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A B D U C T I ON A N D W O R L D M O D E L R E V I S I O N ^ 

Paul  O'Rork e 

Universit y o f  California ,  Irvin e 

Steven Morris 

Universit y o f  California ,  Irvin e 

David Schulenburg 

Universit y o f  California ,  Irvin e 

ABSTRACT 

Abduction is the process of constructing explanations. This paper suggests that abduction is a key 

t o "worl d mode l  revisions "  — dramati c change s i n system s o f  belief s suc h a s occu r  i n children' s 

cognitiv e developmen t  an d i n scientifi c  revolutions .  Th e pape r  describe s a  mode l  o f  belie f  revisio n 

base d upo n hypothesi s formatio n b y abduction .  Whe n a  contradictio n betwee n a n observatio n an d 

an existin g mode l  o r  theor y abou t  th e physica l  worl d i s encountered ,  th e bes t  cours e i s ofte n simpl y 

t o suppres s part s o f  th e origina l  theor y throw n int o questio n b y th e contradictio n an d t o deriv e a n 

explanatio n o f  th e anomalou s observatio n base d o n relativel y solid ,  basi c principles .  Thi s proces s 

of  lookin g fo r  explanation s o f  unexpecte d ne w phenomen a ca n lea d b y abductiv e inferenc e t o ne w 

hypothese s tha t  ca n for m crucia l  part s o f  a  revise d theory .  A s a n illustration ,  th e pape r  show s 

how on e o f  Lavoisier' s ke y insight s durin g th e Chemica l  Revolutio n ca n b e viewe d a s a n exampl e 

of  hypothesi s formatio n b y abduction . 

BELIEF REVISION USING HYPOTHESES FORMED BY ABDUCTION 

"World model revision" is at the more difficult, more creative end of the spectrum of belief revision 

problems .  W e al l  mak e simpl e change s i n belief s durin g everyda y life ,  bu t  dramati c change s i n 

system s o f  belief s suc h a s occu r  i n scientifi c  revolution s appea r  t o requir e extraordinar y creativ e 

genius .  Grea t  change s i n ou r  wa y o f  lookin g a t  th e worl d represen t  th e heigh t  o f  h u m a n intellectua l 

achievemen t  an d ar e identifie d wit h intellectua l  giant s suc h a s Galileo ,  Newton ,  Lavoisier ,  an d 

Einstein . 

James Bryan t  Conan t  argue s i n hi s introductio n t o th e Harvar d cas e historie s i n experimenta l 

scienc e (Conant ,  Nash ,  Roller ,  k  Roller ,  (Eds.) ,  1957 )  tha t  cas e studie s o f  revolutionar y advance s 

i n scienc e ca n facilitat e th e understandin g o f  scienc e b y non-scientists .  Cognitiv e scientist s tak e thi s 

one ste p furthe r  an d argu e tha t  cas e studie s base d o n th e histor y o f  scienc e ca n b e use d t o achiev e a 

deepe r  understandin g o f  th e cognitiv e processe s underlyin g scientifi c  discover y (see ,  e.g. ,  Bradshaw , 

Langley ,  &  Simon ,  1983 ;  Langley ,  Simon ,  Bradshaw ,  &  Zytkow ,  1987) .  On e immediat e ai m o f  suc h 

Ceis e studie s o f  scientifi c  revolution s i s t o develo p computationa l  model s o f  th e evolutio n o f  specifi c 

scientifi c  theorie s ove r  time .  However ,  th e ultimat e goa l  i s  no t  s o muc h t o captur e individua l  cas e 

historie s — th e mai n goa l  i s  t o improv e ou r  understandin g o f  ho w theor y shift s are ,  o r  ca n be , 

made. 

T̂hi s pape r  i s base d o n wor k supporte d b y a n Irvin e Facult y Fellowshi p fro m th e Universit y o f  California ,  Irvin e 
Academi c Senat e Committe e o n Researc h an d b y gran t  numbe r  IRI-881304 8 fro m th e Nationa l  Scienc e Foundatio n 
t o th e first  author . 
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The claim of this paper is that hypothesis formation by abduction can play a crucial role in world 

model  revision .  Abductio n i s th e proces s o f  constructin g explanation s (Peirce ,  1931-1958 ;  Pople , 

1973 ;  Reggi a &  Nau ,  1984 ;  Schank ,  1986 ;  Charniak ,  1988 ;  Josephson ,  Chandrasekaran ,  Smith ,  & 

Tanner ,  i n press) .  Thi s pape r  focuse s o n abductio n a s a  theor y drive n process .  I f  a  predictio n o f 

a give n theor y contradict s a n observation ,  an d i f  method s exis t  fo r  identifyin g questionabl e detail s 

of  th e give n theory ,  thi s for m o f  abductio n ca n b e use d t o deriv e a n explanatio n o f  th e anomalou s 

observatio n baise d o n relativel y solid ,  basi c principle s o f  th e domain .  Th e clai m i s tha t  th e proces s 

of  lookin g fo r  explamation s o f  unexpecte d ne w phenomen a ca n lea d b y abductiv e inferenc e t o ne w 

hypothese s tha t  ca n for m crucia l  part s o f  ne w theories . 

THE CHEMICAL REVOLUTION 

As an illustration, we present some initial results of a case study of the Chemical Revolution — 

th e replacemen t  o f  th e phlogisto n theor y b y th e oxyge n theory .  Thi s particula r  theor y shif t  ha s 

attracte d a  grea t  dea l  o f  interes t  partl y becaus e i t  occurre d i n th e earl y day s o f  chemistry ,  whil e 

th e theor y an d th e experiment s wer e stil l  clos e t o common knowledg e an d everyda y experience , 

and wer e no t  to o highl y technical .  I n addition ,  th e Chemica l  Revolutio n ha s th e advantag e tha t 

a grea t  dea l  i s  know n abou t  it ,  becaus e o f  detaile d record s lef t  b y th e scientist s involve d an d du e 

t o th e larg e numbe r  o f  book s an d paper s o n th e subjec t  b y historian s an d philosopher s o f  scienc e 

(see ,  fo r  example ,  Guerlac ,  1961 ;  Thagar d i n press-a ;  Ihde ,  1980 ;  i n additio n t o Conant ,  1957) . 

Prio r  t o th e Chemica l  Revolution ,  th e phlogisto n theor y o f  chemistr y provide d th e predominan t 

explanatio n o f  th e processe s o f  combustio n an d calcination .  Unde r  thi s theor y develope d b y th e 

German chemis t  G .  E .  Stah l  (166 0 1734) ,  i t  wa s though t  tha t  al l  combustibl e substance s con -

taine d a n elemen t  calle d phlogiston .  Combustio n wa s though t  o f  a s a  sor t  o f  flow  o f  phlogisto n 

fro m combustibl e substance s int o th e surroundin g air .  Calcinatio n (e.g. ,  rusting )  wa s als o though t 

of  a s a  los s o f  phlogisto n fro m metal s an d metalli c  calxeŝ .  Lavoisier ,  th e 18t h centur y PYenc h 

chemis t  wh o wa s th e drivin g forc e behin d th e Chemica l  Revolution ,  place d grea t  importanc e o n 

th e observatio n tha t  th e weight s o f  som e substance s increas e i n combustio n an d calcination .  Jus t 

afte r  thi s augmentatio n effec t  wa s demonstrate d conclusivel y b y experiments ,  Laviosie r  deposite d 

a seale d not e o n Novembe r  1 ,  177 2 wit h th e Secretar y o f  th e Frenc h Academ y o f  Sciences : 

About eight days ago I discovered that sulfur in burning, far from losing weight, on 

th e contrary ,  gain s it ;  i t  i s  th e sam e wit h phosphorus.. .  Thi s discovery ,  whic h I  hav e 

establishe d b y experiments ,  tha t  I  regar d a s decisive ,  ha s le d m e t o thin k tha t  wha t  i s 

observe d i n th e combustio n o f  sulfu r  an d phosphoru s ma y wel l  tak e plac e i n th e cas e o f 

al l  substance s tha t  gai n i n weigh t  b y combustio n an d calcination ;  an d I  a m persuade d 

tha t  th e increas e i n weigh t  o f  metalli c  calxe s i s du e t o th e sam e cavise. ^ 

Lavoisier went on to discover that — contrary to the century old phlogiston theory — a gas 

containe d i n th e atmospher e combine s wit h burnin g combustible s an d calcinatin g metals .  Thi s ga s 

was firs t  isolate d b y heatin g mercuriu s calcinatu s (re d cal x o f  mercury ;  no w calle d re d oxid e o f 

mercury )  unti l  th e ga s i n th e cal x wa s liberated .  Lavoisie r  name d th e ne w ga s "oxygen. " 

I n th e nex t  section ,  w e sho w ho w advance s i n researc h o n qualitativ e physic s provid e a  languag e 

fo r  describin g som e importan t  idea s associate d wit h th e phlogisto n theor y o f  combustion . 

^A cal x i s a  substanc e produce d b y calcination . 
T̂ranslatio n b y Conan t  (Conant ,  1957) .  Th e dot s indicat e tex t  omitte d b y th e authors . 
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Direct Influences: 

GLl :  deriv-sign(Ql ,  Sign )  < — process(Process) ,  active(Process) ,  influence(Process ,  Ql ,  Sign) . 

Indirec t  Influences : 

GL2a:  deriv-sign(Ql ,  Sign )  < — qprop(Ql ,  Q2 ,  pos) ,  deriv-sign(Q2 ,  Sign) . 

GL2b:  deriv-sign(Ql ,  Signl )  ̂  qprop(Ql ,  Q2 .  neg) ,  deriv-sign(Q2 ,  Sign2) .  opposite(Signl ,  Sign2) . 

Th e L a w o f  S u m s : 

GL3:  qprop(Q ,  Q, ,  pos )  < -  qty-eq(Q ,  qty-sum(Qs)) ,  member(Q, ,  Qs) . 

Th e weigh t  o f  a n objec t  i s  qualitativel y proportiona l  t o th e amount . 

GL4:  qprop(weight(P) ,  amount(P) ,  pos) . 

Combustio n i s a  negativ e influenc e o n th e amoun t  o f  phlogisto n i n charcoal . 

—GL5a:—influ6nc<(combustion ,  amoun t  o f  in(phlogi6ton ,  charcoal) ,  neg) .  — -

Calcinatio n i s a  negativ e influenc e o n th e phlogisto n i n mercuriu s calcinatus . 

—QL^—influ»nce(6alcination i  amount'O f  in(phlogi8ton i  m-c) )  neg) , 

The amount of a complex substance equals the sum of the amounts 

of  th e components . 

GL6:  qty-eq(amount(C) ,  qty-sum(Qs) )  < — compIex(C) ,  is-a-set-of-amounts-of-components-of(Qs ,  C ) 

GL7a:  is-a-set-of-amounts-of-components-of([Q i  |  Qs] ,  C )  < — is-an-amount-of-a-component-of(Qi ,  C) , 

is-a-set-of-amounts-of-components-of(Qs ,  C) . 

GL7b:  is-a-set-of-amounts-of-components-of( [  ] ,  C) . 

GL8:  is-an-amount-of-a-component-of(Qi ,  C )  < — complex(C) ,  component(Ci .  C) ,  Qi  =  amount-of-in(Ci ,  C) . 

Observation: The weight of mercurius calcinatus increases. 

01:  deriv-sign(weight(m-c) ,  pos) . 

Case facts: Calcination is an active process. 

CFl :  process(calcination) . 

CF2:  active(calcination) . 

Figure 1: A Fragment of a Phlogiston Theory, An Observation, and Some Case Facts 

SOME ASPECTS OF THE PHLOGISTON THEORY ENCODED AS RULES 

Figure 1 shows a fragment of the phlogiston theory describing the effects of combustion and cal-

cinatio n code d i n term s o f  fact s an d rules .  (Ignor e th e blac k line s i n Figur e 1  fo r  now. )  Als o 

shown i s a n observatio n 0 1 whic h describe s a n increas e i n weigh t  o f  a  partiall y  calcinate d piec e o f 

mercury ,  so-calle d mercuriu s calcinatu s (her e abbreviate d m-c) .  Additionally ,  cas e fact s CF l  an d 

CF2 indicat e tha t  calcinatio n i s takin g plac e i n som e specifi c  situation .  Thi s theory ,  observatio n 

and cas e facts ,  ar e expresse d i n a  languag e derive d fro m Ke n Forbus' s Qualitativ e Proces s Theor y 

(Forbus ,  1984) .  I n th e remainde r  o f  thi s sectio n w e briefl y describ e th e individua l  statement s i n 

th e fragmen t  o f  th e phlogisto n theory . 

I n Figur e 1 ,  rule s GL l  an d GL 2 ar e genera l  law s o f  Q P theory .  GLl ,  Th e La w o f  Direc t 

Influences ,  state s tha t  a  quantit y ma y b e changin g becaus e som e proces s i s directl y influencin g it . 

The quantit y increase s o r  decrease s accordin g t o whethe r  Sig n i s "positive "  o r  "negative. "  I n thi s 

law ,  "deriv-sign(Ql ,  Sign) "  mean s "th e sig n o f  th e derivativ e o f  quantit y Q l  i s Sign" . 

GL2a an d GL2b ,  Th e Law s o f  Indirec t  Influences ,  ar e mean t  t o captur e th e notio n tha t  a  quan -
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tity may change because it is qualitatively proportional to some other quantity. Here "qprop(Ql, 

Q2,  pos) "  mean s "quantit y Q l  i s positivel y qualitativel y proportiona l  t o th e quantit y  Q2.' '  A 

qualitativ e proportionalit y ma y b e eithe r  positiv e o r  negative .  A  chang e i n on e quantit y ma y b e 

accounte d fo r  b y a  simila r  chang e i n som e othe r  quantit y i f  ther e i s a  positiv e qualitativ e pro -

portionalit y betwee n them .  I n th e cas e o f  a  negativ e qualitativ e proportionality ,  a  chang e i n on e 

quantit y ma y b e accounte d fo r  b y a n opposit e chang e i n anothe r  quantity . 

Rule s GL3 ,  GL4 ,  an d GL 5 ar e mean t  t o captur e som e importan t  aspect s o f  th e phlogisto n 

theory .  GL3 ,  Th e La w o f  Sums ,  state s tha t  a  quantit y i s qualitativel y proportiona l  t o a  secon d 

quantit y  i f  th e first  quantit y  i s equa l  t o a  su m o f  a  numbe r  o f  quantitie s on e o f  whic h i s th e secon d 

quantity .  "qty-eq(Q ,  qty-sum(Qs)) "  mean s " Q i s a  quantit y equa l  t o th e su m o f  quantitie s Qs, " 

wher e Q s i s a  lis t  o f  quantities .  "member(Qi ,  Qs) "  mean s "Q i  i s a  member  o f  th e lis t  o f  Qs. "  GL 4 

state s tha t  th e weigh t  o f  an y substanc e i s proportiona l  t o th e amoun t  o f  th e substance . 

Phlogisto n theorist s viewe d al l  combustibl e substance s a s comple x substance s containin g phlo -

giston .  I n ou r  qualitativ e proces s descriptio n o f  th e phlogisto n theory ,  rul e GL5 a state s tha t 

combustio n i s a  proces s tha t  influence s th e amoun t  o f  phlogisto n i n charcoa l  negatively .  Tha t  is , 

i f  combustio n i s active ,  i t  drive s dow n th e amoun t  o f  phlogisto n i n a  partiall y  burne d piec e o f 

charcoal .  Similarly ,  rul e GL5 b state s tha t  calcinatio n drive s dow n th e amoun t  o f  phlogisto n i n a 

partiall y  calcinate d piec e o f  mercury .  Accordin g t o th e phlogisto n theory ,  pur e metalli c  calxe s wer e 

more primitiv e substance s tha n metals .  Metal s wer e forme d b y heatin g calxe s i n th e presenc e o f  a 

sourc e o f  phlogisto n suc h a s charcoal ;  th e calxe s combine d wit h th e phlogisto n t o for m th e metals . 

On th e othe r  hand ,  metalli c  calxe s resulte d whe n phlogiston ,  whic h wa s viewe d a s a  "metallizin g 

principle, "  flowed  ou t  o f  metals . 

Rule s GL6 ,  G L 7 an d GL 8 provid e som e fact s abou t  comple x substances .  Thes e rule s stat e tha t 

th e amoun t  o f  a  comple x substanc e i s equa l  t o th e su m o f  th e amount s o f  it s components . 

ABDUCTION OF ASPECTS OF THE OXYGEN THEORY 

In this section we show how the facts and rules in Figure 1 can be used to construct explanations of 

observation s involvin g change s i n th e weight s o f  burnin g an d calcinatin g substances .  I n particular , 

we illustrat e th e rol e o f  abductio n i n theor y formatio n b y showin g ho w Lavoisier' s insigh t  ca n b e 

seen a ^  abductiv e inference .  Thi s i s don e b y showin g ho w a  specifi c  "abductio n engine" ,  calle d 

AbE,  generate s a n explanatio n o f  th e increas e i n th e weigh t  o f  calcinatin g mercury .  A b E i s a 

P R O L OG meta-interprete r  tha t  construct s explanatio n trees ,  evaluate s partia l  explanations ,  an d 

uses best-firs t  heuristi c search . 

Let  u s assum e a s give n th e phlogisto n theor y show n i n Figur e 1 .  Th e phlogisto n theor y ex -

plain s an d predict s a  decreas e i n th e weigh t  o f  substance s undergoin g combustio n o r  calcination . 

Thi s predictio n contradict s th e give n observatio n tha t  th e weigh t  o f  mercuriu s calcinatu s increase s 

durin g calcination .  Assum e that ,  a s a  result ,  questionabl e part s o f  th e theor y responsibl e fo r  th e 

contradictio n hav e bee n identifie d an d delete d a s indicate d b y th e blac k line s throug h offendin g 

statement s i n Figur e 1. ^  Assum e then ,  tha t  ou r  abductio n engin e A b E i s give n th e reduce d phlogis -

to n theor y an d th e observatio n an d cas e fact s show n i n Figur e 1 .  I n th e reduce d theory ,  phlogisto n 

i s n o longe r  considere d t o b e a n essentia l  componen t  o f  combustibl e substance s an d n o mentio n i s 

made o f  th e effect s o f  combustio n o r  calcinatio n o n amount s o f  phlogiston . 

^Existin g contradictio n backtiacin g an d trut h maintenanc e method s coul d contribut e t o identifyin g candidate s fo r 
deletio n o r  temporar y suppression ,  bu t  som e metho d o f  evaluatin g plausibilit y  wil l  b e neede d i n orde r  t o decid e tha t 
a candidat e shoul d b e suppressed .  Basi c principle s whic h contribut e t o man y explanation s (e.g. ,  conservatio n laws) , 
shoul d b e preferentiall y  retained . 
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01 :  deriv-8ign(weight(m-c),pos ) 

qprop(weight(m-c),amount(m-c),pos ) 

2:GL 4 

deriv-sign(amount(m-c),pos ) 

qprop(amount(m-c),amount-of-in(-649 ,  m-c),pos ) 

4:GL3 

deriv-sign(amount-of-in(.649 ,  m-c),pos ) 

9:GL1 

influence(calcination ,  amount-of-in(-649 ,  m-c) ,  pos ) 

member(amount-of-in(_649 ,  m-c),[amount-of-in(_649 ,  m-c)|.702] ) 

active(calcination ) 
11:CF 2 

proce5s(calcination ) 
10:CF 1 

qty-eq(amount(m-c),qty-sum([amount-of-in(_649 ,  m-c)|.702]) ) 

5:GL6 

complex(m-c )  is-a-set-of-amounts-of-components-of([amount-of-in(_649,m-c)[-702],m-c ) 

6:GL7a 

is-an-amount-of-a-component-of(amount-of-in(_649,m-c) )  is-a-set-of-amounts-of-components-of(_702,m-c ) 

7:GL 8 

complex(m-c )  component(_649,m-c )  amount-of-in(_649,m-c)=amount-of-in(-649,m-c ) 

8: 

Figure 2: Why the weight of mercurius calcinatus (m-c) increases in calcination. 

AbE is asked to explain, in terms of the given laws of qualitative physics and the ablated 

phlogisto n theory ,  th e observatio n that ,  durin g calcinatio n ( C F l  &  C F 2 ) ,  th e weigh t  o f  mercuriu s 

calcinatu s increase s ( 0 1 ) .  A b E doe s thi s b y attemptin g t o reduc e th e observatio n t o th e give n facts , 

but  i f  thi s i s  no t  possibl e i t  wil l  propos e s o m e hypothese s i n a n effor t  t o explai n th e observation . 

Figur e 2  show s on e explanatio n arrive d a t  b y A b E .  W e n o w briefl y describ e h o w thi s explanatio n 

tre e wa s constructed . 

T h e initia l  quer y is :  W h y i s th e weigh t  o f  th e mercuriu s calcinatu s increasing ? Accordin g t o th e 

law s o f  indirec t  influence s ( G L 2 ) ,  a  chang e i n s o m e quantit y m a y b e explaine d b y a  chang e i n s o m e 

othe r  quantit y provide d th e tw o quantitie s ar e qualitativel y proportional .  Backwar d chainin g o n 

thi s law ,  A b E propose s tha t  th e weigh t  o f  th e mercuriu s calcinatu s m a y b e positivel y qualitativel y 

proportiona l  t o anothe r  quantity .  T h e questio n o f  whethe r  ther e i s an y suc h quantit y i s  answere d 

as a n instanc e o f  th e genera l  fac t  tha t  th e weigh t  o f  an y objec t  i s  positivel y proportiona l  t o th e 
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amount of that object (GL4). The initial query can thus be explained in terms of an increase in 

th e amoun t  o f  th e mercuriu s calcinatus . 

Why i s th e amoun t  o f  mervuriu s calcinatu s increasing ? T o explai n this ,  A b E agai n use s GL2 a 

t o propos e a  positiv e qualitativ e proportionalit y betwee n th e amoun t  o f  mercuriu s calcinatu s an d 

some othe r  increasin g quantity .  A n appropriat e proportionalit y i s foun d usin g th e la w o f  sum s 

(GL3) .  Recal l  tha t  thi s la w state s tha t  som e quantit y Q  i s proportiona l  t o som e othe r  quantit y Q i 

i f  Q  i s equa l  t o th e su m o f  som e se t  o f  quantitie s Q s an d Q i  i s a  member  o f  tha t  set .  I n thi s case , 

Q i s th e amoun t  o f  th e mercuriu s calcinatus . 

The questio n i s whethe r  ther e i s som e se t  o f  quantitie s whos e su m i s equa l  t o th e amoun t  o f  th e 

mercuriu s calcinatus .  Thi s questio n i s answere d i n term s o f  knowledg e abou t  comple x substance s 

(GL6 ,  GL7 ,  GL8) .  A b E backwar d chain s o n thes e law s t o hypothesiz e tha t  th e amoun t  o f  mercuriu s 

calcinatu s i s increasin g becaus e i t  i s a  comple x substanc e an d th e amoun t  o f  on e o f  it s component s 

i s increasing .  A b E hypothesize s th e existenc e o f  a n unknow n quantit y  o f  a n unknow n componen t  o f 

mercuriu s calcinatus .  A b E als o hypothesize s a  se t  o f  remainin g component s an d quantities ,  withou t 

identifyin g an y particula r  element s o f  thi s set . 

The questio n no w i s whethe r  th e amoun t  o f  th e unknow n componen t  o f  mercuriu s calcinatu s 

i s increasing .  Th e la w o f  direc t  influence s (GLl )  ca n b e use d t o explai n thi s increase ,  assumin g 

tha t  a n activ e proces s ca n b e foun d t o hav e a  positiv e influenc e o n th e amoun t  o f  th e componen t 

of  th e mercuriu s calcinatus .  A t  thi s point ,  sinc e calcinatio n i s know n t o b e a n activ e process ,  A b E 

complete s it s explanatio n b y hypothesizin g tha t  calcinatio n i s a  direc t  positiv e influenc e o n th e 

amount  o f  th e unknow n component . 

The hypothese s generate d b y abductiv e inference s mad e b y A b E durin g it s constructio n o f 

thi s explanatio n o f  th e augmentatio n o f  mercuriu s calcinatu s ar e enclose d i n boxe s i n Figur e 2 . 

Thes e abductiv e inference s correspon d t o Lavoisier' s insigh t  tha t  somethin g wa s bein g adde d durin g 

calcination . 

RELATION TO OTHER WORK IN COGNITIVE SCIENCE 

This work is part of a coherent program of research on automated abduction and machine learning 

underwa y a t  Irvine .  Ou r  goa l  i s  t o explor e domain-independen t  model s o f  abductio n an d learnin g i n 

th e contex t  o f  specifi c  example s an d domain s involvin g logical ,  physical ,  an d psychologica l  explana -

tions .  Ou r  previou s wor k o n logica l  explanation s include s experimenta l  wor k o n explanation-base d 

learnin g i n logica l  domain s suc h a s Principi a Mathematic a (O'Rorke ,  1987) .  I n collaboratio n wit h 

Andre w Orton y an d Geral d DeJon g o f  Illinois ,  w e ar e investigatin g psychologica l  explanation s in -

volvin g emotions .  Initia l  progres s o n thi s researc h ha s bee n reporte d i n (O'Rork e &  Cain ,  1988) . 

The presen t  pape r  describe s initia l  progres s o f  ou r  wor k involvin g physica l  explanations .  I t  fits 

int o th e theoretica l  framewor k fo r  learnin g i n physica l  domain s sketche d i n Forbu s an d Centne r 

(1986) .  Th e learnin g takin g plac e i n ou r  chemica l  revolutio n exampl e appear s t o fit  i n th e thir d 

stag e ("learnin g naiv e physics" )  o f  Forbu s an d Centner' s fou r  stag e model . 

Recent  scientifi c  discover y wor k b y Ja n Zytko w an d Herber t  Simon ,  followe d u p b y Do n Ros e 

and Pa t  Langley ,  resulte d i n system s tha t  ca n automaticall y detec t  an d correc t  error s i n chemica l 

theories .  Thes e artificia l  intelligenc e programs ,  S T A H L (Zytko w &  Simon ,  1986 )  an d STAHL p 

(Ros e &  Langley ,  1986 )  ar e similar ,  i n tha t  the y bot h represen t  chemica l  theorie s i n term s o f  reactio n 

and componen t  models .  Thes e system s coul d conceivabl y mode l  th e shif t  fro m th e phlogisto n t o th e 

oxyge n theor y a s a  chang e fro m a  se t  o f  reactio n rule s an d componen t  model s involvin g phlogisto n 

t o a  se t  o f  reactio n rule s an d componen t  model s involvin g oxygen .  I n ou r  opinion ,  however ,  suc h a n 

accoun t  o f  th e theor y shif t  woul d b e incomplete ;  i f  onl y becaus e th e model s o f  th e phlogisto n an d 
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oxygen theories would be incomplete if limited to reactions and component models. For example, 

bot h th e phlogisto n theor y an d th e oxyge n theor y explaine d wh y a  flame  burnin g i n a n enclose d 

plac e eventuall y expire s — bu t  thes e explanation s canno t  b e expresse d i n term s o f  componen t 

model s an d reaction s alone . 

Whil e som e revision s i n STAHL p amoun t  t o hypothesizin g th e existenc e o f  unobserve d sub -

stance s i n th e inpu t  reaction s (addin g substances) ,  an d retractin g previousl y believe d observation s 

of  substance s i n th e inpu t  reaction s (deletin g substances) ,  al l  suc h substance s mus t  hav e bee n 

named i n previou s inpu t  reactions .  STAHL p i s no t  capabl e o f  hypothesizin g th e existenc e o f  a  ne w 

substanc e — on e tha t  ha s no t  previousl y appeare d i n a n inpu t  t o STAHLp .  Thi s i s i n contras t  t o 

th e exampl e w e hav e presented ,  i n whic h a  ne w componen t  substanc e i s hypothesize d o n th e basi s 

of  genera l  qualitativ e physica l  laws . 

Paul  Thagar d ha s als o don e closel y relate d research .  Thagar d (i n press-b )  present s a  theor y 

of  explanator y coherenc e an d a  connectionis t  implementation .  Hi s program ,  E C H O,  i s give n dat a 

representin g observation s an d th e phlogisto n an d oxyge n theories .  Usin g activatio n an d inhibitio n 

link s betwee n dat a an d theoretica l  statements ,  th e progra m attempt s t o determin e whic h o f  th e 

tw o theorie s bes t  "coheres "  wit h th e data .  Thagard' s E C H O focuse s o n th e evaluatio n o f  existin g 

theories .  I n anothe r  paper ,  (Thagar d i n press-a )  h e look s a t  th e conceptua l  change s tha t  occurre d 

durin g th e overthro w o f  th e phlogisto n theory ,  an d give s a  fairl y  detaile d conceptua l  ma p o f  severa l 

importan t  intermediat e stage s o f  chemica l  theor y i n th e transitio n fro m th e phlogisto n theor y t o 

th e oxyge n theory .  I n thi s paper ,  Thagar d suggest s tha t  th e mechanism s fo r  concep t  formatio n an d 

rul e abductio n presen t  i n a  progra m calle d P I  ca n b e use d t o for m conceptua l  network s tha t  ca n 

char t  th e conceptua l  change s whic h occurre d durin g th e Chemica l  Revolution .  Ou r  contributio n 

i s tha t  w e hav e show n a  detaile d exampl e o f  ho w abductio n ca n b e use d i n concer t  wit h idea s 

fro m wor k o n qualitativ e physic s t o mak e som e crucia l  inference s associate d wit h th e discover y o f 

oxygen . 

C O N C L U S I ON 

Theor y revisio n ca n profitabl y b e viewe d a s a  proces s tha t  involve s hypothesi s formatio n b y ab -

duction .  Whe n a n anomal y i s encountered ,  th e bes t  cours e i s ofte n simpl y t o forge t  o r  suppres s 

questionabl e detail s o f  th e origina l  theor y an d t o deriv e a n explanatio n o f  th e anomalou s observa -

tio n base d o n mor e solid ,  mor e basi c principles .  I n thi s way ,  th e proces s o f  lookin g fo r  explanation s 

of  unexpecte d ne w phenomen a ca n lea d b y abductiv e inferenc e t o ne w hypothese s tha t  ca n for m 

crucia l  part s o f  a  revise d theory . 

The mai n resul t  o f  thi s pape r  i s tha t  recen t  progres s o n abductio n an d qualitativ e proces s 

theor y make s i t  possibl e t o automat e significan t  aspect s o f  th e reasonin g tha t  occurre d i n th e 

Chemica l  Revolution .  W e believ e tha t  th e languag e fo r  describin g processe s an d causa l  relationship s 

resultin g fro m wor k o n qualitativ e physic s togethe r  wit h inferenc e mechanism s suc h a s automate d 

abductio n wil l  enabl e automatio n o f  man y crucia l  bu t  relativel y common-sens e insight s associate d 

wit h scientifi c  revolutions .  I f  thi s prove s true ,  i t  suggest s tha t  automate d abductio n i s a  ke y t o 

understandin g "worl d mode l  revision. " 
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