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Abstrac t 

Various cognitive and compuUtional models have addressed 
th e us e o f  previou s experienc e t o understan d a  ne w domain .  I n 
particular ,  researc h i n case-base d reasonin g ha s explore d th e 
idea s o f  retrievin g an d adaptin g previou s experienc e i n th e 
for m o f  cases ,  whic h ca n onl y b e retrieve d whe n the y ar e 
appropriatel y indexed .  I n contras t  t o learnin g ne w indexes ,  re -
indexin g o f  existin g case s ha s receive d littl e attention .  Th e 
need fo r  re-indexin g a  cas e arise s whe n a  previou s situatio n 
has bee n incorrectl y o r  incompletel y understood .  W e describ e 
a nove l  approac h t o re-indexin g whic h integrate s result s fro m 
tw o differen t  areas :  multipl e viewpoint s use d i n intelUgen t 
tutorin g system s an d introspectiv e questionin g use d i n meta -
cognitiv e activities .  Furthermore ,  w e appl y idea s fro m Case -
Based Reasonin g t o th e re-indexin g proces s itself .  Th e revise d 
inde x ca n b e teste d b y activ e interactio n wit h th e agent' s envi -
ronment .  A n exampl e o f  ou r  implementation ,  JULIAN ,  wil l 
illustrat e th e re-indexin g process . 

R e - I n d e x i n g ,  M u l t i p l e V i e w p o i n t s ,  a n d Self -

Q u e s t i o n s 

When pec^le are exposed to an unfamiliar task such as 
understandin g a  n e w device ,  the y ar e sometime s reminde d o f 

previou s experienc e i n othe r  domains .  Cognitiv e model s o f 
remindin g hav e evolve d i n a n attemp t  t o explai n thi s phe -

nomenon (e.g. ,  Ros s 1989) .  Th e concep t  o f  re-us e o f  previ -

ous experienc e ha s bee n exploite d i n th e paradig m o f  case -
base d reasonin g wher e previou s experienc e i s usuall y repre -
sente d b y case s (se e Kolodner ,  199 3 fo r  a n overview) .  Ther e 
i s a  stron g mutua l  relationshi p betwee n cognitiv e model s o f 

remindin g an d case-base d reasoning .  Perhap s th e mos t  cru -

cia l  issue s i n case-base d reasonin g ar e th e retrieva l  an d mod -
ificatio n o f  previou s cases ,  bot h o f  whic h us e indexe s whic h 

describ e th e conten t  o f  a  cas e an d reflec t  th e curren t  under -

standin g o f  th e reasoner .  Variou s researcher s hav e addresse d 

th e proble m o f  learnin g indexe s (Bhatt a &  Goel ,  1993 ;  Rob -
inso n &  Kolodner ,  1991 ;  Osgoo d &  Bareiss ,  1993 ;  R a m , 

1993b) .  However ,  littl e attentio n ha s bee n pai d t o th e revi -
sio n o f  existin g indexes .  A  rar e exceptio n i s th e M e t a - A Q U A 
syste m whic h addresse s retrieva l  failure s b y specializin g an d 

generalizin g indexe s ( R a m &  Cox ,  1994 ;  Cox ,  1994) .  T h e 
need fo r  inde x revisio n arise s whe n th e understandin g o f  a 
previou s experienc e i s regarde d a s fault y o r  incomplet e i n 

th e ligh t  o f  a  n e w situation .  Thi s nee d ca n b e addresse d b y 

th e us e o f  metacognitiv e skill s an d multipl e viewpoints . 

Experiment s hav e show n tha t  h u m a n understandin g i s 

improve d throug h th e us e o f  metacognitiv e skill s  whic h 

contro l  cognitiv e p-ocesse s (Wong ,  1985) ,  an d multipl e 

viewpoint s whic h allo w th e learne r  t o reaso n fro m differ -

ent  perspective s (Wenger ,  1987) . 

Self-questionin g i s a n importan t  metacognitiv e skil l 

whic h ha s bee n successfull y use d t o improv e readin g com -
prehensio n an d p-oble m solvin g (Wong ,  1985) .  Introspec -

tiv e questioning ,  i.e. ,  th e generatio n o f  question s abou t 

one' s o w n reasoning  a s oppose d t o question s abou t  a  give n 
domain ,  form s a  par t  o f  th e self-questionin g approach .  I n 

additio n t o self-questioning ,  th e understandin g proces s ca n 
be guide d b y supportin g multipl e viewpoint s (Wenger , 

1987) .  Thi s ide a ha s bee n utilise d i n intelligen t  tutorin g 

systems .  A  viewpoin t  describe s certai n aspect s o f  a  give n 

object .  Fo r  example ,  a  watc h migh t  b e regarded  a s a  mea -

surin g instrumen t  o r  a s a n ite m o f  jewellery .  W e vie w th e 
ide a o f  multipl e viewpoint s a s relate d t o th e ide a o f  extrap -
olativ e conceptua l  chang e (Ram ,  1993a) .  Thi s typ e o f  con -

ceptua l  chang e occur s i n unfamilia r  settings ,  wher e 
existin g concept s ar e n o longe r  applicable .  Thwefore ,  the y 

hav e t o b e adapte d t o accommodat e th e n e w setting .  T h e 
ide a o f  extrapolativ e conceptua l  chang e ha s bee n investi -
gate d i n th e I S A A C syste m (Ram ,  1993a )  whic h attempt s 

t o understan d stcHie s fro m th e scienc e fiction  literature . 
We argu e tha t  a n integratio n o f  multipl e viewpoint s an d 

self-questionin g ca n b e achieve d b y combinin g tw o meth -
ods :  addressin g viewpoint s wit h respe a t o content-ori -
ente d indexin g o f  previou s cases ,  an d throug h us e o f 

introspectiv e questio n askin g an d answerin g a s a  too l  t o 

chang e a  give n viewpoin t  W e hav e implemente d a n 
explorator y discover y system ,  l U L I A N ,  whic h addresse s 
thes e issues .  Th e mai n tas k o f  th e syste m i s th e discover y 

of  n e w explanation s t o revis e a n initia l  causa l  mode l  . 

Thi s tas k i s  accomplishe d b y generatin g a  sequenc e o f 
questions ,  answer s an d experiment s (Oehhnann ,  Sleeman , 

& Edwards ,  1993) .  Th e entir e proces s i s influence d b y th e 
agenc y concep t  (Hanmiond ,  Maries ,  &  Converse ,  1993) , 
i.e. ,  questions ,  answers ,  an d experiment s ar e generate d b y 
case-base d plannmg ,  an d th e principle s o f  learnin g fro m 

failur e an d enforcin g th e stabilit y  o f  th e environmen t  ar e 

1.  Th e importanc e o f  self-explanation s ha s bee n recognise d b y 
variou s researchers ;  se e fo r  exampl e (Chi ,  e t  al. ,  1989 ;  PiroU i 
& Bielaczyc ,  1989) . 
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applied .  A n importan t  componen t  o f  thi s concep t  i s  th e 

agent' s interactio n wit h th e envirorunen t  whic h i s importan t 

fo r  initialisin g change s o f  th e viewpoin t  an d fo r  evaluatin g 

th e correcmes s o f  th e ne w viewpoin t 

Durin g th e processe s o f  questioning ,  answering ,  an d 

experimentation ,  a n experimenta l  resul t  migh t  establis h a 

n e w vie w o f  a  previou s case ;  i.e. ,  th e inde x whic h describe s 

th e previou s cas e i s incomplet e o r  incorrec t  an d ha s t o b e 

revised .  Th e revisio n ca n b e achieve d b y addin g a  ne w view , 

i.e. ,  a  se t  o f  additiona l  inde x descripto r  values ,  t o th e index . 

Th e genoatio n o f  th e n e w vie w i s base d o n th e previou s 

case ,  th e n e w observation ,  an d previou s experienc e wit h 

indexin g thi s typ e o f  observation . 

We wil l  describ e ou r  approac h b y mean s o f  a n exampl e 

involvin g a  mechanica l  clock .  Th e to p leve l  o f  th e exampl e 

i s presente d i n Sectio n 2 .  Changin g th e viewpoin t  i s  base d 

on th e generatio n o f  introspectiv e questions ;  i n Sectio n 3 .  w e 

describ e a  case-base d plannin g approac h t o questio n genera -

tion .  Sectio n 4  elaborate s o n th e cloc k exampl e an d explain s 

th e question-base d re-indexin g method .  Finally ,  i n Sectio n 5 , 

we wil l  evaluat e ou r  approac h wit h respec t  t o th e genera l 

proble m o f  learnin g indexes . 

Example 

We will motivate the idea of changing the viewpoint by 

describin g a  j»-oble m involvin g a  mechanica l  clock .  I n addi -

tio n t o th e mechanis m fo r  movin g th e bands ,  th e cloc k ha s a 

chim e mechanism .  Th e mai n relation s o f  th e chim e mecha -

nis m ar e indicate d i n Figur e 1 .  W e assum e tha t  th e discov -

ere r  i s  attemptin g t o understan d ho w th e hammer  movemen t 

i s initiated .  I n addition ,  w e assum e tha t  severa l  wheel s hav e 

alread y bee n studied . 
The discovere r  know s tha t  th e wheel s transfe r  th e forc e o f 

th e hammer  sprin g whee l  t o th e pin-wheel .  Th e movemen t  o f 

on e whee l  drive s th e movemen t  o f  th e neighbourin g wheel . 

Th e discovere r  attempt s t o identif y a  chai n o f  consequence s 

responsibl e fo r  th e hammer  movemen t  an d ask s a n appropri -

at e question .  A t  thi s point ,  (h e discovere r  doe s no t  kno w th e 

answe r  an d paform s a n experimen t  Th e discovere r  attempt s 

t o enabl e th e movemen t  o f  th e pin-whee l  b y movin g th e 

cloc k hand s int o th e ̂ propiiat e positio n an d observe s th e 

movement  o f  th e two-win g wheel .  Durin g thi s process ,  th e 

discovere r  make s a n importan t  observation :  a  leve r  i s move d 

int o th e orbi t  o f  th e pin-wheel ,  touche s th e pin ,  an d interrupt s 

th e movemen t  o f  th e pin-wheel .  Th e unexpecte d observatio n 

lead s t o a  chang e o f  th e viewpoin t  an d subsequentl y t o a 

chang e o f  th e discoverer' s view .  Rathe r  tha n reasonin g abou t 
th e consequence s o f  th e movin g pin-wheel ,  th e reasonin g 

proces s focuse s n o w o n th e consequence s o f  th e stoppin g 

pin-wheel .  Thi s chang e ha s t o b e reflecte d b y a  chang e o f  th e 

indexe s becaus e th e inde x describe s h o w a n experimen t  ha s 

bee n viewe d i n th e past .  Befor e w e describ e th e detail s o f  th e 

re-indexin g process ,  w e hav e t o explai n ho w self-question s 

ca n b e generate d a s th e basi s o f  thi s process . 

Q u e s t i o n P lann in g 

lULIAN uses the planning of self-questions, answers 

and experiment s t o mode l  reasonin g abou t  plan s an d 

action s (Oehbnann ,  i n preparation) .  Th e mai n tas k o f  th e 

syste m i s th e discover y o f  ne w explanation s t o revis e a n 

initia l  theory .  Th e basi c conceptua l  knowledg e structure s 

ar e case s an d plans . 

A cas e contain s object s an d relation s betwee n objects . 

Object s ar e represente d a s M e m o r y Unit s  ( M U ) ^  whic h 
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Wheel  drive s neighbourin g whee l  b y direc t 
contact . 

Small  leve r  move s int o th e orbi t  o f  th e 
pi n wheel . 

Hammer lever wheel presses the distant 
end o f  th e hammer  dow n an d move s th e 
hammer. 

One lever moves another lever. 

Wheel moves lever 

Figur e 1 :  Relation s i n th e Cloc k Exampl e 

2.  M U s ar e simila r  t o th e Universa l  Inde x Fram e (Schan k & 
Osgood,  1990) . 
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Contex t  Fram e 

O b l O h 2 0b 3 

Obj l  — rel l  — 

Obj 2 rel l  — rel 3 
Obi 3 — rel 2 — 

Conten t  Fram e 

Yicw l  Yiew 2 

vie w 
viewe r 

agent 

pre-belie f 
tas k 
goal 

Objec t  Fram e 

objec t 

settin g 
expectatio n 
typ e 

(pla n :nain e identify-effec t 
:collecio r  "Wha t  doe s th e P I N - W H E E L turaT ' 
:coliector l 
:collector 2 
:collector 3 
:binding s ((focus-objec l  1  pin-wheel) ) 
:quesLion-goal 5 (identify-motion-effect ® Deighbouring-object ) 
iquestion-strategy-goal s (consequence-dieclang ) 
:recovery-goal s 
:question-failure s 
:expectalion-failur e 
:experimentation-goal(enable-movement@focus-objec t 
observe-movement@neighbounng-object ) 
:failure s 
:step s 

;s-nam e add-question-wor d 
:actio n (add-substnictur e "Wha t  "  collectorl ) 

.•s-nam e add-question-mar k 
:actio n (add-end-substructur e " T collectorl ) 

:s-Dain e add-auullary-ver b 
tactio n (add-substnictur e "doe s "  collector2 ) 

:s-nain e add-ver b 
tactio n (add-end-suhstructiir e "tur n "  collector2 ) 

:s-nam e transfer-predicat e 
tactio n (transfer-befor e collector 2 "7 '  collectorl ) 

:s-nam e add-articl e 
tactio n (add-substructur e "th e "  coIlector2 ) 

ts-nam e add-nou n 
tactio n (adden d F O C U S - O B J E C Tl  coIIector2 ) 

ts-nam e transfer-and-insert-subjec t 
tactio n (transfer-inser t  collector 2 "tur n "  collectorl ) 

Figur e 2 :  M e m o r y Un i t Figur e 3 :  Quest io n Pla n 

contai n a n objec t  f rame ,  a  contex t  frame  a n d a  conten t  f ram e 

(Figur e 2 ) .  T h e contex t  f ram e describe s th e contex t  i n w h i c h 
th e objec t  occur s represente d b y a  se t  o f  relations .  T h e con -

ten t  f ram e compr ise s severa l  set s o f  intentiona l  descripto r 
value s referred  t o a s views .  T h e objec t  f ram e compr ise s gen -
era l  informatio n abou t  th e objec t 

Questio n p lan s ar e use d t o ^ p l y case-base d plannin g 
technique s t o th e generatio n o f  singl e questions .  T h e ele -

mentar y action s th e planne r  execute s c o m b i n e questio n sub -
structure s t o f o r m a  comp le t e question .  Fo r  e x a m p l e ,  th e 
questio n "Wha t  doe s th e P I N - W H E E L turn? "  ca n b e buil t  b y 

combinin g th e substructure s "Wha t  " ,  "does" ,  "tur n "  , 
"the" ,  an d O B J E C T l .  O B J E C T l  i s a  variabl e whic h ca n b e 
instantiate d wit h th e strin g "pi n wheel" .  A  questio n pla n ha s 

tw o mai n parts :  th e se t  o f  descriptor s use d fo r  indexin g th e 
pla n an d a  sequenc e o f  steps ,  se e Figur e 3 .  Th e pla n i s 
retrieved  b y matchin g it s inde x wit h th e curren t  situation ; 

thi s i s characterise d b y th e goal s th e discovere r  pursue s i n 

askin g th e question .  Additiona l  slot s i n th e hea d o f  eac h 

questio n pla n contai n a  lis t  o f  variabl e instantiation s referred 
t o a s binding s an d a  se t  o f  collecto r  slot s .Th e binding s ar e 
use d t o instantiat e variable s i n th e ste p actions .  I n th e collec -
to r  slots ,  intermediat e results  ar e store d durin g th e questio n 

formatio n process .  Eac h plannin g ste p ha s precondition , 

goal ,  an d actio n slot s t o ensur e correc t  pla n execution^ .  I f 

pla n executio n fails ,  th e usua l  explanation-base d repai r 

3.  Not e tha t  thi s i s  a  reduced  versio n o f  th e origina l  pla n wher e eac h 
plannin g ste p contain s additiona l  slot s fo r  precondition s an d 
goals . 

mechanism s ar e employed ,  se e H a m m o n d,  Marks .  &  Con -
vers e (1993) .  Thes e mechanism s us e pre-store d lepsd r 

rule s an d ar e base d o n precondition s an d goals . 

I t  i s  a n importan t  advantag e o f  th e case-base d plannin g 
^proac h tha t  n e w question s ca n b e learne d b y modifyin g 
previou s questio n plans .  Answer s ar e generate d i n a  simi -

la r  way ;  however ,  step s i n answe r  plan s migh t  hav e partic -
ula r  action s whic h retriev e knowledg e frcn n th e cas e bas e 
neede d t o for m a n answer .  Questio n strategie s ar e highe r 
leve l  plan s whic h organis e th e executio n o f  singl e questio n 
and answe r  plan s t o generat e question s i n a  particula r 

sequence .  Th e sam e basi c pla n structur e use d fo r  questio n 

an d answe r  plan s ha s bee n employe d fo r  experimentatio n 
plans ,  althoug h th e inde x vocabular y differ s (Oehlmaim , 

Sleeman ,  &  Edwards ,  1993) .  ExperimentaUo n plan s 
describ e th e step s whic h hav e t o b e execute d i n orde r  t o 
perfor m a n experiment .  Th e experimenta l  settin g an d th e 

resul t  o f  pla n executio n ar e store d a s a  n e w case . 

Re-indexing by Changing the Viewpoint 

In this section, we describe our approach to case le-
indexin g i n term s o f  multipl e viewpoint s whic h ar e 
expresse d b y element s o f  th e inde x vocabular y suc h a s 
goals ,  beliefs ,  an d theme s (Schank ,  &  Abelson ,  1977) . 

Simila r  t o a  physica l  viewe r  observin g a n objec t  fro m a 

give n viewpoint ,  th e discovere r  ca n conside r  object s fro m 
th e perspectiv e o f  differen t  goal s o r  beliefs .  Th e sam e 

objec t  viewe d fro m th e perspectiv e o f  differen t  goal s 
woul d b e interprete d i n term s o f  differen t  tasks ,  plans ,  o r 
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sid e effects .  Therefore ,  w e defin e a  vie w a s a n interpretatio n 

of  a  se t  o f  object s fro m a  give n viewpoint . 

The discovere r  support s re-indexin g b y generatin g ques -

tion s abou t  inde x components .  W e wil l  exemplif y ou r 

approac h b y elaboratin g th e cloc k exampl e describe d above . 

The underlyin g questio n strateg y i s t o identif y a  chai n o f 

consequence s responsible  fo r  th e hanmie r  movement .  Th e 

curren t  viewpoin t  i s characterise d b y goal s associate d wit h 

th e pin-wheel ,  th e questio n abou t  th e pin-wheel ,  th e curren t 

questio n strategy ,  an d th e curren t  experimentatio n plan .  I t  i s 

par t  o f  th e questio n strateg y t o identif y th e effec t  o f  th e 

motio n o f  th e pin-whee l  o n th e neighbourin g wheel .  There -

fore ,  thi s objectiv e determine s th e curren t  questio n goa l  an d 
th e curren t  question . 

Questio n 1 :  Wha t  doe s th e pin-whee l  tur n 

when th e hammer  moves ? 

At  thi s point ,  th e discovere r  doe s no t  kno w th e answe r  an d 

perform s a n experiment .  Th e experimen t  attempt s first  t o 

enabl e th e movemen t  o f  th e pin-whee l  b y movin g th e cloc k 

hands int o th e righ t  position .  The n i t  attempt s t o observ e th e 

movement  o f  th e neighbourin g wheel . 
Experimen t  1 :  Focu s o n th e pin-whee l  an d 

chec k whic h componen t  i s turne d b y th e 

pin-wheel . 

Hypothesi s 1 :  Th e pin-whee l  turn s an d 

therefor e move s th e neighbourin g wheel . 
Experimenta l  Resul t  1 :  Firs t  th e pin-whee l 

turn s an d move s th e wing-wheel .  A  leve r 

i s the n move d int o th e orbi t  o f  th e pin -

wheel  whic h interrupt s th e movemen t  o f 

th e wheel . 

The experimenta l  settin g an d th e experimenta l  resul t  ar e 

store d a s a  ne w case .  Th e inde x o f  thi s cas e include s th e goa l 

associate d wit h th e pin-wheel ,  i.e .  t o enabl e th e movement  o f 
th e neighbourin g wheel .  Th e initia l  situatio n i s expresse d b y 

th e goal s describe d i n Figur e 4 . 

Par t  o f  th e experimenta l  result ,  i.e. ,  th e movemen t  o f  th e 
leve r  an d th e subsequen t  stoppin g o f  th e wheel ,  i s  unex -

pected .  Th e unexpecte d observatio n lead s t o a  chang e o f  th e 
viewpoint' *  an d subsequentl y  t o a  chang e o f  th e discoverer' s 

vie w accordin g t o th e step s give n i n Figur e 5 .  Ou r  approac h 

t o changin g th e viewpoin t  i s realise d a s a  sequenc e o f  ques -

tion s an d answers .  Firs t  th e discovere r  attempt s t o identif y 

th e curren t  questio n an d questio n strateg y goalŝ . 

Questio n 2 :  Wha t  ar e th e goal s I  pursu e b y 

usin g th e curren t  questio n an d questio n 

strategy ? 

Answer  2 :  Th e questio n goa l  i s  IDENTIFY -

MOTION-EFFECT@NEIGHBOURING-OBJECT an d 

4.  I n Figur e 4 ,  th e viewpoin t  i s  exf̂ -esse d i n tenn s o f  goals .  W e not e 
tha t  viewpoint s ca n als o t> e establishe d b y theme s o r  beliefs . 

S.  Th e distinctio n betwee n th e questio n whic h ha s alread y bee n 
generate d an d th e questio n goa l  unde r  whic h th e questio n pla n 
has bee n store d i s relate d t o th e ide a tha t  i t  i s  sometime s easie r  t o 
recal l  a  questio n tha n th e goal s o r  belief s relate d t o tha t  question . 

th e questio n strateg y goa l  i s  CONSE-

QUENCE-CHECKING. 

The observatio n i s the n evaluate d i n th e ligh t  o f  thes e 

goals .  Th e evaluatio n i s base d o n th e compariso n o f  inde x 

components . 

Questio n 3 :  I s th e Experimenta l  Resul t  1 

consisten t  wit h Questio n 1 ? 

Answer  3 :  No ,  th e questio n goa l  i s  IDEN -

TIFY-MOTION-EFFECT@NEIGHBOURING-

OBJECT,  bu t  th e experimenta l  resul t 

remind s roe  o f  a  previou s experiment .  I n 

thi s experiment ,  I  pursue d th e questio n 

goa l  IDENTIFY-STOPPING-EFFECT0NEIGH -

BOURING-OBJECT. 

Unfortunately ,  n o goa l  i s associate d wit h th e ne w obser -

vation .  Therefore ,  th e chang e o f  goal-viewpoin t  shoul d b e 

base d o n previou s experienc e an d th e goal s pursue d whe n 

thi s experienc e wa s acquired .  Base d o n simila r  value s fo r 

inde x component s whic h ar e no t  par t  o f  th e curren t  view -

poin t  suc h a s context ,  tasks ,  an d beliefs ,  th e observatio n 

reminds  th e discovere r  o f  a  previou s case .  Thi s cas e i s 

indexe d unde r  a  goa l  whic h differ s fro m th e goa l  unde r 

whic h th e curren t  cas e i s stored .  Additionally ,  i n thi s [H-e -

viou s situation ,  a  questio n wa s asked ,  a  questio n strateg y 

was used ,  an d a n experimentatio n pla n wa s executed . 

Therefore ,  al l  th e indexe s unde r  whic h thes e knowledg e 

structure s ar e store d ar e know n an d ca n b e use d t o exten d 

th e inde x o f  th e curren t  case . 
Previou s Experiment :  A  bicycl e i s i n a n 

upside-dow n position .  Th e bac k whee l  i s 

moved b y turnin g th e peda l  whee l  an d i s 

therefor e turnin g freely .  A  woode n ro d 

i s inserte d int o th e orbi t  o f  th e ped -

al s :  th e movemen t  o f  th e whee l  i s 

stopped . 

Thi s (bicycle )  experimen t  ha s bee n performe d t o sap -

por t  th e sam e questio n strateg y use d i n th e cloc k experi -

ment .  I n contras t  t o th e questio n goal s discusse d i n th e 

cloc k experiment ,  th e questio n whic h initiate d th e bicycl e 
experimen t  focuse s o n th e effec t  o n th e rear  whee l  o f  stop -

pin g th e peda l  wheel̂ .  Whe n th e (bicycle )  experimen t  wa s 
store d a s a  ne w case ,  th e goa l  associate d wit h th e peda l 

wheel  wa s t o stc ^  th e motio n o f  th e neighbourin g whee l 

and th e activ e questio n goa l  wa s t o identif y th e effec t  o f 

stoppin g thi s wheel .  Now ,  a  sequenc e o f  question s an d 

answer s ca n identif y difference s betwee n th e variou s goal s 

i n bot h experiments .  Th e answer s ar e abl e t o us e th e (dif -
ferent )  inde x informatio n i n th e bicycl e experimen t  t o re-

inde x th e cloc k case .  Th e additiona l  indexe s (seate d dur -

in g re-indexin g establis h a  ne w viewpoint .  Thi s ne w view -

poin t  enable s th e discovere r  t o inteqjre t  th e tas k addresse d 

i n th e cloc k cas e a s a  tas k t o sto p th e hammer  movement . 

6.  Not e tha t  w e us e th e neighbou r  o f  nlatio n i n a n abstrac t  sens e 
whic h include s tw o wheel s whic h ar e i n direc t  physica l  con -
tac t  a s wel l  a s tw o wheel s connecte d wit h a  chain . 
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Questio n Strateg y Goal : 
Curren t  Questio n Goal : 

Curren t  Experimentatio n Goal : 

Curren t  Objec t  Goal : 

CONSEQUENCE-CHECKING 
IDENTIFY-MOTION-EFFECT@-

NEIGHBOURING-OBJECT 
ENABLE-M0VEMENT@0BJECT1 
OBSERVE-MOVEMENT@-

NEIGHBOURING-OBJECT2 
SUPPORTING-MOTION@-

NEIGHBOURING-OBJECT 

Figur e 4 :  Initia l  Goal s 

1.  Evaluat e a n observatio n an d decid e whethe r  i t  support s th e curren t  questio n goa l  an d th e curren t  ques -

tio n strateg y goa l  (curren t  viewpoint) . 

2.  I f  th e curren t  questio n strateg y goa l  i s no t  supported ,  us e th e observatio n t o retriev e a  previou s case . 

3.  Identif y fo r  th e experimentatio n pla n use d t o generat e th e previou s cas e th e experimentatio n goal ,  th e 

questio n strateg y goal ,  an d th e questio n goa l  pursue d i n executin g th e experimentatio n plan . 

4.  Us e thes e indexe s t o creat e additiona l  indexe s fo r  th e curren t  question ,  questio n strategy ,  experimenta -
tio n plan ,  an d cas e use d i n stag e 1  (ne w viewpoint ,  re-indexing) . 

S.  Retriev e a  n e w questio n pla n usin g th e newl y generate d index . 

6.  I f  necessary ,  identif y a  ne w experimentatio n pla n t o answe r  th e ne w questio n (ne w view) . 
7.  Collec t  th e abstrac t  indexe s use d t o retriev e th e appropriat e question s an d answer s durin g re-indexin g 

and buil d a  ne w questio n strategy . 

Figur e S :  Step s fo r  Changin g th e Viewpoin t 

Thi s approac h t o re-indexin g ca n b e regarde d a s adaptin g th e 
inde x rathe r  tha n th e case .  Th e indexe s use d fo r  retrievin g 

questio n an d answe r  plan s ar e collecte d an d use d t o buil d a 

ne w questio n strateg y whic h ca n b e execute d whe n a  simila r 

proble m arises .  Therefore ,  th e reasone r  ha s learne d a  ne w re -
indexin g method . 

As a  resul t  o f  re-indexing ,  plannin g goal s relate d t o th e 

previou s (bicycle )  cas e ar e n o w considere d fo r  th e curren t 
(clock )  case .  Thi s lead s t o th e retrieva l  o f  ne w plans .  Previ -
ously ,  th e discovere r  ha d t o identif y cause s whic h supporte d 
th e hammer  movement ,  n o w th e discover y tas k i s t o identif y 
cause s fo r  stoppin g th e hammer  movement .  I n particular , 
experimentatio n ha s t o focu s o n issue s relate d t o th e smal l 

leve r  whic h move d int o th e orbi t  o f  th e pin-wheel . 
Questio n 8 :  W h a t  a r e t h e c o n s e q u e n c e s o f 

i n t e r r u p t i n g t h e m o v e m e n t  o f  t h e n e i g h -

b o u r i n g w h e e l ? 
Answerin g thi s questio n an d buildin g th e subsequen t  ques -

tion-answe r  chai n revea l  tha t  th e hammer  movemen t  i s inter -

rupte d becaus e th e leve r  move d int o th e orbi t  o f  th e pin -
wheel . 

D iscuss io n 

We have identified the need for re-indexing cases which 

arise s fro m incomplet e o r  fault y understandin g o f  previou s 

episodes .  Ou r  nove l  ̂ proac h t o re-indexin g i s character -
ise d b y th e integratio n o f  introspectiv e questionin g an d 

multipl e viewpoints ,  an d view s re-indexing  a s reflection  o f 
improve d understandin g o f  previou s concept s rathe r  tha n 
as CTeation  o f  ne w concepts .  Therefore ,  w e vie w re-index-
in g b y changin g th e viewpoin t  a s interpolativ e conceptua l 
chang e whic h use s existin g indexe s a s boundarie s fo r 
interpolation .  I n contras t  t o Ram' s (1993a )  descriptio n o f 

extrapolativ e conceptua l  chang e i n th e I S A A C system ,  w e 
tes t  revise d indexe s b y activ e interactio n wit h th e environ -

ment . 

Our  metho d o f  re-indexin g represent s a  bridg e betwee n 
adaptatio n an d indexing .  Simila r  t o adaptation ,  i t  use s 

case-base d plan s whic h ar e guide d b y interaction s wit h th e 
environmen t  an d goal s derive d fro m th e reasonin g proces s 
(Leake ,  1993 ;  Oehlmann ,  Sleeman ,  &  Edwards ,  1993) . 

Simila r  t o indexing ,  ou r  metho d attempt s t o identif y inde x 
value s whic h represen t  th e c(Hiten t  an d th e contex t  o f  a 
cas e (Schan k &  Osgood ,  1990 ;  Cox ,  1994) .  C o m m on t o 

al l  thre e approache s i s th e re-use  o f  prio r  concret e knowl -
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edg e base d o n memor y search .  Thi s re-us e ca n b e supporte d 

by introspectiv e questionin g an d evaluatio n o f  th e adapte d 

cas e o r  inde x base d o n interaction s wit h th e environment . 

Thes e commonalitie s betwee n adaptation ,  generatio n o f 

indexes ,  an d re-indexin g poin t  t o a  c o m m o n theor y o f  adap -

tatio n an d indexin g o n whic h w e wil l  focu s ou r  futur e work . 

Specifically ,  w e pla n t o addres s th e followin g issues : 

1.  W e hav e develope d method s o f  decomposin g th e pro -

cesse s o f  re-indexin g (describe d i n thi s paper )  an d adapta -

tio n (OeWmann,  Sleeman ,  &  Edwards ,  1993) .  W e 

represen t  thes e processe s a s a  sequenc e o f  interactin g 

plan s rathe r  tha n a s a  singl e plan .  Thi s approac h raise s th e 

questio n o f  th e appropriat e leve l  o f  granularit y o f  th e 

decomposition . 

2.  Currently ,  th e leve l  o f  complexit y o f  ou r  example s i s com -

parativel y low .  Therefore ,  w e wil l  investigat e mor e com -

ple x devices ;  i n addition ,  w e hop e t o mov e fro m 

modellin g th e behaviou r  o f  device s t o modellin g th e 

behaviou r  o f  othe r  agents .  W e expec t  tha t  ou r  approac h 

wil l  scal e u p ver y well ,  becaus e comple x adaptatio n task s 

ar e decompose d t o th e sam e leve l  o f  questio n an d answe r 

plan s a s simpl e adaptatio n tasks . 

3.  Interactin g wit h th e environmen t  enable s th e agen t  t o 
evaluat e indexe s base d o n environmenta l  feedback .  Cur -

renOy ,  th e feedbac k i s obtaine d fro m experiment s whic h 

ar e no t  performe d fo r  tha t  specifi c  reason .  I n future ,  w e 
wil l  investigat e ho w goal s derive d fro m th e re-indexin g 

proces s ca n b e use d t o guid e th e activ e experimenta l  eval -

uatio n o f  a  ne w viewpoint . 
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