcher s (Schan k 
& Abelso n 1977 ,  Wilensk y 1978 ,  Graesse r 
1978 ,  Lichtenstei n &  Brewe r  1980 )  hav e 
argue d tha t  th e goal s o f  familia r  ev -
ent s n;a y hav e stereotypi c pla n path s 
associate d wit h them .  I n thi s pape r  w e 
exanin e th e goal s an d plan s fo r  a  larg e 
number  o f  common activitie s i n th e hop e 
of  isolatin g som e o f  th e parameter s 
whic h effec t  thei r  knowledg e represen -

tation . 

We chose thirty common events for 

analysis .  Thes e include d event s suc h 
as th e familia r  GOIN G T O RESTALRANTS 
activity ,  a s wel l  a s SHOPPING FO R GRO-
CERIES,  GOIN G T O MOVIES,  CHANGING A 
FLAT TIRE ,  BREWING SOME TEA ,  WASHING 
CLOTHES.  WRITIN G A  LETTER ,  etc .  Fo r 
eac h even t  w e picke d twelv e componen t 
action s whic h describe d th e even t  fro m 
beginnin g t o end .  We chos e the m wit h 
th e constrain t  tha t  the y no t  overla p 

temporall y i n th e performanc e o f  th e 
even t  an d tha t  the y b e a t  abou t  th e 
same leve l  o f  description .  Fo r  ex -
ample ,  som e o f  th e componen t  acticn s 
fo r  th e grocer y shoppin g even t  wer e 

MAKE A  LIST ,  GET A  CART,  LOA D TH E CART, 

GO T O CHECKOUT,  etc .  Thi s leve l  o f 

descriptio n wa s fel t  t o b e neithe r  to o 
mola r  (containin g a  numbe r  o f  discern -

abl e actions )  no r  to o molecula r  (spec -

ifyin g fine-graine d moto r  movements) . 

These same stimulus materials have 

bee n use d i n a  numbe r  o f  othe r  experi -
ment s investigatin g th e structur e o f 
memory fo r  events .  I n th e cours e o f 
thos e studies ,  a  numbe r  o f  norm s wer e 

collecte d includin g th e importanc e o r 

centralit y o f  th e componen t  action s fo r 
th e event ,  th e frequenc y o f  performin g 

th e actio n whe n doin g th e event ,  th e 

sequentia l  orde r  o f  th e action s an d 
finall y th e frequenc y o f  bein g i n th e 
even t  whe n performin g th e action .  Thi s 
las t  measur e I  hav e calle d th e 
distinctivenes s o f  th e actio n t o th e 
event .  Fo r  exampl e th e componen t  ac -
tio n EA T TH E MEAL i s no t  ver y distinc -

tiv e t o th e restauran t  even t  sinc e th e 
actio n o f  eatin g i s don e i n man y othe r 
situations .  I n thi s exampl e th e dis -
tinctivenes s o f  th e actio n an d it s im -
portanc e t o th e even t  ar e orthogona l  i n 
tha t  eatin g i s highl y importan t  t o th e 
even t  bu t  no t  highl y distinctive .  I n 
contras t  th e actio n SE E HEAD WAITE R i s 

highl y distinctiv e t o th e restauran t 
even t  becaus e i t  i s  don e almos t  exclu -
sivel y i n tha t  situation .  Distinc -
tivenes s o f  a n actio n ca n b e see n a s a 
measur e o f  th e exten t  t o whic h tha t 
actio n ha s a n independen t  existenc e 
outsid e th e contex t  o f  th e event .  Thi s 
facto r  wil l  figur e i n ou r  discussio n o f 
th e results . 

The present study involved pre-
sentin g subject s wit h event-actio n 
pair s an d askin g the m t o writ e dow n 
thei r  reason s fo r  performin g th e actio n 
i n th e contex t  o f  th e event .  Th e ori -
gina l  inten t  wa s t o us e th e result s t o 
develo p superordinatio n an d subordin -
atio n relation s amon g th e action s a s 
has bee n don e i n studie s b y Graesse r 
and Lichtenstei n &  Brewer .  Ther e ar e a 
number  o f  methodologica l  difference s 
betwee n thi s stud y an d th e others . 
Perhap s th e mos t  salien t  o f  thes e i s 

th e absenc e o f  a  particula r  instantia -
tio n o f  th e event s an d thei r  component s 
vi a th e presentatio n o f  a  videotap e o r 
stor y depictin g th e event .  Ou r  sub -
ject s wer e aske d t o rel y o n thei r 
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knowledg e o f  th e event s t o hel p the m 

provid e thei r  reason s fo r  th e actions . 

When subject s ar e presente d wit h a n 

instanc e o f  a n event ,  the y understan d 

i t  b y interfacin g thei r  genera l  know -

ledg e o f  tha t  typ e o f  even t  wit h th e 

explici t  detail s provide d b y th e story . 

The result s o f  testin g memor y perfor -

mance fo r  tha t  stor y mus t  b e inter -

prete d a s som e functio n whic h include s 
contribution s fro m bot h th e specifi c 

detail s an d th e pre-existin g knowledg e 

base .  A  furthe r  sourc e o f  potentia l 

varianc e arise s fro m reconstructiv e 

strategie s whic h occu r  a t  th e tim e o f 
testing .  Mos t  researc h i n thi s are a 

ha s attempte d t o minimiz e th e effec t  o f 

th e specifi c  detai l  i n th e stor y b y 

devisin g stimulu s material s whic h ar e 
as dul l  an d borin g a s possible .  Thi s 
i s cite d a s a  methodologica l  virtu e 
becaus e dullnes s i s though t  t o indicat e 
tha t  th e stor y matche s th e mos t  typica l 

or  leas t  devian t  pla n pat h throug h th e 

action s i n th e event .  Whil e thi s gen -
era l  techniqu e ha d yielde d a  grea t  dea l 
of  insigh t  int o comprehensio n an d mem-
or y fo r  text ,  i t  i s  importan t  t o not e 
tha t  th e knowledg e bas e fo r  a n even t 
prio r  t o instantiatio n ma y diffe r  sig -

nificantl y fro m th e representatio n tha t 

result s fro m it s applicatio n t o th e 

tas k o f  understandin g a  particula r  in -
stanc e . 

Specifically, our underlying 

knowledg e o f  common event s i s flexibl e 
enoug h t o permi t  a  wid e variet y o f 
differen t  realization s o f  thos e events . 

For  instance ,  whil e th e restauran t  ev -
ent  ma y ofte n occu r  i n context s wher e 
th e primar y goa l  i s  t o satisf y hunger , 
i t  als o occur s i n th e servic e o f  othe r 
overridin g goal s suc h a s t o celebrat e 

some notabl e happening ,  o r  t o conduc t 

some business ,  o r  t o fulfil l  a  desir e 

fo r  a n evenin g s  entertainment .  Per -

formanc e o f  th e even t  unde r  thes e dif -

ferin g circumstance s ma y alte r  th e 
salienc e o f  certai n action s i n th e ev -
ent  b y changin g th e interna l  goa l 
structur e an d consequentl y th e pla n 
path s connectin g th e componen t  actions . 

By analyzing the reasons that 

subject s giv e fo r  th e action s i t  i s 
possibl e t o outlin e th e rang e o f  flex -
ibilit y  i n th e representatio n o f  event s 
as goa l  directed .  Th e typ e o f  reaso n 
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give n fo r  a n actio n ca n b e a n inde x fo r 

th e sor t  o f  goa l  tha t  govern s it s pre -

senc e i n th e event .  Furthermor e whe n 

subject s giv e mor e tha n on e typ e o f 

reaso n o r  d o no t  agre e highl y a s t o th e 

th e bes t  reaso n the n i t  i s  ofte n pos -

sibl e t o glimps e som e o f  th e paralle l 

goal s underlyin g th e event . 

A first step in this analysis is 

th e categorizatio n o f  th e reason s int o 

genera l  types .  Clearl y thi s analysi s 

ha s a  numbe r  o f  methodologica l  diffic -

ulties .  Thi s fre e generatio n paradig m 

tend s t o lea d t o idiosyncrasie s i n th e 

response s obtained .  Howeve r  i n a n ex -

plorator y experimen t  suc h a s thi s suc h 

lac k o f  constrain t  ca n b e considere d a 
virtue .  I t  i s  ofte n th e respons e whic h 
i s th e outlie r  i n a  frequenc y distri -

butio n whic h ca n provid e a n importan t 
insight .  Wit h thi s i n min d w e at -

tempte d t o organiz e th e reason s int o 

thre e types .  Th e firs t  w e cal l  th e 
actio n enablemen t  type .  I t  i s  thi s 
typ e o f  reaso n tha t  Graesse r  an d 
Lichtenstei n &  Brewe r  examin e an d i s 

th e mos t  common type .  Thi s typ e o f 
reaso n mention s immediatel y subsequen t 

action s i n th e event .  Fo r  instanc e i n 
th e CHANGING A  FLA T even t  th e th e mos t 

common reaso n fo r  th e actio n o f  GETTIN G 

THE JAC K mention s th e subsequen t  ac -
tion s o f  POSITIONIN G TH E JAC K an d 
RAISIN G TH E CAR.  Ther e ar e differen t 

type s o f  enablemen t  whic h whe n use d t o 

construc t  interna l  goa l  hierarchie s 
resul t  i n differen t  kind s o f  struc -

tures .  Some o f  thes e enablemen t  rela -

tion s reflec t  o r  perhap s underl y a 
fairl y  stric t  tempora l  sequenc e o f  ac -
tions .  Discontinuitie s betwee n th e 
actio n sequence s an d th e enablemen t 

structure s ofte n reflec t  segmentation s 

tha t  ca n b e considere d a s th e scene s o f 
th e even t  (Schan k &  Abelson ,  1977) . 

The second type of reason we will 

conside r  i s ofte n give n fo r  th e action s 
tha t  immediatel y preced e thes e point s 
of  discontinuity .  Ou r  secon d typ e o f 
reaso n w e call ,  mai n goa l  satisfaction . 

A reaso n o f  thi s typ e involve s men -
tionin g th e mai n goa l  o f  th e event . 

Thi s i s ofte n accomplishe d b y merel y 
restatin g th e nam e o f  th e event .  Fo r 
instance ,  i n th e WASHING CLOTHES even t 
th e segmen t  whic h include s th e loadin g 

of  th e washe r  an d puttin g i n th e soa p 



appear s t o conclud e wit h th e actio n 

TURN O N WASHER.  Th e reason s give n fo r 

thi s actio n ar e "t o was h th e clothes " 

or  "t o ge t  clothe s clean" .  Ther e i s 

littl e mentio n o f  reaso n concerne d wit h 

th e enablemen t  o f  th e subsequen t  ac -
tion s involve d i n dryin g th e clothes . 

Whil e thi s resul t  i s  usefu l  i n speci -
fyin g th e relation s o f  lowe r  leve l  ev -
ent  goal s t o th e mai n goa l  o f  th e even t 

i t  als o pose s a  proble m fo r  thos e wh o 

attemp t  t o accoun t  fo r  th e seria l  orde r 

of  th e actio n o n th e basi s o f  goa l 

structure .  Th e proble m i s tha t  ther e 
ar e rathe r  glarin g gap s i n th e repre -

sentatio n whic h mus t  b e bridge d b y som e 

means othe r  tha n interna l  pla n paths . 
I t  i s  howeve r  outsid e th e scop e o f  thi s 

pape r  t o conside r  possibl e way s t o 

clos e thes e gaps .  Ther e ar e man y in -
stance s o f  reason s o f  thi s secon d typ e 
whic h ar e give n fo r  action s tha t  ar e 

not  a t  scen e boundaries .  Th e presenc e 

of  thes e furthe r  argu e fo r  a  flexibil -
it y  i n th e even t  representatio n whereb y 
action s ma y o r  ma y no t  b e dominate d b y 
in *  ̂ rna l  goal s dependin g o n th e par -
ti '  ila r  instantiation s o f  th e event . 

The final member of our typology 
of  reason s i s calle d th e externa l  var -
iety .  Externa l  reason s ar e thos e whic h 
mentio n ver y hig h leve l  goal s suc h a s 
preservatio n o f  health ,  cleanliness , 

avoidanc e o f  dange r  o r  lega l  an d socia l 
punishment ,  an d maximizatio n o f  plea -
sur e o r  enjoyment .  Some o f  thes e rea -
son s ar e relate d t o goal s fo r  whic h th e 
even t  itsel f  function s a s fulfillment . 
Other s ar e genera l  mode s o f  operatio n 
suc h a s t o preserv e money .  Fo r  ex -
ample ,  i n th e GROCERY SHOOPING even t 
th e reason s fo r  th e actio n CHECK TH E 
PRICE wer e "t o sav e mone y fo r  othe r 
things" ,  o r  ."t o avoi d bein g cheated. " 
Externa ]  reason s ofte n tende d t o b e th e 
outlier s w e spok e o f  earlier .  I t  i s 
thes e action s whic h wer e ofte n mor e 
genera l  i n th e sens e tha t  the y coul d 
occu r  i n othe r  events .  Furthermor e 
sinc e th e externa l  reason s provide d 
point s o f  connectio n wit h mor e genera l 
goal s the y ofte n offere d a  delimitatio n 

of  th e se t  o f  occasion s fo r  th e per -

formanc e o f  th e even t  .  B y a  mor e de -
taile d examinatio n o f  th e interactio n 
of  th e kind s o f  hig h leve l  goal s whic h 
coul d gover n th e entr y int o th e even t 
wit h th e interna l  goa l  structur e i t  ma > 

be possibl e t o specif y a  rang e o f  ac -
ceptabl e variatio n i n th e type s o f 

storie s whic h coun t  a s instance s o f  th e 

event .  Thi s i n tur n ma y provid e a  wa y 
t o constrai n th e representatio n o f  ev -

ent s s o a s t o attai n th e desire d flex -

ibilit y  withou t  losin g th e importan t 

aspec t  o f  stereotyp y whic h bind s dif -

feren t  instance s o f  th e sam e event . 

Schank (1980) proposed a theory 

whic h satisfie s thes e tw o criteria . 

One o f  th e importan t  point s i n thi s 

model  i s th e restrictio n o f  th e rol e o f 

th e scrip t  representation .  Thes e 
structure s hav e bee n strippe d o f  an y 

informatio n whic h ca n b e generalize d 
out  o f  th e scrip t  an d store d a t  highe r 
level s i n memory .  I n ou r  term s thi s 
woul d mea n tha t  th e even t  leve l  o f  re -
presentatio n woul d contai n onl y thos e 
action s an d goa l  relation s whic h wer e 

incapabl e o f  o f  directl y fulfillin g 
highe r  leve l  goal s o r  thos e whic h neve r 
occu r  excep t  i n th e contex t  o f  a  par -
ticula r  event .  Althoug h i t  remain s t o 
be worke d ou t  i n detai l  ther e i s im -
portan t  suppor t  fo r  thi s vie w whic h 
arise s fro m th e result s o f  ou r  analysi s 
of  reason s int o th e thre e types .  I t 

appear s tha t  thos e action s whic h re -
ceive d reason s o f  th e externa l  typ e ar e 
jus t  thos e whic h ar e susceptibl e o f 
generalization .  Furthe r  suppor t  fo r 
thi s clai m come s fro m lookin g a t  th e 
relatio n o f  th e distinctivenes s ratin g 
of  a n actio n wit h th e typ e o f  reaso n 
give n fo r  it .  I t  turn s ou t  tha t  highl y 
distinctiv e action s ar e thos e whic h 
receiv e exclusivel y interna l  reason s 
and th e les s distinctiv e action s ar e 
thos e whic h hav e reason s whic h refe r  t o 
highe r  leve l  goals .  Recal l  tha t  th e 
distinctivenes s facto r  indicate s th e 
exten t  t o whic h a n actio n exist s out -
sid e o f  a  particula r  event .  Thu s th e 
correlatio n o f  distinctivenes s an d typ e 
of  reaso n provide s evidenc e fo r  th e 
concep t  o f  generalizin g informatio n ou t 
of  th e scrip t  representation .  Fur -
thermor e a  carefu l  analysi s o f  th e 
type s o f  reason s give n fo r  action s ma y 
lea d t o a  principle d wa y t o carr y ou t 
thi s project . 

In this paper we have attempted to 
argu e fo r  th e importanc e o f  recognizin g 

tha t  th e representatio n o f  common ev -
ent s mus t  provid e fo r  a  wid e rang e o f 
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variabil i ty .  Indication s o f  thi s rang e 

ca n b e obtaine d b y examinin g th e var i -
ou s purpose s fo r  th e componen t  actions . 

Our  roug h taxonom y o f  reason s ha s 

yielde d som e evidenc e i n suppor t  o f  a 

model  o f  memor y representatio n whic h 

permit s suc h variability -  Whil e ther e 

ar e stil l  a  numbe r  o f  importan t  issue s 

whic h mus t  b e addressed ,  i t  appear s 

tha t  ther e ar e a  numbe r  o f  theoretica l 
benefit s fo r  considerin g wh y w e d o wha t 

we do . 
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Abstrac t 

We review the major phenomena of skilled typing and propose 
a mode l  o f  th e contro l  o f  th e hand s an d fingers  durin g typing .  Th e 
model  i s base d upo n a n Activation-Trigger-Schem a syste m i n whic h 
a hierarchica l  structur e o f  schemat a direct s th e selectio n o f  th e 
letter s t o b e type d and ,  then ,  control s th e han d an d finger  move -
ment s b y a  cooperative ,  relaxatio n algorith m Th e interaction s o f 
th e pattern s o f  activatio n an d inhibitio n amon g th e schemat a deter -
min e th e tempora l  orderin g fo r  launchin g th e keystroke s T o 
accoun t  fo r  th e phenomen a o f  doublin g errors ,  th e mode l  ha s onl y 
"type "  schemat a - -  n o "token "  schemat a -  wit h onl y a  wea k bindin g 
betwee n th e specia l  schem a tha t  signal s a  doublin g an d it s argu -
ment .  Th e mode l  exist s a s a  workin g compute r  simulatio n an d pro -
duce s a n outpu t  displa y o f  th e hand s an d fingers  movin g ove r  th e 
Keyboar d an d i t  reproduce s som e o f  th e majo r  phenomen a o f  typ -
ing ,  includin g th e interkeypres s latenc y times ,  th e patter n o f  tran -
spositio n error s foun d i n skille d typists ,  an d doublin g error s 
Althoug h th e mode l  i s clearl y inadequat e o r  wron g i n som e o f  it s 
feature s an d assumptions ,  i t  serve s a s a  usefu l  first  approximatio n 
fo r  th e understandin g o f  skille d typing . 

T h e Basi c P h e n o m e n a o f  Typin g 

The fundamental phenomena fall into three categories those 
involvin g timin g o f  keystrokes ,  thos e involvin g errors ,  an d thos e 
Involvin g th e genera l  organizatio n o f  th e typin g proces s I n thi s 
pape r  w e simpl y lis t  th e phenomen a I n a  large r  versio n o f  thi s 
paper ,  th e individua l  phenomen a ar e discusse d an d illustrate d i n 
detai l  (Rumelhar t  &  Norman .  1981 ) 
I: The liminE of keystrokes 
A People can type very quickly. 

B Cros s han d interstrok e interval s ar e shorte r  tha n thos e 
withi n hands . 

C Withi n han d interstrok e interval s appea r  t o b e a  functio n o f 
th e reac h fro m on e han d t o th e nex t 

D Th e tim e fo r  a  particula r  interstrok e interva l  ca n depen d o n 
th e contex t  i n whic h i t  occur s 

E Ther e i s a  negativ e correlatio n betwee n th e inier\al s o n suc -
cessiv e slrokes--especi.ill y  uhe n th e alternat e stroke s CK'Cu r 
on alternat e hand s 

II :  PiKer n o f  Error s 

A Transposition errors 
B Doublin g error s 
C.  Alternatio n reversa l  error s 
D Homologou s error s 
E Captur e error s 
F Omissio n error s 
G Misstroke s 

III: The general organization of typing 
A Skilled typists move their hands towards the keys in parallel 

B Th e unit s o f  typin g see m t o b e largel y a t  th e wor d leve l  o r 
smalle r 

C Sequence s involvin g cros s han d stroke s see m t o tak e longe r 
t o progra m tha n thos e involvin g onl y withi n han d stroke s 

A M o d e l  o f  Typ in g 

We have constructed a model that has the following properties: 

I. control of action sequences by means of schemata; 
2.  selectio n o f  appropriat e moto r  schemat a throug h a  combina -

tio n o f  activatio n valu e an d triggerin g condition ; 
3.  th e representatio n o f  lette r  typin g b y mean s o f  a  pur e typ e 

theor y (i.e. ,  on e wit h n o type-toke n distinction) . 
4.  th e nee d fo r  distribute d (local )  rathe r  tha n concentrate d 

(central )  contro l  o f  movement . 
The basic framework that we follow is called an Activation 
Triggere d Schem a syste m (ATS) .  Th e mode l  consist s o f  a  se t  o f 
schemata ,  eac h wit h activatio n values .  A  schem a ha s a n activatio n 
valu e tha t  reflect s th e tota l  amoun t  o f  excitatio n tha t  i t  ha s 
received .  W h e n appropriat e condition s hav e bee n satisfied ,  a 
schema ma y b e "triggered, "  a t  whic h tim e it s procedure s becom e 
operativ e an d contro l  whateve r  operation s the y specify . 
Figure 1 illustrates the basic structure of the model. The 
model  incorporate s th e A T S syste m plu s specifi c  contro l  mechan -
ism s fo r  th e activation s an d selectio n o f  particula r  han d an d finger 
movements .  Th e inpu t  o f  th e mode l  i s a  strin g o f  character s tha t 
constitut e th e tex t  t o b e type d Th e outpu t  i s a  sequenc e o f  finger 
movements ,  eithe r  displaye d o n a  visua l  computer-controlle d 
displa y a s th e movemen t  o f  th e hand s an d fingers  ove r  a  typewrite r 
keyboard ,  o r  a s a  serie s o f  coordinat e location s fo r  th e relevan t 
bod y parts . 
Figure 2 illustrates the basic assumptions of the activation pro-
ces s usin g th e wor d ver y a s a n example .  First ,  th e schem a fo r  th e 
wor d i s activate d b y th e perceptua l  syste m an d parse r  This ,  i n 
turn ,  activate s eac h o f  th e chil d schemat a fo r  keypresses .  E^c h 
keypres s schem a specifie s th e targe t  position ,  wit h positio n encode d 
i n term s o f  a  keyboar d centere d coordinat e system .  Thes e targe t 
position s ar e sen t  t o th e respons e syste m whic h the n mus t 
configur e th e pal m an d finger  position s properly .  Eac h keypres s 
schema inhibit s th e schemat a tha t  follo w it .  Thi s mean s tha t  prope r 
tempora l  orderin g o f  th e keypres s schemat a i s give n b y th e orderin g 
of  th e activatio n values .  I n addition ,  th e activatio n value s ar e 
noisy ,  whic h lead s t o occasiona l  errors . 

J  PDiil m 

RlWMC Slil W 

*•  ActiMti M 

Figur e 1 .  T h e informatio n processin g syste m involve d i n typing . 
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iniervals .  Moreover ,  th e correlatio n o f  mode l  lime s wll h actua l 
typin g time s fo r  th e 6 6 mos t  c o m m o n bigram s fro m ou r  dat a wit h 
th e dat a o f  6  subject s yield s a n overal l  correlatio n betwee n th e 
model  an d th e average d dat a o f  abou t  0.86 .  Th e fit  i s  no t  bad . 
however ,  th e mode l  clearl y doe s no t  accoun t  fo r  al l  tha t  i s  happen -
in g (Dat a fo r  five  o f  thes e subject s wer e collecte d b y Donal d 
Gentner. ) 
The model does produce errors in typing, the most important 
one s bein g transpositio n errors ,  doublin g errors ,  an d misstroke s 
Th e proportio n o f  error s i n th e mode l  i s  determine d b y th e amoun t 
of  nois e i n th e activatio n levels .  I n ou r  subject' s dat a w e observe d 
transposition s a t  abou t  a  rat e o f  I  fo r  ever y 180 0 keystrokes .  W e 
adjuste d th e nois e leve l  t o yiel d error s a t  a  rat e o f  abou t  I  fo r  ever y 
30 keystrokes .  Despit e th e larg e differenc e i n rate ,  th e basi c pat -
ter n o f  error s i s similar .  Fo r  example ,  a  larg e majorit y (7 6 percent ) 
of  th e transposition s i n th e simulatio n occu r  acros s hand s Thi s i s 
abou t  th e sam e a s ou r  subjec t  an d comparabl e t o value s reporte d 
fo r  others .  A t  th e leve l  o f  nois e employe d i n th e simulation ,  1 7 
doublin g error s wer e generated . 

igur e 2 .  Th e interactio n o f  activation s whe n th e wor d ver y i s t o 
;  typed .  Inhibitio n i s show n b y th e line s wit h soli d circle s a t  thei r 
rmination . 

Th e respons e syste m feed s bac k informatio n t o th e keypres s 
syste m abou t  th e curren t  locatio n o f  th e finger s Wheneve r  th e 
curren t  fmge r  positio n i s withi n som e criterio n distanc e o f  it s  targe t 
position ,  an d th e relevan t  schem a i s th e on e mos t  highl y activated , 
the n th e triggerin g condition s ar e satisfie d an d th e actua l  keystrok e 
I S launched . 

Repeated letters imply that there are no token schemata. 

A doubling error occurs when a word that contains a doubled-
Ictte r  i s  typed ,  bu t  wit h th e wron g lette r  doubled :  bok k instea d o f 
boo k A n alternatio n erro r  i s similar :  thse s instea d o f  these .  Th e 
doublin g erro r  ha s tw o majo r  implications .  First ,  i t  implie s tha t 
ther e ar e specia l  schemat a tha i  sign.n l  th e existenc e o f  double d 
letters ,  an d tha t  occasionall y thes e schemat a ge t  applie d t o th e 
wron g letters ;  th e bindin g betwee n th e doublin g schem a an d it s 
argumen t  i s  wea k Second ,  th e doublin g erro r  implie s tha t  eac h 
lette r  ca n onl y hav e a  singl e keypres s schema ;  onl y "types, "  n o 
"tokens "  I n th e model ,  th e argument s ar e no t  boun d t o th e sche -
mata ,  bu t  ar e establishe d vi a activatio n values .  Afte r  a  keystrok e 
schem a ha s bee n triggere d (an d afte r  th e resultin g launc h o f  th e 
keystroke) ,  thi s keypres s schem a ca n becom e "bound "  t o a  doublin g 
schem a i f  on e exist s wit h a  highe r  activatio n valu e tha n it s o w n 
Becaus e activatio n value s ar e noisy ,  occasionall y thi s lead s t o error s 
i n th e linkin g o f  keypres s schemat a t o a  doublin g schem a (Th e 
existenc e o f  alternatio n error s lead s t o essentiall y  th e sam e conclu -
sion. ) 
Movement 
In the model, each active schema pushes its relevant hand and 
finge r  towar d it s desire d ke y a t  th e sam e time ,  an d th e final  overal l 
configuratio n i s determine d b y th e competitio n amon g thes e forces . 
Each schem a pushe s wit h a  forc e proportiona l  t o it s  activatio n level . 
As a  result ,  th e force s ar e weighte d s o a s t o caus e th e lette r  schem a 
tha t  i s  nex t  i n lin e t o b e type d t o approac h it s ke y mos t  quickly . 
Th e actua l  locatio n o f  eac h finger  i s determine d b y th e s u m o f  th e 
extension s o f  th e finger  an d th e han d T o typ e a  particula r  type -
write r  key ,  i t  i s  onl y necessar y tha t  th e en d positio n b e correct . 
Th e endpoin t  configuratio n i s reache d throug h a n iterativ e relaxa -
tio n proces s tha t  onl y involve s loca l  computatio n Becaus e o f  th e 
unequa l  weightin g o f  activations ,  th e proces s wil l  eventuall y caus e 
th e mos t  highl y activate d schem a t o m o v e it s  finger-palm 
configuratio n t o withi n a  criterio n distanc e fro m it s targe t  key ,  satis -
fyin g th e trigge r  condition s an d launchin g th e keystroke . 

Appraisa l 

In order to evaluate the model, we gave it a text of slightly 
ove r  2.00 0 word s t o type .  Th e patter n o f  keystroke s an d lime s 
wer e collecte d fro m th e simulatio n an d analyze d i n exactl y th e 
same fashio n a s w e ha d analyze d th e dat a fro m ou r  h u m a n subject . 
Overall ,  th e fit  o f  th e mode l  t o th e man y phenomen a o f  typin g i s 
goo d Detaile d analyse s o f  th e mode l  performanc e indicat e tha t  th e 
simulatio n result s d o sho w abou t  th e ligh t  patter n o f  interstrok e 

Conclusio n 

We have constructed a working computer simulation of a model 
tha t  capture s th e appropriat e spiri t  o f  th e phenomen a observe d wit h 
h u m an typists ,  althoug h i t  doe s no t  ye t  offe r  a  complet e accoun t  o f 
th e typin g process .  Despit e th e lac k o f  a n interna l  cloc k o r  "metro -
n o m e"  fo r  liming ,  th e mode l  provide s a  reasonabl y goo d accoun t  o f 
th e timin g pattern s observe d a m o n g skille d typists ,  includin g th e 
predictio n o f  negativ e correlation s amon g successiv e keystrokes ,  a 
characteristi c o f  metronom e model s I n simila r  fashion ,  ther e ar e 
no specifi c  contex t  dependencie s buil t  int o th e mode l  an d ye t  th e 
tim e tha t  i t  take s t o strik e key s depend s upo n th e contex t  i n whic h 
the y occur .  W e hav e n o specifi c  store d timin g pattern s fo r  specifi c 
words ,  ye t  th e mode l  predict s tha t  word s hav e characteristi c tim e 
profiles .  W e hav e n o specifi c  mechanis m fo r  transpositio n errors , 
yet  ou r  mode l  generate s th e correc t  type s o f  transpositio n errors . 
Moreover ,  th e co-ordinativ e structur e assume d withi n th e mode l 
yield s a  qualitativ e emulatio n o f  th e patter n o f  overlappin g move -
ment s show n i n a  hig h spee d film  o f  a  typist . 
A number of conclusions can be drawn from our studies. First, 
th e existenc e o f  doublin g error s strongl y implie s th e existenc e o f  a 
pur e "type "  representatio n o f  th e keyboar d schemata ,  wit h thei r 
argument s onl y loosel y bound .  Second ,  th e natur e o f  th e skil l 
require s simultaneous ,  paralle l  contro l  o f  th e fingers  an d hands ,  an d 
thi s require s som e for m o f  negotiatio n proces s t o tur n th e poten -
tiall y  competitiv e movement s int o cooperativ e ones .  Th e degree s 
of  freedo m proble m ca n b e turne d int o a  degree s o f  freedo m vir -
tu e Third ,  th e mode l  mus t  incorporat e th e entir e environmen t 
withi n whic h th e typis t  operates ,  fro m th e readin g o f  th e text ,  t o 
th e cognitiv e an d moto r  contro l  systems ,  t o th e shape s an d 
mechanica l  characteristic s o f  th e hands ,  finger,  an d keyboar d 
Indeed ,  som e o f  th e limitation s o f  th e curren t  mode l  ma y reall y 
resul t  fro m limitation s o f  h o w wel l  w e deal t  wit h th e environmen t 
surroundin g th e contro l  processes .  Perhap s th e centra l  conclusio n 
t o b e draw n fro m ou r  analysi s o f  typin g deal s wit h th e natur e o f 
skille d moto r  co-ordinatio n W e propos e tha t  th e moto r  contro l 
syste m carrie s ou t  it s  computation s relativel y locall y an d i n parallel . 
We presum e tha t  suc h a  conclusio n wil l  b e prove n fo r  al l  skill s 
involvin g hig h spee d performance . 
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Towar d g  Forma l  Theor y o f  Human 
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Give n tha t  "rel "  ca n b e realize d i n fou r 
differen t  forms ,  thi s syste m generate s 6 4 
differen t  one-ste p inferences ,  an d a  ver y 
larg e se t  o f  two-ste p inferences .  Man y 
common huma n inference s ar e two-ste p 
inference s i n th e system ,  a s fo r  exampl e 
th e functiona l  analog y describe d i n 
earlie r  paper s (Collin s e t  al. ,  1975 ; 
Collins ,  1978a ,  1978b) .  We wil l  tr y t o 
sho w ho w a  variet y o f  huma n protocol s ca n 
be accounte d for ,  give n suc h a  syste m o f 
plausibl e reasoning . 

The tal k wil l  describ e ou r  attempt s t o 
formulat e a  theor y o f  huma n plausibl e 
reasonin g base d o n analysi s o f  people' s 
answer s t o a  larg e numbe r  o f  everyda y 
question s (Collin s 1978a,  1978b) .  Th e 
formalizatio n generate s a  larg e numbe r  o f 
plausibl e inferenc e type s fro m a  smal l 
set  o f  basi c elements . 
The basic elementr, in the theory include: 

argument s 

descr iptors 

references 

terms 

statements 

Vĵ ,  V j ,  etc . 

ai, 32, etc. 

c^, C2, etc. 

aj^(vj^) , a2(v2) , etc. 

^I'^l' = Cj^ : Y 

mutual dependencies aj^ (vj^)<!L5.>a2 (V2) 
betwee n term s 

mutual dependencies a2^(vj^)=c;^''-—>a2(v2)=C2 
betwee n statement s 
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Mutua l  dependencie s ar e bidirectiona l 
reflectin g people' s functiona l  knowledge , 
as betwee n sa y th e likelihoo d o f  a  perso r 
havin g mumps an d als o havin g fever .  I r 
thes e expression s "  ,  6  ,  an d y  ar « 
certaint y parameters :  Y  reflect s th < 
degre e t o whic h a  perso n think s ; 
statemen t  i s true ,  "  reflect s th e degre < 
of  certaint y abou t  th e righ t  han d ter m i t 
a mutua l  dependenc y give n tha t  th e lef t 
hand ter m i s true ,  an d 6  th e certaint y 
i n th e revers e direction . 
There are also four operators that occur 
i n th e rule s o f  inference : 
generalization ,  specification , 
similarity ,  an d dissimilarit y (whic h i s 
th e negativ e operato r  i n th e system) . 
Thes e operator s ar e designate d b y a  "rel " 
i n th e rule s o f  inference . 
The inference rules in the system as 
develope d s o fa r  include :  descripto r 
transform s an d referenc e transform s o n 
bot h statement s an d mutua l  dependencies , 
and derivation s fro m relation s betwee n 
argument s an d fro m relation s betwee n 
term s i n bot h statement s an d mutua l 
dependencies .  Attributio n inferences , 
whic h ar e common i n huma n reasoning ,  ar e 
an elaboratio n o f  thes e basi c inferenc e 
types .  Th e syste m doe s no t  ye t  includ e 
th e rule s fo r  inductio n o f  statement s an d 
mutua l  dependencies ,  no r  th e variou s 
meta-inference s i n th e theor y (Collins , 
1978b )  . 
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The distinctio n betwee n compile d an d inter -
prete d program s play s a n importan t  rol e i n com -
pute r  scienc e an d may b e essentia l  fo r  understand -
in g intelligen t  systems .  Fo r  instanc e program s i n 
a high-leve l  languag e ten d t o hav e a  muc h cleare r 
structur e tha n th e machin e cod e compile d 
equivalent ,  an d ar e therefor e mor e easil y syn -
thesised ,  debugge d an d modified .  Interprete d 
language s mak e i t  unnecessar y t o hav e bot h 
representations .  Further ,  i f  th e interprete r  i s 
itsel f  a n interprete d progra m i t  ca n b e modifie d 
durin g th e cours e o f  execution ,  fo r  instanc e t o 
enhanc e th e semantic s o f  th e languag e i t  i s  inter -
preting .  (Thi s sor t  o f  possibilit y  vitiate s man y 
of  th e argument s i n Fodo r  (1975 )  whic h assum e tha t 
al l  program s ar e compile d int o a  lo w leve l  machin e 
code ,  whos e interprete r  neve r  changes) . 

People who learn about the 
compiled/interprete d distinctio n frequentl y re -
inven t  th e ide a tha t  th e developmen t  o f  skill s  i n 
human being s may b e a  proces s i n whic h program s 
ar e firs t  synthesise d i n a n interprete d language , 
the n late r  translate d int o a  compile d form .  Th e 
latte r  i s  though t  t o explai n man y feature s o f 
skille d performance ,  fo r  instance ,  th e speed ,  th e 
difficult y o f  monitorin g individua l  steps ,  th e 
difficult y o f  interrupting ,  startin g o r  resumin g 
executio n a t  arbitrar y desire d locations ,  th e dif -
ficult y o f  modifyin g a  skill ,  th e fac t  tha t  per -
formanc e i s ofte n unconsciou s afte r  th e skil l  ha s 
bee n developed ,  an d s o on .  On thi s model ,  th e ol c 
joke s abou t  centipede s bein g unabl e t o walk ,  o r 
bird s t o fly ,  i f  the y thin k abou t  ho w the y d o it , 
migh t  b e relate d t o th e impossibilit y  o f  usin g th e 
origina l  interprete r  afte r  a  progra m ha s bee n com -
pile d int o a  lowe r  leve l  language . 

Despite the attractions of this theory ] 
suspec t  tha t  a  differen t  mode l  i s required .  I r 
chapte r  8  o f  Sloma n (1975 )  I  dre w attentio n t c 
familia r  fact s abou t  childre n countin g whic h sug -
ges t  tha t  instea d o f  usin g a  singl e progra m inter -
leavin g th e productio n o f  a  ne w numera l  an d point -
in g a t  a  ne w object ,  the y ru n tw o processe s i i 
parallel ,  usin g a  thir d proces s t o monito r  the i 
and kee p the m i n step ,  o r  abor t  the m i f  the y g e 
to o fa r  ou t  o f  step .  I f  childre n use d a  singl e 
seria l  program ,  repeatin g th e step s 

SAY NEXT NUMBER;  POIN T A T NEXT OBJECT; 
withi n som e kin d o f  loop ,  the n i t  woul d b e impos -
sibl e t o ge t  ou t  o f  step .  Bu t  the y do ,  an d some -
time s spontaneousl y correc t  themselves .  Adult s 
performin g som e task s requirin g tw o sequence s o f 
action s t o b e synchronised ,  fo r  instanc e playin g a 
musica l  instrumen t  wit h tw o hands ,  may experienc e 
simila r  problems . 

The ability to run a program in parallel with 
others ,  usin g a  thir d proces s t o achiev e synchron -
isatio n coul d b e a  powerfu l  sourc e o f  ne w skills . 
For  instance ,  i t  woul d no t  b e necessar y t o writ e a 
new progra m interleavin g th e step s o f  tw o ol d 
ones ,  a s i s require d i n conventiona l  programmin g 
languages .  Provide d bot h program s ar e initiall y 
represente d i n a  for m whic h permit s synchronisa -
tio n wit h message s fro m othe r  processes ,  i t 
becomes possibl e t o synthesis e a  ne w skil l  simpl y 

by runnin g th e tw o ol d program s i n step .  I t  may b e 
necessar y t o develo p ne w perceptua l  skill s  t o 
chec k whethe r  the y ar e i n ste p o r  not ,  bu t  tha t 
sor t  o f  skil l  woul d b e require d i n an y cas e fo r 
monitorin g a  singl e seria l  program .  Similarly , 
instea d o f  re-writin g a  progra m t o cop e wit h dif -
feren t  stoppin g conditions ,  th e sam e progra m coul d 
be execute d an d interrupte d b y differen t  externa l 
monitors :  fo r  instanc e countin g al l  th e buttons , 
countin g ou t  button s til l  there' s on e fo r  eac h 
button-hole ,  coutin g ou t  fiv e buttons . 

If programs are to be run in parallel this 
can b e don e eithe r  b y time-sharin g a  singl e pro -
cessor ,  o r  b y usin g a  networ k o f  processor s whic h 
can wor k i n parallel .  I n principl e th e tw o ar e 
equivalent ,  thoug h tim e sharin g on e processo r 
raise s man y difficultie s i f  eac h o f  th e separat e 
processe s ha s it s ow n requirement s concernin g 
spee d o f  execution ,  synchronisatio n etc .  Further , 
ther e i s plent y o f  evidenc e tha t  huma n an d anima l 
brain s consis t  o f  man y unit s whic h ca n d o thing s 
i n parallel .  I t  i s  therefor e mos t  likel y tha t  i f 
processe s d o ru n i n paralle l  a s suggeste d above , 
the n the y probabl y ru n o n differen t  processors . 

This immediately suggests the possibility 
tha t  di/feren t  processors  may hav e differen t  com -
putationa l  resources .  Fo r  instanc e the y may var y 
i n speed ,  o r  memor y capacity .  Mor e importantly , 
the y may var y i n th e exten t  t o whic h the y hav e 
capabilit y  t o ru n program s o r  th e exten t  t o whic h 
the y hav e acces s t o mechanism s require d fo r  syn -
thesisin g procedures ,  monitorin g them ,  debuggin g 
them ,  interruptin g an d restartin g them ,  relatin g 
executio n step s t o goal s an d percepts ,  an d s o on . 

Thus there might be some processors with all 
th e facilities  require d fo r  developin g programs , 
and othe r  processor s capabl e onl y o f  runnin g th e 
programs .  I f  full y  develope d an d teste d program s 
produce d b y th e forme r  ar e shipppe d ou t  t o th e 
latte r  processor s fo r  execution ,  the n thi s coul d 
produc e th e kind s o f  phenomena ,  mentione d abov e 
whic h sugges t  t o man y peopl e tha t  compilatio n ha s 
occurred .  B y contrast ,  ou r  mode l  doe s no t  requir e 
a chang e o f  representation ,  merel y a  chang e t o a 
differen t  interpreter .  Th e firs t  proces s migh t 
develo p th e genera l  structur e o f  a  skil l  o r  abil -
ity ,  perhap s leavin g som e o f  th e fin e tuning , 
adjustmen t  o f  parameter s an d thresholds ,  etc. ,  t o 
be don e a t  lowe r  level s whil e th e progra m i s ru n 
by a  differen t  machine . 

A theory along these lines could explain how 
many skill s  (e.g .  musica l  performance )  migh t  b e 
learn t  b y learnin g variou s subskill s  whic h ar e 
subsequentl y pu t  together .  Th e synchronisatio n o f 
tw o ol d skill s  migh t  involv e th e developmen t  o f  a 
new thir d skill ,  whic h wil l  ru n i n paralle l  wit h 
them .  (Tr y openin g an d shuttin g you r  mout h an d 
you r  fis t  repeatedl y i n time .  The n tr y doin g i t 
out  o f  phase. )  Mor e comple x skill s  migh t  involv e 
an extende d hierarch y o f  sub-processe s som e o f 
whic h contro l  others .  Some sor t  o f  synchronisatio n 
betwee n largel y independen t  processe s i s i n an y 
cas e require d fo r  co-ordinatin g visua l  perceptio n 
wit h movemen t  o f  limbs . 

There are different ways in which synchroni-
satio n migh t  b e achieved .  Th e difficult y o f  play -
in g a  pian o piec e wher e th e lef t  an d righ t  han d 
use differen t  beats ,  suggest s tha t  sometime s th e 
co-ordinatio n o f  tw o o r  mor e low-leve l  machine s 
require s synchronisatio n signal s linke d t o suit -
abl e point s i n th e programs .  Synchronisatio n 
coul d mak e us e o f  globa l  timin g signals ,  share d 
betwee n al l  processes .  Alternatively ,  differen t 
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group s o f  processe s migh t  us e thei r  ow n synchroni -
satio n signals .  (Th e forme r  woul d limi t  th e numbe r 
of  differen t  task s reouirin g differen t  rhythmi c 
pattern s whic h coul d b e performe d i n parallel. ) 
Further ,  som e kind s o f  synchronisatio n migh t  us e a 
sor t  o f  variabl e representatio n o f  spee d (lik e a 
throttle) ,  a s i s suggeste d b y th e co-ordinatio n o f 
comple x danc e movement s o r  th e han d an d foo t  move -
ment s neede d t o driv e a  car . 

It is possible that other things besides tim-
in g ca n b e co-ordinated .  Fo r  instanc e i n playin g 
musi c wit h tw o hands ,  phrasing ,  stres s an d volum e 
can b e co-ordinated ,  an d th e sam e piec e may b e 
playe d wit h differen t  superimpose d 'expression' , 
suggestin g tha t  ther e i s a  supervisor y progra m 
whic h control s th e wa y th e sub-program s ar e 
executed.  S o beside s timing ,  i t  seem s tha t  a t 
leas t  amplitude s an d smoothnes s o f  executio n ca n 
be externall y controlled . 

If complex actions involve many different 
processe s runnin g i n parallel ,  the n interruptin g 
and re-organisin g th e processe s may b e a  ver y com -
ple x matter .  Suc h disturbance s see m t o pla y a 
rol e i n som e emotiona l  state s fo r  instanc e whe n 
you los e you r  balance ,  o r  ar e startle d b y a  fac e 
see n suddenl y a t  a  windo w (Sloma n 1981) . 

There are at least two different ways in 
whic h a  progra m migh t  b e "shippe d out "  t o a  lowe r 
leve l  proces s afte r  bein g synthesise d b y a  "cen -
tral "  processor .  Th e whol e progra m migh t  b e copie d 
int o th e memor y o f  th e ne w processor .  Alterna -
tively ,  ther e migh t  b e common acces s t o som e 
memory,  wit h ne w processor s bein g tol d t o ge t 
thei r  instruction s fro m th e ver y sam e data -
structur e buil t  b y th e program-synthesiser .  Th e 
forme r  migh t  b e mor e suitabl e wher e ther e i s n o 
shortag e o f  processor s o r  memor y space ,  o r  wher e 
ther e i s a  shortag e o f  rapi d acces s communicatio n 
paths .  Th e latte r  migh t  b e appropriat e wher e pro -
cessor s hav e t o b e re-use d fo r  differen t  purposes , 
and wher e subsequen t  modification s t o th e program , 
achieve d b y th e higher-leve l  machine ,  shoul d b e 
immediatel y availabl e t o th e lowe r  levels . 

There are many problems and gaps in this 
theor y sketch ,  includin g unknow n trade-offs .  I s 
ther e onl y on e program-synthesisin g machine ,  o r 
ar e ther e several ,  allowin g mor e tha n on e ne w 
skil l  t o b e learn t  a t  a  time ? (E.g .  Learnin g a 
new poe m a t  th e sam e tim e a s learnin g a  ne w scal e 
on th e piano ? Learnin g th e word s o f  a  son g a t  th e 
same tim e a s learnin g th e tune? )  I s ther e a  ver y 
larg e numbe r  o f  processor s availabl e fo r  executin g 
program s i n parallel ,  o r  onl y a  smal l  numbe r  (e.g . 
seve n plu s o r  minu s two? )  Th e forme r  woul d allo w 
arbitraril y  comple x hierarchicall y organise d 
skill s  t o b e developed ,  subjec t  possibl y onl y t o 
th e constrain t  tha t  a  singl e globa l  synchronisin g 
'beat '  i s  t o b e share d betwee n the m all .  Ho w dee p 
can th e paralle l  proces s hierarchie s get ? T o wha t 
exten t  i s horizonta l  communicatio n acros s th e 
hierarchie s possible ? What  happen s i f  th e centra l 
processo r  an d a  low-leve l  processo r  bot h attemp t 
t o ru n th e sam e program ? (Breathin g seem s t o b e a n 
exampl e wher e thi s migh t  occur ,  sinc e i t  i s  con -
trolle d intelligentl y i n speaking ,  singing ,  etc . 
i n additio n t o bein g a n 'automatic '  process. ) 
Perhap s th e runnin g i s alway s don e b y a  lower -
leve l  processor ,  bu t  sometime s unde r  th e contro l 
of  th e mor e intelligen t  progra m sythesiser ? Ho w 
ar e th e primitiv e instruction s route d fro m proces -
sor s t o stil l  lowe r  leve l  processors ,  e.g .  t o 

muscles ? I f  program s ar e physicall y copie d int o 
th e lowe r  leve l  processors ,  the n ca n processor s b e 
re-use d durin g th e proces s o f  developmen t  an d de -
buggin g a  skill ? I s ther e som e sor t  o f  garbag e 
collectio n o f  processors ? Simila r  question s aris e 
abou t  th e spac e require d fo r  th e alternativ e sys -
te m wher e differen t  processor s acces s th e sam e 
progra m store d i n th e sam e location .  Ca n storag e 
spac e fo r  instruction s b e re-used ? Ho w ar e ne w 
processor s an d ne w storag e spac e allocated ? D o 
th e differen t  processor s shar e limite d resource s 
of  som e kind ,  e.g .  memor y o r  'fuel' ,  o r  ar e the y 
trul y independent ? Doe s thi s hierarchica l  paral -
le l  organisatio n o f  "motor "  skill s  als o pla y a 
rol e i n othe r  abilities ,  e.g .  perception ,  languag e 
understanding ,  problem-solving ? What  ar e th e 
implication s o f  al l  thi s fo r  ou r  understandin g o f 
consciousness ? I s i t  possibl e tha t  man y o f  th e 
lowe r  level s us e computationa l  resource s o f  type s 
whic h firs t  evolve d i n muc h les s intelligen t 
organisms ? Ho w di d th e newer ,  mor e sophisticate d 
mechanism s evolve ? 
This is a short list of questions I cannot 
now answer .  I  don' t  claim  t o hav e offere d a 
theory .  A t  bes t  i t  i s  a  researc h progra m whic h may 
produc e explanator y theorie s on e day . 
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Cognitiv e Styl e an d th e Learnin g o f  a  Firs t 
Compute r  Languag e 

M.J .  Coombs 
Man-Compute r  Communicatio n Researc h Grou p 

Compute r  Laborator y 
Universit y o f  Liverpoo l 

Liverpool ,  L6 9 IB X 
U.K. 

1.  Individuc. -  Difference s an d Computin g Skill s 

It is commonly asserted that the learning of 
computin g skill s  i s  subjec t  t o marke d individua l 
difference s (e.g .  Weinberg ,  1971 ;  Gould ,  1975 ; 
du Boula y an d O'Shea ,  1901) .  Suc h difference s ar e 
of  considerabl e importanc e fo r  bot h practica l  an d 
theoretica l  reasons .  First ,  a n analysi s o f 
successfu l  an d unsuccessfu l  learnin g strategie s 
shoul d provid e dat a o n th e natur e o f  computin g 
informatio n an d th e skill s  require d fo r  it s 
acquisition .  Thi s infornatio n woul d ai d i n th e 
desig n o f  system s fo r  guidin g th e rapidl y increasing, 
populatio n o f  compute r  user s wh o ar e no t  compute r 
professionals .  Secondly ,  th e existenc e o f  clea r 
individua l  difference s shoul d provid e a n idea l 
environmen t  fo r  explorin g th e relationship s betwee n 
learnin g strateg y an d cognitiv e performance . 

Research was therefore undertaken with these 
tw o objective s i n mind ,  bu t  emphasisin g th e first . 
Work wa s conducte d i n tw o stages : 

the identification of the main parameters 
of  learnin g styl e relate d t o th e learnin g 
of  a  firs t  compute r  language ; 

the definition of interactions between 
style ,  strateg y an d knowledg e 
representation . 

2. Stage 1: Four Programming Studies 

In order to characterize the relationship 
betwee n learnin g styl e an d th e acquisitio n o f 
programmin g skill s  an d t o provid e earl y applicabl e 
results ,  researc h wa s conducte d o n scienc e an d 
engineerin g postgraduat e student s takin g a 
standar d introductor y FORTRAN cours e (Coomb s e t  al. , 
1981) . 

A research methodology was used in which 
subject s wer e presente d wit h tw o tasks :  a  "targe t 
task "  fo r  th e assessmen t  o f  programmin g skill , 
and a n "indicato r  task "  fo r  th e assessmen t  o f 
learnin g style .  Th e objectiv e wa s t o characteriz e 
performanc e o n th e targe t  task ,  about  whic h littl e 
was known ,  wit h referenc e t o performanc e o n th e 
indicato r  task .  I t  wa s thu s importan t  tha t  th e 
indicato r  tas k wa s well-founde d an d ha d som e 
clearl y define d relationshi p wit h th e targe t  task . 

Two programming tests were devised for the 
targe t  task ,  followin g th e findin g (Coombs ,  1977 ) 
tha t  recal l  o f  th e unit s o f  procedura l  informatio n 
may b e independen t  o f  abilit y  t o recal l  th e unit s 
i n thei r  correc t  order .  Th e firs t  tes t  th e 
Statemen t  Tes t  wa s devise d t o asses s learnin g o f 
th e forma t  an d operatio n o f  individua l  FORTRAN 
structure s an d require d th e idoal i  Cicatio n o f 
appropriat e error s i n 3  shor t  program s (2 1 i n 5 6 
line s o f  program) .  Th e secon d tes t  th e Logi c 
Tes t  wa s devise d t o asses s abilit y  t o assembl e 
individua l  structure s int o successfu l  programs . 
Subject s wer e presente d wit h 3  deck s o f  cards , 
eac h comprisin g a  complet e program .  Th e card s 
wer e give n i n rando m orde r  an d subject s wer e 
require d t o reconstruc t  th e origina l  program . 

Selectio n o f  a n Indicato r  tas k prove d 
difficul t  becaus e o f  th e poorl y understoo d an d 
unstabl e relationship s betwee n test s o f  cognitiv e 
style .  A  tes t  wa s therefor e use d whic h ha d 
significan t  feature s i n common wit h th e skill s 
assesse d b y th e targe t  tasks .  A  suitabl e 
classificatio n o f  individua l  difference s wa s 
foun d i n th e Operatio n Learning/Comprehensio n 
Learnin g distinctio n propose d b y Pas k (1975) . 
The distinctio n wa s founde d i n a  well-elaborate d 
theor y Conversatio n Theor y an d a  tes t  wa s 
availabl e th e Spy-Rin g Histor y Test . 
Pask's categories are defined witliin two 
basi c dimension s o f  huma n informatio n 
processing :  a )  th e managemen t  o f  dat a selecte d 
fro m th e worl d (attention) ;  b )  th e menta l 
representatio n o f  tha t  dat a (menta l  mode l 
building) .  Th e attentio n dimensio n draw s th e 
binar y distinctio n betwee n loca l  an d globa l 
feature s o f  a  subjec t  material .  Th e 
representatio n dimensio n draw s th e distinctio n 
betwee n representatio n o f  ne w informatio n i n 
term s o f  description s an d i n term s o f 
procedure s t o b e use d fo r  it s generatio n fro m 
previousl y acquire d information .  Give n 
interaction s betwee n th e dimensions ,  Pas k 
propose s tw o basi c cognitiv e styles :  operatio n 
learning ,  (procedur e buildin g usin g low-level , 
loca l  information) ;  comprehensio n learnin g 
(descriptio n buildin g wit h attentio n t o globa l 
features )  .  Student s biase d toward s operatio n 
learnin g ar e thu s abl e t o lear n rules ,  method s 
and details  bu t  ar e unawar e o f  ho w an d wh y 
the y fi t  together .  Comprehensio n learner s lear n 
an .overal l  pictur e o f  th e subjec t  matte r  bu t 
may no t  b e abl e t o perfor m th e operation s t o 
use it .  Comprehensio n o f  th e informatio n 
exist s i n th e absenc e o f  rule s o r  operationa l 
meanin g an d i n ignoranc e o f  detail s require d 
fo r  th e informatio n t o b e used . 
The procedural aspect of computing provides 
a conceptua l  lin k betwee n cognitiv e styl e an d th e 
programmin g tests ,  i t  bein g ou r  contentio n tha t 
learner s wit h a n operatio n bia s woul d hav e a  dua l 
advantag e o f  th e Logi c Tes t  bu t  n o advantag e o n 
th e Statemen t  Test .  Wit h th e Logi c Test ,  operatio n 
learner s woul d b e expecte d t o atten d durin g th e 
learnin g o f  a  laiiguag e structur e t o it s interna l 
logic .  However ,  comprehensio n learner s woul d onl y 
attemp t  t o remembe r  th e globa l  feature s o f  th e 
structure ,  makin g n o clos e distinctio n betwee n th e 
essentia l  feature s an d thos e arisin g fro m it s 
illustrativ e context .  A  comprehensio n learne r 
woul d b e expecte d t o accep t  th e exampl e a s give n 
and alway s wor k withi n th e framewor k unti l  h e wa s 
presente d wit h a  different ,  example .  Th e operatio n 
learne r  woul d thu s hav e a n advantag e whe n face d 
wit h th e Logi c Test ,  becaus e h e woul d hav e a  clea r 
ide a o f  th e essentia l  feature s o f  th e structur e 
independen t  o f  context .  Structure s coul d 
therefor e b e readil y assembled ,  withou t 
interference ,  t o complet e th e proble m program . 
The operatio n learne r  woul d als o b e expecte d t o 
gai n a  secon d advantag e b y applyin g a n 
operatio n strateg y t o th e proble m itself . 
The Statement Test would not be expected to 
be s o sensitiv e t o learnin g style ,  al l  error s 
bein g containe d withi n individua l  statement s an d 
not  bein g relate d t o th e logi c o f  th e programs . 
They shoul d therefor e b e iaentiflabi e fro m 
incidenta l  learnin g o f  th e surfac e feature s o f 
th e language .  The y woul d no t  'loo k right '  t o 
anyon e wh o ha d bee n expose d t o FORTRAN, 
irrespectiv e o f  hi s understandin g o f  th e working s 
of  th e language . 
Four programming studies were conducted on 
differen t  group s o f  student s attendin g a  standar d 
FORTRAN course ,  th e onl y additio n bein g a  reques t 
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3.  stag e 2 :  Cognitiv e Styl e t o Learne r  Strateg y 

The research reported above focussed on the 
rol e o f  cognitiv e styl e i n learning .  However ,  i n 
orde r  t o appl y th e finding s t o designin g educationa l 
and guidanc e system s fo r  unsuccessfu l  students ,  on e 
must  translat e styl e int o strategy .  Protoco l  dat a 
therefor e wa s collecte d durin g th e first ,  thir d an d 
fourt h programmin g stud y o n subjects '  learnin g 
activitie s durin g th e lecture s an d practlcals .  I n 
th e fourt h stud y a  compute r  base d concep t  elicita -
tio n techniqu e wa s use d t o recor d th e changin g 
understandin g o f  concept s durin g th e course .  Th e 
protoco l  studie s concentrate d o n subject s wit h a n 
extrem e operatio n learnin g (10 )  an d extrem e 
comprehensio n learnin g (8 )  bias . 
The research has provided a description of 
tw o classe s o f  strategi c element :  thos e concerne d 
wit h menta l  processin g an d thos e concerne d wit h 
learnin g activities .  Fro m thes e tw o classe s i t  i s 
possibl e t o identif y mode l  strategie s whic h ar e 
simila r  t o competenc e model s i n linguistics .  I n 
th e presenc e instanc e ou r  mode l  strategie s als o 
hav e sufficien t  empirica l  foundatio n t o provid e a 
basi s bot h fo r  plannin g furthe r  researc h an d 
guidin g instruction . 
Learning to use any symbol system requires 
th e studen t  bot h t o progressivel y identif y 
acceptabl e structure s an d t o appl y the m t o som e 
processin g objective .  Moreover ,  th e competen t  us e 
of  a  symbo l  syste m implie s th e abilit y  t o perceiv e 
structure s a t  man y differen t  level s (Va n Dijk , 
1977) .  A  symbo l  system ,  therefore ,  ha s bot h 
microstructur e an d macrostructure .  Bot h level s 
shoul d b e bor n i n min d whe n interpretin g ou r 
findings .  Gree n e t  a l  (1981 )  emphasise s th e 
importanc e o f  macrostructur e fo r  th e writin g an d 
debuggin g o f  programs . 
Operation learners appear to actively use 
bot h lectur e an d practica l  sessions .  Th e forme r 
ar e use d fo r  recordin g facts ,  th e learne r  ensurin g 
tha t  th e lecturer' s statement s an d example s ar e 
recorde d accuratel y i n full .  Example s ar e als o 
recorde d carefully ,  th e operatio n learner' s 
prioritie s bein g a )  t o cop y th e example ,  b )  t o 
follo w th e lecturer' s analysi s o f  th e logica l 
relation s betwee n statements ,  c )  t o conside r 
alternativ e method s o f  achievin g th e sam e 
programmin g objective .  I n b )  an d c )  th e operatio n 
learne r  work s fro m "inside "  th e code ,  payin g clos e 
attentio n t o th e logica l  relation s betwee n 
statements .  B y followin g thes e activities ,  th e 
studen t  leave s th e lectur e wit h a n accurat e an d 
relativel y uninterprete d recor d o f  th e structure s 
discusse d an d th e example s given ,  an d understandin g 
th e interna l  logi c o f  mos t  o f  th e exanples . 

The major learning activity of operation 
learner s take s plac e durin g practicals .  Her e the y 
continu e t o buil d thei r  knowledg e o f  th e functiona l 
relation s betwee n low-leve l  languag e structure s s o 
leadin g t o a  knowledg e o f  usefu l  macrostructures . 
Thi s agai n appear s t o b e achieve d fro m th e "inside " 
by ,  fo r  example ,  seekin g variou s combination s o f 
statement s whic h wil l  achiev e th e sam e processin g 
objective .  Operatio n learner s thu s buil d 
considerabl e knowledg e o f  th e computationa l 
possibilitie s o f  combination s o f  statement s an d 
rapidl y develo p a  ric h sens e o f  macrostructure . 
The compute r  i s itsel f  th e instructor ,  referenc e 
onl y bein g mad e t o externa l  informatio n suc h a s 
th e principle s behin d th e loca l  implementatio n o f 
FORTRAN o r  th e desig n o f  th e loca l  operatio n 
syste m whe n prompte d b y a  progra m failur e whic h 
canno t  otherwis e b e corrected .  Throug h th e 
practicals ,  th e operatio n learne r  develop s a n 
understandin g o f  th e logi c o f  progra m desig n 
and skill s  relate d t o debuggin g an d avoidanc e o f 
errors . 

Comprehensio n learners ,  however ,  adop t  a 
ver y differen t  distributio n o f  activity .  Durin g 
lecture s the y attemp t  t o achiev e wha t  th e 
operatio n learne r  reserve s fo r  practica l  sessions . 
The comprehensio n learne r  perform s significan t 
"o n line "  processin g an d i s rarel y full y  engage d 
i n simpl y reportin g fact s an d examples .  H e 
rarel y take s verbati m notes ,  rathe r  recordin g th e 
abstracte d o r  generalize d result s o f  hi s 
processin g o f  th e lectur e material .  Suc h 
processin g is ,  o f  course ,  carrie d ou t  withou t  th e 
ai d o f  th e computer .  Significan t  structur e i s 
therefor e determine d b y referenc e b o externa l 
source s o f  informatio n fro m relate d domain s suc h 
as FORTRAN desig n principle s o r  detail s 
concernin g th e loca l  machine .  Wher e relevan t 
informatio n i s no t  available ,  th e comprehensio n 
learne r  tend s t o creat e determinin g principle s 
fo r  himsel f  rathe r  tha n stor e th e low-leve l 
informatio n i n unintegrate d form .  Th e 
comprehensio n learne r  thu s leave s th e lectur e 
wit h represntation s o f  languag e structure s 
whic h hav e bee n determine d t o som e exten t  b y 
factor s externa l  t o FORTRAN an d whic h hav e neve r 
been validate d b y a n actua l  compute r  run . 
Moreover ,  hi s knowledg e o f  structur e doe s no t 
tha t  student s complet e th e Spy-Rin g Histor y Tes t 
earl y i n th e cours e an d th e prograranin g test s a t 
th e end .  A  tota l  sampl e o f  4 2 subject s complete d 
al l  task s ove r  a  mai n stud y an d fou r 
replications .  Th e Spy-Rin g Tes t  yielde d fo r 
eac h subjec t  a  scor e o f  operation ,  comprehensio n 
and incidenta l  learning .  Th e Logi c Tes t  wa s 
score d usin g a  coun t  o f  simpl e first-orde r 
transitiona l  error s an d th e Statemen t  Tes t  wa s 
score d usin g th e signal-detectio n theor y measur e 
of  P(A) .  Relationship s wer e assesse d usin g 
Pearso n Correlatio n Coefficients . 

The results for all these studies revealed 
one stabl e significan t  relationshi p (.0 5 level ) 
betwee n th e exercis e o f  operatio n learnin g an d th e 
Logi c Test .  Interpretin g thi s result  usin g Pask' s 
(1975 )  theor y an d ou r  ow n confirmator y 
factor-analysi s o f  th e Spy-Rin g Test , 
i t  wa s conclude d tha t  th e skil l  o f  assemblin g 
statement s int o program s wa s bes t  acquire d b y 
subject s who : 

paid close attention to details; 
-  systematicall y abstracte d th e critica l 

feature s o f  programmin g structures ; 
-  represente d structura l  relation s i n 

rul e form . 
Evidence of the relationship between cognitive 
styl e an d th e Statemen t  Tes t  wa s inconclusive , 
althoug h contrar y t o ou r  hypothesi s ther e 
appeare d t o b e a  wea k relationshi p wit h operatio n 
learning . 
From results at this stage it was possible 
t o mak e 4  assertion s concernin g th e learnin g o f 
FORTRAN: 
1) One can define at least 2 different 

learnin g style s i n a  populatio n o f 
novic e compute r  users . 

2)  Thos e exhibitin g significan t 
operatio n learnin g ar e mor e successfu l 
at  assemblin g languag e structure s int o 
an effectiv e algorithm . 

3)  Th e successfu l  learnin g styl e i s 
define d b y clos e attentio n t o detai l 
and a  preferenc e fo r  procedura l 
representation . 

4)  Successfu l  identificatio n o f 
individua l  languag e structure s i s 
independen t  o f  learnin g style . 
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develo p beyon d thi s poin t  becaus e h e als o fail s  t o 
tak e advantag e o f  practical s t o conduc t 
validation .  Th e comprehensio n learne r  thu s leave s 
a course  wit h a  descriptiv e knowledg e o f  individual , 
low-leve l  structure s bu t  n o reliable ,  teste d 
knowledg e o f  raacrostructure. 

5. Some Final Remarks 

The above accounts suggest that all students 
shoul d b e encourage d t o us e a n operationa l  strategy . 
However ,  Pas k (1976 )  propose s tha t  comprehensio n 
learner s shoul d b e lef t  wit h thei r  natura l  styl e 
but  with : 

accurate conceptual and supporting 
information ; 
encouragemen t  t o solv e problem s i n a 
structure d environment . 

It may be argued that the unique 
characteristic s o f  FORTRAN an d th e specifi c 
natur e o f  th e Liverpoo l  cours e mak e genera l 
proposal s premature .  Whils t  acceptin g thi s 
possibility ,  w e believ e tha t  th e effect s o f 
operatio n an d comprehensio n style s ar e 
sufficientl y universa l  tha t  simila r  difference s 
wil l  b e foun d wit h othe r  language s an d computin g 
situations .  Althoug h difference s i n detai l  may 
exist ,  w e propos e tha t  whils t  programmin g require s 
precis e specificatio n o f  code ,  an d whils t 
language s fai l  t o mak e raacrostructure  perceptuall y 
eviden t  an d ar e implemente d o n machine s no t 
easil y modelle d b y th e novice ,  simila r  effect s 
wil l  b e found . 
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THE CONCEPT OF E-HACHINE :  ON BRAI N HARDWARE 
AND TH E ALGORITHMS OF THINKIN G 

Victor Eliashberg 

Varian Associates, Palo Alto 

The goal of this paper is to call in question 
th e popula r  thesi s tha t  th e proble m o f  th e algo -
rithm s performe d b y th e brai n (algorithm s o f  thin -
king )  ha s bu t  littl e t o d o wit h th e proble m o f 
brai n hardware .  Th e pape r  present s a  simpl e exam -
pl e o f  a  "brain-like "  universa l  associativ e pro -
cesso r  (referre d t o a s E-machine )  fo r  whic h suc h a 
thesi s woul d b e obviousl y inadequate .  Mor e sopliis -
ticate d example s o f  E-machine s wer e studie d i n Eli -
ashber g (1979) . 

1.  A  SIMPL E EXAMPLE OF E-MACHIN E 

Consider the "neural" network schematically 
shown i n Fig .  1 .  Th e bi g circle s wit h incomin g 
and outgoin g line s represen t  centers ,  element s 
whic h ar e assigne d certai n discret e coordinate s i n 
th e network .  Th e smal l  circle s denot e couplings , 
element s whos e plac e i n th e networ k i s determine d 
by a  pai r  o f  coordinate s o f  centers .  A  cente r  may 
be viewe d a s a  neuro n wit h it s dendrite s an d axo n 
or  a  neura l  subsyste m tha t  may b e treate d a s a 
"reduce d neuron" -  A  couplin g may b e interprete d 
as a  synaps e o r  a  "reduce d synapse" ,  th e whit e 
and th e blac k circle s correspondin g t o th e exci -
tator y an d inhibitor y synapse s respectively .  Usin g 
th e terminolog y o f  Naut a an d Feirta g (1979) ,  th e 
networ k o f  Fig .  1  may b e characterize d a s a  three -
neuro n nervou s syste m (i t  ha s thre e neuron s i n a 
pat h betwee n it s inpu t  an d output) .  Some simpl e 
animal s hav e two -  an d eve n one-neuro n nervou s sys -
tems ,  s o th e networ k o f  Fig .  1  may b e viewe d a s a 
morphologica l  mode l  correspondin g t o a  rathe r  ad -
vance d stag e o f  th e evolutio n o f  th e brain .  Accor -
dingly ,  on e may expec t  t o ge t  som e interestin g 
informatio n processin g characteristic s i n a  neuro -
biologicall y reasonabl e functiona l  model  o f  thi s 
network .  Tlierefor e t o reac h th e goa l  o f  thi s pa -
per  i t  seem s sufficien t  t o sho w wh y th e traditio -
nal  brain-hardware-independen t  approac h t o th e 
proble m o f  th e algorithm s o f  thinkin g woul d fai l 
t o adequatel y describ e th e psychologica l  proper -
tie s o f  a n anima l  wit h suc h a  simpl e nervou s sys -
tem.  S o muc h th e mor e may thi s approac h b e in -
adequat e i n th e cas e o f  huma n brain . 
NOTATION. 
Nj(i )  i s  th e i-t h cente r  fro m th e se t  N. . 
S^-(i,i' )  i s  th e (i,i')-t h couplin g fro m th e se t 

^k j  • 
V i s discret e tim e (th e numbe r  o f  cycle) . 
x(",v )  i s  th e inpu t  vecto r  o f  th e model .  (Th e do t 

substitute d fo r  a n inde x implie s tha t  th e 
whol e se t  o f  component s correspondin g t o 
thi s inde x i s assumed) . 

G''(",i )  i s  th e vecto r  o f  gain s o f  coupling s 
S2i(i,') .  Thi s vecto r  wil l  b e interprete a 
as th e symbo l  store d i n th e i-t h locatio n o f 
inpu t  long-ter m memor y (ILTM )  o f  th e model . 

E(i,v )  i s  a  variabl e describin g a  hypothetica l 
stat e o f  "residua l  excitation "  (E-state ) 
associate d wit h cente r  N2(i) .  Suc h a  sta -
t e migh t  b e interprete d a s a  certai n phe -
nomenologica l  counterpar t  o f  th e concent -
ratio n o f  a  chemica l  participatin g i n a 
slo w reversibl e reaction .  Accordingly ,  i n 
d mor e sophisticate d mcwie l  on e may introdu -
ce severa l  type s o f  L-states .  Sucl i  state s 

wil l  b e viewe d a s th e state s o f  distribute d 
"non-symbolic "  short-ter m memor y o f  th e mo -
del . 

U„(i,v )  i s  th e (postsynaptic )  potentia l  o f  cente r 
N2(i) . 

J^U,^ )  i s th e outpu t  signa l  o f  N2(i) . 

Gy{",i )  i s  th e vecto r  o f  gain s o f  coupling s 
^ 3 2 ^ ' ^ ^  interprete d a s th e symbo l  store d i n 
th e i-t h locatio n o f  outpu t  long-ter m memo-
r y (OLTM )  o f  th e model .  Fo r  th e sak e o f 
simplicit y w e wil l  assum e tha t  th e stat e o f 
long-ter m memor y (ILT M an d OLTM)  i s forme d 
befor e th e firs t  moment  o f  observatio n an d 
doesn' t  chang e later ,  i.e .  w e wil l  avoi d th e 
proble m o f  learning . 

y(',v )  i s  th e outpu t  vecto r  o f  th e model . 
I n a  rathe r  genera l  for m a  functiona l  model 

of  th e networ k o f  Fig .  1  wit h th e abov e input ,  sta -
te ,  an d outpu t  variable s may b e describe d a s th e 
followin g machine . 

y(-,v )  -  Fy(x(-,v),E(-,v) ,  G"C,-) ) 

E(-,V+1 )  •« -  Fg(x(-,V),E(-,V) ,  G"(-,-)) ,  wher e 

Fy i s th e otpu t  procedure ,  F g i s th e nex t  E-stat e 
procedure ,  G"=G'',Gy .  A s i t  wa s mentione d abov e 
i n thi s pape r  w e ar e no t  concerne d wit h th e nex t 
G-stat e procedur e an d trea t  th e variabl e G"(',' ) 
as a  parameter . 

For  th e goa l  o f  thi s pape r  i t  i s  sufficien t 
t o mak e rathe r  simpl e assumption s abou t  F  an d Fg . 
What  i s importan t  fo r  thi s goa l  i s  th e presenc e o f 
E-state s rathe r  tha n th e detail s o f  thei r  interac -
tio n wit h th e inpu t  vecto r  an d th e G-stat e an d th e 
detail s o f  thei r  dynamics .  Wit h tha t  i n min d le t 
us introduc e th e followin g "quasi-neural "  descrip -
tio n o f  F  an d Fg .  (Th e reade r  wit h a n appropri -
at e backgroun d wil l  b e abl e t o fin d man y othe r 
description s o f  thes e procedure s satisfyin g th e re -
quirement s o f  thi s paper) . 

OUTPUT PROCEDURE,  F  : 

The potential U2(i,v) is the following func-
tio n o f  x(',v),E(i,v )  an d G'̂ (-,i ) 

(1) Ujd.v) S(i,v)-[1 + a-E(i,v)], where 

(2) S(i,v) I G''(j,i).x(j,v) , i=l,...no 
(J ) 

The layer of centers N„ with lateral inhibi-
tor y coupling s S2 2 perform s th e rando m equall y pr o 
babl e choic e o f  a  center ,  N j d g ) ,  fro m th e subse t 
of  center s wit h th e maximu m potentia l  (Eliashberg , 
1969 ,  1979) .  I t  i s  assume d tha t  ther e i s som e no -
ise . 
(3 )  J^( i '•»>'{ ;  ; l ' " °  , 2^  '  L  0  ,  wher e 

(4 )  î r e M(V) = {i/U2(i ,  )=max,^,U2(i,v )  >  O} 

We ar e usin g ALGOL-lik e notation,: ^  -.t o 
denot e th e operato r  o f  rando m equall y 
probabl e choic e o f  a n elemen t  fro m a 
set . 

The outpu t  vecto r  i s determine d a s follow s 
(5 )  y(-,V )  r  Gy(-,i)-.72(i,v ) 

(i ) 

NEXT E-STAT E PROCEDURE ,  F  : 
'  e 

The dynamic s o f  E-stat e i s describe d b y th e 
firs t  orde r  differenc e equation ,  th e tim e cons -
tant ,  T(i) ,  o f  thi s equatio n dependin g o n whethe r 
E(i,v )  increases ,  t(i)=T''' ,  o r  decreases ,  T(i)= T 

289 



(6 )  T(i)-[E(i,v)-E(i,v) ]  =  S(i,v)-E(i,v )  , 

where 

(7 )  T(i )  ^f"^ -  ^ ^  S(i,v)>E(i,v ) 

In what follows the system described by Exps 
(1 )  -  (7 )  wil l  b e referre d t o a s Mode l  1 . 

2. SOME GENERAL INFORMATION PROCESSING CHARACTE-
RISTIC S OF MODEL 1 

2.1. Universality with respect to the Class of 
Combinatoria l  Machine s 

Let x(-,V),G>^(-,i)€ X, where X is a finite 
set  o f  positiv e normalize d vectors .  Le t  y(-,V) , 
Gy(-,v) « Y ,  wher e Y  i s a  finit e se t  o f  positiv e 
vectors .  Le t  th e numbe r  o f  location s o f  LT M b e 
as bi g a s require d (n2-> "̂') ,  s o an y desire d soft -
war e ,  G^( -  ,-),G (̂. -  , - ) ,  may b e pu t  int o th e LT M 
of  Mode l  1  befor e th e beginnin g o f  observation . 
Let  o = 0  (th e mechanis m o f  ST M o f  Mode l  1  i s "tur -
ned off") . 

I t  ca n b e show n tha t  i n thi s cas e Mode l  1 
can b e programme d t o simulat e a n arbitrar y pro -
babilisti c  combinatoria l  machin e (wit h rationa l 
probabilities )  wit h th e inpu t  alphabe t  X  an d th e 
outpu t  alphabe t  Y . 
2.2 .  Universalit y wit h respec t  t o th e Clas s o f 

Finite-Stat e Machine s 

Let us split the input and output vectors 
of  Mode l  1  eac h int o tw o subvector s 

x(-,v )  =  (xĵ (-,v),x2 (  •  ,v)) ,  y(',v )  (yji(".v) , 
y(-,v)) ,  an d le t  u s introduc e th e delaye d feedbac k 

X2(*,v+1 )  y2(*>v) . 
Let  xi(-,v) e X ,  X2(-,v),y2(-,v) € 0 ,  y^{-,v)( :  Y , 
wher e X  an d Q  ar e finit e set s o f  positiv e norma -
lize d vectors ,  Y  i s a  finit e se t  o f  positiv e vec -
tors .  Le t  a s befor e a=0 . 

I t  ca n b e verifie d tha t  thi s modificatio n o f 
Model  1  ca n b e programme d t o simulat e an y proba -
bilisti c  finit e stat e machin e (wit h rationa l  pro -
babilities )  wit h inpu t  alphabe t  X ,  stat e se t  Q , 
and outpu t  alphabe t  Y . 

2.3. E-States as the Mechatiism of Mental Set 

Let a>0 (the mechanism of STM of Model 1 is 
"turne d on") .  Le t  u s assum e a t  firs t  tha t  th e ti -
me constant s ar e ver y bi g (t'*'-*"' ,  t-* •  «> )  s o th e 
E-stat e o f  Mode l  1  doe s no t  chang e considerabl y du -
rin g th e interva l  o f  observation.  Le t  othe r  con -
dition s b e a s i n sectio n 2.1 . 

Suppos e th e LT M o f  Mode l  1  contain s al l  pos -
sibl e input/outpu t  pair s (associations )  fro m X x Y , 

i.e. ,  fo r  al l  (a,b) 6 X x y ther e exist s i e {l,..n2 y 
suc h tha t  G''(-,i)= a an d Gy(-,i)= b .  I t  ca n b e 
shown tha t  fo r  an y (deterministic )  combinatoria l 
machin e wit h th e inpu t  alphabe t  X  an d th e outpu t 
alphabe t  Y  ther e exist s a n initia l  E-state ,  E(-,0) , 
of  Mode l  1  suc h tha t  thi s mode l  i n thi s stat e si -
mulate s th e abov e machine . 

Thus bein g observe d a s a  blac k box .  Mode l  1 
wit h a  fixe d stat e o f  it s  LT M may appea r  t o a n 
experimente r  a s an y o f  m^  deterministi c combinato -
ria l  machine s (1=|X| ,  m=|Yl )  dependin g o n th e "stat e 
of  mind "  ("menta l  state") ,  E (  •,•>>) ,  o f  thi s model . 
Thi s resul t  ca n b e naturall y extende d t o th e clas s 
of  (deterministic )  finite-stat e machine s i n th e 
cas e o f  th e Mode l  1  wit h th e feedbac k o f  sectio n 
2.1 . 

Let  u s remov e th e conditio n o f  infinit e tim e 
constant s bu t  stil l  assum e tha t  thes e constant s 
ar e rathe r  big .  I n thi s cas e th e E-stat e o f  Mo -
del  1  wil l  chang e slowl y ("adiabatically" )  s o thi s 

model  wil l  graduall y chang e int o differen t  combi -
natoria l  machines .  Thu s th e "non-symbolic "  expres -
sion s (6),(7),determine d a t  a  hardwar e level ,  con -
trol l  th e "personality "  o f  Mode l  1  a s a  symboli c 
machine . 

2.4. Why Model 1 Jeopardizes a Brain-Hardware-In-
dependen t  Approac h t o th e Proble m o f  th e Algo -
rithm s o f  Thinkin g 

Imagine a researcher trying to develop a the-
or y o f  th e behavio r  o f  Mode l  1  pe r  s e (Mode l  1  tre -
ate d a s a  blac k box )  withou t  bein g concerne d wit h 
th e hardwar e phenomen a i n thi s model .  Le t  u s as -
sume tha t  th e researche r  i s use d t o wor k wit h a 
hardware-independen t  highe r  leve l  language ,  sa y 
LISP ,  an d dea l  wit h traditiona l  symbo l  manipulati -
on concepts .  I t  i s  ver y likel y tha t  Mode l  1  woul d 
foo l  suc h a  researche r  b y pretendin g t o behav e a s 
a "classical "  symboli c machine .  Th e researche r 
wit h th e abov e mentione d methodologica l  menta l  se t 
and th e knowledg e bas e associate d wit h th e "clas -
sical "  symboli c informatio n processin g paradig m 
woul d hav e littl e chanc e t o thin k abou t  th e "non -
symbolic" '  E-state s o f  Mode l  1 ,  muc h les s t o fin d 
th e hardwar e expression s (6),(7 )  describin g th e 
transformation s o f  thes e states .  I t  i s  no t  diffi -
cul t  t o imagin e ho w a  sophisticate d chemistr y o f 
th e brai n (see ,  e.g. ,  Iversen ,  1979 ,  Kandel ,  1979 ) 
may lea d t o non-symboli c brai n hardwar e expressi -
ons muc h mor e comple x tha n Exp s (6),(7) .  Thu s th e 
abov e mentione d researche r  woul d hardl y hav e a 
bette r  chanc e t o com e u p wit h a n adequat e theor y 
of  huma n menta l  state s tha n h e (she )  doe s i n th e 
cas e o f  Mode l  1 . 

3. METHODOLOGICAL REMARKS 

3.1. On the Whole Brain and the Parts of its 
Behavio r 

Let (A,So) be a hypothetical machine corres-
pondin g t o th e huma n brain .  A ,  i n it s initia l  (ro -
ughl y newborn )  state ,  Sq -  Afte r  severa l  year s o f 
learnin g (A,So )  i s change d int o a n intelligen t  sys -
te m (A,Sĵ ) .  Mode l  1  an d th e mor e sophisticate d 
example s o f  E-machine s studie d i n th e Eliashber g 
(1979 )  manuscrip t  giv e reason s t o believ e i n 
th e followin g methodologica l  thesis . 

Ther e may exis t  a  relativel y simpl e descrip -
tio n o f  (A,Sq )  i n term s o f  a  machin e wit h th e sta -
t e se t  simila r  t o tha t  o f  th e brain .  Ther e may b e 
a goo d possibilit y  t o fin d thi s descriptio n b y 
tryin g t o answe r  i n a  singl e contex t  a  larg e 
enoug h se t  o f  speciall y selecte d basi c neurobiolo -
gica l  an d psychologica l  questions .  A t  th e sam e 
tim e i t  may b e hopeles s a  strateg y t o tr y t o fin d 
adequat e description s o f  som e nontrivia l  "parts " 
of  th e behavio r  o f  (A,Sn )  withou t  lookin g fo r  a 
descriptio n o f  th e "whole "  syste m (A.Sq) . 

3.2. On the General Relation between the Theory 
of  th e Brai n an d th e Informatio n Processin g 
Psycholog y 

To clearl y understan d th e implie d methodologi -
ca l  meanin g o f  th e abov e mentione d thesi s i t  i s  use -
fu l  t o compar e th e genera l  relatio n betwee n (A,So ) 
and th e informatio n processin g psycholog y wit h th e 
genera l  relatio n betwee n th e basi c equation s o f  a 
traditiona l  physica l  theor y an d thi s theory .  A s 
an exampl e o f  th e latte r  relatio n le t  u s tak e th e 
Maxwel l  equation s an d th e classica l  electrodyna -
mics .  (Don' t  tak e thi s metapho r  to o literally!) . 

The relativel y simpl e Maxwel l  equation s allo w 
one t o describ e al l  variet y o f  arbitrar y comple x 
classica l  electromagneti c phenomen a a s a  resul t  o f 
interactio n o f  thes e equation s wit h th e correspon -
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din g variet y o f  "externa l  worlds "  represente d i n 
th e for m o f  variou s boundar y conditions ,  media , 
and sources .  T o fin d th e Maxwel l  equation s di d 
not  mea n t o solv e al l  th e problem s o f  classica l 
electrodynamics ,  th e latte r  havin g develope d (an d 
continuin g t o d o so )  a  numbe r  o f  specifi c  pmlilpm -
oriente d model s an d concepts .  I t  woul d hardl y b e 
possible ,  however ,  t o adequatel y formulat e al l  thes e 
specifi c  problems ,  le t  alon e solv e them ,  withou t 
th e Maxwel l  equations . 

3,3. On Skipping "Simple" Problems in order to 
Solv e Comple x One s Faste r 

For the goal of this paper it is especially 
importan t  t o emphasiz e tha t  th e Maxwel l  equation s 
wer e foun d i n a n attemp t  t o adequatel y formaliz e 
and extrapolat e som e "simple "  basi c knowledg e 
abou t  electromagneti c phenomen a (Farade y law,etc.) . 
Thi s formalizatio n an d extrapolatio n create d a  po -
werfu l  mathematica l  too l  allowin g t o adequatel y 
approac h comple x problems  o f  classica l  electrody -
namics . 

Imagin e a  physicis t  tryin g t o develo p a  com -
pute r  progra m fo r  simulatin g th e behavio r  o f  elec -
tromagneti c fiel d i n a  comple x microwav e devic e 
withou t  bein g concerne d wit h th e equation s desc -
ribin g th e fundamenta l  propertie s o f  thi s field . 
A researche r  tryin g t o ski p "simple "  basi c neuro -
biologica l  an d psychologica l  questions ,  i n orde r 
t o solv e comple x problem s o f  huma n informatio n 
processin g faster ,  may wel l  b e i n a  situatio n 
simila r  t o tha t  o f  suc h a  physicist . 
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I nva r ianc e H ie ra rch ie s 

in Metaphor Interpretation 

Jaime G. Carbonell 
Carnegi e Mello n Universit y 

Pitlsburgh ,  P A 1521 3 

Abstract 

Interpreting metaptiors is an integral and inescapable process in 
human understandin g o f  natura l  language .  Th e curren t 
investigatio n analyze s analogica l  mapping s underlyin g metaphor s 
and thei r  implication s fo r  inferenc e an d memor y organization . 
Regularitie s hav e bee n observe d indicatin g tha t  certai n type s o f 
conceptua l  relation s ar e muc h mor e ap t  t o remai n invarian t  i n 
analogica l  mapping s tha n othe r  relations ,  resultin g i n a n induce d 
invarianc e hierarchy .  Th e centra !  thesi s  i s tha t  huma n inferenc e 
processe s ar e governe d b y th e sam e analogica l  mapping s 
manifes t  a s metaphor s i n language . 

1. Introduction 

fvletapho r  i s a  pervasiv e phenomeno n i n almos t  al l  huma n 
writte n an d spoke n languag e [7,9.6 ]  Recently ,  I  propose d a 
model  o f  metapho r  comprehensio n base d o n th e identificatio n o f 
genera l  metapho r  mapping s an d subsequen t  recognitio n o ( 
metaphor s a s instance s o f  previousl y encountere d generalize d 
mapping s [3) .  Thi s metho d wa s mean t  t o b e a  computationally -
effectiv e mean s o f  interpretin g "common "  o r  "mundane " 
metaphor s A s such ,  i t  di d no t  addres s issue s o f  ho w th e 
underlyin g analogica l  mapping s structur e inferenc e processes ; 
nor  di d i t  conside r  th e mor e difficul t  tas k o f  understandin g trul y 
nove l  metaphor s Here ,  I  investigat e th e inferenc e processe s 
underlyin g novel-metapho r  comprehensio n an d thei r  implication s 
fo r  memor y organization . 
Recognition  and initial interpretation of metaphors in written or 
spoke n languag e represent s onl y th e ti p o f  th e proverbia l  iceberg . 
fvletaphor s i n narratives ,  dialog s an d informativ e tex t  ar e th e 
observabl e linguisti c manifestation s o f  a  central ,  underlyin g 
cognitiv e proces s M y thesi s i s tha t  cognitio n i s dominate d b y 
analogica l  reasonin g (4) ,  i n contras t  t o mor e rigi d reasonin g 
model s base d o n "sounder" -  principle s o f  forma l  logi c (eg. , 
deduction ,  resolution ,  etc.) .  tvletapho r  i s  th e reflection ,  o n th e 
languag e m e d i u m ,  o f  analogica l  though t  processes ;  a s suc h I t 
provide s essentia l  clue s o f  th e inne r  functionin g o l  h u m a n 
inferenc e processe s Thi s pape r  discusse s th e utilit y  o l  metapho r 
as a  too l  t o investigat e variou s cognitiv e processes . 

2. Two Metaphors are Better Than One 

Conside r  th e metapho r  inllatio n i s  wa r .  a s discusse d b y 
Lakoff .  Newscaster s tal k o f  "lightin g inllation" ,  "worker s takin g a 
beatin g fro m inflation" ,  "Carte r  loosin g anothe r  roun d t o 
inllation'' ,  "inflatio n overrunnin g ou r  e c o n o m y " ,  "saving s bein g 
attacke d b y inflation" ,  et c O f  wha t  possibl e us e i s thi s metapho r 
t o th e reade r  (o r  th e writer) ? Inflatio n i s a n economi c 
p h e n o m e n o n w h o s e causes ,  implications ,  an d me thod s o f  control 
ar e no t  understoo d b y th e publi c a t  larg e (Indeed ,  s o m e woul d 
sa y tha t  inflatio n i s poorl y understoo d b y politicians ,  economist s 
an d busines s m e n alike. )  Therefore ,  th e metapho r  help s t o enric h 
th e know ledg e brough t  t o bea r  i n th e comprehens io n proces s b y 
transferin g correspondin g appropriat e informatio n fro m th e m o r e 
familia r  adversary-conflic t  situation .  T h e necessit y t o enric h an d 

Thi s lesc.ltc h v.Of i  sponsorp d i n pai t  b y th e OHiC P o (  N.iv.-i l  npsparc h (ONf* ) 
iirxJe r  gian t  numb<? f  MCXWM 7 9 C-0CG1 .  an d i n p.ir t  b y Ih o OrlRn-.f *  AfJv.-jnce d 
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Avionic s L.lboiatoi y iiihI<' i  Contnc t  F33G1 5 7 0 C  l̂" )  1  Tii e view s an d 
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elaborat e upo n concept s i n th e understandin g proces s ha s bee n 
ampl y demonstrate d b y Bransfor d an d Johnso n (2) ,  Anderso n [1 ] 
an d others .  Th e onl y feasibl e w a y t o brin g knowledg e t o bea r  o n 
an ill-understoo d doma i n i s t o construc t  a  metapho r  suggestin g a 
usefu l  transfe r  mapp in g o f  factua l  informatio n an d inferenc e rule s 
fro m a  belter-understoo d domain . 

Given the general notion that metaphors transfer knowledge 
fro m wel l  understoo d t o m o r e il l  structure d domains ,  thre e 
question s arise : 

1. How can the transfered knowledge be used? (i.e., what does 
th e metapho r  provid e tha t  a  litera l  descriptio n m a y lack? ) 

2.  H o w doe s th e transfe r  o f  knowledg e actuall y tak e place ? (i.e. , 
what  woul d constitut e a  computationall y viabl e mechan ism? ) 

3 W h a t  implication s doe s th e utilit y an d pervasivenes s o f 
metapho r  hav e o n cognitiv e processe s suc h a s  m e m o r y 
organization ,  inference ,  an d learning ? 

We consider each question in turn. 

3. Why Metaphor? 

T h e knowledg e transfere d fro m a  riche r  domai n t o a  mor e 
impoverishe d on e vi a a n analogica l  mapping ,  triggere d b y th e us e 
of  linguisti c metnphor ,  play s a  ke y rol e i n inferenc e processes .  Le t 
us retur n t o th e Inllatio n i s W n r  metapho r  I I  a  newspape r  articl e 
open s wit h thi s metaphor ,  th e entir e tex t  ca n b e organize d aroun d 
it .  Equatin g inflatio n wit h a  personifie d " e n e m y "  enable s o n e t o 
d ra w upo n th e knowledg e organize d unde r  "adversar y conflict "  t o 
sugges t  course s o t  actio n (i n term s o f  th e organizin g metaphor)^ . 
For  instance ,  w e ca n n o w understan d tha t  i n orde r  t o "vanquis h 
inflation" ,  w e clearl y must :  "formulat e a  battle.plan" ,  "marsha l 
ou r  forces" ,  "lak e th e initiative" ,  "g o o n Ih e ollcnsive" ,  an d 
" m a k e a  determine d nttnc k o n infl.ilion "  i n orde r  t o "stam p i t  ou t 
of  ou r  society "  an d remai n o n th e aler t  fo r  "futur e bouf.' ;  wit h 
inflation .  I n short ,  w e mus t  "whi p inllatio n nov i  (WIN) "  a s 
Presiden t  For d sai d w h e n h e "launche d hi s campa ig n agains t 
inflation "  W h e n th e metapho r  ha s bee n drawn ,  i t  i s  reasonabl y 
eas y t o formulnl e subgoal s base d o n th e belte r  understoo d 
sourc e domain .  Thi s i s  th e firs t  ste p i n plannin g purposiv e 
behavior . 
The inferences one can draw on how to deal with inflation are 
al l  structure d b y th e initia l  metaphor .  Differen t  metaphor s wil l  yiel d 
markedl y dilleren t  set s o f  inferences .  I n orde r  t o illustrat e tha t 
ther e i s  nothin g inherentl y special  abou t  th e inllntio n i s w a r 
metaphor ,  conside r  anothe r  metapho r  use d t o discus s inflation , 
encountere d frequentl y i n th e Spanis h press ,  bu t  easil y 
understoo d onc e stated :  Inflatio n i s a  disease .  Here ,  th e 
e c o n o m y i s th e patient ,  inllatio n i s th e infectin g organis m tha t 
must  b e drive n ou t  o l  th e patien t  wit h Ih e hel p o f  th e physicia n (th e 
economis t  w h o set s nationa l  economi c policy).' '  Hence ,  o n e ca n 
"tak e th e puls e o f  th e e c o n o m y " ,  "diagnos e th e caus e (alway s 
placin g th e b lam e o n externa l  force s jus t  a s diseas e organism s 
ar e a n externa l  caus e o f  illness)" ,  "prescrib e Ireatment" ,  "pu t  th e 
e c o n o m y o n a  fea n diet" ,  " m a k e th e medicin e palatabl e t o th e 
poor" ,  "wai t  fo r  privat e enterpris e t o recuperate" ,  "perfor m 
radica l  surgery ,  cuttin g swolle n budgets" ,  "trea t  th e s y m p t o m s 
whil e th e inflatio n continue s t o ravage" ,  an d "reliev e th e pai n b y 
subsidizin g th e pric e o f  necessities " 

Thi s (eatirntio n i s du e t o L  at-of f 

One ca n imagin e tlii s  author' s contusio n upo n readin g i n a  Spanis h newspape r 
about  th e "nationa l  malady" ,  th e proposa l  t o "inoculat e woit̂ efS "  b y cos t  o l  livin g 
adiuslincnis .  an d a  "ptescriptio n lo r  th e nationa l  health "  What  sor t  o l  epidemi c 
was o n Ih e loose' '  However ,  onc e Ih e melaplio r  wa s understood ,  th e lex l  mad e 
perlec l  sens e Sinc e thi s metapho r  i s tli e wa y i n whic h inlLitio n r s alway s 
discussed .  Ihei e appeare d t o b e n o nee d t o introduc e i t  ewplicill y  Moreover ,  n o 
one woul d ,admi t  tha t  inllatio n wa s no t  a  disease ,  a s Ih e metapho r  s o deepl y 
pet  meale d discussion s o l  inllatio n llia t  metaphorica l  term s wi'-i e no t  lecognl̂ e d a s 
suc h I n a  conveisatin n wit h loca l  peison .  Ih e lollowin q statemen t  wa s mad e i n 
reactio n t o m y sl.itemen t  sitgqestin q inllatio n wa s hcm g dr,cusse d i n term s o l  a 
medica l  mel.aptio r  "0 1 roune .  ou r  econom y i s sic k an d iinr-, 1 h e cured ,  literally !  I 
mean jus t  -Aha t  I  sai d "  Thi s episod e stioul d hel p u s str p out̂ .nl e ou r  ow n metapho r 
anr J te;\li7 e tin t  n o r)nr ^  ca n literall y Lialll e inllatmn ,  bu l  Ihn t  Ih e nii-liplio r  i s  s o 
inrii,'iinr- d i n ou r  lliiiihnr i  Ili.i l  w e ra n dra w inteieiice s an d m.il- e sl.llement s easil y 
on' v i l  w e rr'l y  o n th e ,accr>pli;i l  nirtripho i  t o -.liurliir e ou i  reasonin g processe s 29 2 



Th e mora l  tha t  ca n tj e draw n fro m thes e tw o example s i s 
twofold : 

1. Inference and planning are directly structured by the 
analogica l  m a p p i n g underlyin g a  dominat in g metaphor . 
Th e firs t  inflatio n metapho r  suggeste d laciic s agains t  inflation , 
wherea s Ih e secon d suggeste d cure s lo r  inflatio n Therefore , 
th e inferenc e mechanis m consist s o l  mappin g correspondin g 
solution s fro m Ih e sourc e t o th e targe t  domains .  Hence ,  th e 
metapho r  mus t  equat e tw o problems ,  on e o l  whic h i s bello r 
understoo d an d therefor e suggest s inference s an d plan s 
presume d applicabl e i n solvin g th e secon d problem .  (Se e [4 ] 
lo r  a  detaile d discussio n o l  analogica l  proble m solvin g ) 

2.  Solution s t o p r o b l e m s generate d b y m e t a p h o r s ar e 
O N LY usefu l  a s heuristi c problem-solvin g advice .  N o 
detaile d solution s i n w n r  o r  curin g discns e ca n b e applie d 
directl y t o inllation .  H o w woul d on e "shoo t  bullet s a t  inllation " 
or  "ge t  inflatio n t o sig n th e Genev a convention" ? Similarly , 
on e canno t  "inter n th e econom y i n a  hospital "  o r  "giv e i t  a n 
intravenou s penicilli n injection "  Clearly ,  th e underlyin g 
analog y doe s no t  exten d t o th e objec t  level .  However ,  th e 
plannin g leve l  provide s usefu l  information .  Therefor e th e 
intention s o f  th e actor s ar e preserve d i n th e mapping ,  a s i s 
th e causa l  structur e o f  th e events ,  bu t  th e instantiation s o f 
th e event s themselve s ar e los t  i n th e analogy .  Thi s observatio n 
accord s wit h Winston' s analog y mapping s base d o n 
preservatio n o f  causa l  structur e (12 )  an d Centner' s discussio n 
ol  analog y i n scientifi c  theor y [5] . 

4. How Metaphors Structure Inference 
Processe s 

As we discussed in the preceding section, metaphors can 
establis h a n expectatio n settin g fo r  comprehendin g larg e portion s 
ol  text .  Thi s expectatio n settin g i s generate d b y transferin g 
inference s fro m th e sourc e t o Ih e targe t  domain ,  includin g th e 
goal s an d plan s tha t  actor s i n th e targe t  domai n ar e expecte d t o 
pursu e (I t  i s  importan t  t o realiz e tha t  Ih e goal s o f  "defeating "  o r 
"curing "  inflatio n c o m e fro m th e respectiv e metaphor s • •  no t  fro m 
th e concep t  o f  inflatio n itself .  Therefor e a  languag e understandin g 
syste m mus t  ta p th e metapho r  t o comprehen d exactl y wha t 
problem s ar e cause d b y inflation ,  an d wha t  thei r  respectiv e 
solutio n strategie s ough t  t o be. ) 
Let us define creative metaphors to be the linguistic realizations 
ol  larg e scal e analogica l  mapping s tha t  ca n structur e entir e 
plannin g episode s Creativ e metaphor s includ e th e tw o inflatio n 
example s above .  Centner' s scientifi c  theor y metaphor s (5) ,  an d 
eac h o f  th e roughl y 5 0 generalize d metaphor s discusse d i n [3] . 
N on creativ e metaphor s ar e froze n metapho r  instance s wit h fixe d 
meanings ,  o r  figure s o l  speec h (suc h a s "kic k th e bucket" )  whos e 
metaphorica l  root s ca n onl y b e trace d throug h thei r  etymology . 
Non creativ e metaphor s d o no t  m a p inferences ,  a s thei r  sourc e 
domai n ha s bee n los t  i n thei r  history ,  an d therefor e i s no t  availabl e 
t o th e understander .  I n short ,  i l  a  metapho r  enable s on e t o brin g 
knowledg e t o bea r  fro m a n existin g domai n t o a  new ,  les s 
understoo d domain ,  w e delin e i t  a s a  creativ e metaphor .  Th e 
discussio n belo w center s o n th e proces s tha t  bring s knowledg e t o 
bea r  i n understandin g n e w domains . 
In order extract information from an existing domain to a new 
domai n vi a a  metaphor ,  i t  i s  crucia l  t o kno w wha t  aspect s o l  th e 
existin g domai n shoul d remai n invarian t  i n th e mapping ,  whic h 
shoul d b e lianslornied ,  an d whic h shoul d b e ignored .  A s w e sa w 
i n th e previou s section ,  object s ar e seldom ,  i l  ever ,  preserve d i n a 
mel.iphorica l  mapping ,  wherea s plannin g structure s ar e mappe d 
invarian t  t o th e n e w domai n i n fac t  i l  i s  precisel y becaus e 
plannin g structur e an d inlcrence s ca n b e preserve d b y analogica l 
mapping s tha t  metaphor s ar o powerfu l  m(;rin s o f  hefpin g a n 
undci'itando r  formulat e renson:ibl e behavior  i n uncharte d 
domains . 
An analysis of some two hundred creative metaphors yields the 
followin g empirica l  observatio n Ther e i s a  wel l  define d invarianc e 
hiorarcli y  a m o n g th e aspect s o l  a  situatio n tha t  ar e mappe d b y a 
metaphor .  Thi s perceive d regularit y i s remarkabl y consisten t 
acros s metaphor s i n clilleren t  domain s I n fact ,  metaphor s tha t  ar e 
rate d a s "ba d metaphors "  olte n violat e th e invananc e hierarch y 

presente d below .  Hence ,  a  plausibl e hypothesi s i s i n tha t  peopl e 
expec t  certai n aspect s o f  th e sourc e domai n t o remai n invarian t 
an d othe r  aspect s t o b e coerce d int o correspondin g entitie s i n th e 
n e w domai n Thes e expectation s ca n focu s th e searc h fo r 
metapho r  interpretations .  Th e regularitie s observe d ove r  a  larg e 
number  o l  metaphor s ar e summarize d b y th e normativ e invarianc e 
hierarch y presente d tielo w Th e conceptua l  relation s i n th e 
hierarch y ar e liste d i n decreasin g orde r  o f  expecte d invariance : 

• A goal expectation setting lor the animate actors involved (il 
any) .  Goals ,  i l  presen t  i n th e sourc e domain ,  ar e almos t 
alway s m a p p e d invarian t  int o correspondin g entitie s i n th e 

,  targe t  domai n I f  th e sourc e domai n contain s animat e actor s 
an d th e targe t  doe s not ,  the n th e goal s o l  th e actor s wil l  b e 
attribute d t o th e correspondin g personifie d entitie s i n th e 
targe t  domai n E.g. ,  inflatio n become s a n anthropomorphize d 
mafevolen t  agen t  i n inllatio n i s war ,  therefor e th e (h e goal s 
or  a  natio n a t  wa r  ar e m a p p e d invarian t  i n tha t  inflatio n mus t 
be lough t  an d delealed . 

•  Plannin g an d counterplannin g strategie s a m o n g competin g o r 
cooperatin g actors .  Thes e strategies ,  almos t  alway s 
preserve d intac t  b y a n analogy ,  provid e a  priorit y orderin g 
a m o ng th e goal s an d suggest s possibl e m e a n s fo r  pursuin g 
eac h goal .  Ollen ,  th e mos t  usefu l  aspec t  o f  a  metapho r  i s t o 
enabl e purposiv e plannin g i n wha t  previousl y wa s to o ill -
structure d a  domain . 

•  Causa l  Structure s • •  W h e n th e causa l  structur e o l  th e sourc e 
domai n i s explicit ,  i t  wil l  typicall y b e preserve d b y th e mapping . 
E.g. ,  medicin e cure s disease :  therefor e economi c measure s 
wil l  "cure "  inllation .  I n Reddy' s condui t  metapho r  fo r  h o w 
peopl e tal k o l  languag e [9] ,  causa l  structur e abounds .  E.g. ,  a 
blocke d condui t  prevent s physica l  transfer :  therelor e pres s 
censorshi p wil l  als o bloc k disseminatio n o f  ideas . 

•  Functiona l  Attributes .  • •  Th e functio n t o whic h a n objec t  i n Ih e 
sourc e domai n i s typicall y applie d wil l  ofte n b e coerce d ont o 
an analogou s functio n fo r  th e correspondin g objec t  i n th e 
targe t  domain . 

•  Tempora l  Orderings .  Normativ e plannin g sequence s i n Ih e 
sourc e domai n m a p int o potentiall y  applicabl e plannin g 
sequence s (instantiate d dilferently )  i n th e targe t  domain ,  olte n 
preservin g tempora l  relations . 

*  Natura l  tendencies .  - •  I n th e celebrate d analog y betwee n 
electri c circuit s an d an d hydrauli c system s (use d t o explai n 
Ohm' s Law) ,  wate r  "tends "  t o g o d o w n hill ,  therefor e 
electricit y "tends "  t o g o toward s th e voltag e "drop " 
Moreover ,  thi n pipe s resis t  th e flo w o f  water ,  therelor e thi n 
wire s "resist "  th e "How "  o f  electricity . 

» Socia l  rolfs .  • •  Socia l  relation s ar e sometime s preserve d an d 
sometime s not .  I n a  battl e ther e ar e general s an d loot-soldiers ; 
therelore ,  th e wa r  agains t  inllatio n mus t  b e lough t  b y m a n y 
wage-earner s (soldiers )  unde r  th e directio n o l  economi c 
planner s (generals) .  Sinc e doctor s cur e th e diseas e directly , 
th e economi c planne r  mus t  shoulde r  th e entir e burden ,  an d 
wage earner s (patients )  ar e essentiall y  powerles s wit h respec t 
t o takin g a n activ e rol e i n th e cur e Bot h mapping s preserv e 
th e inference s associate d wit h th e socia l  role s i n th e sourc e 
domain .  However ,  th e mor e specili c  role s o f  "spy "  an d 
"submarin e commander" ,  ar e no t  preserve d b y th e inllatio n 
i s w a r  metaphor . 

•  Structura l  relations .  • •  Occasionall y structura l  relation s remai n 
invarian t  i n a n analogy ,  bu t  olte n the y ar e transforme d o r 
suppresse d Fo r  instance ,  i n th e Rutherfor d sola r  syste m 
model  o l  th e atom ,  physica l  relation s betwee n th e electron s 
(planets )  an d nucleu s (sun )  ar e remai n invariant .  (I n bot h cas e 
ther e t s a n orbi t  relatio n a s a  lunctio n o l  a n invers e squar e 
centripeta l  force) .  However ,  Sayin g "Joh n i s a t  th e hea d o f  hi s 
clas s "  doe s no t  preserv e th e physica l  structur e normall y foun d 
betwee n a  bod y an d a  hea d (th e latte r  bein g connecte d t o an d 
nourishe d b y th e lormer) . 

» Descriptiv e Properties .  Thes e ar e th e leas t  likel y propertie s 
t o b e preserve d i n a  metapho r  Wire s an d pipe s ar e bot h lon g 
and narro w (i n th e hydraulic s metaphor )  However ,  General s 

Thi s ob'f̂ ivalio n i s b.iso d o n (l,il. i  coll.xl'̂ d b y LaVolf .  CiGnlnnr ,  Ofton y ,in d 
olli»'i s 

Electricity IS ,ictually not a flow of pir-ciions. bul we always think ol it that way 
br̂caiis e ih e hydiautic s meIapl>o r  peivade s ou r  discussion s o l  electrica l 
phf-nomen a 
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ar e militar y m e n ,  e c o n o m i c planner s ar e usuall y academics . 
T h e su n i s yellow-orange ,  ver y larg e an d ha s sunspols ,  bu t  a s 
Gentne r  point s out ,  n o n e o l  thes e m o n a d i c descriptor s appl y 
t o th e nucleu s o f  th e Rutherfor d atom . 

•  Ob;ec f  identit y Object s i n th e sourc e d o m a i n ar e almos t 
neve r  m a p p e d ont o object s o f  identica l  typ e i n th e targe t 
d o m a i n Therefore ,  ther e ar e n o tanks ,  bullets ,  fvtlS's ,  attac k 
submar ines ,  uniforms ,  o r  fiel d hospital s i n th e battl e agains t 
inflation . 

5. Analogical Mappings in Problem 
Solvin g 

Our discussion suggests that metaphors are a useful means of 
indexin g mapping s betwee n goals ,  plannin g structures ,  causa l 
connections ,  tendencies ,  relations ,  an d description s (i n 
decreasin g orde r  o f  invarianc e an d significance) .  No t  al l 
component s ar e presen t  i n ever y metaphor .  Th e preferred -
invarianc e orderin g help s u s understan d ho w metaphor s ma y b e 
use d t o facilitat e reasonin g processe s i n ne w domains ,  namely: ' 

1 Establish the invariant components of the mapping 

2.  Establis h initia l  correspondence s amon g th e entitie s i n th e 
sourc e an d targe t  domains .  (Thi s i s  a  ver y partia l 
correspondenc e • •  onl y entiliP S tha t  ar e reference d b y a n 
invarian t  componen t  i n th e explici t  mappin g ca n b e directl y 
relate d ) 

3 Goa l  correspondenc e identifie s th e problem s tha t  mus t  b e 
solve d i n th e targe t  domai n (Wha t  shoul d on e d o abou t 
inflation '  Th e diseas e metapho r  metapho r  slate s tha t  I t 
shoul d b e eradicated .  Th e wa r  metapho r  suggest s 
subjugatin g i t  A  compariso n o l  inflatio n wit h a n overindulgin g 
gourni.m d woul d yiel d th e goa l  o f  trimmin g i t  dow n an d 
controlin g it s  scope ,  bu t  no t  eliminatin g it )  Therefore , 
metapho r  actuall y determine s th e goal s tha t  on e ough t  t o 
pursu e i n th e targe t  domain .  Withou t  knowledg e o f  goal s lilll e 
purposiv e actio n ca n tak e plac e ( i  e ,  proble m solvin g 
become s meaningless ,  a s ther e ar e n o goa l  state s i n th e 
proble m space. ) 

4 Plannin g strategie s invarian t  unde r  a  metaphorica l  mappin g 
transfe r  operator s fro m th e sourc e t o th e targe t  domain ,  henc e 
establishin g a  proble m spac e (8 )  an d suggestin g potentiall y 
troublesom e interaction s amon g operato r  preconditions .  Th e 
inflatio n i s a  diseas e metapho r  suggest s tha t  sinc e 
administerin g medicin e i s a  usefu l  operato r  i n th e medica l 
domain ,  a  correlat e operato r  ough t  t o b e usefu l  i n th e 
economi c domai n (vioreover .  medicin e i s  usuall y a n 
unpleasan t  experience ,  therefor e th e inferenc e i s mad e tha t  it s 
economi c correlat e woul d b e unpleasan t  a s wel l  Hence ,  w e 
spea k o f  givin g th e econom y a  stron g dos e o f  ant i  inflationar y 
monetar y restraints ,  an d makin g th e polic y palatabl e t o 
workers .  ^" ' l 

5 Causa l  connection s classif y operator s i n th e targe t  domai n b y 
th e difference s the y reduc e (analogize d fro m th e sourc e 
domain )  "Th e pressur e o f  th e wate r  i s determine d b y th e 
produc t  o f  th e rat e o l  flo w an d th e cros s sectio n o f  th e pipe " 
suggest s tha t  i n orde r  t o kno w th e voltage ,  on e ca n measur e 
th e curren t  an d resistance .  Therefor e a  wa y o f  reducin g th e 
K N O W -V goa l  i s t o appl y th e multiply(l ,  R )  oper.itor ,  reducin g 
th e K N O WV goa l  t o th e subgoal s K N O W -R an d K N O W I . 

6 Natura l  tendencies ,  socia l  role s an d structura l  relation s 
provid e informatio n abou t  th e applicabilit y  condition s o f 
operator s ( E g. .  w h o ca n administe r  medicin e (decid e 
economi c policy)?) ,  an d provid e heuristi c guidanc e t o 
pinnnin g processe s i n th e ne w domai n [ E g  ,  War s ar e costl y 
an d peopl e mus t  mak e persona l  sacrilicris ;  therefor e I n 
batliin g inflatio n th e cos t  shoul d b e take n int o account ,  an d 
th e planne r  shoul d b e war e o l  potenlin i  problem s cause d b y 
thos e wh o ar e unwillingl y calle d upo n t o mak e th e sacrifices ] 

7.  Tempora l  progression s stigges l  macr o operator s (typicall y 
uselu l  seguence s o l  operators )  I n treatin g a  diseas e w e firs t 
must  identif y th e cause ,  the n prescrib e medicin e the n wai t 
patientl y lo r  i t  t o tak e cllec l  I n wa r  w e marsha l  ou r  force s (n o 
searchin g fo r  a  suitabl e th e enem y i s needed ,  a s th e enem y i s 

llf.'i o I  ,ldop l  NnwPl I  ,'jn» l  Simon' s Mf'an s Cnd s An-jlyGi S (nnvwoi k In r  prolilc m 
r,olvio g [8 )  Thr ^  fc.ifle r  I' ,  rfloirc d l o \A ]  lo r  a  Miot p drl.nil'T l  tli-.ru'-.'.io n o f 
,in.lIo')p '  i l  prnlji'.-r n f̂nlvin g 

k n o w n a t  th e star t  o l  hostilities) ,  the n attac k (n o waitin g to r  th e 
attac k t o tak e effec t  i s  necessary) .  Therefor e w e se e tw o ver y 
dilfercn l  genera l  plan s suggeste d b y th e tw o metaphors . 
However ,  recal l  tha t  th e metaphor s share d th e s a m e genera l 
goal .  I t  i s  typicall y th e cas e tha t  mos t  metaphor s use d t o 
explai n a  particula r  il l  dcline d situatio n wil l  shar e c o m m o n 
goal s an d diverg e increasingl y a s o n e traverse s d o w n th e 
invarianc e hierarchy . 

Reiterating the central theme ol this section: metaphors 
provid e a  proble m space ,  includin g a  goa l  state ,  operator s 
Indexe d b y dillcrence s the y m a y reduce ,  an d normativ e plan s tha t 
m ay prov e useful .  I n essence ,  the y m a k e proble m solvin g possibl e 
i n wha t  m a y previousl y hav e bee n to o il l  structure d a  situatio n t o 
m a ke an y progres s l\/letaphor s d o nof ,  however ,  provid e an y 
c a n n e d solution s applicabl e directl y t o n e w problem s suc h 
vuoul d b e a n unreasonabl e expectation . 

6. Exploiting the Invariance Hierarchy 

The invarianc e hierarch y provide s a  first-pas s solutio n l o a n 
apparentl y simpl e phenomeno n tha t  ha d perplexe d som e 
investigators ,  includin g thi s writer .  When w e hea r  tha t  "Joh n i s a 
fox "  w e interpre t  i t  t o mea n "Joh n I s sly" ,  no t  "Joh n ha s pointe d 
ear s an d a  bush y tai l  "  Similarly ,  w e interpre t  "Joh n i s a  pig "  a s a 
remar k o n hi s persona l  habit s o r  hi s obesity ,  rathe r  tha n a 
statemen t  tha t  Joh n live s i n a  far m an d ha s a  curl y tail .  A  partia l 
answe r  t o thi s proble m lie s i n knowin g th e mos t  salien t  featur e o f 
th e anima l  t o w h o m a  perso n i s  compared .  However ,  a  m o r e 
complet e answe r  i s  provide d b y exploitin g th e invarianc e 
hierarch y i n th e followin g manner ;  Conside r  th e anima l  (sourc e 
doma in )  an d sca n d o w n th e hierarch y sloppin g a t  th e firs t  entr y 
lo r  whic h w e hav e a  c o m m o n l y k n o w n fact .  Fo r  foxe s w e sto p a t 
planning/counterplannin g • -  fol k w i s d o m tell s u s tha t  foxe s ar e 
ver y adep t  a t  deviou s counterplannin g behavior .  H e n c e ,  w e neve r 
reac h th e physica l  descriptor s o f  a  fox .  Fo r  pig s w e m a y sto p a t 
eithe r  "natura l  tendency "  (i f  w e believ e tha t  pig s ten d t o ge t  fat )  o r 
at  "socia l  role "  -  fol k w i s d o m assert s tha t  pig s pla y a  distinc t  rol e 
i n th e anima l  k ingdo m a s th e leas t  hygienica l  o f  al l  animals .  I f  w e 
hear d "Joh n i s a  Giraffe" ,  w e fin d n o c o m m o n knowledg e 
anywher e i n th e hierarch y unti l  w e reac h physica l  attributes .  Her e 
we pic k th e mos t  salien t  one s (eg. ,  heigh t  and/o r  lengt h o f  neck) , 
t o understan d th e metaphor .  T h e ke y t o th e proces s i s  tha t 
compar ison s alon g th e highe r  invarianc e entrie s i n th e hierarch y 
ar e preferre d O n c e a  hig h invarian t  propert y i s  lound ,  n o lowe r 
one s ar e considered .  Thi s i s  crucia l  t o understan d "Joh n i s a n 
elephant "  a s a  remar k o n th e lengt h o f  hi s m e m o r y (o r  hi s capacit y 
fo r  work) ,  no t  th e lengt h o f  hi s nos e (trunk) ,  althoug h th e latte r  i s 
perhap s th e singl e mos t  salien t  featur e o f  elephants .  Physica l 
descriptors ,  however ,  ar e ranke d lo w i n th e hierarchy . 
7. Implications for Memory Organization 

We hav e outline d ho w reasonin g base d o n metaphor s may 
procee d Now,  conside r  anothe r  aspec t  o l  metaphorica l 
reasoning :  H o w ar e metaphor s lorme d i n tt w lirs i  place' '  Give n 
th e ubiquit y o f  metaphor ,  i t  b e c o m e s strikingl y apparen t  tha t 
h u m a n s generat e metaphor s a s readil y a s the y understan d them , 
occasionall y unconsciou s o f  th e fac t  tha t  the y ar e creatin g (o r 
m o r e ofte n instantiating )  metaphors .  T h e questio n tha t  mus t  b e 
pose d i s m o r e specific :  Wha t  m e m o r y organizatio n coul d enable , 
lacitital e an d encourag e th e continuou s creatio n o l  metaphors ? 
If we assume that the invariance hierarchy is roughly correct, it 
provide s a  bes t  firs t  criterio n fo r  searchin g a  conten t  addresse d 
episodi c m e m o r y ,  organize d alon g th e gennra l  line s o f  Schank' s 
M O PS (11,10) .  I n investigatin g remindin g an d inferenc e 
p h e n o m e n a ,  S c h a n k asseit s tha t  detectin g similaritie s a t  ever y 
leve l  o f  abstractio n i s th e ke y t o h u m a n m e m o r y organizatio n 
Acceptin g thi s notio n require s o n e t o hav e a  m e a n s o f  comput in g 
similaritie s a m o n g larg e n u m b e r s o f  potentiall y  relevan t  episodi c 
traces ,  bot h lo r  m e m o r y acces s an d updat e T h e hierarch y abov e 
suggest s tha t  goa l  similaritie s ar e crucial ,  plannin g leve l 
similaritie s ar e almos t  a s important ,  an d similaritie s acros s othe r 
dimension s ar e o f  progressivel y lowe r  importance .  H e n c e ,  i f 
m e m o ry w e r e organize d accordin g t o th e computationa l  criteri a 
require d fo r  metapho r  comprehens ion ,  i t  follow s tha t  a 
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hierarchica l  structur e woul d result ,  wher e th e categorie s (orme d 
ar e largel y determine d b y grouping s alon g th e entrie s i n th e 
invarianc e hierarchy ,  th e mor e invarian t  entrie s correspondin g t o 
mor e globa l  organizin g categories .  Th e actua l  conten t  o (  th e 
hierarchica l  memor y i s determine d primaril y b y th e idiosyncrati c 
experienc e o f  th e individual .  Therefore ,  memor y searcher s lo r 
"goo d metaphors "  (thos e preservin g hig h invarianc e properties ) 
requir e les s wor k (eithe r  t o generat e o r  comprehend )  an d ma y 
prov e mor e rewardin g fo r  th e understande r  a s the v inde x relevan t 
memory mor e readily . 
Metaphor is a linguistic realization of an inference 
phenomenon .  A s such ,  i t  shoul d reflec t  underlyin g memor y 
structure ,  a s wel l  a s sugges t  th e type s o l  inference s peopl e ca n 
perfor m mos t  readil y i f  w e as k w h y creativ e metaphor s ar e used , 
th e mos t  logica l  answe r  appear s t o b e tha t  th e write r  i s  tryin g t o 
induc e th e reade r  t o perfor m th e necessar y inference s require d t o 
comprehen d th e ne w material .  Metapho r  serve s a s a  vehicl e t o 
sugges t  a  fruitfu l  domai n fro m whic h th e relevan t  inference s ca n 
be mappe d ont o th e ne w domain .  Hence ,  whe n Senato r  Jo e 
McCarth y refere d t o Communis m a s a  "dreade d plague" ,  h e wa s 
inducing ,  i n th e mind s o f  hi s listeners ,  th e inferenc e tha t 
communis m mus t  b e activel y "eradicated "  o r  i t  wil l  spread .  Th e 
metapho r  i s effectiv e onl y becaus e th e appropriat e inferenc e 
structur e wa s alread y i n existenc e i n th e sourc e domain ,  an d 
McCarth y kne w thi s a t  th e tim e h e create d th e metaphor . 
An interesting avenue of future research is automating 
metapho r  generation .  I f  th e mode l  discusse d her e i s essentiall y 
correct ,  metapho r  generatio n require s tha t  th e write r  hav e a 
model  o f  th e knowledg e stat e (includin g goals ,  strategies ,  beliefs , 
etc. )  o f  hi s reader ,  a s wel l  a s a n integrate d episodi c memor y 
wher e th e compute d similarit y metri c incorporate s th e invarianc e 
hierarchy .  (I. e ,  tw o domain s ar e considere d simila r  i f  th e sam e 
type s o f  problem s an d inferenc e processe s ar e presen t  i n 
plannin g effectiv e behavio r  i n bot h domains. ) 
In order to clear possible misconceptions, I emphasize that no 
distinct ,  localized ,  "conscious "  existenc e fo r  th e invarianc e 
hierarch y i s postulate d a s par t  o f  a  huma n memor y model .  M y 
hypothesi s i s tha t  th e regularitie s manilesle d i n th e hierarch y ar e 
epiphcnomena l  rellection s o l  huma n memor y orgar)izalio n an d 
inlerenc e mechanisms .  A s such ,  th e invarianc e hierarch y 
summarize s a  phenomeno n tha t  mus t  b e explaine d b y 
comprehensiv e memor y organizatio n models ,  an d henc e i t  ough t 
t o b e take n int o accoun t  i n th e mode l  formulatio n process . 
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DUAL-SYSTEM PROCESSING I N LANGUAGE COMPREHENSION 

Jon M. Slack 
Open Universi ty ,  Englan d 

1 ImnRer. y nn d LanRua(; e Unilerstandin g 
Natura l  lanfjua^ e parser s ma p linguisti c inpu t 
strin)? 3 int o symbol ic ,  relationa l  structure s usin g 
syntacti c knowlert(»e ,  semanti c knowledRe ,  o r  both . 
However ,  n o parse r  map s suc h input s int o imag e 
code s whic h implie s tha t  peopl e buildin g languag e 
underst indin g system s d o no t  regar d imag e 
generat io n an d processin g a s a  necessar y par t  o f 
languag e understanding .  Withi n psychology ,  o n th e 
othe r  hand ,  som e researcher s hav e advocate d a 
stron g relationshi p betwee n imag e processin g an d 
languag e understandin g fo r  th e pas t  decad e [ l ] . 
The statu s o f  thi s vie w i s b y n o mean s unequivoca l 
amongs t  psychologists ,  an d th e debat e abou t 
imager y ha s littere d th e page s o f  man y a n academi c 
journal .  T o facil itat e you r  readin g o f  thi s pape r 
i t  i s  wort h statin g tha t  th e wor k reporte d her e i s 
drive n b y th e belie f  tha t  imag e processin g i s a n 
essentia l  componen t  o f  languag e understanding . 
2 Usin g Imag e Code s i n Languag e Understandin g 
I f  yo u as k peopl e t o outl in e th e differenc e i n 
meanin g betwee n th e word s stroll in g an d saunterin g 
the y fin d th e tas k relativel y dif f icult .  I f  yo u 
as k the m ho w the y arrive d a t  thei r  descript ion , 
th e majori t y o f  peopl e stat e tha t  the y forme d 
image s o f  a  perso n strol l ing ,  an d sauntering ,  the n 
compare d thes e image s generatin g th e bes t  verba l 
descript io n o f  th e difference s betwee n th e tw o 
the y could .  Thi s sor t  o f  protoco l  dat a suggest s 
tha t  i t  i s  necessar y t o proces s imag e code s i n 
orde r  t o distineuis h betwee n th e meaning s o f  th e 
tw o words .  Tha t  i s ,  a t  leas t  par t  o f  th e meanin g 
of  th e word s i s represente d i n som e for m o f  imag e 
code .  I f  thi s i s th e case ,  the n fo r  a  natura l 
languaf^ e understandin g syste m t o di3ting\iis h 
betwee n sentence s S I  an d S 2 i t  need s t o mak e 
recours e t o th e image-code d 

SI The man strolled through the park. 
S2 The man sauntered through the park. 
components of the two verbs. This is not saying 
tha t  a n understandin g syste m need s t o ma p th e 
sentence s directl y int o imag e code s i n isolatio n 
of  othe r  semanti c structures .  Rather ,  imip e 
processin g i s a n essentia l  componen t  o f  th e tota l 
processin g involve d i n buildin g cognitiv e 
structure s whic h represen t  th e differentiate d 
meaning s o f  th e tw o sentences . 

T^ost existing language understanding systems parse 
l inguisti c input s int o som e for m o f  prepositiona l 
networ k whic h represent s th e conceptua l  relation s 
correspondin g t o th e meanin g o f  th e inpu t 
[2 ] , [3 ] , [4 ] .  Thes e system s neve r  us e 
non-proposit iona l  codes ,  tha t  is ,  languag e 
understandin g i s totall y containe d withi n a 
preposit iona l  system .  Usin g th e wor k o f  Norma n 
and Ruraelhar t  [5 ]  a s a n exampl e system ,  sentence s 
SI  an d S 2 woul d b e parse d int o th e conceptua l 
structure s C I  an d C 2 ,  respectively . 

(Th e man ) (Th e man )  (throug h th e park ) 

Withi n thi s syste m th e tw o sentence s ar e 
differentiate d i n term s o f  th e actiona l  component i 
whic h represen t  th e physica l  action s whic h 
implemen t  th e movemen t  componen t  implici t  i n th e 
meaning s o f  th e verbs .  Thes e actiona l  component s 
ar e associate d wit h th e imag e code s use d i n 
distinguishin g th e verbs . 
Kossly n an d hi s fello w researcher s [6 ]  hav e 
develope d a  detaile d theor y o f  imag e generatio n 
and processin g whic h i s backed-u p wit h a  workin g 
compute r  simulation .  H e propose s tha t  numerou s 
cognitiv e tasks ,  i n partiucla r  size-compariso n an ' 
sentence-verificatio n tasks ,  involv e th e 
processin g o f  bot h prepositiona l  an d imag e codes . 
The tw o type s o f  code s an d associate d processe s 
constitut e independent ,  bu t  connected ,  processin g 
system s whic h ru n i n parallel .  Kosslyn' s theor y 
provide s a  goo d foundatio n o n whic h t o buil d a 
mor e adequat e mode l  o f  languag e understandin g 
incorporatin g imag e processin g i n additio n t o 
existin g idea s o f  prepositiona l  processing . •5 Mode l  o f  Languag e Understandin g 
The protoco l  dat a describe d i n sectio n 2  suggest s 
tha t  th e processin g underlyin g th e 
meaning-differentiatio n tas k ca n b e accounte d fo r 
by mode l  M1 . 

H1 

I n lin e wit h th e idea s embodie d withi n Kosslyn' s 
model ,  a  dual-syste m mode l  o f  languag e 
understandin g woul d hav e a  structur e simila r  t o 
model  M2 . 

Acces s 
Lexica l 
Rntr y 

*• Generat e 
Actiona l 
Image s 

•- Comparp 
Image s 

^ Translat e 
result s o f 
imag e comp -
ariso n int o 

verba l 
respons e 

H2 

Linguist ! 
inpu t "- ^ 

Pars e 
int o 
P cod e 

^ f 
Generat e 

T cod e 

k 
Proces s P  cod e 
t o complet e 
comprehensio n 
t^s k 

J L 

Tran.'Blatio n 
Processe s 

1 r 
Proces s I  cod e 
t o complet e 
n̂fT.n».-,V ,  Ann- ;  ̂ ^ 
tis k 1 

(Th e man ) throug h th e park ! 

I n H 2 th e Propositiona l  cod e syste m (P-system )  an d 
Imag e cod e syste m (I-syste m )  ar e no t  strictl y 
independen t  i n tha t  linguisti c input s ar e no t 
mapped directl y int o imagps .  Rather ,  th e I-cod e 
i s generatef i  a s a  produc t  o f  th e parsin g mechanis m 
whic h map s th e inpu t  int o a  P-code .  However ,  onc e 
th e tw o code s ar e create d the y ar e processe d 
separately ,  bu t  knowledg e ca n b e passe d fro m on e 
syste m t o th e othe r  b y mean s o f  th e translatio n 
processes .  Mode l  Ml  i s accommodate d withi n mode l 
M2 b y th e I-syste m an d translatio n processes . 
But  wha t  argument s ar e ther e fo r  advocatin g th e 
additio n o f  a n imag e processin g syste m t o existin g 
languag e understandin g models ? 
Argumen t  1 :  th e I-syste m ha s eithe r  sol e acces s 
to ,  o r  mor e direc t  accps s to ,  knowledg e whic h i s 
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necessar y fo r  efficien t  langua(5 e comprehension . 
Thi s lcnowled(; e nayb e represente d onl y a s I-codea . 
On th e othe r  hand ,  i t  coul d b e code d withi n bot h 
th e I-ayste m un d P-aystem ,  bu t  mor e accessibl e a a 
images . 
Argumen t  2 :  th e I-syster a i s mor e efficien t  a t 
processin g larg e amount s o f  knowledg e withi n 
specifi c  tas k domains .  Fo r  example ,  I-code a 
provid e a  mor e natura l  mediu m fo r  processin g 
knowledg e o f  spatia l  relation s [v] .  Further , 
Walt z [s ]  ha s argue d tha t  even t  simulatio n i s a n 
importan t  aspec t  o f  languag e understanding , 
allowin g th e comprehensio n ayate m t o mak e 
inference s abou t  scene s an d judg e th e plausibilit y 
of  input s durin g parsing .  Th e I-syste m i s 
necessar y fo r  efficien t  processin g o f  suc h even t 
simulations . 
4 Suppor t  fo r  dua l  processin g i n comprehensio n 
The imager y valu e o f  sentence r  ha s bee n show n t o 
exer t  a  profoun d influenc e o n coraprehenaio n an d 
memory test s [9],[l] .  Thorndyk e [lo ]  ha s show n 
tha t  subjects '  imager y rating s fo r  sentence s var y 
inversel y wit h comprehensio n RTs .  Kosslyn' s 
researc h projec t  tea m hav e show n tha t  imager y i s 
use d i n sentence-verificatio n task s an d fo r 
accessin g knowledg e o f  physica l  dimension s o f 
objects .  Furthe r  experimenta l  evidenc e i n suppor t 
of  Argumen t  1  i s describe d below . 
Experiment 1 Subjects were shown simple 
subject-verb-objec t  sentence s an d aske d eithe r  t o 
rea d the m fo r  understandin g (conditio n 1 )  o r  t o 
generat e a n imag e correspondin g t o th e meanin g o f 
eac h sentenc e (conditio n 2 ) .  I n conditio n 1 ,  th e 
comprehensio n RT s wer e measured .  I n conditio n 2 , 
th e image-generatio n tim e wer e measured . 
Followin g th e presentatio n o f  th e sentences , 
aubject a i n bot h condition s wer e give n a 
recognitio n test .  Fo r  eac h targe t  sentenc e i n th e 
tes t  ther e wer e tw o distracto r  sentence s whic h 
onl y differe d fro m th e targe t  sentenc e i n term s o f 
th e verb .  However ,  th e verb s i n th e distracto r 
sentence s wer e clos e i n meanin g t o th e targe t 
sentenc e verb ,  a s show n below . 
Target sentence: The man strolled through the park 
Distractors: The man sauntered through the park 

The man walke d throug h th e par k 
The results showed that the comprehension times 
fo r  stimulu s sentence s ar e lowe r  tha n th e 
image-generatio n times .  However ,  th e probabilit y 
of  recognisin g a  targe t  sentenc e i s muc h highe r  i n 
th e image-generatio n conditio n tha n th e 
comprehensio n condition .  Thi s implie s tha t  S s 
acces s informatio n i n th e imag e generate d fo r  eac h 
sentenc e whic h allow s the m t o distinguis h betwee n 
a targe t  sentenc e an d th e semanticall y clos e 
distractors .  O f  course ,  th e result s ar e ope n t o 
more tha n on e interpretatio n becaus e th e 
differenc e i n recognitio n probablitie s betwee n th e 
tw o condition s coul d b e du e t o th e differenc e 
betwee n comprehensio n an d image-generatio n times . 
To tak e accoun t  o f  thi s possibility ,  th e 
experimen t  wa s repeate d i n a  modifie d form . 

Experiment 2 Subjects in condition 1, rather 
tha n jus t  rea d th e stimulu s sentence s wer e arike d 
t o categoriz e the m accordin g t o whethe r  th e 
action s the y describe d involve d a n objec t  a s a n 
instrumen t  o f  th e action .  Fo r  example ,  f'̂ ntenc e 
SI  woul d b e classe d a s H O INSTRUMENT,  wherea s S 3 
woul d b e classe d a s INVOLVIN G A N INSTRUMENT.  Th e 
categorizatio n RT s wer e measured .  Th e res t  o f  th e 

S3 The chef chopped the vegetables. 
experiment was the same as Expt. 1, The results 

showed tha t  th e categorizatio n time s wer e slightl y 
longe r  tha n th e imag e generatio n times ,  bu t  th e 

recognitio n probabilitie a wer e highe r  fo r  th e 
imag e generatio n conditio n tha n th e categorizatio n 
condition .  Thus ,  th e result s see m t o suppor t  th e 
conclusion s derive d fro m th e firs t  experiment . 

These experiments seem to imply that Ss access 
knowledg e vi a image s whic h allow s the m t o 
differentiat e semanticall y clos e verbs .  However , 
i t  woul d see m tha t  S s d o no t  acces s thi s knowledg e 
i n th e norma l  proces s o f  comprehensio n a s 
evidence d b y th e poo r  recognitio n performanc e i n 
th e comprehensio n condition .  Thi s ca n b e 
construe d a a evidenc e againa t  th e involvraen t  o f 
imager y i n languag e underatanding ,  bu t  i f  th e I 
syste m take s longe r  tha n th e P  syste m t o proces s 
an inpu t  the n th e I  syste m may b e use d a s a 
back-u p processin g capacit y whic h i a onl y resorte d 
t o whe n P  syste m proceasin g ha s failed,  o r  prove d 
inadequate .  Evidenc e fo r  thi s notio n come s fro m 
wor k o n th e comprehensio n o f  metapho r  whic h show s 
tha t  peopl e us e imager y t o wor k ou t  th e meaning s 
of  figurativ e input s [Not e l ] .  Th e experimen t 
belo w provide a furthe r  auppor t  fo r  thi s idea . 

Experiment 3 - Subjects had to judge whether 
stimulu s sentence s wer e semanticall y acceptabl e o r 
not  an d th e decisio n RT s wer e measured .  Th e 
sentence s wer e constructe d s o tha t  the y woul d b e 
eas y t o classify ,  i n eithe r  direction ,  o r 
difficul t  t o classif y leadin g t o a  bi-moda l 
distributio n i n decisio n times .  Th e sam e sentence s 
wer e use d i n a n imag e generatio n tas k an d th e 
respons e time s wer e measured .  A s expected ,  th e 
result s showe d a  stron g bi-mode l  distributio n fo r 
th e decisio n RTs ;  S s tende d t o b e eithe r  quic k o r 
slo w a t  makin g judgements .  Th e importan t  findings , 
however ,  wer e tha t  (i )  ther e wa s n o significan t 
differenc e betwee n th e imag e generatio n time s fo r 
fast-R T sentence s an d slow-R T sentences ,  an d (ii ) 
th e correlatio n betwee n imag e generatio n tim e an d 
decisio n R T wa s hig h fo r  slo w judgements ,  bu t  lo w 
fo r  fas t  judgements .  Thes e result s impl y tha t  whe n 
Ss hav e difficult y i n judgin g th e semanti c 
acceptabilit y  o f  a  sentenc e the y bas e th e 
judgemen t  o n imag e code d dat a rathe r  tha n 
knowledg e store d i n prepositiona l  for m whic h i s 
th e cas e fo r  mor e straightforwar d judgements . 
The evidenc e presente d i n thi s sectio n give s 
weigh t  t o th e theor y tha t  imag e processin g i s a n 
importan t  componen t  o f  languag e understanding . 
Specifically ,  th e dat a sho w tha t  (i )  imag e code s 
represen t  knowledg e no t  directl y availabl e t o th e 
P-system ,  bu t  whic h need s t o b e accesse d i n 
certai n coraprehenaio n tasks ,  an d (ii )  imag e 
processin g i s ofte n employe d t o solv e linguisti c 
problems . 

5 Buildin g a  complet e Languag e Understande r 
To buil d a  flexibl e languag e understande r  wit h 
powerfu l  proble m solvin g capabilitie s i t  i s 
necessar y t o augmen t  existin g P-syste m parser s b y 
addin g imag e generatio n an d processin g routines . 
The I-syste m an d P-syste m woul d functio n i n 
parallel ,  wit h th e latte r  producin g a  skeleta l 
pars e adequat e fo r  som e comprehensio n tasks .  Th e 
I-syste m woul d generat e a  riche r  (semantically ) 
parse ,  bu t  ove r  a  longe r  tim e course .  When th e 
P-syste m outpu t  satisfie s th e requirement s o f  th e 
comprehensio n tas k imag e processin g i s terminated , 
uncompleted ,  an d th e understande r  passe s o n t o th e 
nex t  input .  If ,  o n th e othe r  hand ,  th e outpu t 
fro m th e P-syste m i s inadequat e fo r  th e 
comprehensio n task ,  the n th e riche r  I-syste m 
outpu t  i s use d t o solv e th e problem .  A t  an y 
processin g stag e afte r  generation ,  imag e code s ca n 
be inspecte d an d potentiall y  translatabl e element s 
of  a  cod e ca n b e passe d ove r  t o th e P-syste m i n 
orde r  t o generat e a  verba l  response .  Th e I-syste m 
has n o direc t  outpu t  mechanism . 
Kosslyn' s compute r  simulatio n o f  hi s I-syste m 
theor y fll ]  provide s a  goo d basi s fo r  a  workin g 
imag e processin g componen t  whic h ca n b e knitte d 297 



int o a  P-ayster a parser ,  althoug h i t  need s t o b e 
extende d t o tak e accoun t  o f  dynami c image s an d 
even t  simulations .  I t  i s  no t  clea r  ho w hi s syste m 
woul d RPnrrat e a n ima^ e o f  a  man strolling ,  a s h e 
does no t  specif y ho w i t  i s  possibl e fo r  component s 
of  a n ina^ e t o mov e relativ e t o eac h othe r  i n a 
meaningfu l  way .  T o implemen t  a n even t  simulatio n 
of  sentenc e S I  i t  i s  necessar y t o acces s an d ru n 
ove r  tim e a n ordere d sequenc e o f  "key "  imag e 
frame s whic h represen t  th e actiona l  componen t  o f 
th e ver b 'stroll' .  I f  yo u imagin e a  continuou s 
motio n sequenc e t o b e broke n dow n int o a  serie s o f 
stati c images ,  the n th e ke y image s ar e thos e whic h 
hav e a  hig h informatio n conten t  i n tha t  the y 
distinguis h betwee n th e meaning s o f  differen t 
verbs .  Suc h image s migh t  correspon d t o a 
discontinuit y i n th e movement  sequence ,  o r  a 
chang e o f  directio n o f  motio n o f  a n imag e element . 
Thes e set s o f  ke y imag e frame s shoul d b e abstrac t 
enoug h t o tak e differen t  objects/agent s o f  a n 
actio n a s th e conten t  o f  th e image .  Th e actiona l 
component  o f  th e ver b withi n th e P-syste m woul d b e 
linke d t o it s correspondin g ke y imag e fram e 
sequenc e withi n th e I-system ,  tn d whe n th e 
actiona l  componen t  i s accesse d durin g parsin g th e 
ke y imag e fram e sequenc e woul d b e ru n i n th e 
I-syste m t o generat e th e even t  simualtion .  A t  th e 
same time ,  th e othe r  P-syste m element s accesse d 
durin g parsing ,  correspondin g t o th e argument s o f 
th e verb ,  woul d activat e objec t  image s t o for m th e 
conten t  o f  th e even t  simulation .  Thes e objec t 
image s woul d b e interprete d b y th e ke y imag e fram e 
sequenc e t o produc e th e dynami c image .  Thes e 
idea s hav e onl y bee n discusse d i n th e contex t  o f 
representin g th e verb s o f  movement ,  bu t  the y coul d 
be generalise d t o provid e a  basi s fo r  generatin g 
th e ful l  rang e o f  dynami c image s an d even t 
simulations . 

[11 ]  Kosslyn ,  S.M. ,  an d Shwartz ,  S.P .  A 
simulatio n of  visua l  imagery .  Cognitiv e Science . 
1,  265-295 .  1977 . 
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METAPHOR A S NONLITERAL SIMILARIT Y 

Odella E. Schattin and Hartvig Oahl 

INTRODUCTION. In many current theories, meta-
phor s ar e though t  o f  a s cover t  o r  implie d nonli -
tera l  comparisons ,  whic h ar e comprehende d b y refer -
enc e t o thei r  underlyin g litera l  compariso n state -
ments ,  i.e .  similes .  Thi s vie w ca n b e trace d bac k 
t o Aristotle ,  an d i s eviden t  i n mor e recen t  ac -
count s o f  metapho r  comprehensio n (e.g .  Kintsch , 
1974 ;  Miller ,  1979 ;  Searle,  1979) . 

Thi s prevalen t  theor y o f  metaphor s i s chal -
lenge d b y tha t  o f  Orton y (1979a ,  1979b ,  i n press) . 
Whil e Orton y agree s wit h th e notio n o f  metaphor s a s 
implie d comparisons ,  h e contend s tha t  thi s "reduc -
tion "  theor y doe s littl e t o explai n th e comprehen -
sio n proces s involve d i n understandin g metaphors . 
I t  i s  misleading ,  Orton y argues ,  t o understan d a 
metapho r  i n term s o f  it s  correspondin g simil e be -
caus e th e compariso n referre d t o i n th e simil e it -
sel f  i s  ofte n metaphorica l  i n nature .  I n hi s 
words : 
"... the difference between the metaphor and 

it s correspondin g similarit y statemen t  i s no t 
tha t  on e i s metaphorica l  an d th e othe r 
literal ;  th e differenc e i s tha t  on e i s a n in -
direc t  statemen t  wherea s th e othe r  i s a 
direc t  one. " 

(Ortony, 1979a, p. 177) 
He proposes an alternative theory based on 
Tversky' s (1977 )  contras t  mode l  whic h utilize s 
featur e matching . 

Accordin g t o Ortony ,  th e comprehensio n o f  a 
metapho r  involve s assessin g th e attribute s o r 
feature s whic h It s topi c an d vehicl e hav e i n com -
mon.  What  i s require d fo r  a  goo d metapho r  i s tha t 
thes e share d attribute s b e mor e highl y salien t 
feature s o f  th e vehicl e ter m tha n o f  th e topi c 
term .  Thi s salienc e imbalanc e i s on e importan t 
mechanis m whic h i s involve d i n metapho r  comprehen -
sion . 

Anothe r  importan t  aspec t  o f  Ortony' s accoun t 
i s tha t  th e attribute s share d b y th e topi c an d 
vehicl e nee d no t  b e identical .  The y nee d onl y b e 
simila r  t o eac h other .  Thi s similarit y betwee n th e 
share d attribute s ca n be ,  an d ofte n is ,  metaphori -
ca l  i n nature .  Thus ,  anothe r  majo r  concep t  i n 
Ortony' s theor y i s tha t  o f  metaphorica l  o r  nonli -
lexa i  Bimilarity . 

The presen t  experimen t  i s a  preliminar y stud y 
intende d t o tes t  thi s notio n tha t  th e basi s fo r  a 
good metapho r  i s nonlitera l  similarity .  I t  i s  ex -
pecte d tha t  th e judge d goodnes s o f  a  metapho r  wil l 
depen d o n tw o factors :  a  perceive d similarit y 
betwee n th e statement' s tw o components ,  an d th e 
characterizatio n o f  thi s similarit y a s nonliteral . 
Statement s whos e component s ar e perceive d t o b e 
literall y simila r  wil l  b e judge d lo w i n quality ,  a s 
wil l  statement s whos e component s ar e exceedingl y 
dissimilar .  I t  i s  als o hypothesize d tha t  similari -
t y an d literalnes s ar e different ,  althoug h related , 
dimensions . 

METHOD.  Design .  Th e mai n par t  o f  th e experi -
ment  involve d obtainin g rating s o n thre e dimension s 
of  2 5 comparison s i n th e for m o f  "Topi c i s lik e 
Vehicle" ,  chose n i n pretestin g t o represen t  th e 
ful l  scal e rang e o f  "goodness "  o n a  9-poln t  scale . 
The 2 5 statement s range d fro m 4  t o 1 0 word s i n 
lengt h wit h a  mea n lengt h o f  6  words . 

Procedure .  Si x subjects ,  thre e male s an d thre e 
females ,  wer e aske d t o rat e th e statement s firs t  o n 
similarity ,  the n o n literalnes s an d finall y o n 
goodnes s o r  aptness .  Th e orde r  o f  task s remaine d 
constan t  acros s subjects ,  bu t  th e statement s wer e 
randomize d differentl y fo r  eac h o f  th e thre e 
scales ,  an d thes e randomization s wer e differen t  fo r 
eac h subject . 

RESULTS.  Th e result s Indicat e tha t  th e rater s 
use d th e thre e scale s reliably ;  th e mea n Coeffi -
cien t  Alph a wa s .82 .  Furthermore ,  th e 2 5 state -
ment s use d i n th e stud y provide d a  representativ e 
sampl e whic h extend s ove r  th e rang e o f  eac h scale . 
Thus th e implication s pointe d ou t  belo w (se e Dis -
cussion )  ar e backe d b y a  se t  o f  reliabl e scale s an d 
by metaphor s whic h distribut e uniforml y alon g thes e 
scales . 

Figur e 1  i s a  scatterplo t  o f  th e relationshi p 
betwee n literalnes s an d goodness .  Ther e i s a  sig-
nifican t  negativ e linea r  correlatio n betwee n thes e 
tw o scale s ( r  -  -.67 ,  p  <  .0001) . 

As ca n b e see n i n Figur e 2 ,  althoug h ther e i s 
no significan t  linea r  correlatio n betwee n similari -
t y an d goodness ,  ther e i s a  significan t 
( r  -  .60 ,  p  <  .006 )  curvilinea r  relationship .  I n 
fact ,  a  goo d fi t  wa s obtaine d usin g a  quadrati c re -
lationshi p betwee n similarit y an d goodness ,  a s 
represente d b y th e equatio n underneat h Figur e 2 . 

Whil e prediction s o f  goodnes s fro m literalnes s 
wer e quit e successful ,  the y d o no t  teOc e int o ac -
coun t  th e interactio n o f  literalnes s wit h similari -
ty .  Thi s interactio n i s eviden t  i n Figur e 3 ,  whic h 
i s a  scatterplo t  o f  th e relationshi p betwee n simi -
larit y an d literalness .  Thi s figur e indicate s tha t 
at  lo w value s o f  literalness ,  similarit y i s onl y 
narginall y relate d t o literalnes s bu t  a t  hig h 
value s o f  literalness ,  similarit y i s rathe r  wel l 
predicte d b y literalness . 

As i t  turn s out ,  thi s varianc e alon g th e simi -
larit y dimensio n ca n b e use d t o furthe r  Improv e ou r 
prediction s o f  goodnes s (G) .  Th e bes t  fittin g qua -
drati c relationshi p incorporatin g bot h similarit y 
(S )  an d literalnes s (L )  i s represente d b y th e fol -
lowin g equation : 
O - 1.86 + .74L - .16L* + .77S 
Using this model, the predicted goodness rat-
ing s wer e plotte d a s d  functio n o f  th e observe d 
goodnes s ratings .  Th e resultin g scatterplo t  ca n b e 
see n i n Figur e 4 .  Ther e i s a  highl y significan t 
positiv e correlatio n ( r  -  .92 ,  p  <  .00003 )  betwee n 
th e value s generate d b y th e mode l  (predicte d good -
ness )  an d thos e generate d b y th e rater s (observe d 
goodness) ,  thu s accountin g fo r  84 % o f  th e varianc e 
i n th e goodnes s ratings . 

DISCUSSION.  Ou r  result s suppor t  Ortony' s re -
jectio n o f  th e "reductionist "  viewpoin t  o f  metapho r 
comprehension .  We hav e show n tha t  eve n statement s 
traditionall y referre d t o a s "similes "  var y i n th e 
degre e t o whic h thei r  component s ar e perceive d a s 
literall y similar .  Thus ,  th e "reductionists' " 
clai m tha t  a  metapho r  mus t  b e converte d t o it s 
underlyin g "simile "  i n orde r  t o b e understood ,  i s 
not  wel l  founded .  Instead ,  w e offe r  a n alternativ e 
theor y incorporatin g th e notio n o f  nonlitera l  simi -
larit y a s th e basi s fo r  goo d metaphorlcity . 

A viabl e interpretatio n o f  ou r  mode l  require s 
examinin g eac h componen t  o f  th e bes t  fi t  quadrati c 
equation : 
G - 1.86 + .74L .16L + .77S 
Note that at low levels, the literalness components 
become positiv e an d th e relationshi p become s addi -
tive .  A s w e hav e alread y note d i n ou r  discussio n 
of  Figur e 3 ,  a t  lo w level s o f  literalness ,  similar -
it y ca n var y ove r  a  larg e range .  Thus ,  a t  thes e 
lo w level s o f  literalness ,  i f  similarit y i s lo w 
the n th e goodnes s o f  a  metapho r  wil l  als o b e low . 
If ,  o n th e othe r  hand ,  whil e literalnes s i s lo w 
similarit y i s high ,  th e resultin g goodnes s valu e 
wil l  als o b e high .  S-> ,  w e hav e arrive d a t  a  quan -
titativ e illustratio n o f  nonlitera l  similarit y a s 
th e bes t  predicto r  o f  a  goo d metaphor . 
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A THEORY OF INTELLIGENC E 
by: P. J. vanHeerden 

POLAROID RESEARCH LABORATORIES 
750 MAI N STREET,  CAMBRIDGE.  MASSACHUSETTS 

The basis of this theory of intelligence, in man or animal, 
i s  a  model .  Th e mode l  i s a  computer ,  "th e brain' ,  wit h inpu t 
channel s an d outpu t  channels .  Shannon ,  i n hi s theor y o f  inform -
ation^ )  ha s show n tha t  al l  informatio n channel s ca n b e presente d 
i n th e for m o f  binar y tim e series ,  sequence s o f  one s an d zero s 
only ,  a s fo r  instanc e 10110 1 Thi s i s s o becaus e an y recor d 
of  event s o r  thing s i n th e rea l  world-b e i t  photographs ,  televi -
sio n tapes ,  audi o tapes ,  writte n o r  printe d material ,  o r  an y othe r 
imaginabl e recor d contain s onl y a  finit e amoun t  o f  information . 
Therefore ,  th e mode l  o f  intelligenc e ca n b e a  finit e "̂ tat e digita l 
computer ,  havin g onl y binar y tim e serie s a s input s an d outputs . 

A furthe r  choic e wil l  b e mad e i n th e model -  I t  wil l  b e 
assumed tha t  th e program ,  tha t  i s th e se t  o f  instruction s give n 
t o th e compute r  t o mak e i t  int o a  mode l  o f  intelligence ,  i s in -
dependen t  o f  th e siz e o f  th e computer .  Thi s mean s tha t  th e mode l 
fo r  intelligenc e i n man ,  mouse ,  octopu s o r  an t  i s th e sam e i n 
principle ,  althoug h th e amoun t  o f  informatio n processin g neede d 
t o mode l  huma n intelligenc e i s clearl y muc h large r  tha n i n th e 
model  o f  a n ant . 

I t  i s  almos t  silentl y implie d tha t  th e progra m fo r  th e com -
puter ,  t o mak e i t  int o a  mode l  o f  intelligence ,  i s completel y in -
dependen t  o f  th e "actua l  meaning "  o f  th e informatio n bein g pro -
cessed .  I n a  binar y computer ,  th e machin e ca n onl y se e th e differ -
enc e betwee n th e symbo l  1  an d th e symbo l  0 ,  an d nothin g more . 

I f  a  man i s hungr y h e wil l  tr y t o satisf y hi s hunge r  b y 
eating .  Tha t  i s intellî ^ent .  Th e genera l  principl e o f  intelligenc e 
wil l  b e considere d th e generalizatio n o f  tha t  statement:  "T o b e 
intelligen t  i s t o tr y t o satisf y one'" ? persona l  drives" .  However , 
one coul d no t  understan d man ,  o r  socia l  cmimals ,  withou t  assumin g 
th e existenc e o f  severa l  independen t  socia l  drives-a s fo r  instanc e 
th e parenta l  instincts-whic h may ver y wel l  overrul e th e driv e o f 
hunge r  i n specifi c  situations .  I f  on e i s hungry ,  i t  may stil l  b e 
more satisfyin g t o fee d one' s chil d tha n t o ea t  on e self .  Man' s 
spectru m o f  socia l  drive s ha s bee n ver y wel l  represente d fo r  in -
stanc e i n th e wor k o f  th e socia l  psychologis t  Willia m MacDougall^ ) 

The drive s wil l  b e represente d i n th e mode l  a s a  numbe r  o f 
inpu t  tim e serie s t o th e computer .  T o satisf y one' s drive s on e ha s 
t o act ,  operat e o n th e outsid e world ,  i n som e way .  on e may fo r 
instanc e as k wher e t o fin d a  restaurant ,  on e may wal k t o it ,  on e ma y 
pic k u p a  menu .  i t  wil l  b e assume d tha t  intelligenc e result s 
i n commands t o th e muscles ,  a s t o th e tongu e i n speaking ,  th e 
leg s i n walking ,  th e han d i n holdin g th e menu .  These  commands 
wil l  b e represente d i n th e mode l  a s th e outpu t  binar y tim e 
serie s o f  th e computer .  There  are ,  beside s th e drives ,  a 
secon d typ e o f  inpu t  tim e serie s neede d fo r  intelligen t  action . 
Thes e ar e th e channel s whic h carr y th e informatio n fro m th e 
senses ,  a s th e eye s an d ears ,  withou t  whic h intelligen t  actio n 
woul d hardl y b e possible . 

we no w hav e al l  th e component s o f  th e mode l  o f  intelligence : 
a digita l  computer ,  wit h tw o type s o f  binar y inpu t  tim e series , 
and on e typ e o f  binar y outpu t  series .  Le t  u s arrang e the m i n a 
aiagram : 

Model  o f  Intelligenc e 

Past Presen t 

Human Drive s Hi(1),h^(2),H^(3)... .  Hi{n) , 
(a s hunger ,  receive d h,(1).H,(2).ri,(3 )  H-(n) , 
..o._̂ th e .oa y . .  t. e „ ^  , „  .  „ ^  , „  .  „ ,  ,3 ,  .  .  .  .  H^n ,  . 

Human Senses S^ (1),5^(2),Si(3) S^lnl 
(informatio n flo w 82(1) , 
fro m eyes ,  ear s etc . 
t o th e brain ) 
commands to muscles Ci(1),Ci(2),C^(3),.... C^ln), 
(th e informatio n flo w Cjll )  Cjin) , 
i n th e nerve s fro m th e 
brai n t o hand ,  tongu e 
or  foot ) 

H^fn+l),. . 
H2(n+1),. . 
H3in+1),. , 

Si'n+l) , 

Ci  (n+1 ) 
c->(n+l ) 

H,  S ,  C  ar e al l  binar y function s a t  specifi c interval s o f  tim e t ; 
fo r  instanc e Hi(L-\)=l ,  Hj(t=2)=0 ,  llĵ (t-=3)=0 ,  etc .  Th e interval s 
't- 1 may u e 1  second ,  0. 1 secon d o r  th e like . 
[It is well known that the observing brain also acts on glands m 
th e bod y t o prepar e i t  fn r  action :  th e sigh t  o f  foo d stimulate s th e 
digestiv e juices ,  th e sigi. t  o f  fearsom e thing s put s adrenali n int o 
th e blood ,  etc .  Althoug h t.ii s  i s  no t  muscula r  action ,  th e function , 
logicall y speakin g i s a o simila r  t o muscula r  actio n tha t  i t  wil l  b e 
incorporate d i n th e mode l  a s channel s Cy ,  Cĵ + i  etc. ] 

Al l  w e hav e t o d o no w t o finis h th e mode l  o f  intelligenc e 
i s t o ad d a  compute r  progra m tha t  constructs ,  fro m th e serie s 
^l '  H2...,Si ,  S2---an d C^ ,  02-... ,  th e outpu t  serie s Cĵ ,  C 2 -  -  - -
The ai m o f  th e prograr .  i s  t o mak e th e futur e digit s o f  H, ,  H , 
equa l  t o zero .  H= 0 wil l  b e assume d a  satisfie d drive .  H= l  a n 
activ e drive .  I t  mus t  b e clea r  tha t  on e canno t  expec t  a  strictl y 
causa l  relatio n betwee n ou r  futur e desire s H  an d ou r  presen t  mus -
cula r  activity .  When on e i s ou t  i n th e middl e o f  a  desert ,  i t 
wil l  b e har d t o com e u p wit h a n immediat e actio n t o satisf y one' s 
hunge r  o r  thirst .  On e ca n onl y as k fo r  th e bes t  on e ca n do ,  tha t 
I S a s man y O' s a s possibl e i n th e futur e o f  th e H's ,  o n th e basi s 
of  one' s limite d capabilities . 

Our  progra m need s a  theor y o f  prediction .  I t  i s  clea r  tha t 
suc h a  theor y shoul d exist .  Peopl e d o lear n t o satisf y thei r  need s 
by thei r  actions .  We cal l  tha t  skill ,  experience ,  insight ,  intell -
igence ,  "kno w how "  o r  wisdom .  On e i s no t  continuousl y succesfu l  b y 
jus t  shee r  luck .  We als o believe ,  o n th e basi s o f  moder n science , 
tha t  th e learnin g proces s take s plac e b y informatio n processin g i n 
th e brain ,  analogou s t o wha t  digita l  computer s do .  Doe s a  theor y 
of  predictio n exist ? I  wil l  propos e one3 )  t o you .  i t  i s  my vie w 
tha t  suc h a  theory ,  throug h th e wor k o n informatio n theory ,  b y 
Shanno n an d others ,  ha s becom e almos t  selfevident .  Th e knowledge , 
tha t  on e ca n wor k wit h binar y tim e serie s only ,  an d arriv e a t  a 
completel y genera l  theory ,  ha s certainl y eliminate d al l  mathematica l 
difficulties .  Th e onl y proble m i s scientific :  t o propos e a  theor y 
tha t  conforms  t o th e intuitiv e expectation s w e have ,  a s intelligen t 
beings ,  abou t  th e future , 

TO begin ,  assum e a  binar y tim e serie s f(t) ,  an d f(l)=l ,  f(2)=0 , 
f(3)=l ,  f(4)=0 ,  f(5)=l ,  f(6)=0 .  What  i s f(7) ,  f(8) ,  etc. ? Le t  me 
writ e dow n th e pattern :  101010... .  On e ha s th e intuitiv e expecta -
tio n tha t  I t  wil l  continu e wit h 1010 ,  Ca n w e no w fin d th e reaso n 
fo r  thi s intuitiv e expectatio n an d formulat e i t  a s a  genera l  theor y 
fo r  al l  possibl e situation s o f  binar y tim e series ? 

Suppos e on e give s a  specifi c  tim e serie s t o a  grou p o f  scien -
tists ,  expert s i n analysin g information : 
101101001010101000111 0 
Let  th e tim e serie s b e a  lon g one ,  sa y a  millio n digits ,  an d on e 
ask s the m t o predic t  th e futur e o f  th e series .  Naturall y the y wil l 
want  t o kno w wha t  th e tim e serie s represent ,  s o the y hav e som e clues : 
i s  i t  th e binar y encodin g o f  som e spoken ,  o r  writte n language ,  th e 
son g o f  a  bird ,  a  televisio n program ? Bu t  the y ar e tol d tha t  a  ne w 
bor n bab y doe s no t  hav e th e privileg e o f  knowin g wha t  th e worl d i s 
al l  about .  i t  receive s signal s fro m it s eye s an d ear s an d stomac h 
and doe s no t  kno w wha t  the y mean .  Bu t  i n fiv e o r  te n year s i t  grow s 
up int o a n intelligen t  bein g whic h know s a  lot .  wh y shoul d a  grou p 
of  accomplishe d scientist s b e entitle d t o more ? S o th e expert s 
star t  analysin g th e tim e serie s b y al l  th e mean s the y hav e avail -
abl e an d en d u p confessin g tha t  th e serie s loo k ver y rando m t o 
them ,  an d therefor e ther e i s littl e t o predict .  On e the n give s 
the m th e clu e tha t  i t  may represen t  th e firs t  millio n digit s o f 
/ ^  ,  writte n i n binar y digits .  The y tr y i t  an d i t  fit s  perfectly . 

They wil l  the n hav e a  stron g intuitiv e expectatio n tha t  als o th e 
futur e digit s o f  th e serie s wil l  b e represente d b y /r z Ar e the y 
certai n tha t  thi s expectatio n wil l  tur n ou t  correct ? No ,  nothin g 
i s certai n i n th e rea l  world .  I t  i s  simpl y th e bes t  predictio n 
the y hav e a s rationa l  being s o n th e basi s o f  th e availabl e inform -
ation . 

Thi s exampl e show s th e wa y t o th e genera l  formulatio n o f  a 
theor y o f  rationa l  prediction .  There  woul d hav e bee n n o reaso n 
t o associat e th e tim e serie s wit h Jf ^  ,  becaus e / I  woul d hav e bee n 
jus t  on e hypothesi s ou t  o f  a  billio n other s on e coul d com e u p with . 
But  onc e a  hypothesi s ha s bee n trie d an d show n t o confor m t o th e 
presentl y give n series ,  w e hav e a  stron g intuitiv e confidenc e tha t 
thi s make s a  valuabl e prediction,  s o th e theor y says :  sinc e al l 
hypothese s ar e aprior i  equivalent ,  choos e a  hand y packag e o f  hypoth -
ese s whic h i s readil y formulated ,  easil y store d an d efficientl y 
tested .  There  exist s on e suc h hand y package .  I t  is :  "compar e th e 
presen t  tim e serie s wit h al l  it s  ow n pasts. "  Fo r  a  millio n digi t 
series ,  w e hav e a  millio n independen t  hypothese s withou t  an y effort . 
Ther e i s n o othe r  se t  o f  hypothese s i  hav e bee n abl e t o thin k o f 
tha t  matche s thi s on e i n efficiency .  I  therefor e hypothesiz e tha t 
thi s I S th e syste m use d b y al l  livin g creature s endowe d wit h in -
telligence ,  grea t  o r  small . 

There  ar e a  fe w thing s t o b e specifie d befor e th e theor y i s 
complete :  Th e firs t  on e i s tha t  on e mus t  allo w a  percentag e o f 
erro r  i n th e compariso n o f  th e presen t  tim e serie s wit h th e hy -
potheses .  Otherwis e on e may fin d tha t  no t  a  singl e hypothesi s i s 
confirmed .  Th e secon d on e i s tha t  on e ca n deman d a  matc h o f  th e tim e serie s wit h th e hypothesis ,  no t  ove r  th e whol e serie s bu t onl y ove r  a n unspecifie d perio d bac k int o th e past .  Then ,  i f  on e has severa l  hypothese s matchin g th e tim e series ,  on e ove r  1 0 digit s on e ove r  10 0 digit s say ,  o f  th e mos t  recen t  past ,  on e se -lect s a s th e bes t  predictio n tha t  on e hypothesi s whic h ha s matche d th e tim e serie s ove r  tli e longes t  mos t  recen t  past . Ther e i s on e mor e supplemen t  t o th e theor y whic h seem s de -sirable .  I n ou r  model ,  ther e i s no t  jus t  on e tim e series ,  bu t  a larg e numbe r  o f  series .  We hav e presente d th e past ,  o f  Drives , Sense s an d commands t o muscle s informatio n a s a  tw o dimensiona l tablea u o f  one s an d zeros .  T o predict ,  w e compar e th e presen t tablea u no t  ]us t  wit h th e tableau s w e obtai n b y goin g 1,2, 3 o r more digit s t o th e left .  Instead ,  w e als o allo w movement s u p an d down.  We investigat e th e matc h o f  th e presen t  tablea u wit h al l 
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othe r  tableau s w e obtai n b y goin g an y riLunbe r  o f  atep s t o th e 
lef t  combine d wit h an y numbe r  o f  step s u p o r  down . 

The theor y say s tha t  th e brai n i s programme d t o tes t  n 
hypotheses ,  wher e th e infornidtio n store d b y previou s event s i n 
th e lif e o f  th e intelligen t  individua l  i s  n  bits .  I t  the n se -
lect s th e on e hypothesi s whic h conform s bes t  t o th e presen t  si",, . 
tuation .  Fo r  humans ,  thi s may requir e th e testin g o f  10 ^  t o 1 0 
hypotheses .  An d don' t  forget ,  thi s tas k i s performe d no t  ^us t 
once ,  bu t  agai n an d again ,  ever y tim e interva l  - t  o f  0. 1 second s 
may be .  Clearl y tha t  i s  a n enormou s computationa l  task !  Ther e 
must  therefor e b e shor t  cuts . 

TO finis h however ,  w e mus t  conside r  tw o situations .  Th e 
firs t  on e i s th e cas e tha t  th e predictio n lead s t o a n increase d 
satisfactio n o f  th e drives ,  a n increase d numbe r  o f  zeros .  Tha t 
I S th e eas y one .  Th e brai n simpl y produce s th e correspondin g 
commands t o th e muscle s fro m it s memory .  Thi s i s a s i n th e plea -
san t  situatio n wher e on e drive s hom e afte r  wor k i n ligh t  traffic . 
One know s wha t  t o do .  Th e secon d possibilit y  i s  tha t  th e predic -
tio n i s on e o f  increase d anxiety .  "On e enjoy s one' s dinne r  a t 
home an d notice s throug h th e windo w one'* = creditor s converg e o n 
th e fron t  door "  Or :  "on e enter s one' « hom e an d find s a  bo a con -
stricto r  i n th e livin g room "  wha t  i s no w th e mode l  fo r  th e 
automati c instructio n t o th e muscles ? Thes e question s ar e no t 
answere d a s readily ,  an d clearl y requir e mor e discussion . 
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A TETRAGENIC FRAME FOR MODELLING UNMEDIATED KNOWLEDGE ACQUISITION * 

Egon E. Loebner 
Computet  Reserac h Cente r 

Hewlett-Packat d Laboratorie s 

The questio n 'Ho w doe s knowledrj e qe t 
int o huma n heads? '  ha s bee n ;  jke d man y 
time s before .  I n thi s pape r  th e questio n 
I s narrowe d an d sharpene d tw o times .  Th e 
firs t  time ,  al l  knowledg e mediate d throuq h 
direc t  contac t  wit h othe r  huma n beings ,  a s 
wel l  a s throuq h variou s communicatio n 
technologies ,  i s exluded .  Suc h knowledg e 
has ofte n bee n calle d immediat e knowledge . 
I n orde r  no t  t o prejudg e th e timin g 
aspect s o f  th e acquisitio n process ,  i t  i s 
calle d unmediate d knowledg e instead .  Thi s 
exclude s al l  knowledg e obtaine d throuq h 
educatio n a s wel l  a s mos t  learnin g 
activities .  I t  thu s restrict s knowledg e 
acquisitio n t o processe s throug h whic h 
peopl e discove r  fact s b y themselves , 
inven t  thei r  ow n solution s t o problem s 
and,  withou t  bein g told ,  show n o r 
otherwis e guided ,  figur e ou t  meaning s o f 
facts .  Obviousl y unmediate d knowledg e 
canno t  b e experimente d wit h apar t  fro m 
mediate d knowledg e withou t  Infractio n o f 
ethica l  codes .  Unmediate d knowledg e 
acquisitio n I s synonymou s wit h knowledg e 
generation .  I t  i s  therefor e referre d t o 
as gnomogenesls .  Th e secon d sharpenin g o f 
th e abov e questio n come s fro m restrictin g 
i t  t o gnomogenl c event s whos e product s 
ar e bein g reporte d fo r  th e firs t  time . 
Thi s restrictio n minimize s th e probabilit y 
tha t  th e knowledg e ha d bee n obtaine d b y 
mediation . 
By singling out for study those 
gnomogenl c event s whic h ar e associate d 
wit h recognize d inventors ,  discoverers , 
explorers ,  designers ,  experimenter s an d 
theorizets ,  a  mot e refine d examinatio n o f 
gnomogenesl s become s possible .  Thes e si x 
type s o f  individual s at e responsibl e fo r 
conttibutIon s i n science ,  technology ,  ar t 
and politics .  The y ofte n becom e single d 
out  fo r  specia l  attentio n and ,  o n 
occasion ,  thei r  cognitiv e processe s becom e 
sctutIn i  zed . 
While one cannot sharply distinguish 
th e si x type s o f  individuals ,  the y ca n 
be associate d wit h si x cognitiv e processe s 

expi:rii;nce d 
observatio n 

Discoverin g 

Expenmenhng 

FORMAL 
REASON NG 

Explorin g 

Designin g 

Theorizin g INTUITIV E 
/  INSIGH T 

/ 
Inventin g 

PURPOSEFUL 
ACTION 

Model  o f  Unmediate d Knowledg e Acquisitio n 

responsibl e fo r  thei r  designations .  Thes e 
processe s ar e inventing ,  discovering , 
exploring ,  designing ,  experimentin g an d 
theorizing .  The y ar e displayed ,  togethe r 
wit h th e fou t  Insttumentalltle s o f 
gnomongenesi s fto m whic h the y ca n b e 
derived ,  i n th e abov e figure . 

Sinc e th e bes t  documen t 
gnomogenl c phenomen a ar e f 
field s o f  scienc e an d techno l 
th e discussio n wit h thei r  p 
cognitiv e processe s o f  d i 
invention .  Discover y i s a 
findin g ou t  somethin g tha t  w a 
unknown .  A  classica l  ex a 
discover y o f  a  ne w elemen t  I n 
a ne w particl e I n physics . 
discover y ha s bee n mad e an d 
th e scientifi c  communit y th e 
include s no t  onl y belie f  i n t 
of  suc h a n elemen t  o r  part i 

ed case s o f 
ound i n th e 
ogy ,  w e begi n 
toducts ,  th e 
scover y an d 

proces s o f 
s previousl y 
mpl e I s a 

chemistr y o r 
Afte r  th e 

accepte d b y 
common belie f 
he existenc e 
cl e bu t  als o 

•Base d o n materia l  taugh t  datin g th e lat e 6 0 
a gtaduat e cours e entitle d 'Introductio n t o 

s an d earl y 70' s a t  Stanfor d Unlvers i 
th e Heuristic s o f  Inventio n an d Disc o 
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th e belie f  tha t  I t  existe d befor e th e 
discover y event ,  eve n thoug h i t  ha d no t 
been know n prio r  t o th e event .  I t  I s 
importan t  t o not e that.it s  nam e i s closel y 
associate d wit h th e concep t  o f  uncovering . 
Thi s implie s th e remova l  o f  a n obstacl e t o 
observation .  Thi s obstacl e i s situational . 
The situatio n ca n b e conditione d i n th e 
physica l  worl d o r  i n th e belie f  syste m th e 
discovere r  share s wit h hi s contemporaries . 
The discovere r  remove s th e obstacl e t o 
perceptio n an d make s hi s ac t  known .  Hi s 
peer s confir m th e ne w perception s o f  the , 
now mor e easil y accessed ,  objec t  o f 
discovery . 
The act of invention differs from the 
act  o f  discovery .  I t  call s fo r  contrivin g 
and fabricatin g somethin g tha t  ha d it s 
origi n i n someone s imagination .  I t  become s 
realize d onl y afte r  it s  ide a becam e 
establishe d i n th e min d o f  th e inventor . 
When th e ac t  o f  inventio n i s complet e an d 
th e inventio n turn s int o fact ,  th e common 
belie f  tha t  th e inventio n did n t  exis t 
befor e th e ac t  remains .  Whil e discoverin g 
deal s wit h externalities ,  inventin g deal s 
wit h insight .  I t  engage s th e mor e privat e 
aspect s o f  th e inventor' s cognition .  Th e 
ide a fo r  a  wireles s telegrap h I s a  ne w 
composit e wit h Hertz-discovere d radiowave s 
replacin g wir e fo r  th e purpos e o f  signa l 
transmissio n ove r  lon g distances .  Th e ide a 
precede d buildin g o f  th e device .  When 
analyzin g inventiv e cognitio n on e find s 
introspectio n combine d wit h th e ai m o f 
outwar d demonstratio n o f  a  product . 
Analysi s o f  th e cognitiv e proces s o f 
discover y howeve r  indicate s a n outwar d 
lookin g aime d a t  a n inne r  restructurin g 
of  situationa l  understanding .  A  test , 
base d o n psycholinguistics ,  ca n verif y 
tha t  discover y an d Inventio n ar e no t 
interchangeable .  We spea k o f  'discoverin g 
th e truth' ,  bu t  no t  o f  'inventin g truth* . 
We d o sa y tha t  ' a li e ha s bee n invented* . 
A 'discover y o f  a  lie *  coul d howeve r  b e 
interprete d a s a  discover y o f  th e 
existenc e o f  a  lie ,  afte r  I t  ha d bee n 
created .  Thu s w e conside r  inventio n an d 
discover y t o b e opponent s i n a  simila r 
sens e tha t  blu e an d yello w ar e opponent s 
i n th e psychophysica l  spac e o f  color . 
Thi s w e symboliz e b y assignin g the m t o tw o 
non-intersectin g edge s o f  a  polyhedron . 

I t  i s  necessar y t o 
when dealin g wit h so-ca l 
ful l  distinctio n canno t 
draw n betwee n discove r 
Whil e i n som e sens e the y 
anothe r  sens e the y a r 
Her e th e concep t  o f 
introduce d int o quantu m 
fo r  th e purpos e o f  esca p 
th e particle-wav e duali l 
usefu l  guid e fo r  th e 
incompatibles .  We pla n 
matte r  below . 

exercis e cautio n 
le d opponents .  A 
and shoul d no t  b e 
y an d Invention . 

ar e opposite s I n 
e no t  different . 

complementa r  ity , 
physic s b y Boh r 

in g th e dilemm a o f 
ty ,  ca n becom e a 

simultaneit y o f 
t o discus s thi s 

A stron g cas e fo r  conplenentarit y ca n 
be mad e fo r  th e secon d pai r  o f  gnomogeni c 
processes :  Experimentin g an d theorizing . 
That  th e forme r  deal s wit h matter s 
externa l  t o a  cognitiv e system ,  an d th e 
latte r  wit h thos e interna l  t o it ,  nee d no t 

a grou p o f  scientists . 
swing s betwee n passiv e 
activ e manipulatio n o f 
latte r  betwee n interna l 

passiv e looking ,  literall y intuiting ,  an d 
interna l  manipulatio n o f  abstraac t  object s 
need s n o demonstratio n t o practitioner s o f 
th e ar t  o f  doin g science . 

The case for complementarity for the 
thir d pai r  o f  cognition s may b e les s 
obvious .  Explorin g deal s wit h externa l 
observin g o f  object s whos e interna l 
existenc e ha s bee n anticipate d throug h 
interna l  visualization ,  whil e designin g 
deal s wit h interna l  manipulatio n tha t 
anticipate s externa l  manipulatio n o f 
concret e objects . 
Those familiar with lattice theory 
kno w tha t  th e si x edge s o f  a  tetrahedro n 
deriv e fro m formin g logica l  union s betwee n 
al l  o f  it s  fou r  vertices .  Equivalentl y th e 
si x gnomogeni c function s coul d b e derive d 
by formin g union s betwee n fou r  term s tha t 
suitabl y represen t  th e labele d concept s a t 
th e vertice s o f  th e figure* s tetrahedron . 
The produc t  o f  tw o two-value d attribute s 
wil l  d o that .  Th e firs t  attribut e I s MODE 
of  cognition .  It s valu e i s perceiving ,  P , 
or  atcualizinq ,  A .  Th e secon d I s TENDANCE 
of  cognition ,  signifyin g attendanc e o f  th e 
environmen t  o r  th e self ,  wit h value s E  an d 
S respectively .  Th e tetrageni c vertice s o f 
th e tetrahedro n becom e PE ,  AE ,  A S an d P S 
i n tur n fo r  top ,  bottom ,  lef t  an d right . 
The abov e simpl e bu t  powerfu l  axiom s lea d 
directl y an d systemicall y t o a  derivatio n 
of  th e fou r  source s an d si x function s o f 
unmediate d knowledg e acquisition .  Th e hig h 
symmetr y o f  thi s model* s framewor k point s 
t o eas e o f  manipulatio n an d suggest s som e 
relationshi p betwee n theorie s o f  cognitiv e 
scienc e an d thos e o f  particl e physics . 
What kind of technical meaning can we 
assig n t o th e spac e bounde d b y th e edge s 
of  th e tetrahedro n whic h I s depicte d I n 
th e abov e figure ? Havin g labele d th e edge s 
wit h th e si x gnomogeni c functions ,  paire d 
Int o thre e opponent s o r  complements ,  on e 
can recogniz e suc h a  spac e a s belongin g t o 
psychophysic s an d psychonetric s which ,  a s 
Steven s point s out ,  utiliz e th e sam e scal e 
t o measur e aspect s o f  subjectiv e response s 
(sensations ,  perceptions ,  judgments ,  etc. ) 
and peopl e (Inventors ,  discoverers ,  etc.) . 
Such spac e expresse s relation s betwee n th e 
subjectiv e gnomogeni c processe s o r  betwee n 
peopl e assigne d i n accordanc e wit h th e 
dominan t  functio n the y exercis e whe n the y 
generat e ne w knowledge .  Thi s spac e ca n 
als o b e utilize d t o char t  th e sequenc e 
followe d b y a  singl e scientist ,  inventor , 
technologist ,  etc. ,  mappin g progressio n o f 
hi s ideation s afte r  thei r  articulation . 
Such graph s ca n displa y difference s amon g 
suc h individual s an d identif y thei r 
strength s a s wel l  a s weaknesses .  The y mak e 
possibl e recognitio n o f  dominan t  traits , 
suc h a s observationa l  power ,  reasonin g 
power  an d th e like . 

be justifie d t o 
That  th e forme r 
observatio n an d 
external s an d th e 

Model s simila r 
model  hav e bee n 
pre-SocratI c phil o 
formulate d th e fou r 
compositio n o f  pon d 
afte r  200 0 year s we r 
earth ,  water ,  ai r  a n 
curren t  theor y o f  o v 
elements ,  calle d a t 
ar e toda y subdivide d 
parts ,  an d s o o n 

t o thi s tetrageni c 
used before .  A 

sopher ,  Empedocles , 
elemen t  mode l  o f  th e 

erabl e matter .  Onl y 
e th e fou r  element s o f 
d fir e replace d b y th e 
et  a  hundre d chemica l 
cms.  However ,  thes e 

Int o mor e primitiv e 
Nevertheles s th e 
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origina l  Idea ,  tha t  matte r  i s t o b e 
though t  o f  a s compose d o f  mor e elementa l 
parts ,  stil l  prevails .  Th e tetraqeni c 
model  o f  gnomogenesi s shoul d b e considere d 
i n a  simila r  light .  I t  account s fo r  th e 
psychophysica l  fac t  tha t  perceptions , 
judgement s an d attitude s ca n b e decompose d 
int o mor e primitiv e elements .  Anothe r 
model  i s Car l  Jung' s attitudina l  mode l  o f 
Individua l  types .  I t  contain s thre e pair s 
of  opponent s tha t  ar e no t  equivalent .  Th e 
extroverted-introverte d pai r  i s  major ,  an d 
th e thinking-feelin g an d sensing-intuitin g 
pair s ar e minor .  Jung' s theor y state s tha t 
one majo r  an d on e mino r  facult y alway s 
dominat e th e personalit y o f  a n individual . 
Thi s lead s t o a n eight-fol d typolog y o f 
individuals .  B y "feelinq "  Car l  Jun g mean t 
th e "facult y o f  weighin g an d evaluatin g 
experience" ,  whic h h e though t  a s rationa l 
as th e intellectua l  "facult y o f  thinking" . 
By "sensing "  h e mean t  th e "facult y o f 
objectiv e presentation "  an d b y "intuiting " 
"a n involuntar y ac t  tha t  lack s judgment" . 
Our  tetrageni c mode l  differ s fro m Jung' s 
and othe r  model s interpretin g intuition . 
Thi s differenc e lead s no t  onl y t o a 
Jiffetin- j  interpretatio n o f  it s 
relationshi p t o th e othe r  gnomoqeni c 
instrumentalitie s o f  cognition ,  bu t  als o 
point s towar d a  nee d t o investigat e 
differen t  experimenta l  phenomen a withi n 
th e psycholog y o f  intuition . 
Let us examine a few authoritative 
description s an d definition s o f  intuition . 
Quinto n distinguishe s betwee n tw o kind s o f 
definition s o f  intuition :  on e ordinar y an d 
th e othe r  technical .  Accordin g t o th e 
ordinar y one ,  intuition s ar e expresse d b y 
makin g rapi d an d accurat e assertion s abou t 
matter s o f  fac t  i n circumstance s wher e 
relianc e o n standar d procedur e i s rule d 
out .  Thi s ordinary ,  nontechnical ,  sens e 
has bee n adopte d b y experimenta l 
psychloglst s suc h a s Heb b an d Westcot t 
when designin q thei r  experiment s t o tes t 
fo r  intuitiv e behavio r  i n huma n subjects . 
Among th e technica l  ones ,  th e mos t 
familia r  definitio n describe s intuitio n a s 
th e powe r  o f  obtainin g knowledg e whic h 
canno t  b e acquire d b y eithe r  inferenc e o r 
observation ,  reaso n o r  experience .  Ther e 
i s littl e questio n tha t  Peirce ,  on e o f  th e 
cleares t  thinker s an d a  grea t  philosophe r 
of  knowledge ,  believe d tha t  th e geneti c 
endowment  o f  man includes ,  beside s anima l 
instinct s an d everyda y "commo n sense" , 
most  Importantly ,  "i n th e cognitiv e domai n 
a sens e o f  th e plausibl e regardin g o f 
th e working s o f  nature" -  A  remarkabl e 
articulatio n o f  th e natur e o f  intuitio n 
comes fro m Eaton ,  a  virtuall y unknow n 
America n philosophe r  o f  knowledge ,  wh o 
wrot e durin g th e 20' s 
Intuitio n give s u s 
knowledge ,  lef t  ove r 
clearl y conceive d o r  sense d i n th e objec t 
(th e Individualit y o f  a  pebbl e picke d u o 
on th e beach )  ha s bee n analyze d away" . 
Eato n wa s critica l  o f  Berqson' s 
anti-lntellectualisti c  philosoph y whic h 
equate d Intuitio n wit h "pur e awatness "  an d 
by settin g I t  o n it s ow n fee t  an d thu s 
severin g "rationa l  though t  fro m th e 
non-conceptua l  mediu m int o whic h an i  fro m 

Me stated :  "Wha t 
I s a  residu e o f 
when al l  tha t  I s 

whic h 
viol e 
"a t 
effo r 
conc r 
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t  t o fa s 
et e i n 
escen t  o f 
Ibe d Ber g 
g tha t  B 
branc h o n 
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Eato n 
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abstrac t 
te n o n t h 
it" .  Th i 
tha t  giv e 

son' s the o 
ergso n w a 

whic h h e 
"a fu s 
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saw Bergso n doin g 
ve ac t  i n lookin g 
l y i n th e ver y 
at  whic h i s mos t 
s descriptio n I s 
n b y Einstein ,  wh o 
r y o f  intuitio n b y 
s sawin g of f  th e 

sat .  Eato n sa w 
io n o f  reason . 

The psychophysica l  tetrageni c model , 
whic h w e propos e fo r  cognition ,  i s  a n 
extensio n o f  Eaton' s theor y o f  knowledge , 
whic h recognize s a s th e thre e inseparabl e 
instrumentalitie s o f  knowledge ;  reason , 
sensatio n an d intuition .  We hav e adde d a 
fourt h instrumentality ,  purposefu l  action , 
and als o hav e rename d slightl y th e othe r 
three .  Wit h hindsight ,  tha t  use s knowledg e 
produce d recentl y b y molecula r  biologist s 
and compute r  scientists ,  w e sugges t  tha t 
intuitiv e insigh t  perceive s fact s abou t 
plausibl e working s o f  natur e indirectl y 
throug h examinatio n o f  th e intulter' s ow n 
physiologica l  structur e whic h ha s bee n 
constructe d fro m geneti c plan s supplie d b y 
preceedin g generations .  Thi s explanatio n 
provide s no t  onl y a  plausibl e hypothesi s 
as t o th e origi n o f  a  prior i  knowledge , 
but  als o t o th e mechanis m b y whic h thi s 
knowledg e i s bein g constantl y enhanced . 
I t  als o suggest s th e possibilit y  o f 
providin g intelligen t  machine s wit h th e 
power  o f  Intuitio n i f  a  wa y ca n b e foun d 
fo r  th e machine s t o gai n informatio n 
throug h inne r  examinatio n o f  thei r  ow n 
structure ,  whethe r  hardwar e o r  software . 
Experienced observation is much more 
tha n pur e sensation .  Th e whol e cognitiv e 
syste m i s attune d t o Integrat e perceptua l 
regularities ,  whic h map th e structur e o f 
th e cognlzer' s environmen t  Int o hi s own , 
as the y ar e transmitte d throug h hi s sense s 
and highe r  leve l  cognitiv e processors .  A s 
pointe d ou t  b y N .  R.  Hanson ,  scientifi c 
observatio n i s inseparabl y loade d wit h 
theory .  I t  shoul d b e kep t  i n min d tha t  th e 
experimente r  swing s betwee n observatio n 
and contrive d circumstanc e jus t  a s th e 
theorlze r  wander s betwee n Insigh t  int o hi s 
subjec t  matte r  an d skillfu l  us e o f  hi s 
reasonin g methodology .  B y experimenter' s 
contrive d circumstanc e I s mean t  a n 
elaborat e experimenta l  set-up ,  loade d wit h 
Instrument s s o tha t  th e captur e o f  th e 
observe d phenomeno n i s obtaine d unde r  wel l 
understood ,  i f  no t  completel y controlle d 
conditions .  Th e quantu m physicis t  ha s 
taugh t  u s tha t  pur e observatio n withou t 
interferenc e fro m th e purposefu l  ac t  o f 
measuremen t  violate s th e principl e o f 
uncertainty .  Thi s mean s that ,  i n general , 
psychophysica l  phenomen a shoul d b e mappe d 
onl y i n th e interio r  o f  th e tetrahedron . 
That  i s a  consequenc e o f  Eaton' s concep t 
of  fusio n o f  al l  th e Instrumentalitie s 
Jutin g th e cognitiv e act .  A  simila r 
explanatio n hold s fo r  th e natur e o f 
theorizing .  Swingin g betwee n intellectua l 
reasonin g an d Intuitio n i s a  tene t  o f 
Bergson' s theor y o f  knowledg e a s wel l 
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of  cognitio n whic h may eventuall y provid e 
additiona l  lead s towar d a  mor e genera l 
understandin g o f  cognitiv e functions .  It s 
interdisciplinar y approac h draw s o n 
specia l  knowledg e i n physics , 
psychophysics ,  psychology ,  biology ,  logic , 
compute r  scienc e an d philosophy .  Th e 
provisiona l  result s poin t  towar d th e 
possibilit y  o f  generalizin g physic' s 
indeterminac y principl e t o si x principle s 
of  indeterminac y fo r  eac h o f  th e cognitiv e 
function s forme d fro m th e fou r  gnomogeni c 
sources . 
For psychology the tetragenic model 
point s towar d a  bette r  formalizatio n o f 
metapsychologica l  approache s t o cognition , 
wher e psychologist s stud y th e working s o f 
psychologist s a s wel l  a s othe r  scientists . 
We believ e tha t  phrase s containin g term s 
lik e "obvious" ,  "self-evident "  an d "must " 
ar e direc t  pointer s t o intuitiv e Insight s 
of  theorizer s an d inventors ,  whe n the y us e 
the m durin g report s an d description s o f 
thei r  accomplishments .  We thin k tha t 
insufficien t  attentio n i s currentl y give n 
t o intuitio n b y cognitiv e science .  Usin g 
up-to-dat e tools ,  studie s coul d follo w 
directions  indicate d alread y b y Hovland' s 
"inventio n o f  entirel y ne w concepts "  an d 
by Wertheimer' s "productiv e thinking" . 

For the field of machine intelligence 
intuitio n point s towar d th e desig n o f 
machine s whic h hav e powe r  t o glee n 
knowledg e abou t  th e intention s o f  thei r 
designer s b y intuiton ,  tha t  i s  examinatio n 
of  thei r  ow n hardwar e an d softwar e 
structure s an d fusin g tha t  knowledg e wit h 
th e knowledg e obtaine d fro m th e othe r 
thre e instrumentalities ,  whic h ar e alread y 
par t  o f  th e state-of-the-ar t  o f  computers . 
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We present a model for human cognitive processing 
whic h assume s tha t  a  majo r  componen t  o f  th e rule s fo r 
calculatin g behavio r  ar e residen t  outsid e th e individu -
al ,  i n th e inherited ,  collectiv e phenomen a tha t  anthro -
pologist s ca l  I  'culture. '  Ou r  mode l  contain s 
rule s o f  behavio r  encode d i n propositiona i  structure s 
suc h a  frame s o r  scripts ,  plu s a  metho d fo r  calculatin g 
behavio r  b y analogy .  Th e propositiona I  rule s ar e 
transforme d int o situationa l  stat e description s tha t 
ar e relate d b y transformatio n operator s whic h ar e als o 
vali d fo r  transformin g situation s analogically .  Thi s 
kin d o f  operato r  ha s bee n named ,  '  Appos I  t  iona l  Trans -
formatio n Operator, '  o r  AT O (Klei n 1977) .  Th e ter m 
refer s t o a  theor y whic h posit s tha t  th e divisio n o f 
labo r  betwee n propositiona l  an d appositiona l  mode s o f 
reasonin g i s culturall y determine d (Tentoute n t  feplan 
1973 ;  Parede s &  Hepbur n 1976 ,  1977) .  Th e ATO' s de -
scribe d b y Klei n (1977 )  ar e derive d fro m th e 2-valued , 
stron g equivalenc e operato r  o f  mathematica l  logic ,  an d 
fro m a  3-value d variant .  ATO's ,  mechanicall y derive d 
fro m prepositiona l  fram e descriptions ,  ca n b e use d t o 
calculat e behavio r  b y analogy ,  an d i n a  wa y tha t  evade s 
many combinatoria l  problem s associate d wit h computa -
tio n usin g propositiona l  forms .  Task s o f  goa l  relate d 
plannin g ca n b e handle d i n particularl y efficien t  ways . 
The model represents a radical interpretation and 
extensio n o f  idea s o f  Claud e Lfcvi-Straus s (1962 ,  1964 -
71) .  We sugges t  tha t  man y o f  th e ATO' s i n a  give n 
societ y ar e encode d i n th e materia l  an d symboli c arti -
fact s o f  it s  culture .  I t  i s  no t  necessar y t o assum e 
tha t  huma n processor s comput e behavio r  i n significantl y 
bette r  way s tha n contemporar y compute r  models .  Rather , 
I t  i s  th e collective ,  inherite d cultura l  environmen t 
tha t  supplie s th e informatio n an d constraint s tha t  mak e 
calculatio n o f  behavio r  a  relativel y simpl e task .  We 
sugges t  tha t  surrealisti c  imager y presen t  i n myt h 
structure s encode s ATO' s tha t  contro l  socia l  behavior . 
Surrealisti c drea m imager y encode s bot h collectiv e an d 
individua l  ATO's .  Th e archetype s o f  Jung ,  supposedl y 
residen t  i n a  collectiv e unconscious ,  ca n b e interpret -
ed i n thi s mode l  a s ATO' s i n th e for m o f  surrealistic , 
iconi c imagery .  Thi s imager y emerge s independentl y 
and i n paralle l  amon g member s o f  simila r  socia l  group s 
as a  consequenc e o f  thei r  socia l  interactions .  AT O 
imager y I s bot h culturall y inherite d an d spontaneousl y 
emergent :  i t  aid s i n learnin g th e rule s o f  socia l 
structure ,  an d emerge s a s epiphenomen a i n th e mind s o f 
individual s a s a  consequenc e o f  th e structur e an d 
rep«tltio n i n thei r  everyda y interactions .  Th e imager y 
may shif t  wit h socia l  chang e an d th e replacemen t  o f 
generations .  Thi s r e i  nterpreta t  io n o f  Jun g limit s 
simila r  archetype s t o simila r  sociocultura l  groups , 
and make s unnecessar y an y geneti c o r  metaphysica l 
basi s fo r  th e concep t  o f  'collectiv e unconscious. ' 
To explore the ATO thesis, we have constructed a 
compute r  simulatio n mode l  o f  a n artificia l  society , 
cultur e an d universe -  a  worl d derive d fro m Edwi n 
Abbott' s  19th-centur y fantasy .  FLATLAND:  A  Romanc e o f 
Many Dimension s (I38i«) .  Th e mode l  i s  embedde d i n a 
new versio n o f  th e Meta-symbo l  i c Simulatio n Syste m 

(Klei n e t  al .  1976 .  1977 .  1979 ;  Appelbau m 1976 )  no w 
Interprete d I n PASCAL fo r  th e Tera k an d Appl e micro -
computers ,  an d named ,  '  till !  , '  (pronounce d 'BAR  BAR, ' 
fo r  short) .  U s hav e buil t  a  frame-drive n mode l  tha t 
generate s a n opera ,  complet e wit h textual ,  visua l  an d 
musica l  output ,  al l  derive d from  th e sam e semanti c 
source .  Th e rule s ar e somewha t  simila r  i n form  t o 
thos e o f  Prop p (1928 )  an d ar e relate d t o th e typ e i n 
Klei n e t  al .  (1976 ,  1977) ,  plu s a n Improvement :  w e 
hav e no w implemente d Propp' s concep t  o f  multi-mov e 
tale s (i.e .  th e satisfactio n o f  goal s throug h th e cal -
culatio n o f  event s i n parallel) .  Ou r  outpu t  i s a n 
oper a entitled .  REVOLT I N FLATUND:  A n Oper a i n -ft w 
Dimensions ,  produce d i n th e for m o f  a  videotap e fKTe •  n 
et  al .  1981) .  A t  eac h tim e incremen t  durin g th e gen -
eratio n o f  th e opera ,  th e complet e stat e o f  th e uni -
vers e i s recorde d i n a  tw o o r  thre e dimensional , 
binar y featur e array .  Thi s encodin g i s a  consequenc e 
of  th e implementatio n o f  th e dat a structure s i n llft l 
(BAR BAR) .  We ma y calculat e a n AT O t o relat e an y tw o 
suc h states .  I f  w e sav e th e entir e serie s o f  ATO' s 
tha t  relat e th e sequentia l  state s o f  th e opera ,  w e 
hav e th e basi s fo r  generatin g a  surrealisti c version . 
To accomplis h thi s w e interpre t  th e ATO's ,  no t  a s 
operators ,  bu t  a s stat e description s o f  th e univers e 
(the y ar e i n exactl y th e sam e format  a s th e stat e de -

scription s the y relate) .  The y may the n b e used ,  i n 
origina l  sequence ,  t o generat e text ,  visua l  imager y 
and music .  I t  i s  ou r  thesi s tha t  thi s multi-mediu m 
encodin g i s a  significan t  componen t  o f  th e materia l 
and symboli c artifact s o f  a  culture .  We sugges t  tha t 
what  anthropologist s cal l  'culture '  serve s a s a  repos -
itor y fo r  th e analogica l  operator s (ATO's )  tha t  mak e 
computatio n o f  behavio r  (rule s o f  socia l  structure )  a 
feasibl e tas k fo r  huma n automata .  I t  i s  als o possibl e 
t o comput e ATO' s tha t  relat e ATO's .  These ,  also ,  ma y 
be interprete d a s stat e description s an d use d t o 
generat e a  kin d o f  surrealisti c imager y i n th e for m o f 
text ,  visua l  image s an d music .  A t  th e highes t  levels , 
suc h ATO' s ca n relat e pattern s behin d th e pattern s 
tha t  relat e pattern s o f  behavior ;  thes e ultimatel y 
relat e al l  th e domain s o f  behavio r  possibl e i n a 
society .  Suc h ATO' s may b e encode d a s myt h systems , 
deitie s o r  a s othe r  form s o f  iconi c imagery .  Suc h a 
model  provide s a  ne w leve l  o f  mechanis m fo r  idea s o f 
Ltvi-Straus s (Klei n e t  al .  I98O) . 

W» are currently working on a videotape performance 
of  a  surrealisti c versio n o f  ou r  opera ,  REVOLT I N 
FLATLAND.  t o accompan y th e original .  Th e calculatio n 
of  plot s b y proposItiona l  reasonin g i s quit e tim e con -
suming .  Th e ATO' s derive d fro m a  simulatio n generatio n 
can als o b e use d t o generat e a  ne w oper a b y analogy . 
Al l  tha t  i s require d i s t o specif y a  ne w se t  o f  init-
ia l  condition s an d th e quantificatio n o f  classe s ref -
erence d b y th e ATO's .  Th e derivatio n o f  a  ne w oper a 
tha t  i s a n analogu e o f  th e ol d ca n tak e plac e wit h 
calculation s n o mor e comple x tha n operation s betwee n 
featur e arrays ,  carrie d ou t  i n chaine d sequence . 

The forma l  propertie s o f  ATO' s permi t  calculatio n 
of  successo r  an d atecedan t  states .  Accordingly ,  i t  i s 
possibl e t o pla n b y analogy .  Thi s kin d o f  plannin g i s 
not  limite d t o goa l  state s tha t  ar e realisticall y 
attainabl e i n th e modelle d universe .  Becaus e ATO' s 
ar e analogic ,  on e ca n calculat e th e hypothetica l  re -
quirement s t o realiz e a n unobtainabl e goal ,  vi a analog y 
wit h goa l  attainmen t  sequence s tha t  ar e possible .  Th e 
textual ,  visua l  an d musica l  realizatio n o f  ou r  opera s 
may als o tak e a  surrealisti c  o r  fantas y for m i f  th e 
startin g condition s an d hypothetica l  goa l  state s tha t 
ar e specifie d ar e mad e ver y devian t  fro m wha t  i s im -
plie d b y th e rule s o f  primar y simulatio n model .  Ws 
ar e als o workin g o n th e generatio n o f  analogica l  vari -
ant s o f  th e oper a i n whic h initial ,  intermediat e an d 
termina l  state s ar e specifie d tha t  coul d no t  b e 307 



A love s n o one ,  ha s n o 
$,  I s marrie d t o B .  B 
love s A ,  ha s n o $ ,  I s 
marrie d t o A .  C  love s 
A,  ha s $ ,  I s unmarried . 

La Lb Lc $ Ha K> He 

A love s n o one ,  ha s $ ,  i s 
marrie d t o C.  B  love s n o 
one ,  ha s n o $ ,  an d I s un -
married .  C  love s A ,  ha s $ 

— ^^  an d I s marrie d t o A  . 

' ~ ^  L a L b L c $  Ha t« )  He 
A .  0  0  0  . 

8 1  . 0 0 1 
C 1  0  .  1  0 

1 0 
.  0 
0 . 

A 
B 
C 

• 
0 
1 

0 
• 
0 

0 
0 
• 

1 
0 
1 

• 
0 
1 

0 
• 
0 

1 
0 
• 

*z w 
• 
0 
1 

1 
• 
1 

1 
1 
• 

0 
i 
1 

• 
0 
0 

0 
• 
1 

0 
1 
• 

te^iM^ 

A B 

*(*XY)(*ZW ) 

. 
0 
1 

1 
• 
1 

1 
1 
• 

0 
1 
) 

• 
1 
0 

1 
. 
1 

0 
1 
• 

"surrealistic "  interpretatio n 

A love s B  (  C,  ha s n o $ ,  i s 
marrie d t o B .  B  love s C ,  ha s 
$,  an d i s marrie d t o A  6  C. 
C love s A  &  B ,  ha s $ ,  an d i s 
marrie d t o B . 

If we then postulate a situation 

La lb U $ Ma »t) He 

P. 

A love s B  fr  C ,  ha s n o $ ,  an d 
i s unmarried .  B  love s A ,  ha s 
no $  an d i s unmarried . 
C love s A ,  ha s $  an d i s 
unmarried . 

we ca n comput e it s successo r  stat e b y analog y wit h th e 
combine d result s o f  X=^ Y &  Z=^ W b y solvin g 
(( X : :  Y )  : :  ( Z : :  W) )  : :  ( P : :  ?) ,  wher e 7  : 

A 
B 

C 

• 
\ 

\ 

\ 
. 
0 

1 
0 

a 

0 
0 
1 

. 
0 

0 

0 
. 
0 

0 
0 

• 

*P(*(*XY)(*ZW) ) 

A 
B 
C 

La 
. 
0 
1 

Lb 
1 
• 
0 

Lc 
1 
0 
• 

$ f b 
1 , 
0 0 

1 1 

H> 
0 
• 
0 

f t 
1 
0 
• 

p 

A love s B  «•  C ,  ha s $ ,  an d 
i s marrie d t o C.  B  love s 
no one ,  ha s n o $ ,  an d i s 
unmarried ,  C  love s A ,  ha s 
$ an d i s marrie d t o A . 

*(P(*(*XY)(*ZW) ) 

Plannin g an d Devian t  Behavio r 

If a sequence of events, A, B, C, D, occur, then 

*AC *B 0 =  pattern s behin d pattern s behin d event s 
/ \ /  \ 

*AB *B C *C D =  AT O pattern s behin d event s 

/ W \ / \ 
A B  C  D  I  even t  sequenc e 
If we wish to obtain a state E instead of 0, without 
changin g an y o f  th e ATO's ,  w e derive ,  b y analogy ,  a 
sequenc e leadin g t o E  b y replacin g A ,  B ,  C ,  respec -
t ively ,  wi t h * A ( * O E ) ,  * B ( * O E ) ,  *C ( *OE) .  I f  w e wis h t o 
make a  pla n tha t  specifie s mor e tha n on e goa l  stat e I n 
th e even t  sequence ,  w e mus t  alte r  som e ATO's . 

We sugges t  tha t  th e meanin g o f  'culturall y define d 
behavior '  i s  tha t  member s o f  a  societ y pla n I n a  wa y 
tha t  minimize s th e leve l  an d numbe r  o f  ATO' s affected . 
I t  follow s tha t  devian t  behavio r  ma y b e Interprete d a s 

behavio r  tha t  violate s acceptabl e level s an d number s 
o f  ATO's .  AT O pattern s ar e par t  o f  th e knowledg e 
acquire d b y children .  We posi t  tha t  AT O pattern s ar e 
encode d i n mult ipl e medium s o f  expression ,  bot h 
materia l  an d symbolic ,  an d tha t  the y ar e th e sourc e o f 
metaphor .  I t  I s  thi s encodin g tha t  give s for m t o a 
cul ture ,  an d i t  I s  thi s distribute d presenc e i n th e 
environmen t  tha t  make s calculatio n o f  socia l  behavio r 
computationall y feasibl e fo r  th e huma n mind . 
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derive d fro m th e propositiona l  rules ,  bu t  whic h coul d 
be obtaine d b y hypothetica l  analogy . 

Arc's - Apposltlonal Transforation Operators 

ATCs relate situational descriptions 
I n th e for m o f  featur e arrays .  A  2-value d version , 
essentially ,  i s  th e stron g equivalenc e operato r  o f 
mathematica l  logic .  I f  th e Interpretatio n o f  I  an d 0 
ar e reversed ,  th e operato r  I s equivalen t  t o non-carry , 
binar y addition .  Th e AT O i s actuall y a n arra y o f  bi t 
operator s define d a s follows : 

*  a  b 
0 0 
0 1 
1 0 
1 1 

1 
0 
0 
1 

wher e '- '  mean s 'doe s no t  apply, ' 
makin g thi s specificatio n 2 -
valued ,  wit h som e augmentation . 

The operato r  ha s th e followin g properties : 

*ab = "ATO' a b 

*a b =  •*b a 
*a(<&b) = b 
*b(*ab) -  a 

e.g . 110 
oi l 
I. I 

•^  ^  n i  1 
< \  0  1  1 

•n /  10 0 

^ b °- ° 
010 
000 -  "ATO " 
0. 1 

•i t 
0 
"1 
. 

. 6 

0 
1 
C 

. 0 
• 

1 
o' 
1 
• 

. 0 

• 
. 0 
t 
1 
0 

. 0 
• 

. 0 
u 
• 

A 3-value d varian t  i s  usefu l 
fo r  stat e transition s wher e 
event s emerg e tha t  wer e no t 
presen t  i n th e initia l  state . 
One ca n represen t  thi s wit h 
th e 2-value d ATO,  bu t  th e 3 -
value d varian t  i s als o useful . 
Again ,  a  reversa l  o f  th e inter -
pretatio n o f  I  fr  0  yield n a n 
Implementatio n a s non-carr y add i  t  ion . 

Examples of ATO's In Analogical Inference 

Consider, first, some simple verbal analogies. A 
featur e arra y referencin g 'male, '  'female, '  'young, ' 
'adult, '  'love, '  'hate, '  'light, '  'dark, '  i s 
sufficien t  t o formulat e th e followin g analogy : 

X =  Bo y love s 1  igh t  . .  I -  Gir l  hate s dar k 
Y :  Woman hate s light "  ? 

M F Y A L H Lt Dk ^f,^^^ „ - ^,g^ p . fe^^ie, 

Y :  young ,  A  =  adult , 
L :  love ,  H  :  hate , 
Lt  :  light ,  Dk =  dar k 

X :  1010101 0 . .  Z  :  0110010 1 
*XY :  0000001 1 

Y =  0101011 0 ? 

7 :  *Z(*XY) = 1001100 1 :  fte n love s dar k 
anothe r  example : 

X =  Man hate s dar k . .  Z  :  Bo y hate s ligh t 

Y :  Ubman love s 1igh t  ? 

X :  1001010 1 . .  z  I  1010011 0 „̂ „  „„,.««„ « 
: :  «X Y :  0011000 0 

Y =  0101101 0 ? 
7 = *Z(*XY): OIIOIOOl : Girl loves dark' 

The same method can be applied to visual analogies. 
For  example ,  i f  th e followin g se t  o f  visua l  feature s 
i s use d t o creat e a  pictoria l  analogy ,  th e answe r  ca n 
be calculate d usin g ATO's : 

m 
f \ \ 0 D u 0 0 

X r 

Y : 

X =  lOIOIOl O . .  Z  =  0I010I0 I 

Y :  0II00I1 0 ' "  7 

7 : *Z(*XY) : 10011001 =: 

'X Y =  0011001 1 

^ 

A visua l  Interpretatio n o f  *X Y migh t  yi e H Q 

I f  w e giv e natura l  languag e Interpretation s t o 
thes e visua l  features ,  suc h as , 

iii i  n  0  •  ' ^  ^  ''" '  • " 
mal e femal e youn g adul t  love s hate s ligh t  dar k 

(OO)  :  Bo y love s ligh t r- \  A -  ^̂ xw n hate s dar k 

"iŝ n z  Gir l  hate s ligh t 

ATO :  *X Y : 

mi 
= Ha n love s dar k 

sexles s being ,  bot h ol d 
and young ;  indifferen t  t o 
1Igh t  an d dark . 

Complex analogie s may als o b e computed ,  e.g. . 

I f  (( X : :  Y )  : :  (z-: :  W) )  : :  ( P : :  7 )  the n 

7 :  *P(*(XY)(*ZW)) .  Conside r  a  comple x example : 

X Y 

A love s B ,  ha s n o $ , 
I s marrie d t o B .  B  love s 
A,  ha s n o $ ,  i s  marrie d 
t o A .  C  love s n o one , 
has $  an d I s unmarried . 

A love s B ,  ha s n o $ , 
and i s no t  married .  B 
love s A ,  ha s n o $ ,  an d 
i s no t  married .  C  love s 
no one ,  ha s $  an d i s 
unmarried . 

V*iere La : 'loves A,' etc., $ - 'has money,' 
and (t e :  'marrie d t o A, '  etc. ,  th e X  Y  state s may 
be represente d a s follows : 

La Li ? L c $  Ma Ma Mc L a L b L c $  Ma *  f̂ c 
A 
B 
C 

. 
1 
0 

1 

• 
0 

0 
0 

. 

0 
0 
1 

• 
0 
0 

0 

. 
0 

0 
0 

• 

A 
B 
C 

. 
1 
0 

1 

. 
0 

0 
0 

• 

0 
0 
1 

. 
1 
0 

1 

• 
0 

0 
0 
• 

.  1 
1 . 
1 1 

*XY 
1 1  . 
1 1  0 
.  1  1 

0 

i 

1 
1 
• 

I f  w e depic t  'loves '  a s a  nos e pointin g a t  th e belove d 
(i n between ,  i f  tw o loves) ,  an d i f  a  noseles s stat e 

means 'love s n o one, '  an d i f  holdin g hand s depict s 
'marrie d to, '  an d i f  a  '  $ '  indicates ,  'ha s money,'- . 

n 
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LEARNING WIT H UNDERSTANDING 
James G.  Creen o 

Universit y o f  Pittsburg h 

This paper Is concerned with meaningful 
learning .  Psychologist s hav e distinguishe d betwee n 
meaningfu l  an d rot e learnin g (e.g. ,  Katona ,  19'tO ; 
Werthelmer ,  1945/1959 )  largel y b y providin g 
example s tha t  contras t  th e tw o phenomena .  Th e wor k 
reporte d I n thi s pape r  I s a n attemp t  t o develo p a 
more explici t  an d detaile d theoretica l  analysi s o f 
th e natur e o f  learnin g tha t  occur s wit h 
understanding . 
1 will consider learning situations In which 
new procedure s an d concept s ar e acquire d fo r 
solvin g problems .  System s fo r  learnin g procedure s 
tha t  hav e bee n analyze d previousl y ar e o f  tw o 
genera l  kind s tha t  1  wil l  cal l  (1 )  direc t  learnin g 
and (2 )  analogica l  learning .  1  wil l  describ e a 
thir d kin d o f  learnin g syste m i n thi s pape r  tha t  I 
cal l  schemati c learning . 

In direct learning, examples are presented 
tha t  sho w performanc e o f  th e procedure s tha t  th e 
learne r  I s t o acquire .  Anderso n e t  a l  (I n press) , 
Neves (1981) ,  an d Ver e (1978 )  hav e studie d 
processe s o f  acquirin g procedure s tha t  matc h th e 
action s show n i n example s o r  writte n theorem s tha t 
correspon d t o inferentia l  procedures .  Processe s i n 
whic h fragment s o f  procedure s becom e integrated , 
formin g ne w procedura l  concepts ,  als o hav e bee n 
studie d (Anza l  &  Simon ,  1979 ;  Larkln ,  i n press ; 
Neves &  Anderson ,  i n press) ,  a s hav e processe s I n 
whic h existin g procedure s ar e corrected ,  extended , 
or  refine d (Brow n &  VanLehn ,  i n press ;  Goldstein , 
1974 ;  Neches ,  1981 ;  Sussman ,  1975) . 

In analogical learning, a new procedure Is 
acquire d b y mappin g component s o f  a  know n procedur e 
t o a  ne w domai n (Rumelhar t  &  Norman ,  i o press) . 
The procedure s tha t  ar e transfere d constitut e ne w 
concept s tha t  ca n b e use d t o represen t  situation s 
i n th e ne w domain . 

I n schemati c learning ,  ne w procedure s an d 
concept s ar e forme d i n th e framewor k o f  a  genera l 
conceptua l  structure .  A  schem a ca n provid e a 
framewor k eithe r  fo r  learnin g fro m example s o r  fo r 
analogica l  learning .  I  wil l  discus s tw o example s 
tha t  hav e bee n worke d ou t  i n th e for m o f  runoia g 
computationa l  model s tha t  simulat e salien t  aspect s 
of  studen t  subjects '  learnin g an d performance .  Th e 
firs t  exampl e involve s learnin g t o solv e proo f 
problem s i n geometry .  Thi s illustrate s th e rol e o f 
a schem a i n learnin g fro m examples .  Th e secon d 
example ,  whic h Illustrate s th e rol e o f  a  schem a i n 
analogica l  learning .  Involve s learnin g procedure s 
fo r  multldlgi t  subtractio n i n arlthnetic . 

Learning from an Example Proof 
My first example is learning from the solution 
of  a  simpl e proo f  proble m tha t  i s give n earl y I n a 
high-Bchoo l  geometr y course .  Th e proble m an d it s 
solutio n ar e i n Figur e 1 .  I  wil l  discus s learnin g 
tha t  ca n occu r  o n th e basi s o f  thi s exampl e 
problem ,  bu t  firs t  conside r  th e proble m i n Figur e 
2,  a  proble m tha t  Wertheime r  (1945/1959 )  discussed . 
Not e tha t  th e solution s o f  thes e tw o problem s ar e 
ver y simila r  i n form .  Thre e step s i n Figur e 2 
correspon d t o th e thir d ste p i n Figur e I ,  bu t 
otherwis e ther e i s a  simpl e mappin g betwee n th e tw o 
solutio n proofs . 

It might be expected that anyone who has 
learne d t o solv e th e proble m i n Figur e 1  woul d als o 
be abl e t o solv e Figur e 2 .  I t  turn s ou t  tha t  ther e 
i s considerabl e variatio n i n th e succes s differen t 
student s hav e wit h Figur e 2  whe n i t  l a presente d a s 
a transfe r  problem .  A  se t  o f  protocol s o n th e 
proble m i n Figur e 2  wa s obtaine d fro m student s wh o 

had complete d stud y o f  proo f  problem s abou t  lin e 
segments ,  suc h a s Figur e 1 ,  an d ha d begu n t o stud y 
propertie s o f  angles .  Some student s ha d n o Ide a 
how t o proceed .  Other s solve d Figur e 2  easily ,  an d 
one eve n complaine d abou t  havin g t o solv e "th e sam e 
problem "  s o man y times . 

Conside r  th e question :  What  enable s a  studen t 
t o appl y th e knowledg e acquire d fo r  solvin g Figur e 
1 t o fin d a  solutio n t o Figur e 2  easily ? On e 
hypothesi s i s tha t  th e procedure s learne d fo r 
solvin g Figur e 1  wer e associate d wit h genera l 
concept s tha t  ca n b e applie d whe n Figur e 2  i s 
encountered .  A  versio n o f  thi s hypothesi s ha s bee n 
Implemente d i n a  simulatio n progra m (se e Anderso n 
et  al ,  i n press ,  fo r  a  mor e detaile d description) . 
The general structure that I postulate as the 
basi s o f  transfe r  i s a  schem a calle d 
Overlap/Whole/Parts .  I n thi s schem a ther e ar e tw o 
component s calle d "wholea, "  eac h o f  whic h i s 
divide d int o parts ,  an d a  par t  o f  on e whol e i s 
Identica l  t o a  par t  o f  th e other .  1  assum e tha t  i n 
meaningfu l  learnin g base d o n Figur e 1 ,  th e 
Overlap/Whole/Part s schem a i s formed . 
Overlap/Whole/Part s ha s tw o subschemata ,  th e 
Whole/Par t  structure s tha t  ar e include d I n th e 
pattern .  I t  i s  reasonabl e t o assum e tha t 
ninth-grad e student s hav e understoo d relationship s 
of  part s tha t  for m whol e quantitie s fo r  severa l 
years ,  an d tha t  the y hav e som e procedure s 
associate d wit h tha t  schema .  Fo r  example ,  the y ca n 
add number s associate d wit h subset s t o fin d th e 
number  i n a  superset ,  o r  subtrac t  on e par t  fro m th e 
whol e t o for m th e othe r  part . 
The Overlap/Whole/Parts schema is formed as a 
combinatio n o f  tw o Whole/Part s schemata , 
constraine d s o tha t  a  par t  o f  eac h "whole " 
component  i s share d wit h th e other .  Procedure s 
tha t  ar e attache d t o Whole/Part s ar e availabl e i n 
situation s wher e th e mor e comple x structur e i s 
applied .  I n addition ,  som e ne w procedure s ar e als o 
acquire d an d associate d wit h th e 
Overlap/Whole/Part s schema .  Fo r  example ,  whe n th e 
whole-component s o f  th e tw o substructure s ar e 
equal ,  thi s enable s th e inferenc e tha t  th e sum s o f 
thei r  part s ar e equal ,  an d whe n thes e sum s ar e 
equal ,  th e unshare d part s ar e equal .  (Learnin g o f 
thes e procedure s i s base d o n Step s 4  an d 5  i n 
Figur e 1. ) 

Two characteristic s o f  th e acquire d knowledg e 
ar e significant .  First ,  th e procedure s tha t  ar e 
acquire d ar e define d o n th e component s o f  th e 
proble m representations ,  whic h ar e th e schematize d 
version s o f  problems .  Thi s make s th e procedura l 
knowledg e transferrabl e t o othe r  situation s wher e 
th e sam e schemat a ca n b e applied—fo r  example ,  t o 
problem s suc h a s Figur e 2 ,  i f  th e syste m ca n lear n 
t o represen t  adjacen t  angle s wit h th e Whole/Part s 
schema.  Th e secon d significan t  featur e i s tha t  ne w 
conceptua l  entitie s ar e acquire d whe n th e schem a o f 
Figur e 3  l a learned .  Th e organize d structure s o f 
th e wholes-wlth-part s ar e argument s o f  th e ne w 
procedures ,  an d thu s functio n a s cognitiv e unit s a s 
a resul t  o f  th e learnin g tha t  occurs . 
Learning Subtraction Analogically 
My second example Involves the role of a 
schema i n learnin g tha t  i s  base d o n a n analogy . 
Thi s researc h ha s bee n don e i n collaboratio n wit h 
Laure n Resnlck ,  wh o present s «  companio n pape r  i n 
thes e proceedings .  I n ou r  research ,  th e learne r 
does no t  construc t  th e analogica l  mapping ,  a s i n 
th e syste m tha t  Rumelhar t  an d Norma n (i n press ) 
studied .  Rather ,  th e mappin g betwee n domain s i s 
presente d i n detai l  b y a n Instructor .  Performanc e 
of  student s indicate s tha t  thi s instructio n lead s 
t o understandin g o f  th e procedure ,  an d w e conside r 
th e question s o f  wha t  knowledg e i s acquire d tha t 
constitute s thi s understandin g an d o f  ho w th e 
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acquisitio n occurs . 

The procedure that we have studied in this 
researc h i s arithmeti c subtraction .  Childre n wh o 
wer e chose n t o participat e I n th e researc h ha d on e 
of  th e subtractio n "bugs "  Identifie d b y Brow n an d 
Burto n (1978) .  Example s o f  performanc e tha t 
Involve s bug s ar e I n Figur e 3 .  Th e firs t  proble m 
Illustrate s a  •smaller-from-larger "  bug ,  wher e th e 
studen t  subtract s th e smalle r  digi t  fro m th e large r 
one I n eac h column .  Ignorin g whic h I s o n top .  Th e 
secon d an d thir d problem s Illustrat e a 
"don't-decrement-zero "  bug ,  wher e borrowin g fro m a 
zer o doe s no t  includ e decrementin g anothe r  numbe r 
t o it s lef t  o r  a  chang e i n th e valu e o f  th e zer o 
digit . 
The Instruction that Is given uses a procedure 
fo r  subtractin g wit h blocks .  Differen t  size s o f 
block s represen t  differen t  plac e values :  smal l 
cube s fo r  units ,  lon g ( 1 x  10 )  stick s fo r  tens , 
fla t  (1 0 »  10 )  piece s fo r  hundreds ,  an d s o on . 
Instructio n occur s I n thre e stages .  First ,  <• 
procedur e i s taugh t  fo r  subtractin g wit h blocks . 
Second ,  ther e I s a  detaile d mappin g o f  tha t 
procedur e t o th e procedur e o f  subtractin g wit h 
writte n numerals .  Finally ,  th e writte n procedur e 
i s mad e Independen t  o f  th e blocks . 
The critical phase Is In Step 2, where the 
correspondenc e betwee n th e procedure s wit h th e 
block s an d wit h th e writte n numeral s i s mad e 
explicit .  Eac h actio n I n th e block s domai n 
correspond s t o a n actio n i n th e writte n domain . 
For  example ,  whe n a  chil d remove s a  "tens"-bloc k 
durin g a  trade ,  th e digi t  I n tha t  colum n i s 
decremente d b y one ,  an d whe n te n 'ones'-block s ar e 
adde d t o th e display ,  a  smal l  "one "  I s place d I n 
th e unit s column .  Indicatin g tha t  te n ha s bee n 
added t o tha t  digit .  Thi s instructio n ca n b e 
considere d a s presentatio n o f  a 
component-by-componen t  mappin g betwee n tw c 
procedures . 
This instruction has been successful li 
changin g children' s performance ,  a  for m o f 
debugging .  Furthermore ,  childre n giv e u s evidenc e 
tha t  the y hav e achieve d significan t  understandin g 
of  arithmeti c concept s an d principles .  On e exampl e 
was give n b y a  studen t  wh o ha d suffere d fro m th i 
smaller-from-large r  bug .  Afte r  instruction ,  thl i 
studen t  wa s aske d ho w th e ne w procedur e dlffere c 
fro m th e on e th e studen t  use d earlier .  Th e studen t 
said ,  " 1 use d t o tak e th e number s apart ;  no w 
leav e the m together ,  .. .  an d tak e the m apart. "  Wi 
thin k tha t  thi s show s tha t  th e studen t  ha d achleve i 
an understandin g tha t  th e digit s i n on e o f  th e row i 
of  th e proble m represen t  part s o f  a  whol e entit y 
tha t  Is ,  tha t  togethe r  the y represen t  a  number . 

A secon d exampl e wa s give n b y a  studen t  wh o 
had a  don't-decrement-zer o bug .  Afte r  doin g th e 
problem :  40 3 -  27 5 correctly ,  includin g 
manipulation s wit h blocks ,  th e studen t  wa s asked , 
"Do yo u kno w wher e th e nin e cam e from? "  Th e studen t 
said ,  "It' o nin e tens ,  an d th e othe r  te n i s righ t 
here, "  an d pointe d t o th e smal l  1  tha t  wa s writte n 
t o th e lef t  o f  th e 3  i n th e to p numbe r  o f  th e 
problem .  We thin k tha t  thi s show s tha t  th e studen t 
understoo d th e principl e o f  conservatio n Involve d 
i n borrowing ,  tha t  th e numeral s resultin g fro m th e 
borrowin g procedur e represen t  a  quantit y equa l  i n 
valu e t o reduction s I n anothe r  numeral . 
Now consider the theoretical question: what 
knowledg e i s acquire d i n th e Instruction ? 
Hypothese s abou t  acquire d knowledg e shoul d provid e 
an explanatio n o f  th e correc t  performanc e tha t 
results ,  a s wel l  a s th e evidenc e tha t  student s 
provid e tha t  the y hav e achieve d significan t 
understanding .  We wil l  presen t  tw o hypotheses . 
The simple r  on e use s a n ide a o f  schemati c goals . 

The othe r  hypothesi s postulate s tha t  understandin g 
of  subtractio n Involve s th e Whole/Part s schema ,  th e 
same structur e t o whic h w e attribut e understandin g 
of  th e geometr y proble m considere d above .  Th e 
latte r  hypothesi s ha s bee n implemente d a s a  runnin g 
program ;  th e forme r  I s base d o n a  suggestio n b y 
Rober t  Neches . 
The hypothesis of schematic goals postulates 
tha t  knowledg e o f  th e block s procedur e i s organize d 
i n a  wa y simila r  t o Sacerdotl' s  (1977 )  syste m o f 
hierarchica l  actio n knowledge ,  wit h higher-orde r 
action s providin g a  goal-base d organizatio n o f 
lower-leve l  action s I n th e procedure .  Importan t 
goal s fo r  th e block s procedur e Include :  (1 )  fin d 
an answe r  fo r  eac h column ;  (2 )  I f  ther e ar e no t 
enough t  block s fo r  a  column ,  ge t  som e more ;  (3 )  I f 
ther e ar e n o block s i n a  colum n wher e yo u nee d t o 
get  som e more ,  ge t  som e block s fo r  tha t  column .  I n 
th e hypothesi s o f  schemati c goals ,  w e assum e tha t 
mappin g instructio n result s I n transferrin g th e 
goal s o f  th e block s procedur e t o th e procedur e wit h 
writte n numerals .  We propos e tha t  thes e goal s 
correspon d t o ne w cognitiv e unit s I n th e student' " 
representatio n o f  subtractio n wit h writte n 
numerals . 
This organization can explain indications of 
understandin g lik e thos e w e presente d earlier .  Th e 
remar k tha t  th e correc t  procedur e "keep s th e 
number s together "  i s explaine d becaus e th e action s 
of  Decrement-To p an d Add-Te n ar e part s o f  th e sam e 
genera l  action .  Similarly ,  th e elementar y action s 
Decrement ,  Makenine ,  an d Addte n ar e combine d t o 
for m a  large r  structure ,  whic h coul d b e th e basi s 
of  th e remar k tha t  "It' s  nin e tens ,  an d th e othe r 
te n i s righ t  here. " 
The simulation that we have programmed is 
somewhat  mor e comple x tha n th e hypothesi s o f 
schemati c goals .  Ou r  reason s fo r  Implementin g a 
more comple x syste m wer e I n protocol s obtaine d a s 
student s learne d abou t  th e procedure s i n h e block s 
domain .  Instructio n fo r  thi s procedur e Involve d a 
kin d o f  discover y method ,  includin g question s suc h 
as ,  "Ca n yo u thin k o f  a  wa y t o ge t  mor e blocks ? " 
The studen t  whos e performanc e w e trie d t o simulat e 
showed severa l  Indication s o f  understandin g 
principle s underlyin g th e procedur e withou t  bein g 
shown th e procedure .  A t  on e critica l  point , 
involvin g borrowin g throug h zero ,  th e studen t  sai d 
"Ooh neat—No w 1  ge t  it. "  We simulate d th e 
student' s performanc e wit h a  mode l  I n whic h 
adjacen t  digit s ar e schematize d a s part s o f  a  whol e 
unit .  Understandin g o f  th e part-and-whol e 
relationshi p o f  adjacen t  digit s enable s th e mode l 
t o understandin g borrowin g throug h zer o b y 
co-ordinatin g a  constrain t  o f  keepin g a  tota l 
quantit y constan t  whil e adjustin g th e number s o f 
thing s i n It s parts .  Thi s i s describe d I n mor e 
detai l  i n Resnlck' s companio n paper . 
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Statemen t 

1. /AOC - /AOD • /COD 

2. /IBOD . /AOB • /AOD 

3. /AOC = 180° 

4. /BOD 180° 

5. /AOC /^BOD 

6. /AOD + /COD = /AOB + /AOD 

7. /COD = /AOB 

Given :  AOC,  BOD 

Provet /AOB - /COD 

Re Hon 

1. angle addition 

2. angle addition 

3. def, of straight / 

i. def, of straight / 

S. substitution 

6,  substitutio n 

7, subtraction 

2 6  3 

Figur e 2 

3 2  7 

1 8  4 

5 0  ' 2 

3 0  6 

y ' 0 ' 5 

" 2 3 9 

2 0  6 

Figur e 3 

4 7  6 

Given :  RN =  o y 
Prove:: RO = NY 

Statemen t 

1. M RO + ON 

2. OY = ON + NT 

3. RN OY 

4.  RO *  ON =  ON +  NY 

5. RO = NY 

Reason 

1, segnent addition 

2, segment addition 

3. given 

4,  substitutio n 

5, subtraction property 

rifur *  1 
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Th e Growt h o f  Nunbe r  Representat ion ; 
Success iv e Leve l s o f  Scheaat l c Learnin g 

Lauren B. Resnlck 
Univers i t y o f  Pi t tsburg h 

In a companion paper*. Greeno has outlined a 
theor y o f  learnin g a s th e successiv e construct io n 
o f  ne w schemata .  I n thi s pape r  w e explor e th e 
ef fect s o f  cumulat in g schemat a o n performanc e an d 
competenc e i n th e domai n o f  numbe r  knowledge .  We 
begi n wit h a  brie f  considerat io n o f  th e numbe r 
representat io n assume d t o b e avai labl e t o chi ldre n 
befor e the y hav e learne d plac e valu e an d decima l 
nota t ion .  The n w e out l in e severa l  stage s i n tli e 
acquis i t io n o f  decima l  p lace-valu e knowledge . 
Final ly ,  w e conside r  th e impl icat ion s o f  successiv e 
stage s o f  numbe r  representat io n fo r  a  theor y o f  th e 
understandin g o f  cardinal i ty -
Early Number Representation 

Varied d.Ttabases on early counting abilities 
(Gelraa n &  Gal l i s te l ,  1978 ;  Fuson ,  i n p r e s s ) , 
simpl e menta l  ar i thmeti c (e.g. ,  Groe n &  Resciick , 
1 9 7 7 ) ,  an d stor y proble m solut io n (Vcrgnaud ,  i n 
press ;  Carpente r  &  Moser ,  i n press ;  Nesher ,  i n 
press )  hav e provide d th e basi s fo r  forma l  model s o f 
preschoo l  an d ear l y schoo l  mathemat ica l 
performance s (e.g. ,  Ri ley ,  Greeno ,  i  He l le r ,  1978 ; 
Greeno ,  Gelman ,  &  Ri ley ,  1978 ;  Briar s &  Lark ln , 
1 9 8 1 ) .  Thes e model s converg e o n th e fol lowin g 
feature s o f  pre-dectma l  numbe r  representat ion : 

1. Children possess an ordered string of 
"coun t  words" ,  linke d b y "next "  an d "backwar d next " 
re lat ionships .  Eac h posit io n i n th e strin g ha s 
come t o stan d fo r  a  quant i ty .  Th e str in g ca n b e 
use d t o solv e problem s vi a count ing .  I t  ca n als o 
be use d a s a n analo g representat io n o f  quant i ty . 
For  example ,  th e posit ion s o f  tw o targe t  quant i t ie s 
c.n n b o foun d ;in d compnri'c l  fo r  relativ e " largfMcs s ' 
(Sckulc r  &  Hlcrk lewicz ,  1977 ) . 

constr.iin t  tha t  th e combine d par t s ncltlio r  excee d 
no r  fal l  shor t  o f  th e wliol c quant i ty .  Th e schem a 
h.i s bee n show n t o functio n i n successfu l  solution ' 
of  certai n stor y problem s (e.g. ,  tlios e wit h th e 
unknow n i n th e firs t  pos i t ion )  tha t  younge r 
chlldri- n fin d ver y d i f f i cu l t .  I t  seem s likel y tha t 
th e schem. i  als o permit s chi ldre n t o discove r  tli c 
complementar i t y o f  addi t io n an d subt ract ion , 
lendin g t o a  part icular l y of f ic ient--an d 
nathem.T t  icall y elegan t  — solutio n t o subtract io n 
prob lems .  i n thi s procedure ,  whic h Ii.t s bee n 
observe d i n cluldre n a s youn g a s 7  year s (Woods , 
Kesnick ,  &  Groen ,  1975 ;  Svenso n &  lledenborg , 
1 9 7 9 ) ,  chi ldre n eithe r  coun t  u p fro m th e smalle r 
number  o r  coun t  dow n fro m th e larger ,  whiciieve r 
require s [ewe r  counts . 
Ai  CHI  t: .  it j  o n o f  l*l.'U'c-V. i  I  n o S f  hrin. i  I  ; \ 

I n th e cour-i o o f  li-arniii g th e decima l  numbe r 
system ,  th e str in g o f  coun t  word s i s  Rr. iduaU y 
reorg.in i  re d t o rcfloc t  a n understan d inp ,  tha t 
mulLidlc.i t  number s ir e composi l ion s o f  unit s an d 
ten s (late r  . i  1  s o hundreds ,  thousands ,  e t c . ) .  Thi s 
i s arcomp i  i  site d tliroug h successiv e o  1  ibnra t  ion s o f 
th e Part/Whol e schema .  Severa l  stage s i n tii e 
acquis i t io n o f  tlii s  composi t iona l  Interpretat io n o f 
mviltldigl t  number s ca n b e identi f ie d i n a  progra m 
(MOI.I.Y )  tha t  simulate s tli e performance s o f  a 
9-year-r>l d gir l  (Mol ly )  a s sli e acquirir d ne w 
knowledK O llirou(',l i  specia l  remedia l  instructio n I n 
mult id ig i t  subtract ion . 
Four Bt.ices in NOLLY'S knowledge of place 
valu e ca n b e dist inguished : 
St.-I go \^^ Unique part i t loning of muU id i j;i t 
numbiTS .  A t  tii e earl ies t  stag e o f  place-valu e 
knowledge ,  MOLLY ha s a  knowledg e structur e whic h 
organize s convent iona l  informatio n abou t  th e 
structur e o f  mult id igi t  wri t te n number s (Flgur r  2 ) . 

2 .  Chi ldre n ca n Interpre t  smil l  number s i n 
term s o f  a  I'art/Wliol e schem a (Figur e 1 )  suc h tlia t 
an y numbe r  ra n b e lnter|)rete d eithe r  a s i  whol e 
compose d o f  tw o smalle r  number s o r  a s a  par t  i n a 
large r  whole .  Th e Part/Whol e schem a include s th e 

ART/WHOLI 

W)>'>> . 

( T T ^ 

1 iliU l  I -  I 

*Grceno ,  J .  G .  Meaningfu l  learning .  Pape r 
presente d a t  th e meetin g o f  th e Cognit iv e Scienc e 
Society ,  Berkeley ,  CA ,  Augus t  1981 . 

c ^ 

V v ^ C ^ f j 

-"̂ rr- ^ 
cii: j c3 > 

liKUic '  2 

Thi s structur e Identifie s column s accordin g t o 
thei r  positiona l  relationshi p t o eac h othe r  (thu s 
th e centrallt y o f  th e Nex t  relationship) .  Attache d 
t o eac h colum n i s a  bloc k shap e (thes e refe r  t o th e 
shape s o f  block s use d i n teachin g bas e arithmetic) , 
a countin g string ,  a  value ,  a  colum n name ,  etc . 
Usin g th e Nex t  structure ,  MOLLY can : 
1. construct a block display for any written 
number .  Thi s i s don e b y Identifyin g whlcl i  colum n 
th e numbe r  I s in ,  findin g th e bloc k shap e tha t 
matc h tha t  column ,  an d displayin g th e numbe r  o f 
block s specifie d b y th e digi t  I n th e column . 
2. "read" a block display. This is done by 
startin g wit h th e larges t  bloc k shape ,  findin g th e 
countin g strin g tha t  matche s It ,  enumeratin g th e 
block s usin g th e appropriat e string ,  an d the n 
iteratin g throug h successivel y smalle r  bloc k 
shapes . 
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3.  Interpre t  a  writte n 
hundreds ,  y  tens ,  an d z  ones. " 

numera l  a s 

4.  compar e bloc k display s o n th e basi s o f  th e 
hlghest-«alue d bloc k onl y (e.g. ,  fo r  3A 7 v .  73A , 
compar e onl y th e hundred s blocks) . 

As long as the Next structure alone Is used to 
Interpre t  numbers ,  eac h writte n numbe r  ca n hav e 
onl y on e bloc k representation— a "canonical " 
representation ,  wit h n o mor e tha n 9  blocks  pe r 
column .  Thi s mean s tha t  ther e I s n o basi s fo r  a 
semanti c interpretatio n o f  th e operation s o f 
carryin g an d borrowing .  Th e nex t  stag e provide s 
th e earlies t  basi s fo r  thi s interpretation . 

Stag e 2 :  Multipl e partltlonlng s arrive d a t 
empirically .  A t  thi s stag e th e Part/Whol e schem a 
i s elaborate d t o Includ e a  specia l  restriction , 
applie d t o two-digi t  numbers ,  tha t  on e o f  th e part s 
be a  multipl e o f  10 .  Applicatio n o f  Part/Whol e 
permit s multipl e partitionlngs ,  an d therefor e 
multipl e bloc k representations ,  fo r  an y writte n 
number .  An y specifi c  partitions ,  however ,  mus t  b e 
arrive d a t  throug h a  countin g solution .  Fo r 
example ,  t o sho w A 7 wit h mor e ones, "  MOLLY firs t 
applie s Part/Whol e I n a  globa l  fashio n an d the n 
conclude s tha t  I f  th e whol e I s t o sta y th e sam e bu t 
more one s ar e t o b e shown ,  ther e mus t  b e fewe r 
tens .  I t  therefor e reduce s th e ten s b y a  singl e 
block .  Th e schem a i s nex t  Instantiate d wit h 4 7 i n 
th e Whol e slot ,  an d 3 0 i n on e o f  th e Parts .  Th e 
remainin g Par t  i s  foun d b y addin g one s blocks  an d 
countin g u p unti l  4 7 i s reached . 
Two important concepts liave been added to the 
number  representatio n a t  thi s stage .  First ,  th e 
equivalenc e o f  severa l  partitionlng s ha s bee n 
recognized .  Second ,  th e possibilit y  o f  havin g mor e 
tha n 9  o f  a  particula r  bloc k siz e ha s bee n 
admitted .  Thi s i s crucia l  fo r  understandin g 
"borrowing" ,  where—temporarily—mor e tha n 9  o f  a 
give n denominatio n mus t  b o understoo d t o b e 
present ,  withou t  changin g th e tota l  valu e o f  th e 
quantity .  Interview s wit h a  numbe r  o f  childre n i n 
additio n t o Moll y mak e i t  clea r  tha t  ther e i s a 
stag e i n whic h th e possibilit y  o f  borrowin g o r 
tradin g t o ge t  mor e blocks  i s rejecte d becaus e I t 
wil l  produc e a n "illegal "  (I.e. ,  noncanonlcaI ) 
display . 

The schem a specific s tha t  ther e i s a  "from "  pil e o f 
blocks ,  fro m whic h block s ar e removed .  Thi s pil e 
becomes smalle r  b y on e block .  Ther e i s als o a n 
"into "  pil e o f  block s tha t  become s large r  b y 1 0 
blocks .  Th e valu e o f  th e block s i n th e "from '  an d 
"into"  pile s i s establislie d b y multiplyin g th e 
number  o f  block s remove d b y th e valu e o f  th e bloc k 
shap e (a s specifie d I n th e Nex t  structure) .  Thus , 
when trade s ar e mad e betwee n adjacen t  bloc k sizes , 
th e schem a specific s tha t  bot h th e "into"  an d th e 
"from "  value s wil l  b e 10 .  Applie d a s a n 
elaboratio n o f  th e Part/Whol e schema ,  th e Trad e 
schema allow s MOLLY t o conclude—withou t  havin g t o 
coun t  up—tha t  ther e lia s bee n n o chang e I n th e 
whol e quantity . 
Stage 4: Application to written addition and 
subtraction .  MOLLY als o provide s a  theor y o f  ho w 
th e variou s level s o f  quantit y representatio n 
discusser '  abov e ca n com e t o b e applie d t o writte n 
numerals .  MOLLY simulate s th e learnin g sequenc e 
acliieve d a s a  resul t  o f  Instructio n tha t  force d 
attentio n t o th e detail s o f  a  mappin g betwee n th e 
operation s o f  writte n borrowin g an d thos e o f  bloc k 
tradin g (Resnlck ,  I n press) .  Figur e 4  show s th e 
resul t  o f  construc-tn g thi s menta l  mapping :  a n 
abstractio n tha t  treat s th e tw o procedure s a s 
expression s o f  th e sam e exchang e principles ,  wit h 
analogou s element s i n th e Trad e an d Dorro w 
schemata .  Evidenc e fo r  thi s leve l  o f  understandin g 
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Stag e 3 :  Preservatio n o f  quantit y b y 
exchange s tha t  maintai n equivalence .  A  furthe r 
elaboratio n o f  Part/Whol e appear s a t  Stag e 3 ,  whe n 
MOLLY add s t o It s representatio n fo r  multtdlgl t 
number s a n explici t  lO-for- 1 relationshi p fo r 
adjacen t  bloc k sizes .  Thi s knowledg e I s 
represente d b y a  Trad e schem a (Figur e 3 )  whic h 
specifie s a  clas s o f  lega l  exchange s amon g blocks . 
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ot  nimibf r  rome s fro m Ih r  follouinj ;  kind s o f 
perfoiiti.inces ,  observe d bot h i n Moll y an d i n a 
number  o f  othe r  childre n who m w c hav e interviewed : 

1. When asked to st.itc tile value of carry and 
borro w mirks ,  th e chil d state s th e valu e accordin g 
t o th e colum n rathe r  tha n simpl y namin g th e digit . 
Thus th e I  a t  a  I n Figur e 5  i s  sai d t o b e wort h 1 0 
(no t  1 ) ,  an d th e I  a t  b  i s  sai d t o b e wort h 100 . 
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2.  Wlic n asko d t o sho w lli c  block s lli.i l 
repri'son t  n  give n cnrr y o r  borro w ra.irk,  il w rlill d 
select s block s nccordln c t o value .  A  It-n-bloi k 1 1 
selecte d fo r  a ,  a  hundred-bloc k fo r  b ,  .iii d '• " 
fortli .  ~ 

3. riie clil Id r.in construct ju";c t f i< il ions for 
lli o variou s mark !  nj-. s i n urillr n suhtr.nllon .  Ko r 
example ,  Holl y cxplalnci l  tha t  i n th e subtnclio n 
proble m shô / n i n Fip.nr e h  above ,  sh e h-u l  bi)rrowo d 
one Ihuusan d fro m th e 7 .  Whi' n aske d uheri '  sh e ha d 
put  tin ? thousand ,  sh e wa s puzzle d a t  firs t  ,  bi'c.nis e 
ther e i s n o plac e wlier e on e ca n "s<'c "  1UOO i n th e 
mirkinc. s slven .  However ,  sh e the n said ,  "I t  i s 
divide d up .  Nin e hundre d o f  i t  I s  her e (  i  n d i  ca t  I  nc , 
ttu -  hurtrlred s roluinn) ,  an d th e othe r  hundre d i s lu-r e 
(  in d ie.i i  inf .  th e ten s an d th e o m s loluinn s 
toRelher) .  Yo n see ,  till s  9  I s reall y 9 0 an d thi s 1 
i s reall y 1 0 an d tha t  add s u p t o lOO! "  MOLLY I s 
abl e t o construc t  thi s explanatio n b y firs t  callin g 
on th e Exchang e (Borrow )  schema ,  whic h specifie s 
tha t  I f  a  quantit y o f  100 0 ha s bee n take n fro m a 
colum n I t  mus t  b e pu t  int o anothe r  column .  Unabl e 
t o fin d a  colum n wit h 100 0 pu t  Int o it ,  MOLLY call s 
on th e Part/Whol e schema ,  sot s th e Whol e slo t  equa l 
t o 100 0 an d look s fo r  tw o Part s tha t  ad d u p t o 
1000 .  I t  find s 900 ,  bu t  cannot  fin d a  colum n wit h 
th e 10 0 necessar y fo r  completin g th e Wliole .  MOLLY 
Iterate s throug h th e Part/Whol e schem a again ,  thi s 
tim e settin g th e Whol e equa l  t o 10 0 an d no w findin g 
90 an d 1 0 a s th e Parts .  ^ 

An Interpretation of Cardinality 
This characterization of children's developing 
number  knowledg e permit s u s t o giv e a  mor e precis e 
psychologica l  meanin g t o th e understandin g o f 
"cardinality "  tha n ha s heretofor e bee n possible . 
Celman an d Calliste l  (1978 )  Include d I n thei r 
principle s o f  countin g a  cardinalit y principle , 
whic h specifie s tha t  th e fina l  coun t  wor d reache d 
when a  se t  o f  object s i s bein g enumerate d i s th e 
tota l  numbe r  i n th e set—i.e. ,  th e sot' s 
cardinality .  Fo r  th e preschoo l  child ,  wh o ha s no t 
yet  com e t o interpre t  quantit y i n term s o f  th e 
Part/Whol e schema ,  thi s i s th e onl y meanin g o f 
cardinalit y available .  Thi s criterio n o f 
understandin g cardinalit y ha s bee n criticized , 
however ,  (e.g. ,  Comiti ,  1980 )  a s to o weak ,  an d I n 
particula r  a s no t  reflectin g th e Piagetla n 
definitio n o f  cardinality .  We ca n no w se e tha t  a 
highe r  stag e o f  cardinalit y understandin g ca n b e 
recognize d i n th e child' s subsequen t  applicatio n o f 
th e Part/Whol e schem a t o number .  I n applyin g thi s 
schema,  th e chil d understand s tha t  a  tota l  (whole ) 
quantit y remain s th e sam e eve n unde r  varian t 
partltlonings . 

The meaning of cardinality is further 
elaborate d whe n th e place-valu e schemat a outline d 
her e ar e acquired .  A t  Stag e 2 ,  whe n th e Part/Whol e 
schema wit h th e multiple-of-1 0 restrictio n i s firs t 
applie d t o two-digi t  numbers ,  th e amoun t 
represente d b y th e numbe r  i s no w subjec t  t o 
multipl e partitionlng s withou t  a  chang e i n 
quantity .  Thi s i s exactl y paralle l  t o th e ne w 
understandin g o f  cardinalit y to r  smalle r  number s 
tha t  wa s achieve d whe n th e Part/Whol e schem a wa s 
applie d t o them .  Withou t  applicatio n o f  th e 
Part/Whol e schem a th e cardinalit y o f  a  numbe r 
reside s I n th e specifi c  displa y se t  an d th e numbe r 
attache d t o i t  throug h lega l  countin g procedures . 
Wit h Part/Whole ,  cardinalit y reside s i n th e tota l 
quantity ,  n o matte r  ho w i t  i s  displaye d o r 
partItloned -

The Trade stage of multldigit number 
representatio n represent s ye t  a  highe r  leve l  o f 
luiderstandln g o f  cardinality .  No w i t  i s  recognize d 
tha t  cardinalit y i s no t  altere d b y a  specifie d se t 

of  lega l  exchanges .  A n analog y ca n b e draw n wit h 
an earlie r  recognitio n o f  quantit y a s unchange d 
unde r  variou s physica l  transformation s (suc h a s 
spreadin g ou t  a  displa y o f  objects — th e classi c 
Piagetla n tes t  o f  conservation) .  However ,  th e 
transformation s produce d unde r  contro l  o f  th e Trad e 
schema d o i n fac t  Involv e a  chang e I n th e actua l 
number  o f  object s present .  Thus ,  recognitio n tha t 
th e valu e o f  th e tota l  quantit y remain s unchange d 
require s a  leve l  o f  abstractio n concernin g th e 
natur e o f  cardinalit y tha t  wa s no t  require d fo r 
earlie r  stage s o f  understanding . 
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Abstrac t 

In this paper, we discuss the role of 
experience s an d example s i n learnin g 
systems .  We discus s thes e issue s i n th e 
contex t  o f  thre e system s i n particular : 
Risslan d an d Soloway' s Constraine d Exampl e 
Generatio n (CEG )  System ,  Selfridge' s COUNT, 
and Soloway' s BASEBALL. 

1.  Introductio n 

Examples and experiences, by which we mean 
concret e instances ,  situation s o r  problems , 
ar e critica l  t o an y system ,  man o r  machine , 
tha t  learns .  Example s provid e th e basi s 
fro m whic h generalizations ,  concept s an d 
conjecture s ar e made .  The y als o provid e th e 
criticism s neede d t o refut e an d refine . 

For instance, in Winston's learning program 
[Winsto n 1975] ,  example s o f  th e concep t  t o 
be learned ,  e.g. ,  a n arch ,  an d non-examples , 
e.g. ,  "nea r  misses" ,  ar e th e critica l  inpu t 
fro m whic h hi s progra m build s a  structura l 
descriptio n o f  a  concept .  I n Lenat' s 
concep t  discover y program ,  AM,  [Lena t  1977] , 
example s hel p direc t  th e discover y process , 
by providin g evidenc e o f  th e reasonablenes s 
and interestingnes s o f  ne w concepts . 

^Supporte d i n par t  b y th e Nationa l  Scienc e 
Foundatio n unde r  gran t  IST-80-17343 . 
"Supporte d i n par t  b y th e Arm y Researc h 
Institut e fo r  th e Behaviora l  an d Socia l 
Science s unde r  ARI  gran t  MDA903-80-C-0508 . 
Opinion s expresse d i n thi s repor t  ar e thos e 
of  th e authors ,  an d d o no t  necessaril y 
reflec t  th e view s o f  th e U.S .  Government . 

Examples are critical in human learning and 
discovery ,  whethe r  i t  b e i n childre n 
[Hawkin s 1980 ]  o r  sophisticate d adults . 
Lakato s [1976 ]  give s a  detaile d expositio n 
of  th e historicall y importan t  Euler' s 
formula ;  there ,  example s lik e variou s 
"monsters "  (i.e. ,  counter-examples )  pla y a 
centra l  rol e i n concep t  refinement . 

Thus ,  example s ar e gris t  fo r  th e learnin g 
proces s i n a  critica l  way .  I n thi s paper , 
we conside r  th e rol e o f  exanple s i n learnin g 
systems ,  i n particula r  issue s suc h a s th e 
richnes s o f  th e bas e o f  example s upo n whic h 
th e syste m runs .  Question s abou t  th e 
generatio n o f  example s ar e discusse d i n 
[Risslan d 1980 ,  Risslan d an d Solowa y 1980 , 
1981] . 

2.  Thre e Learnin g System s 

We now restrict our discussion to three 
learnin g system s t o illustrat e som e genera l 
issue s i n learning .  Briefly ,  th e thre e 
system s wor k a s follows : 

1.  BASEBALL possesse s bot h hig h leve l 
schemas whic h describ e th e 
intention s o f  peopl e i n 
action-oriente d competitiv e game s 
and lo w leve l  schema s whic h provid e 
a common sens e understandin g o f 
spatio-tempora l  events .  Fro m 
observation s o f  activit y i n a 
basebal l  game ,  th e syste m firs t 
interpret s tha t  activity , 
generalize s fro m thes e hypothesize d 
rules ,  an d finall y accept s o r 
reject s thes e rule s base d o n thei r 
predictiv e utility .  Rule s fo r 
concept s lik e "out" ,  "hit" , 
"single "  ar e learned . 

2. CEG generates an example to meet 
poste d desiderat a b y modifyin g 
known example s fro m it s knowledg e 
bas e o f  examples ,  it s 
"Examples-space" .  I n th e versio n 
of  th e syste m bein g use d t o stud y 
learning ,  th e syste m possesse s 
severa l  operator s tha t  ca n modif y a 
give n feature ;  it s  tas k i s t o 
explor e bot h th e spac e o f  example s 
and th e spac e o f  modificatio n 
operator s no t  onl y t o arriv e a t  a 
solutio n — a  bas e exampl e plu s a 
sequenc e o f  modification s — bu t 
als o t o gai n experienc e i n usin g 
th e operator s i n orde r  t o allo w 
late r  learnin g abou t  th e operator s 
themselves . 

3. COUNT possesses a repertoire of 
primitiv e numbe r  an d strin g 
manipulatio n routines ,  suc h a s 
"incremen t  b y 1" ,  "mov e th e pointe r 
righ t  b y 1" ,  an d contro l  routine s 
"repeat" ,  an d "d o N  times" ,  fro m 
whic h i t  i s  t o buil d procedures , 
i.e. ,  string s o f  primitives ,  an d 
ultimatel y a  "count "  procedur e t o 
coun t  th e numbe r  o f  symbol s i n a 
string .  Th e syste m learn s b y 
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solvin g problem s pose d b y it s use r 
who act s a s it s teacher . 

3.  Example s an d Learnin g 

Each of the above three learning systems is 
provide d experience s an d example s upo n whic h 
i t  base s it s learning .  Th e provide r  o f 
thes e examples ,  i n effect ,  act s a s it s 
teacher . 

BASEBALL: the ensemble of observed games 
CEG:  th e initia l  Examples-space ,  pose d 

problem s 
COUNT:  pose d problem s 

Thus, the systems gain experience that 
range s fro m a  se t  o f  exampl e games ,  t o 
example s an d problems ,  t o jus t  problems . 

In each of the systems, there is a classic 
trade-of f  betwee n th e richnes s an d siz e o f 
th e initia l  knowledg e (no t  onl y o f  examples ) 
and th e amoun t  an d car e o f  searc h tha t  mus t 
be mad e fo r  solution s an d conclusions .  Th e 
initia l  knowledg e i s use d t o contro l  th e 
siz e o f  th e searc h space .  Th e amoun t  o f 
searc h i n th e syste m varies : 

BASEBALL: small 
CEG:  small-mediu m 
COUNT:  medium-larg e 

Within CEG itself, for instance, the richer 
th e initia l  Examples-space ,  th e les s car e 
was neede d t o explor e "adequately "  th e spac e 
of  operato r  sequences .  COUNT work s wit h 
ver y littl e embedde d knowledg e an d expend s a 
larg e effor t  i n search .  BASEBALL generate s 
a smal l  numbe r  o f  interpretation s an d 
generalizations . 

All of the systems make use of evaluation 
and judgemen t  mechanisms : 

BASEBALL: uses a teacher-specified 
threshol d t o accept/rejec t  hypothese s 
base d o n thei r  predictiv e utilit y 
CEG:  possesse d b y a n explici t  JUDGE 
modul e 
COUNT:  performe d b y th e syste m fo r  th e 
ultimat e countin g task ,  an d b y th e 
teache r  fo r  al l  other s 

The order of problems can be an important 
featur e o f  th e learning : 

BASEBALL: importance of order of 
observation s depend s o n th e threshol d 
settin g fo r  acceptin g hypothese s a s tru e 
CEG:  orde r  o f  problem s i s importan t  whe n 
solution s ar e save d 
COUNT:  orde r  o f  problem s i s ver y 
importan t 

I n al l  cases ,  whe n ther e i s a n orderin g o f 
problems ,  i t  i s  th e responsibilit y  o f  th e 
teacher .  I n COUNT,  th e orde r  o f  problem s i s 
critical ;  i f  COUNT i s over-face d wit h to o 
har d a  problem ,  i t  wil l  excee d it s searc h 
toleranc e withou t  findin g a  solution .  Th e 
ar t  i n teachin g COUNT i s selectio n o f  a 
sequenc e o f  problem s tha t  challeng e i t 
enoug h t o lear n thing s i t  couldn' t  d o befor e 
but  no t  t o as k i t  t o mak e to o larg e a  lea p 
i n on e problem .  BASEBALL i s sensitiv e t o 
orderin g i f  th e hypothesi s acceptanc e 
threshol d i s se t  low ;  earl y acceptanc e o f  a 
mistake n hypothesi s ca n caus e difficultie s 
i n subsequen t  interpretatio n an d 
generalization . 

H.  Genera l  Issue s i n Learnin g 

Thus, we see that learning systems in 
additio n t o requirin g variou s submodule s 
[Smit h e t  a l  1977 ]  ca n b e describe d alon g 
severa l  dimensions .  Some o f  th e dimension s 
of  thi s descriptio n are : 

1.  Presenc e o f  Teacher :  Fro m strongl y 
taugh t  system s suc h a s COUNT,  CEG 

systems such as BASEBALL and 
Lenat's .  I n th e minimall y taugh t 
systems ,  th e teache r  i s ofte n 
implicitl y  embodie d a s built-i r 
evaluatio n functions ,  focu s o f 
attentio n thresholds ,  an d 
heuristics . 

2.  Richnes s o f  Experience :  Fro m 
system s tha t  nee d a  ric h experienc e 
suc h a s COUNT an d CEG t o thos e lik e 
BASEBALL an d Winston' s tha t  don't . 
For  th e latte r  systems ,  experienc e 
i s ofte n implicit y give n t o th e 
syste m i n th e for m o f  schema s an d 
descriptor s fo r  th e domain .  Th e 
forme r  system s ca n potentiall y  dea l 
wit h mor e diversit y i n thei r 
discoveries ,  althoug h the y migh t 
not  kno w wha t  t o d o wit h it ,  whil e 
th e latte r  hav e alread y bee n 
focuse d t o interpre t  thei r 
experience s withi n a  give n 
framewor k o r  model .  Fo r  thes e 
latte r  systems ,  t o handl e mor e 
diversity ,  sa y a  Roman arch ,  th e 
syste m need s t o kno w whe n t o le t 
th e mode l  world s bifurcate . 

3. Style of Learning: The styles can 
rang e fro m focusse d t o exploratory . 
When on e know s somethin g abou t  th e 
domai n o r  genera l  are a i n whic h th e 
learnin g take s place s on e ca n b e 
more focusse d an d directed ; 
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BASEBALL know s a  lo t  abou t 
competitiv e game s i n genera l  an d 
Winston' s program ,  abou t  th e block s 
world .  The y bot h hav e acces s t o 
symboli c description s an d 
framework s lik e "action "  entitie s 
and "must/mus t  not "  links .  A t  th e 
othe r  en d o f  th e spectrum ,  COUNT i s 
lik e a  tyr o jus t  beginnin g t o 
explor e it s world ;  i t  need s t o 
gathe r  lot s o f  experienc e wit h it s 
primitiv e capabilities .  CEG i s 
somewher e intermediat e o n th e 
tyro-exper t  learne r  spectrum ;  i t 
i s  abl e t o harnes s it s knowledg e 
somewhat  symbollicall y (b y knowin g 
link s betwee n example s an d 
relation s betwee n procedure s an d 
features) ,  bu t  mus t  stil l  d o a 
larg e amoun t  o f  exploration . 

M.  Grainsiz e o f  Knowledge :  Ther e i s a 
spectru m o f  knowledg e grainsiz e 
rangin g fro m atomi c primitives  i n 
COUNT,  t o mid-siz e entitie s an d 
relation s i n CEG,  t o large r  chunk s 
i n Winston ,  t o larg e framework s i n 
BASEBALL. 

5.  Conclusion s 

From our own and others' experience with 
learnin g systems ,  i t  i s  clea r  tha t  example s 
and experience s pla y a  critica l  rol e i n 
learning .  Whil e th e importanc e o f  example s 
i n learnin g i s ofte n overlooked ,  th e number , 
variet y an d orde r  o f  example s canno t  b e 
sinc e the y s o clearl y influenc e th e styl e 
and conten t  o f  learning . 

In addition, while it might be fine for a 
syste m t o d o high-leve l  processin g whe n i t 
knows something,  i t  migh t  b e mor e 
appropriat e t o rel y o n low-leve l  processin g 
(e.g. ,  trial-and-error ,  success-failur e 
correlations )  whe n i t  i s  jus t  beginning . 
Perhaps ,  suc h a  low-leve l  styl e i s th e onl y 
way fo r  th e inexperience d learne r  an d 
perhaps ,  i t  i s  a  wa y fo r  hi m t o discove r 
large r  cluster s o f  knowledge . 
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I-Tntcrrup t  Io n rffi'ct s t n hnrkvijir d pntten i 
m.TskinR :  Tlii '  uo|;lcctr d rol p o f  flxntio n 

Kt  limi l  1 
J.  Pnscvinl-Looiu' ,  .1 .  Johnson ,  D .  Coodmnn , 

D.  n.imoliuk ,  nn d T. .  II .  Tlicoilu r 
Yrr k UolvorKlty .  Toront o 

Visual backwnni masking occurs wlien presenta-
tio n o f  a  visua l  stimulu s (th e m.Tsk )  Impair s percep -
tio n o f  a  prio r  briefly-presente d visua l  stimulu s 
(th e target) •  A  fixatio n stimulu s (e.p. ,  a  do t  o r 
fou r  dot s demarcatin R a  square )  direct s th e 
subject' s attentio n (i.e. ,  fixation )  t o tli o plac e 
wher e tarrc t  an d mas k wil l  appear . 

Two parameter s ofte n manipulate d I n backwar d 
masking ;  researc h are ;  onerR y propertie s o f  mas k nn d 
target,an d tim e la g betwee n appearanc e o f  th e targe t 
and appearanc e o f  th e mas k (stimulu s onse t  asynchrony -
SOA).  Tw o sort s o f  explanatio n exis t  fo r  backwar d 
masking :  (1 )  Interruptio n theor y (e.g. ,  Turvey , 
1973 ;  llelllg e e t  al. ,  1979) ,  whic h interpret s back -
war d maskin g a s a  time-dependen t  centra l  phenomenon , 
i.e. ,  interruptio n h y th e mask' s signa l  o f  procQss -
in g o f  th e target' s signal ;  an d (2 )  sensor y Integra -
tio n tlieor y (e.g. ,  Felste n &  Wasserman ,  198(1) ,  whic h 
posit s tha t  th e mas k Impair s th e perceptio n o f  th e 
targe t  b y causin g a  periphera l  o r  centra l  fusio n o f 
th e tw o sensor y signals . 

We presen t  her e a  serie s o f  experiment s whic h 
establis h th e importanc e o f  a  ne w process-analytica l 
model  o f  backwar d masking .  Th e mode l  predict s ver y 
stron g an d developmentall y stable ,  heretofor e un -
known ,  effect s tha t  n o availabl e perceptua l  theor y 
can explain .  On e o f  thes e effect s i s th e rol e o f 
siz e o f  th e fixatio n stimulu s i n moderatin g th e 
disruptin g impac t  o f  th e mas k o n recognitio n o f  th e 
target .  Thi s moderatin g effec t  o f  siz e o f  fixatio n 
stimulu s suggest s th e existenc e o f  content-fre e 
centra l  attentiona l  processes ,  whic h regulat e th e 
influenc e o f  th e mas k o n targe t  recognition .  Afte r 
Piaget ,  w e cal l  thi s f  ixation-stimulu s effec t  a 
centratio n effect ;  w e describ e briefl y belo w th e 
proces s theor y an d it s task-analytica l  mode l  o f  back -
war d maskin g tha t  le d t o th e predictio n o f  thi s 
effect . 

The Theor y o f  Constructiv e Operator s (TCO ) 
(Pascual-Leon e &  Goodman ,  1979 )  formulate s i n func -
tiona l  term s th e psychologica l  processe s whic h 
withi n th e organis m co-determin e performance .  Thes e 
processe s ar e o f  tw o sorts :  (1 )  Situation-specifi c 
processe s o r  "soft-ware "  o f  th e organism ,  whic h th e 
theor y conceptualJze s a s schemes ;  an d (2 )  situation -
fre e processe s o r  "liard-ware "  o f  th e psychologica l 
organism ,  whic h th e theor y conceptualize s a s silen t 
operator s (i.e. ,  resources) .  A t  leas t  fou r  silen t 
operator s ar e neede d t n accoun t  fo r  cognitiv e per -
formances ;  th e L ,  M,  I ,  an d F  operators . 

The L  operato r  i s th e Logica l  learnin g operator . 
The resul t  o f  L  learnin g i s th e formatio n o f  habitua l 
strt u Inro s wliir h repri'icn t  fri'cpKMi t  pattern s o f  ro -
nctivatio n .'Jin l  o f  co-.tpp j  ir.i t  io n o f  sfhtMiies .  I'xecu -
tlve s ar e L  Rtructnm s tha t  represen t  goal- d ire c te d 
generi c sequence s o f  scheme s (I.e. ,  jilnns) .  I n a 
give n situation ,  tit e (loinloan t  executiv e mobilize s 
tli e silen t  operator s t o produci -  jicrformnnce . 

The M an d 7  operator s represent ,  together ,  th e 
menta l  effor t  tha t  th e organis m applie s o n scheme s t o 
t̂ nmir e tha t  tii e relevant  scheme s wil l  produc e perfor -

mance.  Th e I  operntor ,  T  fo r  interruptio n (hereafte r 
calle d I-interniptlon) ,  represent s th e activ e inliibi -
tio n lltn t  th e dcntlnnn l  cxc i  o r  iv e <a n monito r  an d us e 

t o inhibi t  ^chewef i  (Jnchtdlnf i  othe r  ronflictlnj ;  execu -
tives )  irrelevan t  fo r  it s  executive-planne d per -
formance .  Th e M operati>r ,  M fo r  mental ,  i s  th e 
menta l  attentiona l  energ y tha t  th e dominan t  exe -
cutiv e mol)ili7.e s an d allocate s t o increas e th e 
activatio n o f  (i.e. ,  boost )  task-relevan t 
schemes .  Attentiona l  M-energ y i s a  limite d re -
source ,  abl e t o boos t  onl y a  smal l  numbe r  o f scheme s simultaneously .  Th e cardina l  numbe r  o f  th e 

larges t  se t  o f  scheme s tha t  M ca n boos t  a t  an y on e 
tim e I s calle d th e M power ,  an d ha s bee n show n t o 
increas e developmentall y (e.g. ,  Pascual-Leon e ( . 
Goodman,  1979) . 

The F  operator ,  F  fo r  subjective/cognitiv e 
Fiel d factor ,  correspond s t o th e tendenc y t o struc -
tur e performanc e i n congruenc e wit h th e subjectivel y 
salien t  structura l  feature s o f  th e situation . 

The operativ e syste m constitute d b y th e 
executive s an d b y th e M,  I ,  an d F  operators ,  tha t 
th e dominan t  executiv e monitor s an d allocate s i n 
any give n situation ,  constitut e th e TCO-mode l  o f 
th e Centratio n Mechanism . 

Conside r  th e genera l  backwar d maskin g paradig m 
we employed :  afte r  adaptatio n t o th e fixatio n 
stimulus ,  on e o f  thre e specifie d targe t  letter s I s 
flashe d fo r  9  m s e c ,  th e fixatio n stimulu s re -
appear s fo r  9 1 m s e c ,  followin g whic h a  line -
patter n mas k i s presente d fo r  5 0 mse c Subject s 
must  repor t  on e o f  th e thre e possibl e targets , 
guessin g i f  necessary .  Th e maskin g effec t  occur s 
t o th e exten t  tha t  th e Orientin g Refle x (OR )  re -
actio n (a n innat e executive )  elicite d b y th e mas k 
1-interrupt s processin g o f  th e target ,  thu s al -
lowin g th e targe t  an d mas k signal s t o fuse .  Recog -
nitio n o f  th e targe t  i s possibl e t o th e exten t  tha t 
th e targe t  executiv e elicite d b y th e tas k Instruc -
tion s (i.e. ,  "tr y t o recogniz e an d repor t  th e 
targe t  letter" )  i s  stronge r  tha n th e OR reactio n 
so a s t o 1-interrup t  th e scheme s o f  th e mas k whil e 
M-boostin g th e scheme s o f  th e target.  Th e targe t  exe -
cutive' s tas k shoul d h e facilitate d greatl y i f  tli e 
targe t  a s a  whol e fall s  topographicall y i n a 
retina l  are a whlcl i  i s  alread y bein g M-centrate d b y 
virtu e o f  th e fixatio n stimulus ,  bu t  shoul d b e dif -
ficul t  i f  th e discriminan t  feature s o f  th e lette r 
fal l  outsid e th e M centration .  Thi s i s s o becaus e 
th e discriminatio n amon g scheme s whic h ar e "outside " 
versu s "inside "  th e M centratio n i s primar y 
(perhap s innate )  accordin g t o th e theory ;  an d 
th e theor y prescribe s tlia t  tli e organis m con -
slder; 5 a s relevan t  scheme s whic h i n th e cours e o f 
th e tas k appea r  t o b e Insid e N  (M-boosted) . 
Thus ,  th e targe t  executive' s l-lnterruptio n o f 
Irrelevan t  mas k processe s shoul d h e muc h easie r  t o 
achiev e i f  n o t.isk-re )  cvan t  schem e (n o perceptua l 
featur e o f  th e target )  fall s  outsid e th e M centra -
tio n Initiate d b y th e fixatio n stimulus . 

We modifie d th e centra l  backwar d maskin g para -
dig m b y includin g thre e fixation-stimulu s condi -
tions :  a  poin t  fixatio n stimulu s ( a smal l  circle d 
dot) ,  a  snuti_r c fixatio n stimulu s (fou r  dot s demar -
catin g a  squar e wliic h i n siz e cover s full y  th e are a 
wher e th e target s appear) ,  an d a  squarc- 5 fixatio n 
stimulu s ( a simila r  four-do t  patter n wit h a  fift h 
dot  I n it s  centre) .  Block s o f  trial s correspondin g 
t o th e fixation-stimulu s condition s wer e presente d 
i n a  within-subjec t  design .  Sinc e th e squar e 
fixatio n wil l  lea d th e subjec t  t o M-centrat e th e 
entir e are a i n whic h th e targe t  wil l  appea r  an d th e 
poin t  wil l  len d hi m t o M-centrat e onl y a  portio n o f 
tha t  area ,  w e predic t  tha t  th e maskin g effec t  wil l 
be stronge r  i n th e poin t  condition .  Vlit h th e 
square- 5 fixation ,  subject s may loo k a t  eithe r  th e 
squar e dot s o r  th e centra l  poin t  and ,  thvis , 
squarc- 5 performanc e shoul d b e betwee n th e othe r 
two . 

A detaile d tas k analyst s o f  backwar d maskin g 
suggest s tha t  a n > \  yiowe r  (Wp" )  a i  e-v U (,e ^  lo t  t\\e .  e-«.e -
cutive' s M-boost > sVvoul d sviHic e t o \\;vt\i\ e t\\ e X.a?i V 
easily ,  provide d tha t  th e targe t  executiv e i s give n 
sufficien t  processin g time .  Muc h experimental -
developmenta l  wor k (e.g. ,  Pascual-Leon e f .  Goodman , 
1979 )  ha s demonstrate d tha t  Mp e+ A i s no t  avail -
abl e til l  9-1 0 year s o f  age .  Thus ,  w e predic t 
tha t  9-1 0 yea r  old s shoul d perfor m bette r  tha n 

younge r  subject s an d tha t  olde r  subject s wil l  no t 
perfor m bette r  tha n 9-10's .  Thi s ag e effec t  shoul d occu r  whe n sufficien t  target-processin g tim e i s al -lowe d (Experiment s 3 A an d 3 C below) ,  bu t  ma y no t  ap -
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pear  wlie n target-processin g tim e I s decrease d (Ex -
periment s 1 ,  2  an d 3B) . 

We als o predic t  a  mai n effec t  fo r  cognitiv e styl e 
fiel d dependence/independence .  Fiel d dependen t  (FD ) 
subject s shoul d experienc e stronge r  maskin g effect s 
becnus e o f  thei r  stron g fiel d (F )  facto r  whic h wil l 
lea d the m t o fus e tli r  targe t  an d mask ,  an d thjl r 
weak I-lnterruptio n abilit y  (Pascual-I.eon e i  Goodman , 
1979) .  Fiel d independent s (FI )  wit h thei r  stron g I -
interruptlo n abilit y  shoul d perfor m best ,  wit h fiel d 
mediums (FM )  performin g i n between .  Sinc e th e cog -
nitiv e styl e effec t  co n manifes t  itsel f  onl y i f  tl\ e 
subjec t  i s  no t  hindere d b y Insufficien t  Mp ,  w o mak e 
thi s predictio n onl y fo r  adult s an d 11 -  .in d 12-yea r 
olds .  I n addition ,  u n predic t  tha t  th e square -
poin t  performanc e disparit y wil l  b e grente-. l 
fo r  F i  (o r  F M i n diildren )  suhject s beratip e 
thei r  greate r  I- i  n l  errup t  io n nbilit v  wil l  ennlil e 
the m t o bes t  tak e adv.iutag c o f  th e facilitnlin g 
square . 

To tes t  ou r  mode l  w e conducte d a  scrie s o f 
studies . 

Genera l  Metho d 
Subjects were group-tested with measures of 

fiel d dL'pendence/ 1 ndependenc e (('111 )  an d selrrto d 
acros s th e ful l  FD l  continuum .  Chllilri' n wen -  als o 
lestet l  wit h a  Kr<Hi p me.isur e i> f  M powtM" . 

The tnchislDs i  opi i  .1 1 ly-presoiite d stimul i  wer e 
prepare d o n whil e cards .  Tw o type s o f  fixatio n 
stimulu s wer e prepared :  th e pruxi L fixation ,  I.e. , 
a re d do t  i n th e centr e o f  I  h e car d wit h n  smal l 
gree n circl e hand-draw n aroun d i t  (.2' > 
visua l  angle);an d th e sqii.ir e fixation ,  i.u. , 
fou r  blac k dot s (.1 5 each )  arrange d i n a  stiuare -
shape d patter n (0. 9 x  0. 9 )  aroun d th e centr e n f 
th e card .  Th e targe t  stimul i  (th e Ceotyp e blac k 
letter s A ,  T ,  an d U  0.9 "  hig h x  0.? "  wide )  fel l 
withi n th e fixatio n are a define d b y th e s(|uar e 
pattern .  Th e mas k stimulus ,  a  varian t  o f  Turvey' s 
(1973 )  patter n ma.sk ,  wa s mad e o f  blac k line s 
th e sam e widt h a s tli e targe t  lette r  line s (0.2 ° 
wide) . 

The subject' s tas k wa s t o indicat e whic h o f 
th e thre e specifie d targe t  letter s ha d bee n pre -
sente d o n a  give n tria l  (guessin g i f  necessary) . 
On eac h tria l  th e subjec t  attende d t o a  fixatio n 
stimulus ,  the n a  targe t  lette r  wa s presente d fol -
lowe d b y th e fixatio n agai n (o r  blan k fiel d fo r 
adults )  an d the n th e patter n mask .  Th e subjec t 
responde d afte r  th e mas k wen t  off .  Th e experi -
ment s wer e ru n i n block s o f  fixatio n condition s 
wit h l a trial s pe r  block .  Withi n a  bloc k eac h 
targe t  lette r  wa s presente d si x time s i n rando m 
order . 

Experimen t  I 
Method. Three age samples of 20 children each 

wer e selected ;  mea n age s wer e B;0 ,  10;0 ,  an d 11;10 . 
A three-fiel d tachistoscnp c wa s used ;  th e field s 
wer e se t  t o equa l  luminanc e b y visua l  estimation . 
On eac h tria l  . i  fixatio n stimulu s wa s followe d b y 
a targe t  lette r  expose d fo r  9  m s e c ,  the n th e 
fixatio n fo r  7 1 msec. ,  the n th e mas k fo r  5 0 msec . 
(8 0 msec .  SOA)  .  i'.ic h rondltloi i  h.i d thre e intro -
ductor y trial s usin g lOOx ,  Klx ,  an d \ x th e standar d 
targe t  duration .  Ther e wer e fou r  block s o f  1 8 
trial s each .  Th e fixe d orde r  o f  block s was :  £q̂ l_nĵ , 
sq̂ iâ r c ,  point ,  square . 

Kesults .  A n .'ig e X  orde r  x  fixatio n ANOVA o n 
th e numbe r  o f  correc t  response s yielde d a  pigni -
flcan t  mai n effec t  fo r  fix. p io n (F(l,57 )  «").R7 , 
P < .01 ) ,  wit h bette r  perfonnanc e I n th e squar e 
conditio n (M=15.1 )  tha n I n th e poin t  conilillo n 
(M=11.7) .  A  sigii l  f  t i  an t  circli T x  fix.illo n inter -
ictlo n (1(1,')7 )  5.̂ .7 ,  p  <  .OS )  reflecte d a n in -

creas e it )  perforniaiK- e fro m I  h e firs t  t o th e secon d 
poici t  block .  I.ii h sq^uar ^  bloc k showe d signifi -
cantl y liî ;lie r  perform:inc e th.-i n eithe r  piMn t  block . 

To illustrat e th e pojji t  versu s squar e performanc e 
disparity .  Figur e I  show s mea n performanc e i n th e 
fou r  fixatio n block s fo r  F.xperiment s 1  an d 2  (t o 
be discusse d below) .  Th e sam e genera l  patter n 
shown her e wa s foun d i n al l  experiments . 
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Figure 1, Mean performance across fixation 
block s I n Experiment s 1  an d 2 , 

Experiment 2 3 '• ' 

Me^thod[. Three age samples were selected; mean 
ages "  (an d n's )  vjer e 7; 4 (15) ,  9; 4 (18) ,  an d 11; 4 
(15) .  Procedure s wer e identica l  t o Experimen t  1 . 

Results .  A n ag e x  orde r  x  fixatio n ANOVA 
yielde d a  mai n effec t  fo r  fixatio n (F(1,45)=74.11 , 
H •=.01) ;  agai n performanc e wit h th e squar e (M=12.1 ) 
was superio r  t o tha t  wit h th e poin t  (M=a.5) .  Se e 
Figur e 1 . 

Experimen t  3 
Method. Seven I.Q.-normal age-group samples 
wer e selected ;  mea n age s (an d n's )  wer e 6; 3 (21) , 
7;/ .  (24) ,  8; 4 (24) ,  9; 6 (20) ,  10; 4 (25) ,  ll; 4 (23) , 
and I2; 6 (24) .  A  three-fiel d tachistoscop e wa s 
used :  it s  field s wer e se t  a t  a  luminanc e o f  6. 5 
cd/ m .  Introductio n an d fixation-bloc k orde r  wer e 
th e sam e a s i n Experiment s 1  an d 2 .  Th e 6 -  t o 8 -
yea r  ag o sample s wer e initiall y  teste d (treatmen t 
conditio n 3A )  a s follovjs :  fixatio n stimulus , 
targe t  fo r  9  m s e c ,  fixatio n fo r  9 1 m s e c ,  the n 
mask fo r  5 0 m s e c (SOA=10 0 m s e c ) .  Th e 9 -  t o 12 -
yea r  ag e sample s wer e initiall y  teste d (treatmen t 
conditio n 3B )  a s follows :  fixation ,  targe t  fo r  7 
m s e c ,  fixatio n fo r  9 3 m s e c ,  the n mas k fo r  5 0 
msec.  (S0A=10 0 msec) .  Week s afte r  initia l  tes -
ting ,  th e sample s o f  8  t o 1 2 year s wer e re-teste d 
(treatmen t  conditio n 3C),unde r  th e condition s 3 A 
give n above . 

Results .  Th e thre e treatmen t  condition s ar e 
presente d siicces s i  ve l  y  . 

)A ( 9 msec ,  tar̂ '.et) .  A n ag e x  orde r  x  fixa -
tio n ANOVA yielde d a  significan t  mai n effec t  fo r 
fixatiii n (1(1,66 )  =  66.2 ,  £  <  .01) ;  performanc e 
wit h th e squar e (M=9.4 )  wa s bette r  tha n tha t  wit h 
th e pj2̂iji_ t  (M=6.9) .  Othe r  significan t  effect s 
wer e fo r  ag e (F(2.66 )  3.7 ,  j i  <  .05) ,  wit h 6-year -
old s doin g les s wel l  tha n olde r  subjects ;  an d ag e 
X orde r  (K(2,66 )  3.7 ,  p  <  .05) ,  wit h olde r  sub -
ject s generall y Improvin g wit h practic e (l.u. , 
ove r  blocks )  mor e tha n 6-year-olds . 

3B_(_7_msec^^arget )  .  Th e ANOVA yielde d a 
321 

http://ma.sk


slRnlflcan t  mnl n effec t  to r  fIxntJo n (F(1,8B ) 
•  40,S ,  J )  <  , 0 1 ) ;  performanc e wn s bette r  wit h 
th e s<;i>ar e (M=8,8 )  tha n wit h th e ^ ^ ^ t ^  (M=7,0) . 
Ther e w.n s a n orde r  x  fixatio n tntera f  t  t m (F( l  ,88 ) 

9.5 ,  i > <  , 0 1 ) ,  wit h porform.Tnc e decreasin g fro m 
firs t  t o seron d squnr c presen t  a t  Ion ;  st i l l ,  eac h 
sqn.ir e bloc k w.T S s  1  p.n i  f  Icant l  y  easie r  tha n eithe r 
poin t  block . 

3C ( 9 msec ,  target ,  re- test ) ,  Th e ANOVA 
yielde d .iRal n a  siRolfican t  mai n effec t  fo r  fixa -
tio n (K(l ,  111 )  l',5.P ,  p  <  , 0 1 ) ;  s<̂ iiar e per -
formanc e (M=11,A )  wa s bette r  tlia n JH)Jii t  perfor -
mance (H=8,7) ,  Iher e wer e significan t  effect s 
fo r  ag e (F(4,lll )  =  4.08 ,  £  <  , 0 1 ) ,  orde r  x  fixa -
tio n ( F d . l l l )  =  3.93 ,  £  <  , 0 5 ) ,  an d ag e x  orde r 
X fixatio n (F(4,lll )  2,98 ,  £  <  , 0 5 ) .  Overal l 
performanc e peake d a t  9  an d 1 0 year s followe d b y 
a dropplng-of f  a t  1 1 an d 1 2 years .  Th e orde r  x 
fixatio n Interactio n reste d o n Increase d perfor -
mance i n th e poin t  conditio n fro m firs t  t o secon d 
presentation .  We wil l  no t  discus s th e three-wa y 
interaction ,  bu t  mus t  emphasiz e tha t  fo r  al l  age s 
excep t  1 1 years ,  eac h squar e bloc k wa s signifi -
cantl y easie r  tha n eithe r  poin t  block . 

To tes t  styl e predictions ,  11 -  .in d 12-year -
old s i n 3 C wer e divide d int o FD ,  FM,  an d F I  group s 
usin g score s o n a  grou p versio n o f  th e Children' s 
Embedded Figure s Tes t  (CEF T -  Kar p i  Konstadt , 
1963) .  A n ag e x  styl e x  orde r  x  fixatio n ANOVA 
yielde d (amon g othe r  significan t  effects )  a  mai n 
effec t  fo r  styl e (F(2,41 )  11.49 ,  £ < , 0 1 ) ,  wit h 
FI' s an d FM' s performin g bette r  tha n FD's ;  an d a 
styl e X  fixatio n Interactio n (F(2,41 )  =  4,17 , 
£ <  , 0 5 ) ,  wit h disparit y betwee n F M an d F D perfor -
mance greate r  wit h th e squar e tha n wit h th e point . 
Pearso n r;' s  betwee n CEF T an d mea n performanc e wer e 
r(21 )  =  .41 ,  £  =  .0 5 fo r  ll' s  an d r(22 )  =  .60 , 
£ =  .00 2 fo r  12's . 

Experiment 4 
Method .  Thirt y universit y undergraduate s wer e 

selecte d t o for m FD ,  FM,  an d F I  cognitiv e styl e 
group s ( n 1 0 i n e a c h ) ,  usin g score s o n th e Grou p 
Embedded Figure s Tes t  (CEF T -  Oltman ,  e t  a l . ,  1971) . 
A four-fiel d tachlstoscop e wa s used .  Fixatio n wa s 
followe d b y a  targe t  stimulu s o f  7  msec ,  duration , 
the n a  0. 1 cd/m' ^  full-fiel d illuminatio n fo r  9 3 
m s e c ,  an d the n th e patter n mas k fo r  5 0 msec .  (SO A 

100 m s e c ) .  Al l  fields ,  excep t  fo r  th e interstl -
mulu s Interval ,  wer e se t  a t  a  luminanc e o f  6. 5 cd/m ? 
I n additio n t o th e squar e an d poin t  fixation s em -
ploye d i n th e previou s experiments ,  a  square- 5 fixa -
tio n wa s used .  Th e square- 5 wa s lik e th e square ,  bu t 
wit h a n additiona l  do t  (.15° )  i n th e centr e o f  th e 
visua l  fiel d (I.e. ,  i n th e centr e o f  th e square) • 
Agai n eac h fixatio n conditio n wa s ru n wlthIn-suhject s 
I n tw o block s o f  1 8 trial s each .  A  trainin g bloc k o f 
18 trial s precede d th e experimenta l  fixatio n condi -
tions ;  fo r  th e trainin g liloc k th e fixatio n stimulu s 
wns a n "x "  rxnctl y hal f  th e siz e o f  th e square . 
The ordi r  o f  fix.itln n b h u k s w.is :  i  f. i  I n I  ii|', . 
Mi^iare ,  •'["j'/.'."-'' •  it"''"̂ -  .̂'P'i.'l̂ .  squ.ire-5 ,  |iiilnt . 

"il̂ 'JlL*? -  ^  M y l e X  orde r  x  fixatio n 
ANOVA yielde d significan t  mai n effect s fo r  styl e 
(I-(2,27 )  7.77 ,  p  .01 )  an d fixatio n (K(2,54 ) 

18.90 ,  £  <  .01 ) .  Recognitio n Inrre.i'.c d wit h 
degre e o f  fiel d Indep«'iulenrc ,  an d tlerrease d 
fro m th e squar e (M=K.5 )  t o th e squnrc- 5 (M=7.0 )  t o 
th e poin t  (M=6.0 )  conditions .  Th e Pearso n r(28 ) 
betwee n ''̂Fl- T an d mea n performanc e wa s .57 ,  p 

.Oni .  Ilioii -  W.1- .  . 1 sli; n I  r  iiin l  styl e x  fixatio n 
Interacllcii i  (i:(4,54 )  2.89 ,  p  v  05 )  whic h I s 
plotlc d I n Fl)'.iir e 2 .  Thi s interactio n sliow s 
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Figure 2. Mean performance by cognitive style 
and fixatio n i n Experimen t  4 . 

tha t  th e facilitatin g effec t  o f  th e squar e fixa -
tio n relativ e t o th e squaro- 5 an d poin t  i s 
greates t  fo r  F I  subjects ,  an d tli e misleadin g 
effec t  o f  th e poin t  f  'xatlo n i s greates t  fo r  F D 
subjects .  Not e tlia t  a s th e theor y predicts ,  F M 
subject s perfor m betwee n F I  an d F D subjects ,  an d 
performanc e wit h th e square- 5 fall s  betwee n tha t 
wit h th e squar e an d th e poin t  fixations . 
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A majo r  problem  i n cognitiv e psycholog y i s 
th e determinatio n o f  th e effect s o f  primar y task s 
on concurren t  processin g o f  othe r  information . 
Cerebra l  event-relate d potential s (ERPs )  offe r  on e 
approac h t o thi s proble m b y examinin g th e 
influenc e o f  task-induce d cognitiv e loa d o n 
discret e brai n event s relate d t o th e processin g o f 
stimuli .  I n dua l  tas k situations ,  th e 
introductio n o f  task s suc h a s discriminatio n o r 
proble m solvin g ha s bee n foun d t o attenuat e 
variou s component s o f  th e ERP t o stimul i  i n th e 
secondar y tas k (Defayolle ,  Dinand ,  ft  Gentil ,  1971 ; 
Lille ,  Audin ,  K  Hazemann ,  1975) .  Systemati c 
manipulation s o f  processin g demand s wer e studie d 
by Isreal ,  Wickens ,  Chesney ,  an d Donchi n (1980 ) 
who report -  a n attenuatio n effec t  o n th e P30 0 
componen t  o f  th e ERP wit h increasin g displa y loa d 
i n a  trackin g task ,  wher e workloa d wa s als o 
assesse d wit h a  secondar y reactio n tim e task . 

* 
I n a  dua l  tas k th e ERP-elicitin g stimulu s i s 

generall y relevan t  t o a  tas k an d conseguentl y ha s 
t o b e processe d a t  a  relativel y hig h leve l  whic h 
preclude s th e observatio n o f  th e effect s o f 
cognitiv e loa d o n earlie r  stage s o f  stimulu s 
processing .  Th e presen t  stud y wa s undertake n t o 
observ e th e effect s o f  cognitiv e loa d o n 
task-irrelevan t  stimul i  usin g pupi l  siz e a s a n 
independen t  measur e o f  processin g demand s durin g 
proble m solvin g (se e Reatty ,  1979) . 
ERPs were obtained to irrelevant auditory 
probe s presente d befor e an d afte r  th e presentatio n 
of  digit s i n a  menta l  multiplicatio n task .  Thi s 
tas k ha s bee n show n t o produc e pupillar y dilation s 
wit h a  pea k amplitud e tha t  i s monotonica l  l y 
relate d t o th e a  prior i  difficult y o f  th e problem s 
(Hes s « .  Polt ,  1961 ;  Payne ,  Parry ,  &  Harasymiw , 
1968) . 
Method 
Subjects and Material 

Eleve n co l  leg e leve l  student s o f  bot h sexe s 
wer e use d i n th e experiment .  Th e EE G an d 
vertica l  electro-oculogra m (EGG )  wer e recorde d 
wit h Ag-AgC l  electrode s place d a t  Fz ,  Cz ,  Pz ,  F3 , 
F4,  P3 ,  PI ,  referre d t o linke d ea r  lobe s an d fo r 
th e EGG fro m electrode s place d abov e an d belo w th e 
righ t  eye .  Al l  signal s wer e amplifie d b y Gras s 
serie s 8  amplifier s wit h a  0. 1 t o 7 0 H z bandpass . 
Pupillar y diamete r  wa s measure d usin g a  Whittake r 
1050 S vide o pupi)lomoter . 
Data collection and stimulation was 
controlle d b y a  PnP-11/3 4 computer .  Al l  signal s 
wer e sample d a t  POO H z fo r  on e secon d startin g 6 0 
msecs prio r  t o stimulatio n an d wer e digitize d 
on-lin e a t  1 2 hits .  Digitize d single-tria l  dat a 
wer e store d o n magneti c tap e fo r  late r  analysis . 

The auditor y prompt s an d digit s wer e 
presente d throug h digitize d speec h an d ha d a 
duratio n o f  0. 6 sees .  Th e irrelevan t  stimul i 
consiste d o f  100 0 H z tone s presente d a t  a n 
intensit y o f  approximatel y 5 6 d B S L wit h a 
duratio n o f  2 0 msecs .  Th e tone s wer e generate d b y 
a Hewlett-Packar d audi o oscillato r  (mode l  20 0 AB ' 
and delivere d throug h a  loudspeake r  1. 5 m i n fron t 
of  th e subject .  Subject s ha d acces s t o a 
keyboar d t o star t  th e trial s an d ente r  thei r 
answer s o n ever y trial . 

Procedure 
Afte r  th e electrod e placement ,  th e subjec t 

was tol d tha t  h e woul d b e require d t o solv e 3 0 
eas y an d 3 0 difficul t  multiplicatio n problem s i n a 
rando m sequence .  Problem s wer e calle d eas y whe n 
bot h number s wer e betwee n 2  an d 9  an d difficul t 
when on e numbe r  wa s betwee n 3  an d 9  an d th e othe r 
was betwee n 1 3 an d 19 . 

The procedure for each trial, as described to 
th e subjec t  wa s a s follows .  Th e subjec t  hear d th e 
wor d "Ready "  throug h th e loudspeake r  a t  whic h tim e 
he wa s t o fixat e a  do t  i n fron t  o f  hi m an d depres s 
a ke y t o star t  th e trial .  H e wa s the n t o atten d 
t o th e auditor y presentatio n o f  th e tw o digit s 
separate d b y a  one-secon d paus e an d t o ignor e al l 
othe r  stimuli .  Afte r  th e secon d digi t  th e subjec t 
was t o silentl y multipl y th e tw o digit s unti l  h e 
hear d th e wor d "Respond" ,  a t  whic h tim e h e coul d 
sto p fixatin g an d wa s t o ente r  th e correc t  answe r 
on th e keyboard . 
A tone was presented at a random time between 
one an d tw o second s afte r  th e subject' s initiatio n 
of  th e tria l  an d als o betwee n on e an d tw o second s 
afte r  th e presentatio n o f  th e las t  digit .  Th e 
interva l  betwee n th e en d o f  th e las t  digi t  an d th e 
respons e cu e varie d betwee n 3. 5 an d 4. 5 sees . 

Results 

For each subject, the individual EEG epochs 
v;er e edite d fo r  artifact s usin g a n RMS voltag e 
criterio n rejectin g a n averag e o f  10 % o f  th e 
trials .  Th e epoch s wer e the n average d separatel y 
fo r  eac h o f  tli e fou r  condition s define d b y th e tw o 
recordin g period s an d th e tw o difficult y levels . 
Average d pupillar y response s wer e als o obtaine d 
usin o th e sam e trials .  Thre e o f  th e initia l 
eleve n subject s ha d t o b e exclude d fro m th e 
analysi s becaus e thei r  EE G record s containe d a 
larg e amoun t  o f  ocula r  artifacts . 
Two main components could be identified in 
al l  th e average d waveform s b y visua l  inspection : 
a neoativ e on e havin g a  latenc y rangin g fro m P. O t o 
130 msec s (Mion )  an d a  positiv e on e wit h a  latenc y 
rang e o f  17 0 t o 22 0 msec s (P200) . 

Group averages were obtained (see Figure 1) 
fo r  tli e fou r  condition s an d differenc e waveform s 
wer e compute d betwee n EPPs i n baselin e an d proble m 
solvin n periods .  Slo w potentia l  shift s coul d no t 
be discerne d i n an y o f  th e differenc e waveforms . 

The peak amplitude of the components relative 
t o a n averan e pre-stimulu s baselin e wa s obtaine d 
usin n th e raxinu m valu e withi n th e latenc y range s 
dpscribo d <ihnve .  A t  Fz ,  rilO O amplitud e wa s foun d 
t o h e generall y lowe r  durin g proble m solvin g 
period s tha n durin g baselin e period s (Fl,7)=11.7 , 
p .01) . 
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At  C z th e mea n baselin e amplitud e wa s 
slightl y hiqhe r  fo r  th e difficul t  conditio n 
compare d t o th e eas y conditio n bu t  a  muc h lowe r 
amplitud e wa s observe d i n th e difficul t  conditio n 
durin g th e tas k compare d t o th e othe r  thre e 
conditions .  Significan t  effect s wer e obtaine d fo r 
th e mai n effec t  o f  tas k presenc e (F(l,7)=9.36 , 
p .05 )  an d fo r  th e interactio n betwee n tas k 
presenc e an d difficult y leve l  (F(l,7)=5.fi6 , 
p .05) .  A n analysi s o f  th e simpl e effect s i n 
thi s interactio n reveale d tha t  tas k presenc e 
produce d a  significan t  amplitud e decremen t  o n NlO O 
onl y i n th e difficul t  conditio n (F(l,7)=10.8 , 
p .0?5 )  an d no t  i n th e eas y conditio n ( F 1 ) . 

No significant effects were observed on the 
NlOO componen t  a t  an y othe r  derivatio n an d n o 
effect s wer e foun d o n th e amplitud e o f  P20 0 a t  an y 
electrod e site . 

Average pupil size at stimulus onset was also 
analyze d usin g ANOVA an d significan t  effect s wer e 
obtaine d fo r  th e leve l  o f  difficult y (F(l,7)=6.17 , 
p .05 )  an d fo r  th e interactio n betwee n tas k 
presenc e an d difficult y leve l  (F(l,7)=38.27 , 
p .01) .  Analyse s o f  simpl e effect s determine d 
that ,  a s wit h MlO O amplitide ,  th e effec t  o f  th e 
tas k o n pupi l  diamete r  wa s onl y significan t  i n th e 
difficul t  conditio n (F(l,7)=3.4 ,  p  .0?5) .  Figur e 
? contrast s th e effect s obtaine d o n pupi l  siz e an d 
on NlO O amplitud e a t  Cz . 

I n orde r  t o examin e th e relatio n betwee n th e 
effect s observe d o n th e pupi l  an d NlO O measure s 
acros s subject s ran k correlation s wer e obtaine d 
betwee n th e change s i n pupi l  siz e an d i n NlO O 
amplitud e fro m baselin e t o tas k period s acros s 
subject s fo r  bot h th e eas y an d difficul t 
conditions .  A  significan t  negativ e correlatio n 
was obtaine d i n th e eas y conditio n (p=-0.77 , 
p .05 )  bu t  no t  i n th e difficul t  conditio n (p=0.22 , 
N.S. ) . 

Discussion 

The present data suggest that the amplitude 
of  th e NlO O componen t  evoke d b y irrelevan t  stimul i 
ca n b e affecte d b y cognitiv e loa d a s indexe d b y 
pupillar y measures . 

The fact that no NlOO attenuation could be 
observe d i n th e eas y trial s arnue s agains t  a n 
interpretatio n o f  th e result s i n term s o f  a 
genera l  activatio n effec t  du e t o th e performanc e 
of  a  task .  Th e sam e argumen t  ca n h e use d t o 
refut e significan t  effect s du e t o th e lon g 
recover y perio d o f  NlO O wit h multipl e stimulation , 
and significan t  contaminatio n du e t o respons e 
preparatio n o r  CNV-lik e potentials . 

Multiplicatio n problem s involvin g singl e digi t 
pair s hav e bee n show n t o produc e identifiabl e 
pupillar y dilation s i n othe r  studie s (e.g. ,  Hes s ! . 
Polt ,  1964 )  bu t  i n th e presen t  experimen t  th e 
secon d prob e wa s presente d rathe r  lat e afte r  th e 
las t  digi t  and ,  o n mos t  trials ,  probabl y occurre d 
afte r  th e resolutio n o f  th e pupillar y response . 

The absence of slow potential shifts in the 
globa l  differenc e waveform s i s no t  sufficien t  t o 
conclud e tha t  th e fIlO O attenuatio n i s no t  du e t o 
variation s i n 'overlappin g potentia l  shifts .  I t 
i s  clea r  however ,  tha t  th e influenc e o f  th e tas k 
on th e ERP take s plac e a t  a n earl y stage .  Indeed , 
th e NlO O componen t  ha s bee n show n t o b e closel y 
associate d wit h processe s relate d t o th e earl y 
perceptua l  strengt h o f  stimul i  indexe d b y 

sensitivt y measure s i n signa l  detectio n situation s 
(e.g. .  Squires ,  Hillyard ,  ft  Lindsay ,  1973 )  an d 
intensit y parameter s i n multichanne l  selectiv e 
listenin g situation s (Schwent ,  Hillyard ,  I 
Galambos ,  1976) .  Th e findin g tha t  th e cognitiv e 
loa d induce d b y proble m solvin g ca n affec t  CNS 
activit y a t  latencie s simila r  t o thos e o f 
processe s relate d t o th e strengt h o f  physioloqica l 
signal s ca n hav e a n importan t  impac t  o n 
conceptualization s o f  informatio n processing . 

Thes e suggestiv e result s wil l  hav e t o b e 
complemente d b y mor e direc t  observation s t o 
establis h th e natur e o f  thi s possibl e influenc e o f 
proble m solvin g o n earl y stage s o f  perceptua l 
processing . 
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T HE SPATIA L REPRESENTATION AN D PROCESSING 
OF INFORMATIO N I N COGNIT ION " 

by 
Gar y W.  St ron g an d Bruc e A .  W h i t e h e a d ' 

Objects spatial patterns within them, 
an d spat ia l  pa t te rn s amon g the m for m th e 
conc re t e s t ruc tu r e o f  ou r  wor ld ,  an d 
in te l l igen t  ac t io n i n i t  depend s upo n suc h 
spa t ia l l y  pa t te rne d in format io n [ 1 ] . 
T h e r e f o r e ,  i t  i s  importan t  t o de f in e th e 

pat te r n i n th e interna l 
of  th e env i ronmen t  an d i n 
app l ie d t o th i s in terna l 

ro l e o f  spat ia l 
rep resen ta t i o n 
th e p rocess in g 
r e p r e s e n t a t i o n . 

Th e p remis e o 
spat ia l  pa t te r n o f 
show s regu la r i t i e s 
in fo rmat io n c o n t e n t . 
s t imu lu s p rope r t i e s 
demons t ra te d 
( i nva r iances )  an d p o 
a s th e bas i s o f  a n 
s t ra tegy .  We h a 
feas ib i l i t y o f  s 
s imula t in g a  p ropo s 
mechan i  sm . 

f  ou r  mode l  i s  tha t  th e 
rea l -wor l d in format io n 

independen t  o f  it s 
Ex tens iv e ana lys i s o f 
[2-5 ]  hav e indee d 

suc h regu la r i t i e s 
inte d ou t  thei r  va lu e 

in format io n p rocess in g 
v e invest igate d th e 
uc h a  st ra teg y b y 
ed cogn i t i v e operato r 

Our  mode l  pos tu la te s a n in terna l  spac e 
imag e whic h represent s th e spat ia l  pa t t e rn , 
bu t  no t  c o n t e n t ,  o f  env i ronmenta l  s t imu lu s 
i n fo rma t ion .  (Th e p roper t i e s o f  thi s 
in terna l  spac e imag e co r respon d t o thos e o f 
th e par ie ta l  cor te x i n th e b ra in . ) 
Cogn i t i v e ope ra t i on s upo n th i s in terna l 
spac e co r respon d t o t rans fo rmat ion s i n 
rea l -wor l d spat ia l  pa t t e rn .  A s 
hypo thes i ze d i n th e in format io n p rocess in g 
p r i nc ip l e s be low ,  th e cogn i t i v e opera to r 
se rve s a  dua l  ro le :  I t  represent s a  gener i c 

whic h t rans fo rm s th e 
incomin g in fo rmat ion , 

ou t  th e co r respond in g 
on th e spat ia l  pa t ter n 

spac e image .  I n thi s 

rea l -wor l d ac t io n 
spat ia l  pa t te r n o f 
an d i t  ca r r i e s 
cogn i t i v e opera t io n 
of  th e interna l la t te r  ro le ,  th e cogn i t i v e operato r  t rack s 
or  p red i c t s th e spat ia l  t rans format io n o f 
th e env i ronmenta l  s t imulu s whic h wil l 
resul t  fro m th e rea l -wor l d ac t i on . 

Our  mode l  i s 
respec t  t o brai n s 
spec i f i c  p rob le m 
a t t en t i o n ove r  t 
enhancemen t  ef fe c 
bee n pu t  fort h a s 
cogn i t i v e operat i 
model  suc h a s ou r 
neura l  m e c h a n i s m s , 
be neura l l y fea s 
w i t h th e neura l  d a 
"Phys io log ica l  Co n 

highl y s 
t ructur e a 

doma i  n : 
he v isua l 
t  i n par i 

a subs t 
on .  Whi l 
s canno t 

i t  ca n b e 
ibl e an d t 
ta ,  a s d 
s t ra in t s 

impl i f ie d 
nd l imi te d 
th e movem e 

f ie ld . 
eta l  cor t e 
rat e fo r 
e a  cog n 

sho w de t 
cons t  rai n 

o b e co n s i 
i  scusse d 
be low . 

wit h 
t o a 

nt  o f 
The 

X ha s 
thi s 

i  t  i  v e 
ai le d 
ed t o 
sten t 
unde r 
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Hypo thes ize d In format io n 
Process in g Pr inc ip le s 

The simulation model implements 
hypo thes ize d pr inc ip le s b y whic h neura l 
in te rconnect io n s t ructur e represent s 
spat ia l  pat ter n in format io n abou t  th e 
env i ronmen t .  Conten t  representa t ion s ar e 
mode le d onl y a s the y par t i c ipa t e i n th e 
cont ro l  o f  th e spat ia l  process in g system . 
Mor e prec ise ly ,  d is t r ibu te d process in g o f 
spat ia l  in format io n i s  in f luence d b y 
assoc ia t i on s betwee n th e spat ia l  an d th e 
f igura l  representa t io n sys tems .  Th e rol e 
of  f igura l  representa t ion s i n th e mode l  i s 
rest r ic te d t o th e effec t  o f  thei r 
assoc ia t i v e connec t ion s t o spatia l 
p a t t e r n s .  Th i s ef fec t  i s  hypothes ize d t o 
serv e a s a  cont ro l  mechan is m fo r 
d is t r ibu te d process in g b y spatia l 
o p e r a t o r s ,  accord in g t o th e pr inc ip le s 
be low : 
(a). The cognitive operator must both 

represen t  a  t ransformat io n o f  spac e 
an d carr y ou t  suc h a  t ransformat io n 
upo n objec t  in format ion . 

(b). Control of processing must be 
d is t r ibu te d amon g con ten t -addressab l e 
representa t ion s o f  spat ia l  opera to rs . 
Conten t  addressab i l i t y i s  achieve d 
throug h assoc ia t i v e connec t ion s t o 
f igura l  represen ta t ions . 

(c). Content representations must preserve 
ident i t y acros s chang e o f  spatia l 
l ocus . 

(d) .  Th e cognitiv e 
carr y ou t 
independentl y 
Principle s ( 

develope d i n pre v 
acces s t o th e 
representa t  io n 
addressabi1 i  ty . 
addressabi1 i  t y 
competitio n amo n 
themselve s actin g 
processors .  Thi s 
centralize d con t 
processin g networ k 

operato r  mus t  b e abl e t o 
spatia l  transformation s 
of  objec t  content . 

a)  an d (b )  hav e bee n 
iou s wor k [6] .  Efficien t 

informatio n i n a 
require s content -

However ,  thi s conten t 
can b e achieve d b y 
g th e representation s 

as independent ,  paralle l 
avoid s th e nee d fo r 

ro l  o f  th e distribute d 

Physiologica l  Constraint s 

The 
corte x i s 
th e sp a 
atten t  io n 
mechani  s m 
whic h ( i 
transform a 
produce s i 
(th e pari e 
( i  i  i  )  mov 
attention . 
corte x 
mechan i  sm . 
consisten t 
withou t  a 
complete . 

enhancemen t  effe c 
a neurophysiologi c 
tia l  locu s o f 
ove r  th e visua l  f i 

has previousl y 
)  carrie s ou t 
tio n (Principl e 
t s neurophysiolo g 
ta l  enhancemen t  e f 
es th e psycholo g 

A mode l  base d 
implement s ou r 

The mode l  i s d 
wit h neurophy s 

ttemptin g t o b e 

t  i n parieta l 
al  correlat e o f 

psychologica l 
el d [7-9) .  N o 
been pu t  fort h 

th e spatia l 
a above) ,  (ii ) 
ica l  correlat e 
feet )  ,  an d thu s 
ica l  locu s o f 
upon parieta l 

hypothesize d 
esigne d t o b e 
iologica l  dat a 

anatomicall y 
Parieta l  cel l  recordin g studie s [7-8 ] 

demonstrat e interna l  representation s wher e 
th e spatia l  layou t  i n th e neura l  tissu e 
represent s tha t  i n th e environment .  Th e 
anatomica l  coordinat e syste m i s i n thi s 
sens e a n imag e o f  th e surroundin g 
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environmenta l  space .  I n th e presen t  model , 
i t  i s  terme d th e INTERNAL SPACE 
IMAGE.'  Enhancemen t  i n th e respons e o f 
parieta l  cell s t o a  periphera l  stimulu s ha s 
been show n t o 

(e). Correspond to the environmental locus 
of  th e targe t  stimulu s [7-8] . 

(f). Correspond to a psychological locus of 
attentio n (Jonides '  [10 ]  "mind' s eye" ) 
directe d towar d th e stimulu s [7-8] . 

(g). Precede not only a saccadic eye 
movement  t o th e stimulus ,  bu t  als o a 
reachin g han d movement  t o i t  [8] ,  o r 
even th e directin g o f  attentio n t o th e 
stimulu s withou t  makin g eye ,  hand ,  o r 
othe r  movement s t o i t  [8-9] . 

In sum, while neural enhancement 
encode s th e spatia l  locu s o f  a n impendin g 
attentiona l  shift ,  i t  doe s no t  depen d upo n 
th e moto r  characteristic s o f  th e shift . 
Parieta l  enhancemen t  i s therefor e 
associate d wit h a  mor e genera l  spatia l 
transformatio n tha n th e enhancemen t  effec t 
i n superio r  colliculu s whic h i s rigidl y 
tie d t o ey e movement  shift s [9] . 

Resultin g Mode l  Specification s 

I t  woul d see m 
enhancemen t  mentione d a 
some wa y t o produc e 
percep t  b y emphasizin g 
whic h i s t o becom e th e 
or  attentiona l  shift . 
usua l  cas e wher e th e p e 
quickl y brough t  t o th e 
of  enhancemen t  a t  th e 
neura l  locu s i s uncle a 
model  seek s t o clarif y 
periphera l  enhancemen t 

SET OF 3FATIA L 
TRANSFORr/lATIONS 

tha t  th e parieta l 
bove shoul d hel p i n 
a mor e functiona l 

retina l  informatio n 
targe t  o f  a  movement 

However ,  i n th e 
riphera l  stimulu s i s 
fovea ,  th e functio n 
origina l  periphera l 

r .  Th e simulatio n 
th e functio n o f  thi s 
as follows : 

INTERNAL 
SFACE n"AG E 

FIGURE 1 :  TH E REPRESENTATION 
OF A  TRANSFORMATION 

In a system which represents 
transformations ,  representatio n o f  th e 
magnitud e an d directio n o f  th e shif t  i s 
essential .  Thi s informatio n i s define d b y 
th e enhance d periphera l  locu s (poin t  p  i n 
Figur e 1 )  i n combinatio n wit h th e fove a 
(poin t  q  i n Figur e 1) .  Therefore ,  th e 
functio n o f  suc h periphera l  enhancemen t  may 
be t o encod e suc h a  vecto r  i n th e parieta l 

representatio n o f  space .  Th e periphera l 
enhancemen t  woul d the n indicat e th e 
activatio n o f  th e encode d vector . 

The Hypothesize d Informatio n 
Processin g Principle s (a-d )  an d 
Physiologica l  Constraint s (e-g )  abov e impl y 
thes e mode l  specifications : 

(i : 

(2) , 

A fundamenta l  transformatio n mechanis m 
exist s a s show n i n Figur e 1  (discusse d 
above) . 

Figura l  conten t  o f 
fro m it s spatia l 
(Constraint s c  an d d ) . 
spatia l  locu s o f  inpu t 
th e interna l  spac e imag e 
e ) .  Therefore ,  figura l 
inpu t  ca n affec t  th e interna l  spac e 
imag e onl y i n th e selectio n o f  spatia l 
transforma t  ions . 

inpu t  i s sefjarate d 
locu s inf t  ""matio n 

Onl y th e 
i s passe d t o 

(Constrain t 
conten t  o f 

(3) . Informatio n representin g spatia l  locu s 
i n th e environmen t  i s code d b y 
activit y a t  correspondin g loc i  i n th e 
interna l  spac e imag e (Constrain t  e ) . 

The figural identity of active loci in 
th e interna l  spac e imag e mus t  b e 
represente d elsewher e i n th e syste m 
(Constraint s c  an d d ) . 

Since control of processing must be 
distribute d amon g content-addressabl e 
representation s (Constrain t  b) , 
contro l  mus t  originat e outsid e th e 
interna l  spac e image . 

(6). Therefore, the spatial transformations 
whic h ac t  upo n th e interna l  spac e 
imag e mus t  b e selecte d b y thei r 
association s t o conten t 
representation s (Constrain t  a ) . 

(4) . 

(5) , 

By decomposin g 
int o it s spatia l  a 
(Principl e d  leadin g 
2) ,  eac h compone n 
generalizable .  A 
therefor e b e separat e 
spatia l  representa t 
differen t  figura l  co n 
representation s le a 
spatia l  context . 

stimulu s informatio n 
nd figura l  component s 
t o Mode l  Specificatio n 
t  i s  independentl y 

new stimulu s ca n 
l y matche d wit h (i ) 
ion s learne d i n a 
tex t  an d (ii )  figura l 
rne d i n a  differen t 

processin g 
spec i  f  ically , 
th e spatia l 
appropriat e 

The remainin g poin t  t o b e addresse d i n 
th e mode l  i s th e contro l  o f  distribute d 

(Prin c ipl e b ) .  Mor e 
onl y on e o f  th e operator s i n 
transformatio n se t  wil l  b e 
fo r  a  give n stimulus . 

Selectio n o f  thi s operato r  mus t  depen d upo n 
bot h spatia l  an d figura l  propertie s o f  th e 
stimulus .  Thi s selectio n proces s therefor e 
require s reconvergenc e o f  th e spatia l  an d 
figura l  component s o f  stimulu s information . 
Appropriat e spatia l  operator s ar e addresse d 
vi a convergen t  associatio n wit h activ e 
figura l  representations .  Thi s associativ e 
content-addressin g serve s a s th e contro l 
mechanis m fo r  th e distribute d processin g 
networ k (Mode l  Specification s 5  an d 6) . 

'  "Image "  i s use d her e i n th e sens e o f  a 
mathematica l  functio n fro m externa l  t o 
interna l  coordinat e systems . 
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The Mode l  Structur e 

As described above, the model operates 
by initia l  decompositio n o f  incomin g 
stimulu s informatio n int o generi c spatia l 
and figura l  component s an d subsequen t 
associatio n o f  thes e components .  A  mode l 
structur e whic h illustrate s thi s an d whic h 
als o satisfie s Mode l  Specification s 1- 6 i s 
shown i n Figur e 2 . 
Perceptual input arrives at the circle 
labelle d LOCUS-DEPENDENT FEATURES.  It s 
featur e conten t  informatio n i s picke d u p b y 
LOCUS-INDEPENDENT FEATURES,  whil e th e 
spatia l  locu s o f  eac h inpu t  featur e i s 
simpl y mappe d one-to-on e ont o a 
correspondin g "hotspot "  withi n th e INTERNAL 
SPACE IMAGE.  Th e locu s o f  th e "hotspot "  i n 
th e INTERNAL SPACE IMAG E therefor e 
represent s th e spatia l  positio n o f  th e 
feature ,  bu t  doe s no t  carr y an y conten t 

However ,  eac h "hotspot " 
set  o f  affordance s (movemen t 

by virtu e o f  th e fac t  tha t 
LOCUS-DEPENDENT OPERATORS i n 

transformatio n se t  may 
th e locu s occupie d b y th e 

Each o f  thes e LOCUS-DEPENDENT 
represent s a  specific ,  loca l 

information . 
activate s a 
possibilitie s 
one o r  mor e 
th e spatia l 
originat e a t 
"hotspot " 
OPERATORS transformatio n i n th e INTERNAL SPACE IMAGE. 
At  an y on e time ,  numerous ,  conflictin g 
possibl e transformation s may b e suggeste d 
by th e curren t  se t  o f  "hotspots "  i n th e 
INTERNAL SPACE IMAGE. 

The selection of an appropriate, 
consisten t  se t  o f  transformation s fo r  th e 
model  t o carr y ou t  require s th e convergenc e 
of  activatio n fro m tw o differen t  pathways : 
(1 )  fro m activ e LOCUS-INDEPENDENT FEATURES, 
throug h th e (learned )  ASSOCIATIO N NETWORK, 
int o LOCUS-INDEPENDENT OPERATORS;  an d (2 ) 
fro m th e se t  o f  possibl e transformation s 
(affordance s a s define d above)  give n b y th e 
curren t  analysi s o f  th e INTERNAL SPACE 
IMAGE,  int o LOCUS-INDEPENDENT 
OPERATORS.  Thu s activatio n fro m tw o 
pathway s converge s int o th e se t  o f  LOCUS-
INDEPENDENT OPERATORS .  An y suc h operato r 
receivin g simultaneou s activatio n fro m bot h 
pathway s represent s a  transformatio n tha t 
i s suitabl e t o perform ,  give n bot h th e 
spatia l  an d conten t  limitation s o f  th e 
environment .  A t  thi s point ,  th e operato r 
selecte d b y convergen t  activatio n may i n 
tur n activat e it s associate d LOCUS-
DEPENDENT OPERATORS,  leadin g t o actua l 
behavio r  a s wel l  a s t o a  predictio n o f  th e 
nex t  interna l  spac e layout . 

Thi s 
implemente d 
program . 
recognitio n 
but  als o f 
appropriat e 
successfu l 
withi n ob j 
underwa y t o 
generaliza t  i 
pla n t o ad a 
chess ,  whic h 
program )  th e 
ef  f  i c  ientl y 
informa l  io n 

model  st r 
and teste d 

The mode l 
of  spatiall y 
ill-i n o f 

places , 
encodin g o f 
ects .  Fu r 

examin e i 
ons fro m pe r 
pt  th e mode l 
migh t  simu l 
abilit y  o f 

proces s 
i n parallel . 

uctur e ha s bee n 
i n a  compute r 

exhibit s no t  onl y 
-patterne d object s 
missin g feature s i n 

suggestin g th e 
patter n informatio n 
the r  testin g i s 
t s abilit y  t o for m 
ceptua l  input .  We 

t o a  game ,  suc h a s 
at e (i n a  seria l 
neura l  circuitr y t o 

spatially-encode d 

ASSOCIATION 
NETWORK 

LOCUS-
INDEPENDENT 
OPERATORS 

LOCUS-
INDEPENDENT 

FEATURES 

LOCUS-
DEPENDENT 
OPERATOR 

LOCUS-
DEPENDENT 

FEATURES 

INTERNAL 
SPACE 
IMAGE 

FIGURE 2 i  TH E MODEL STRUCTURE 

The importan t  feature s o f  th e mode l 
ar e tha t  i t  encode s spatia l  patter n withi n 
a non-spatia l  associatio n network ,  thereb y 
eliminatin g th e necessit y o f  storin g a 
"picture" .  Instea d a  networ k o f  store d 
feature-movemen t  relation s i s sufficien t  t o 
reconstruc t  th e pictur e wheneve r  necessary . 
Thus th e mode l  deal s wit h th e relationa l 
aspec t  o f  informatio n a s wel l  a s th e bit -
conten t  aspect .  Eac h feature-movemen t 
relatio n ca n b e use d no t  onl y t o 
reconstruc t  th e imag e o f  th e perceive d 
objec t  bu t  als o t o evok e behavio r 
appropriat e t o th e object .  Finally ,  th e 
model  structur e describe d ca n b e translate d 
int o othe r  domain s requirin g goal-directe d 
informatio n processing ,  suc h a s i n cultura l 
system s [11] . REFERENCES 
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