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Abstrac t 

Cognitive agents often acquire knowledge of how devices 
wor k b y readin g a  book .  W e desaib e a  computationa l  theor y 
of  understandin g a  namra l  languag e descriptio n o f  a  device . 
comprehendin g ho w th e devic e works ,  an d acquirin g a  devic e 
model .  Th e theor y posit s a  comple x interpla y betwee n lan -
guage ,  memory .  comprehension ,  problem-solvin g an d learnin g 
faculties .  Long-ter m memor y contain s case s o f  previousl y en -
countere d device s an d associate d structure-behavior-functio n 
(SBF )  model s tha t  explai n ho w th e know n devic e works .  Lan -
guag e processin g i s bot h bottom-u p an d top-down .  Bottom -
up processin g i s don e throug h spreading-activatio n networks . 
wher e th e semantic s o f  th e node s an d link s i n th e networ k arise s 
from  th e SB F ontology .  Th e comprehensio n proces s construct s 
a SB F mode l  fo r  th e ne w devic e b y adaptin g th e know n devic e 
model s -  w e cal l  thi s proces s adaptiv e modeling .  Thi s multi -
facult y computationa l  theor y i s instantiate d i n a n operationa l 
compute r  syste m calle d K  A  tha t  (i )  read s an d understand s En -
glis h languag e description s o f  device s from  Davi d Macaulay' s 
popula r  scienc e boo k Th e Way Thing s Work ,  (ii )  comprehend s 
ho w th e describe d devic e works ,  an d (iii )  acquire s a  SB F mode l 
fo r  th e device . 

1. Motivations and Background 

Cognitiv e agent s ofte n acquir e knowledg e o f  comple x phe -
nomena b y readin g a  book .  Fo r  example ,  a  naiv e cognitiv e 
agen t  m a y acquir e knowledg e o f  h o w air-conditioner s wor k 
by readin g a  popula r  scienc e boo k suc h a s Th e W a y Thing s 
W o rk b y Davi d Macaula y [1988] .  I n general ,  understandin g 
th e natura l  languag e descriptio n o f  a  device ,  con^rehend -
in g b o w th e devic e works ,  an d acquirin g a  devic e model . 
involve s a  comple x interpla y betwee n language ,  comprehen -
sion ,  memory ,  proble m solvin g an d learnin g processes .  I n 
addition ,  thes e processe s us e man y differen t  kind s o f  knowl -
edg e includin g semanti c knowledg e o f  th e domain ,  episodi c 
knowledg e from  pas t  experience s i n th e domain ,  an d th e 
informatio n provide d i n th e text . 

But  mos t  con^utationa l  model s o f  tex t  interpretatio n dea l 
wit h languag e understandin g i n vacuum ,  i n mor e o r  les s com -
plet e isolatic m from  othe r  processes .  Typically ,  die y eithe r 
propos e a  largel y bottom-u p proces s i n whic h di e interpreta -
tio n i s construae d from  th e tex t  alone ,  o r  a  largel y top-dow n 
proces s i n whic h a  precompile d knowledg e structur e help s t o 
generat e expectation s an d provide s a  ten̂ )lat e fo r  filling  i n 
specifi c  detail s give n i n th e text .  I n interpretin g rea l  texts , 
however ,  neithe r  th e tex t  alway s provide s sufficien t  informa -
tio n t o oiabl e th e constructio n o f  a  satisfactor y interpreutio n 
nor  doe s th e reade r  alway s hav e a  precompile d knowledg e 

structur e tha t  matche s th e text .  Ou r  theor y o f  languag e un -
derstandin g fo r  devic e comprehensio n an d knowledg e acqui -
sitio n no t  onl y combine s bottom-u p an d top-dow n strategie s 
fo r  languag e processing ,  bu t  i t  als o integrate s th e languag e 
proces s wit h memory ,  comprehension ,  problem-solvin g an d 
learnin g processes . 

I n contras t  t o multi-strateg y o r  multi-tas k theories ,  w e cal l 
our  theor y multi-facult y becaus e i t  unifie s multipl e cognitiv e 
faculties ,  no t  jus t  multipl e task s o r  strategie s withi n a  specifi c 
cognitiv e facult y suc h a s language .  Tli e multi-facult y theor y 
i s embodie d i n a n operational ,  bu t  stil l  evolving ,  compute r 
progra m calle d K A . 

I n DPittge s et .  al .  1993] .  w e describe d a n earl y versio n 
of  th e K A syste m tha t  unifie d language ,  memor y an d com -
prehensi(x i  processe s i n th e servic e o f  imderstandin g a  ne w 
desig n proble m state d i n English .  W e als o showe d ho w pas t 
problem-solvin g experience s retrieve d from  long-ter m mem-
or y enabl e th e understandin g o f  ne w problems .  I n [Peterso n 
et .  al .  1994] ,  w e describe d a  ne w versio n o f  th e K A syste m 
tha t  no t  onl y integrate d language ,  memor y an d comprehen -
sio n processe s bu t  als o unifie d the m wit h proble m solvin g 
.  W e als o showe d h o w proble m solvin g help s t o evaluat e 
th e outpu t  o f  th e language ,  memor y an d oomprehoision  pro -
cesses .  Th e abov e wor k gre w ou t  o f  ou r  earlie r  dieor y o f 
adaptiv e desig n i n whic h ne w desig n problem s ar e solve d an d 
ne w design s ar e construae d b y adaptin g pas t  desig n case s 
[Goe l  1991a ,  1991b] . 

I n thi s article ,  w e describ e ne w wor k o n th e K A projec t  tha t 
differ s from  an d add s t o earlie r  wor k i n tw o aspects .  Hntly , 
th e inpu t  t o K A n o w i s no t  a  descriptio n o f  a  desig n problem . 
but  a n Englis h languag e descriptio n o f  a  devic e from  th e boo k 
'"Di e W a y Tiling s Work. "  Secondly ,  th e ne w versio n o f 
K A no t  onl y unifie s language ,  memory ,  comprehension ,  an d 
problem-solvin g processe s bu t  als o integrate s learnin g wit h 
them .  Thi s ne w wor k grow s ou t  o f  a n evolvin g theor y o f 
adaptiv e modelin g i n whic h conqirehensio n o f  th e wwking s 
of  a  syste m i s represente d an d organize d i n th e for m o f  a 
structure-behavior-functio n (SBF )  model ,  an d SB F mode l  o f 
a ne w devic e i s constructe d b y adaptin g ol d model s o f  familia r 
device s [Goe l  1991b ,  1 9 % ] . 

Sinc e w e alread y hav e describe d th e proces s o f  languag e 
understandin g i n K A i n earlie r  papers ,  w e wil l  no t  repea t  i t 
here :  [Peterson ,  Mahes h an d Goe l  1994 ]  provide s a  detaile d 
account .  Instead ,  w e (i )  describ e ou r  framing  o f  th e proble m 
of  devic e comprehensio n a s a n abductio n task ,  (ii )  presen t  a 
high-leve l  accoun t  o f  th e knowledg e an d strategie s K A use s 
fo r  addressin g thi s task ,  an d (iii )  discus s ho w K A acquire s a 
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SBF mode l  o f  ne w device s from  Englis h languag e descriptioo . 

2. Case Study: Comprehending the Fire 

Extinguishe r 

Let  u s conside r  th e tas k o f  comprehendin g ho w a  fire  extin -
giiish w work s from  di e followin g descriptio n dia t  appear s o n 
page 14 7 o f  Th e Way Thing s Worlr . 

An extinguisher puts out a fire by excluding oxygen so 
tha t  combustio n (se e p .  154 )  ca n n o longe r  continue .  Th e 
extinguishe r  mus t  smothe r  th e whol e fire  a s quickl y a s 
possible ,  an d therefor e produce s a  powerfu l  spra y o f 
water ,  foam ,  o r  powder .  S o m e extinguishe n produc e a 
je t  o f  carbo n dioxide ,  a  heav y ga s tha t  prevent s burning . 
A fire  extinguishe r  woric s i n m u c h th e sam e wa y a s a 
spra y can .  Th e extinguishin g substance ,  suc h a s water . 
i s pu t  unde r  hig h pressur e insid e th e extinguisher ,  an d 
th e pressur e force s th e substanc e ou t  o f  th e nozzle . 

This text is accompanied widi a cutaway diagram of a fire 
extinguishe r  revealin g it s structure ,  an d som e brie f  descrip -
tion s o f  th e individua l  component s suc h a s th e ga s cartridg e 
and th e releas e valve .  Hgur e 1  illustrate s thi s diagram .  Not e 
tha t  th e annotation s o n th e diagra m ar e mor e specifi c t o th e 
structur e o f  th e extinguishe r  show n i n th e diagra m tha n t o an y 
par t  o f  th e tex t  itself .  Th e tex t  describe s th e behavio r  o f  th e 
fire  extinguisher ,  makin g explici t  referenc e t o th e description s 
of  combustio n an d spra y cans .  Th e referenc e t o th e concep t 
of  combustio n i s a  forwar d reference :  presumabl y th e reade r 
has no t  ye t  rea d i t  bu t  m a y d o s o fo r  furthe r  elaboratio n an d 
specification .  Bu t  th e spra y ca n i s describe d o n th e previou s 
page o f  th e boo k (p .  146) .  jus t  opposit e t o th e descriptio n o f 
th e fire  extinguisher . 

Framing the Comprehension Problem as an 
Abductio n T a s k 

The inpu t  t o th e tas k o f  comprehendin g h o w a  fire  extinguishe r 
work s i n K A i s  constitute d o f  dire e elements :  th e abov e 
text ,  th e annotation s o n th e accompanyin g diagram ,  an d 
a symboli c representatio n o f  th e diagram .  Th e symboli c 
r^resentatio n o f  th e diagra m constitute s a  structura l  mode l 
whic h specifie s onl y th e structura l  element s an d th e topolog y 
of  thei r  connection s i n th e fire  extinguisher . 

But  wha t  characterize s acceptabl e outpu t  o f  th e task ? W e 
vie w th e tas k o f  comprehendin g h o w a  devic e work s from  a 
natura l  languag e descriptio n o f  th e devic e a s a n instanc e o f 
th e ver y genera l  abductio n task .  Th e abductio n tas k take s a 
give n se t  o f  dat a a s inpu t  an d give s a  "best "  explanatio n fo r 
th e dat a a s outpu t  [Josephso n an d Josq>hso n 1994] .  Bu t  n o w 
th e questio n become s wha t  characterize s a  bes t  explanation ? 

The explanatio n o f  a  devic e mus t  no t  onl y specif y th e 
strucmra l  element s an d th e function s o f  th e device ,  bu t  i t 
must  als o specif y h o w th e structur e result s i n th e functions . 
That  is .  i t  mus t  specif y h o w th e devic e strucmr e give s ris e 
t o th e causa l  processe s tha t  resul t  i n th e devic e fimctions. 
Thus w e charaaeriz e a  devic e explanatio n a s a  functiona l  an d 
causa l  mode l  o f  th e interna l  working s o f  th e device .  A  bes t 
explanatio n o f  a  devic e mus t  satisf y thre e properties .  First . 
th e explanatio n mus t  accoun t  fo r  a s m u c h o f  th e inpu t  a s 
possibl e •  ideally ,  i t  woul d cove r  th e whol e input .  Second . 
th e explanatio n mus t  b e consisten t  wit h th e input .  Tha t  is . 

L Handl e Presse d 

2.  Valv e Open * 

The rtltase valve 
adirui s th e ga s t o 
th e spac e abov e 
th e tvaier . 

3.  Ga s Ewaipe * 
The gaj then pushes 
down o n ih e waier . 
whic h i s dnve n u p 
th e sipho n tub e t o a 
hose connecte d 
to th e nozzle . 

Gas Cartridg e —' 
A cartridge conlaimng 
carbo n dtoxui e ga s a t 
hig h pressur e provide s 
th e pressur e neede d t o 
wor t  th e ezungmsher . 

Noul e 

Retea :  e  Valv e 

Tube 

^ 

Oute r  Ca n 

Figur e 1 :  T h e Fu- e Extinguisher . 

n o elemen t  o f  th e explanatio n ca n b e inconsisten t  wit h an y 
elemen t  i n th e input .  Third ,  th e explanatio n m u s t  b e internall y 
consistent .  Tha t  is .  n o t w o element s o f  th e explanatio n ca n b e 
mutuall y inconsistent .  I n s u m .  i n K A a n accqitabl e outpu t  o f 
th e tas k o f  comprehend in g h o w a  devic e w o r k s from  a  natura l 
languag e descriptio n o f  th e devic e i s a  functiona l  an d causa l 
m o d el  o f  th e work in g o f  th e devic e tha t  account s fo r  a s m u c h 
o f  th e descripticH i  a s possible ,  i s  consisten t  wit h th e entir e 
description ,  an d als o i s internall y consistent . 

3. KA at Work 

H g u r e 2  illustrate s th e genera l  functiona l  architectur e o f  K A . 
H e r e w e onl y describ e di e processe s linke d b y bold-face d 
arrow s i n th e figure. 

T h e long-ter m m e m o r y contain s episodi c k n o w l e d g e o f 
previousl y encountere d devices .  E a c h devic e cas e ha s a n 
associate d case-specifi c  structure-behavior-fimctio n ( S B F ) 
m o d el  tha t  explain s h o w th e devic e w o r k s [Goe l  1991a . 
1991b ] .  T h e S B F m o d e l  o f  a  devic e explicitl y  represent s th e 
structura l  element s an d thei r  configuration ,  th e functions ,  a n d 
th e interna l  behavira s o f  th e device .  E a c h behavio r  specifie s 
a causa l  proces s i n th e device :  th e causa l  processe s specif y 
h o w th e devic e structtir e result s i n it s  functions .  I n particular . 
the y specif y h o w th e devic e fimction s ar e c o m p o s e d o f  th e 
function s o f  th e structura l  element s o f  th e device .  T h e S B F 
m o d el  fo r  eac h devic e cas e i s expresse d i n a  c o m m o n ontol -
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Figur e 2 :  Th e K A Architecture . 

ogy tha t  arise s ou t  o f  earlie r  wor k o n devic e representation s 
[Bylande r  an d Chandrasekara n 1985 ;  Sembugamoorth y an d 
Chandrasekara n 1986 ;  Chandrasekaran .  Goe i  an d Iwasak i 
1993] .  Th e SB F ontolog y define s th e domai n concept s an d 
th e relation s betwee n them ,  an d constitute s th e conceptua l 
knowledg e o f  th e K A system . 

The languag e proces s use s lexica l  an d conceptua l  knowl -
edge t o generat e cue s io c th e memor y proces s a s wel l  a s 
preliminar y interpretation s fo r  th e comprehensio n process . 
Conceptua l  knowledg e refer s t o knowledg e o f  th e domai n 
concept s an d th e relation s betwee n the m a s characterize d 
by th e SB F ontology .  Th e languag e proces s contain s a 
larg e semanti c networ k tha t  take s th e outpu t  o f  di e parse r 
as inpu t  an d produce s conceptua l  interpretations .  Th e node s 
and th e link s i n th e networ k ar e base d o n th e SB F ontol -
ogy o f  domai n concept s an d th e relation s betwee n them .  Th e 
spreading-activatio n mechanism  i n th e networ k use s a n early -
commitmen t  processin g strateg y wit h robus t  error-recover y 
t o resolv e word-sens e ambiguitie s [Eselt ,  1987] . 

The mechanis m resolve s word-sens e ambiguide s b y con -
siderin g processin g choice s i n parallel ,  selectin g th e alterna -
tiv e tha t  i s consisten t  wit h th e cunen t  context ,  an d deacd -
vatin g bu t  retainin g th e unchose n alternative s fo r  a s lon g a s 
spac e an d tim e resource s permit .  I f  som e late r  contex t  prove s 
th e inida l  decisio n t o b e incorrect ,  retaine d altemadve s ar e 
reactivate d withou t  reaccessin g th e lexico n o r  reprocessin g 
th e text .  [Peterson .  Mahes h an d Goe l  1994 ]  provide s detail s 
of  languag e processin g i n KA . 

The memor y proces s use s cue s generate d b y languag e pro -
ces s a s probe s int o th e long-ter m memory .  I t  accesse s devic e 
case s an d associate d case-spedfi c SB F devic e model s an d 
put s die m int o a  workin g memor y fo r  us e b y di e comprehen -
sio n an d problem-solvin g processes .  Th e memor y proces s 
als o store s newl y learne d model s i n di e Icmg-ter m memory . 
The devic e case s ar e indexe d b y th e fimcdon s o f  di e store d 
devices ;  di e SB F model s ar e indexe d b y di e cases .  Thi s in -
dexin g schem e i s borrowe d from  ou r  earlie r  wor k m adapdv e 
desig n [Goe l  1991a .  1991b] . 

The comprehensio n proces s construct s a  SB F mode l  fo r 
di e ne w devic e b y adapun g th e SB F devic e model s accesse d 
by di e memor y process .  I t  use s generi c (abstract ,  skeletal ) 
modificado n plan s fo r  di e tas k o f  adaptin g SB F model s o f 
known device s t o constru a a  mode l  o f  di e ne w device . 
The selecdo n o f  relevan t  modificado n plan s i s base d o n di e 
functiona l  an d structura l  difference s betwee n di e SB F mode l 
of  di e know n devic e an d di e descripdo n o f  di e ne w device . 
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KA' s metho d axistnictin g th e ne w S B F mode l  i s identica l  t o 
dia t  o f  adaptiv e modelin g [Goe l  1991b .  1996] . 

The learnin g proces s use s th e S B F mode l  o f  th e ne w 
devic e t o lear n appropriat e indice s fo r  storin g th e mode l  i n 
th e long-ter m memory .  Th e ne w indice s depen d bot h o n th e 
content s an d cvganizatio n o f  th e memor y an d th e functiona l 
and causa l  explanatio n provide d b y th e S B F model .  Again . 
KA' s metho d o f  inde x learnin g i s identica l  t o tha t  o f  adaptiv e 
modelin g Phatt a an d Goe l  1995] .  (TTi e problem-solvin g 
proces s i n Figur e 2  play s n o direc t  rol e i n thi s proces s o f 
acquirin g a  S B F mode l  o f  a  ne w devic e from  a n Englis h 
languag e description. ) 

The Case Study 

Let  u s conside r  th e coiiq)reheDsio a proces s i n th e cas e stud y 
of  th e fire  extinguisher .  A t  thi s stag e o f  processing .  KA ' s 
workin g memor y contain s thre e elements :  th e interpretation s 
of  th e sentence s i n th e tex t  generate d b y th e languag e process . 
th e S B F mode l  o f  th e spra y ca n retrieve d from  th e long-ter m 
memory,  an d th e symbolically-represente d structura l  mode l 
of  th e fire  extinguishe r  give n a s par t  o f  th e inpu t  t o th e system . 
The curren t  tas k i s t o adap t  th e S B F mode l  o f  th e spra y ca n 
t o constru a a  mode l  o f  th e fir e extinguisher . 

The comprehensio n proces s note s th e sentenc e interpreta -
ticm s i n th e workin g memor y an d th e difference s betwee n 
thes e interpretation s an d th e S B F mode l  o f  th e spra y can . 
For  example ,  i t  note s tha t  th e fir e extinguishe r  an d th e spra y 
can contai n differen t  substance s unde r  pressure .  I n addition . 
th e comprehensio n proces s note s th e structura l  difference s 
betwee n structura l  model s o f  th e fire  extinguishe r  an d th e 
spra y can .  ¥c x example ,  i t  note s tha t  th e tw o contai n differen t 
Idnd s o f  nozzles .  I t  use s thes e difference s t o sele a generi c 
model-modificatio n plan s tha t  hel p t o reduc e specifi c  differ -
ence s an d ar e indexe d b y th e difference s the y ca n hel p t o 
reduce .  Example s o f  model-modificatio n plan s includ e th e 
substance-substitutio n pla n an d th e component-replacemen t 
plan .  Give n a  specifi c  ifferenc e betwee n a  componen t  i n th e 
spra y ca n an d a  componen t  i n th e fir e extinguisher ,  instanti -
atin g th e latte r  pla n i n th e contex t  o f  th e S B F mode l  o f  spra y 
can .  fo r  example ,  result s i n replacin g eac h occurrenc e o f  th e 
spray-ca n componen t  i n th e S B F mode l  b y th e correspondin g 
coo^Mnen t  i n th e fir e extinguisher .  Th e applicatio n o f  thi s 
pla n als o result s  i n th e propagatio n o f  th e causa l  effect s o f  th e 
ne w component .  Th e structura l  model s hel p t o establis h cor -
respondence s betwee n th e component s i n th e spra y ca n an d 
th e fire  extinguisher .  Tli e S B F mode l  o f  th e spra y ca n help s 
t o focu s th e proces s o f  pla n instantiatio n an d application .  Th e 
invcxatio n an d applicatic m o f  selecte d model-modificatio n 
plans ,  on e fo r  eac h differenc e betwee n th e fire  extinguishe r 
and th e spra y can ,  result s  i n th e generatio n o f  a  S B F mode l  fo r 
th e fire  extinguisher .  Thi s preliminar y S B F mode l  provide s a 
functiona l  an d causa l  explanatio n o f  th e workin g o f  th e fire 
extinguisher . 

Next ,  K A evaluate s th e preliminar y mode l  o f  th e fir e 
extinguishe r  fo r  bot h interna l  an d externa l  consistency .  I n 
referenc e t o interna l  consistency ,  th e comprehensio n proces s 
makes sur e dia t  n o ne w elemen t  introduce d int o th e S B F 
model  i s inconsisten t  wit h an y othe r  element .  Thi s i s don e 
by systematicall y tracin g throug h th e causa l  behavior s o f 
th e ne w S B F model .  I f  a n inconsisten t  elemen t  i s deteaed , 
the n th e proces s retract s th e correspondin g modificatio n from 

di e S B F model .  I n referenc e t o externa l  consistency ,  th e 
comprehensio n proces s make s sur e tha t  n o demen t  i n th e 
S BF mode l  i s inconsisten t  wit h th e outpu t  o f  th e languag e 
process .  Thi s i s don e b y cross-checkin g o f  th e S B F mode l 
and th e sentenc e interpretation s generate d b y th e languag e 
process .  Again ,  i f  a n inconsisten t  elemen t  i s detected ,  the n 
th e comprehensio n proces s retract s i t  from  th e S B F model . 
Th e final  S B F mode l  i s KA ' s bes t  explanatio n o f  th e workin g 
of  th e fire  extinguisher . 

4. Relations 

Our work on KA builds on many lines of research in cognitive 
scienc e includin g natura l  languag e understanding ,  devic e 
comprehension ,  knowledg e acquisition ,  menta l  model s an d 
model-base d reasoning ,  case-base d reasonin g an d learning . 
and abductiv e explanations .  EHi e t o limitation s o f  space , 
however ,  her e w e onl y outlin e it s relationshi p t o earlie r  wor k 
tha t  lie s a t  th e intersectio n o f  languag e understanding ,  devic e 
comprehension ,  an d acquisitio n o f  devic e models . 

Lebowitz' s [1983 ]  R E S E A R C H ER progra m rea d natural -
languag e text s i n th e for m o f  paten t  abstracts ,  specificall y 
dis k driv e patents ,  an d update d it s long-ter m memor y wit h 
generalization s mad e from  thes e texts .  It s knowledg e rq) -
resentatio n schem e wa s oriente d towar d devic e object s an d 
thei r  structura l  relationships ,  whic h wa s a  departur e from 
most  natura l  languag e understandin g system s o f  tha t  tim e 
whic h ha d typicall y focuse d o n intentiona l  aaor s an d events . 
Tli e outpu t  o f  th e processin g wa s a  generalize d representatio n 
i n th e for m o f  a  structura l  mode l  o f  th e dis k driv e whic h 
specifie d it s component s an d di e topologica l  relationship s 
among them .  Th e syste m store d thi s structura l  mode l  i n it s 
long-ter m memor y an d late r  use d thi s knowledg e t o ai d i n th e 
top-dow n understandin g o f  additiona l  paten t  texts .  However . 
R E S E A R C H E R 'S emphasi s o n component s an d structura l 
relationship s lef t  i t  unabl e t o buil d functiona l  an d causa l 
model s o f  th e mechanism s described .  I n othe r  words ,  th e 
syste m effectivel y kne w h o w a  dis k driv e wa s constructed . 
but  i t  di d no t  kno w h o w i t  worked .  I n shar p contrast ,  K A 
take s a  structura l  mode l  o f  di e ne w devic e a s pa n o f  it s  input . 

Dyer ,  Hodges ,  an d Hower s [1987 ]  describ e E D C A .  a 
concq}tua l  analyze r  whic h serve s a s a  natura l  languag e front-
end fo r  E D I S O N ,  a  naiv e desig n proble m solver .  E D C A use s 
knowledg e o f  th e fimction  o f  physica l  device s t o produc e a n 
episodi c descriptio n o f  a  device' s behavio r  a s describe d b y 
an inpu t  text .  Thi s episodi c descriptio n ca n the n b e use d 
t o generat e a  ne w devic e mode l  t o b e integrate d int o long -
ter m memory .  Ih e resul t  i s  a  muc h mor e comprehensiv e 
understandin g o f  th e device' s functionalit y tha n wa s possibl e 
wit h R E S E A R C H E R,  bu t  E D C A ' s analysi s o f  di e devic e 
descriptio n i s no t  fiill y  integrate d wit h th e processe s fo r 
generatin g ne w devic e model s an d incorporatin g the m int o 
memory.  E D C A ,  i n othe r  words ,  i s  bu t  a  front  en d t o 
E D I S O N. 

As Selfridg e [1989 ]  notes ,  separatin g th e proces s o f  ana -
lyzin g th e languag e inpu t  from  constructin g an d incorporatin g 
th e ne w mode l  i s  misguide d — th e proces s o f  imderstandin g a 
devic e descriptio n i j  di e proces s o f  constructin g a  functiona l 
and causa l  mode l  o f  tha t  device .  Thi s i s di e approac h tha t 
we hav e followe d i n ou r  wor k o n K A .  W e believ e tha t  thi s 
approac h enable s K A t o correc t  th e shoncoming s o f  bod i 
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5. Discussion 

KA is a compuudonal theory of a complex cognitive phe-
nomenon.  Fro m th e viewpoin t  o f  cognitiv e science ,  on e o f 
th e majo r  advantage s o f  buildin g comple x an d elaborate ,  ye t 
detaile d an d precise ,  computationa l  theorie s suc h a s K A i s th e 
identificatio n o f  interestin g interaction s amon g th e differen t 
processes .  A t  th e star t  o f  th e K A projea .  w e enumerated 
a se t  o f  te n high-leve l  hypothese s abou t  thes e interaction s 
[Goe l  an d Eisel t  1991] :  (i )  understandin g natura l  languag e 
description s o f  physica l  device s enable s acquisitio n o f  devic e 
models ,  (ii )  situatin g languag e processin g i n proble m solvin g 
idoitifie s th e meanin g o f  die '  'meaning' '  o f  a  devic e descrip -
don .  (iii )  pas t  case s an d case-specifi c  models ,  tha t  originall y 
provide d th e knowledg e structure s fo r  addressin g a  clas s o f 
desig n problems ,  als o provid e th e knowledg e stnictiu'e s fo r 
languag e processing ,  (iv )  th e S B F languag e fo r  represent -
in g devic e models ,  originall y develope d t o addres s desig n 
problems ,  provide s th e conceptua l  knowledg e neede d fo r  tex t 
interpretadon .  (v )  th e model-base d schem e fo r  indexin g th e 
store d case s an d case-specifi c  model s i n l<Mig-ter m m e m-
ory ,  agai n originall y develope d t o addres s desig n problems . 
i s appropriat e fo r  supportin g languag e processing ,  (vi )  th e 
languag e proces s generate s adequat e cue s fo r  probin g th e 
long-ter m memory ,  (vii )  th e memor y proces s retrieve s rele -
van t  case s an d associate d model s from  th e long-ter m memor y 
int o th e workin g memory ,  (viii )  th e retrieve d case-spedfi c 
model s a a a s expectado n generators ,  (ix )  th e model-base d 
expectadon s guid e th e languag e process ,  an d (x )  th e languag e 
proces s generate s adequat e cue s fo r  guidin g th e comprehen -
sio a proces s i n adaptin g th e retrieve d model s t o construc t  a 
model  fo r  th e ne w device . 

N o w a t  th e en d o f  thi s project ,  w e ca n confidend y asser t 
dia t  th e K A theor y help s t o gread y refin e thes e hypodieses . 
t o mak e die m mor e precis e an d explicit .  W e conclud e thi s 
articl e wit h a  brie f  discussio n o f  h o w th e K A dieor y ha s 
helpe d t o refin e th e las t  o f  th e te n hypothese s abov e becaus e 
thi s initiall y  surprise d us .  W e foun d tha t  languag e processin g 
provide s onl y limite d guidanc e t o th e con:q)rehensio n proces s 
i n adaptin g th e S B F mode l  o f  a  know n devic e (e.g. .  th e 
spra y can )  t o cwistruc t  a  mode l  o f  th e n e w devic e (e.g. . 
th e fire  extinguisher) .  Th e product s o f  th e languag e proces s 
d o indicat e som e o f  di e man y difference s betwee n di e tw o 
devices .  Bu t  mos t  o f  th e importan t  difference s com e from 
th e structura l  model s o f  di e tw o devices .  Also ,  di e tex t  doe s 
enabl e limite d verificatio n o f  th e modifie d mode l  t o insur e 
tha t  th e ne w mode l  i s consisten t  wid i  th e text .  Bu t  w e wer e 
initiall y  surprise d t o find  dia t  languag e processin g doe s no t 
dearl y indicat e di e preds e conten t  an d for m o f  di e ne w devic e 
m o d d.  Ther e ar e tw o apparen t  explanation s fo r  diis .  First . 
di e devic e description s i n Macaulay' s Th e W a y Thing s Wor k 
ar e coarse-graine d whil e ou r  S B F models ,  whic h nee d t o 
suppor t  multipl e reasonin g processes ,  ar e fine-grained .  Thi s 
m i ^ t  b e resultin g i n a  mismatc h betwee n th e tex t  an d th e 
m o dd s o dia t  tex t  ca n provid e onl y limite d h d p i n adaptin g 
di e model .  Second ,  di e diagra m tha t  accompanie s di e texma l 
descriptio n o f  a  devic e i s give n t o K A i n th e for m o f  a 
symbolicall y represente d structura l  m o d d o f  di e device .  Thi s 
migh t  b e resultin g i n som e los s o f  information .  Perhap s mor e 

importandy .  dii s  ma y impl y dia t  di e visua l  process ,  an d no t 
di e languag e process ,  mig^ t  b e espedall y importan t  fo r  m o d d 
adaptatio n an d construction . 
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