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Meta-Cognit iv e Attention :  Reasonin g abou t  Strateg y Selectio n 

Ruedige r  Oehlman n 

Departmen t  o f  Computin g Scienc e 
Universit y  o f  Aberdee n 

Aberdeen .  AB 9 2UE ,  SCOTLAND,  U K 
oehlmann@csd.abdn.ac.u k 

Abstrac t 

Both human learners and Case-Based Reasoning systems have 
applie d metacognitiv e strategie s suc h a s self-questionin g t o 
improv e th e learnin g process .  Wherea s case-base d reasonin g 
system s d o no t  allocat e attentio n t o reasonin g strategie s i n 
orde r  t o facilitat e strateg y selection ,  previou s wor k o n atten -
tio n i n huma n thinkin g ha s focuse d o n th e selectio n o f  domai n 
objects .  W e describ e a  computationa l  mode l  o f  metacognitiv e 
attentio n whic h integrate s metacognitv e approache s i n case -
base d reasonin g wit h th e concep t  o f  attentio n whic h i s applie d 
t o th e reasonin g proces s itself .  A n exampl e o f  ou r  implementa -
tion ,  lULJAN ,  wil l  illustrat e th e proces s o f  allocatin g meta -
cognitiv e attention . 

I n t r o d u c t i o n 

People who are confronted with several reasoning tasks at 

th e sam e tim e hav e t o m a k e a  decisio n abou t  th e tas k the y 

want  t o addres s first.  Fo r  example ,  a  surprisin g observatio n 

ca n lea d t o reasonin g abou t  it s effec t  o r  explainin g it s cause . 

Reasonin g abou t  a n agent' s reasonin g processe s ha s bee n 

studie d i n metacognition .  Thi s ter m refer s t o th e "activ e 

monitorin g an d consequen t  regulation "  o f  a n agent' s cogni -

tiv e processe s (Flavel l  1976) .  Tha t  is ,  th e ter m metacogni -

tio n describe s tw o distinc t  bu t  relate d issues :  th e issu e o f 

knowledg e abou t  cognitio n an d th e issu e o f  regulatin g cogni -

tion .  T h e notio n o f  knowledg e abou t  cognitio n include s 

awarenes s o f  th e resource s availabl e t o th e agen t  wit h 

respec t  t o th e demand s o f  th e agent' s reasonin g process ;  fo r 

example ,  th e availabilit y  o f  analogou s knowledg e durin g a n 

analogica l  mappin g task .  Th e proces s o f  regulatin g cognitio n 

involve s self-regulatin g mechanism s suc h a s planning ,  m o n -

itoring ,  an d self-questionin g (Brown ,  1975 ;  W o n g ,  1985) . 

Suc h meta-cognitiv e skill s  shoul d b e improve d wit h growin g 

experience .  Reasoner s shoul d b e abl e t o reus e suc h experi -

enc e w h e n the y selec t  reasonin g strategies . 

I n Artificia l  Intelligenc e systems ,  experienc e relate d t o a 

give n domai n an d th e abiUt y t o b e reminde d o f  previou s 

experienc e hav e bee n modele d b y th e paradig m o f  Case -

Base d Reasoning ,  wher e previou s experienc e i s usuall y rep -

resente d a s case s (se e Kolodne r  199 3 fo r  a n overview) . 

Importan t  stage s o f  th e case-base d reasonin g approac h ar e 

th e retrieva l  o f  a  previou s cas e whic h contain s a  previou s 

proble m an d it s solution ,  an d th e adaptatio n o f  thi s cas e t o 

obtai n a  solutio n fo r  th e curren t  problem .  I f  thi s approac h i s 

applie d t o plan s rathe r  tha n t o proble m solutio n pairs ,  w e 

refe r  t o i t  a s case-base d plannin g ( H a m m o n d e t  al. ,  1993) . 

Ofte n case-base d reasoning  system s us e memorie s 

indexe d i n term s o f  predictio n failure s whic h occurre d 

durin g th e reasonin g process .  W h e n th e syste m generate s a 

wron g prediction ,  th e cas e o n whic h th e predictio n wa s 

base d i s annotate d wit h a  characterizatio n o f  th e failur e sit -

uatio n (Schank ,  1986) .  Th e annotatio n i s use d a s a n inde x 

durin g futur e cas e retrieval .  A s a  result ,  th e predictio n fail -

ur e ca n b e avoide d i n th e future . 

Recen t  researc h i n case-base d reasonin g ha s addresse d th e 

issu e o f  guidin g th e reasonin g proces s b y introspectio n 

(Fo x &  Leake .  1994 ;  R a m &  Cox ,  1994 ;  Oehhnan n e t  al . 

1995) .  Earlie r  researc h ha s stresse d th e importanc e o f  allo -

catin g attentio n fo r  th e h u m a n reasoning  process .  Wherea s 

previou s investigation s o f  metacognitiv e aspect s o f  case -

base d reasonin g di d no t  addres s th e activ e selectio n o f  rea-

sonin g strategie s b y focusin g attention ,  wor k o n attentio n 

addresse s th e selectio n task .  However ,  th e selectio n pro -

ces s i s  ofte n limite d t o th e domai n level .  Fo r  example , 

Ohlsso n (1984 )  propose s a n attentiona l  heuristi c whic h 

select s object s abou t  whic h n o inferenc e ha s bee n m a d e a t 

a give n stat e o f  th e reasonin g process .  I n a  simila r  spirit , 

Baco n (1995 )  characterize s meta-knowledg e abou t  th e 

proces s o f  focusin g attentio n o n particula r  domai n objects . 

I n contras t  t o thi s domai n relate d view ,  w e wil l  describ e a 

computationa l  mode l  whic h w e refe r  t o a s metacognitiv e 

attention .  Th e mode l  integrate s th e ide a o f  metacognitiv e 

regulatio n o f  th e reasoning  proces s wit h th e concep t  o f 

attention .  I n particular ,  w e wil l  presen t  a n operationa l 

characterizatio n o f  metacognitiv e attentio n i n term s o f 

intention ,  situation ,  an d resource . 

I n th e remainde r  o f  thi s paper ,  w e presen t  a n exampl e 

involvin g th e chim e o f  a  mechanica l  cloc k followe d b y a 

top-leve l  vie w o f  ou r  implementatio n l U L I A N .  W e the n 

describ e ou r  approac h t o strateg y selectio n base d o n meta -

cognitiv e attention ,  an d w e explai n th e knowledg e struc -

ture s use d b y thes e iM-ocesses .  Finally ,  w e discus s ou r 

approac h an d indicat e option s fo r  futur e work . 

Example 

We will motivate the idea of changing the viewpoint by 
describin g a  proble m involvin g a  mechanica l  clock .  I n 

additio n t o th e mechanis m fo r  movin g th e hands ,  th e cloc k 

has a  chime .  Th e mai n relation s o f  th e chim e mechanis m 
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ar e indicate d i n Figur e 1 . 

We assum e tha t  th e learne r  attempt s l 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 . 

Hammer 
Leve r 
Wheel Secon d 

Intermediat e 
Hammer 
Wheel Hammer 

Firs t 
Intermediat e 
Hammer 
Wheel Pi n 

Wheel 

Two 
Wing 
Wheel 

Larg e 
Intermediat e 
Hammer 
Wheel Small 

Pi n 
Wheel 

Leve r 

Hammer 
Sprin g 
Wheel 

Round 
Leve r Leve r Small 

Leve r Hands 

Lgggnd ; 

.̂ y, . 

Wheel  drive s neighborin 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 

The reasoner knows that the wheels transfer the force of the 

hammer  sprin g whee l  t o th e pi n wheel .  Th e movemen t  o f 

one whee l  drive s th e movemen t  o f  th e neighborin g wheel . 

The reasone 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 ,  th e reasone r  doe s no t  kno w th e 

answer  an d perform s a n experiment .  Th e reasone 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 appropriat e positio n an d observe s tn e 

movement  o f  th e two-wing-whee l  Thi s proces s lead s t o 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 move -

ment  o f  th e pin-wheel .  Th e unexpecte d obsCTvatio n 

enable s th e reasone r  t o pursu e tw o differen t  reasonin g 

strategies .  O n e strateg y involve s a  chang e o f  th e viewpoin t 

and subsequentl y a  chang e o f  th e reasoner' 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 conse -

quence s o f  th e stoppin g pin-wheel .  (Oehhnann ,  e t  al. , 

1994) .  Thi s strateg y ca n b e viewe d a s reasonin g abou t  th e 

effec t  o f  a  surprisin g observation .  Th e othe r  strateg y 

involve s reasonin g abou t  th e caus e o f  th e surprisin g obser -

vation :  th e reasone r  attempt s t o explai n wh y th e leve r 

moved int o th e orbi t  o f  th e pin-wheel .  Bot h strategie s ar e 

base d o n th e sam e surprisin g observatio n an d hav e a  hig h 

degre e o f  interestingness ;  therefor e th e reasone r  ha s t o 

decid e whic h strateg y t o appl y first,  i.e .  h o w t o direc t  th e 

metacognitiv e attention .  W e wil l  describ e th e detail s o f 

thi s proces s i n th e ove r  nex t  section . 

The lULIAN System 

The lULIAN system uses the planning of self-questions, 

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

and actions .  Th e mai n tas k o f  th e syste m i s th e generatio n 

of  ne w explanation s t o revis e a n initia l  theory .  Figur e 2 

shows th e mai n module s o f  th e system :  questio n planner . 

answe r  planner ,  experimen t  planner ,  hypothesi s formation , 

and introspectio n planne r  Th e figure  als o indicate s tha t 

th e l U L I A N syste m represent s a n integratio n o f  case -
base d reasonin g an d case-base d plannin g rathe r  tha n a  sin -

gl e case-base d reasoner :  th e hypothesi s formatio n modul e 

i s a  case-base d reasone r  wherea s th e othe r  module s ar e 

implemente d a s case-base d planners . 

The Questio n Planne r  modul e accept s a  proble m descrip -

tio n a s input ,  generate s a  questio n abou t  th e problem ,  an d 

transfer s contro l  t o th e Answe r  Planner .  I f  a  questio n can -
not  b e answered ,  th e Questio n Planner ,  th e Answe r  Plan -

ner ,  an d th e Experimen t  Planne r  ca n b e use d t o generat e 

additiona l  questions ,  answers ,  an d experiment s whic h hel p 

th e l U L L A N syste m t o recove r  fro m thi s situatio n an d t o 

provid e th e knowledg e neede d t o generat e th e answe r 

Befor e a n experimen t  i s performed ,  th e Hypothesi s For -

matio n modul e hypothesize s th e experimenta l  result . 

W h en th e actua l  resul t  i s  generated ,  th e Hypothesi s For -

matio n modul e determine s a n expectatio n failur e a s th e 

differenc e betwee n th e hypothesi s an d th e actua l  result . 

I f  a n expectatio n failur e ha s bee n detected ,  th e exploratio n 

proces s i s initiated .  A t  it s  simplest ,  th e proces s o f  questio n 

and answe r  generatio n i s base d o n th e Questio n Planne r 

and th e Answe r  Planne r  whic h generat e a  questio n abou t 

th e proble m an d attemp t  t o answe r  it .  I f  a  questio n canno t 

be answered .  Questio n Planner ,  Answe r  Planner ,  an d 
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Experimen t  Planne r  ca n agai n b e use d t o generat e additiona l 

questions ,  answers ,  an d experiment s i n a n attemp t  t o provid e 

th e missin g knowledge. . 

(^ProblenT ) 

Questio n 
Planne r 

I 

Initia l 
Theor y 

Answer 

Planne r 

Introspectio n 

Planne r 

Hypothesi s 

Formatio n 

Experimen t 

Planne r 

(" •  \  V  (  Explanatio n 
Revise d A 
Theor y J 

Figur e 2 :  Th e l U L I A N Syste m 

During this process of question-based reasoning and experi-

mentation-base d activity ,  question s focu s o n object s o f  th e 

domai n t o b e investigate d suc h a s pin-whee l  an d small-leve r 

(se e Figur e 1) .  I n addition ,  th e Questio n Planne r  generate s 

Question s whic h focu s o n th e system' s reasonin g process .  I f 

th e syste m ask s suc h a  question ,  usin g a n answe r  pla n t o 

generat e a  sentenc e i s no t  sufficien t  becaus e th e answe r  plan -

ner  need s additiona l  meta-knowledg e whic h i s no t  availabl e 

t o it .  Acquirin g thi s knowledg e i s th e tas k o f  th e introspec -

Uon planne r  (Oehhnann ,  1992 ;  Oehlmann ,  e t  al .  1995) . 

The basi c knowledg e structure s o f  th e l U L I A N syste m ar e 

experiment s an d plan s whic h ar e use d a s cases .  A n experi -

ment  consist s o f  tw o components :  a n experimenta l  settin g 

(e.g .  a  descripdo n o f  a  mechanica l  cloc k wit h wheels , 

springs ,  an d hands )  an d th e resul t  o f  a n experimen t  suc h a s 

th e statemen t  tha t  "th e hammer  o f  th e chim e i s movin g whe n 

th e larg e han d i s i n uprigh t  position. "  Experiment s ar e repre -

sente d b y object s an d relation s betwee n objects .  Object s ar e 

represente d a s M e m o r y Units ^  ( M U )  whic h contai n a n objec t 

fram e an d a  conten t  fram e (Figur e 3) .  Th e contex t  fram e 

describe s th e contex t  i n whic h th e objec t  occur s represente d 

by a  se t  o f  relations .  Th e conten t  fram e contain s severa l  set s 

of  intentiona l  descripto r  value s referre d t o a s views ,  wherea s 

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

genera l  informatio n abou t  th e objec t  i s store d i n th e objec t 

frame . 

Questio n plan s ar e use d t o appl y case-base d plannin g 

technique s t o th e generatio n o f  singl e questions .  Fo r 

example ,  th e quesUo 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 

"What" ,  "does" ,  "th e O B J E C T l " ,  an d "turn. "  O B J E C T l  i s 

a variabl e whic h i s  instantiate d wit h th e sirin g "PIN -

W H E E L"  durin g pla n execution .  A  questio n pla n ha s tw o 

mai n parts :  a  se t  o f  descriptor s use d fo r  indexin g th e pla n 

and a  sequenc e o f  steps .  A  pla n i s retrieve d b y matchin g 

it s inde x wit h th e curren t  situation ;  thi s  i s characterize d b y 

th e goal s th e syste m pursue s i n askin g th e question .  I f  pla n 

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

nism s ar e employed ,  (se e H a m m o n d,  1989) .  I t  i s a n impor -

tan t  advantag e o f  th e case-base d plannin g approac h tha t 

ne w question s ca n b e learne d b y modifyin g previou s ques -

tio n plans . 

Answer s ar e generate d i n a  simila r  way ;  however ,  step s i n 

answer  plan s ma y hav e particula r  action s whic h retriev e 

knowledg e fro m th e librar y o f  experiment s neede d t o for m 

an answer .  Fo r  example ,  a n answe r  t o th e questio n "Wha t 

does th e P I N - W H E E L turn? "  ma y b e generate d b y execut -

in g th e followin g steps :  th e first  ste p retrieve s th e objec t 

pin-whee l  an d identifie s a n objec t  whic h share s th e rela -

tio n has-effect@turn s wit h th e objec t  pin-wheel .  Thi s 

objec t  i s two-wing-whee l  an d i s store d i n th e answe r  plan . 

The followin g step s instantiat e tw o variable s wit h th e 

object s pin-whee l  an d two-wing-whee l  an d combin e thes e 

variable s wit h th e substring s "The" ,  "turns" ,  an d "the. " 

The resultin g sentenc e i s "Th e P I N - W H E E L turn s th e 

TWO-WING-WHEEL." 
The case-base d plannin g approac h t o generatin g question s 

and answer s i s highl y flexible  becaus e i t  onl y depend s o n 

th e curren t  situatio n an d th e goal s th e syste m i s attemptin g 

t o pursue .  Moreover ,  ne w plan s ca n b e generate d b y adapt -

in g existin g plan s t o ne w situations . 

An introspectiv e answe r  i s a  sentenc e generate d a s 

respons e t o a  questio n abou t  th e reasoner s interna l  knowl -

edg e an d it s interna l  processes .  A n answe r  pla n whic h ha s 

t o generat e a n introspectiv e answe r  contain s specia l  steps . 

Executin g suc h a  ste p result s i n a  cal l  o f  th e introspectio n 

planner .  Thi s plannin g proces s provide s th e informatio n 

neede d b y th e answe r  planne r  whic h ca n the n complet e th e 

answer .  A n exampl e o f  a n introspectio n pla n wil l  b e dis -

cusse d i n th e nex t  section .  Introspectio n plan s addres s dif -

feren t  metacogniUv e task s suc h a s assessin g goals , 

reasonin g strategies ,  resource s neede d t o perfor m a  give n 

reasonin g strategy ,  failure s whic h occurre d durin g previ -

ous reasonin g strategies ,  an d condition s whic h hav e t o b e 

satisfie d i n orde r  tha t  a  strateg y ca n b e executed . 

I n addition ,  th e l U L I A N syste m use s experimentatio n 

plan s t o perfor m experiments .  Experimentatio 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  setdn g an d th e 
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resul t  o f  pla n executio n ar e store d a s a  ne w case .  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 (Oehlman n e t  al. ,  1993) . 

Contex t  Fram e 

O b l O b 2 0b 3 

Obj l  — rel l  — 

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

Conten t  Fram e 

view l  view 2 

vie w 
viewe r 

agent 

pre-belie f 
tas k 
goal 

Objec t  Fram e 

objec t 

settin g 
expectatio n 
typ e 

Figur e 3 :  M e m o r y Uni t 

M e t a - C o g n i t i v e A t ten t i o n 

In this section, we describe our approach to strategy selec-

tio n i n term s o f  metacognitiv e attention .  W e wil l  exemplif y 

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

above .  Th e strategie s mentione d i n th e exampl e ar e chang -

in g th e viewpoin t  base d o n a  surprisin g observatio n an d 

explainin g a  surprisin g observation .  W e hav e argue d else -

wher e tha t  simila r  t o a  physica l  viewe r  observin g a n objec t 

fro m a  give n viewpoint ,  th e reasone r  ca n conside r  object s 

fro m th e perspectiv e o f  differen t  goal s an d belief s (Oehl -

mann e t  al. ,  1994 ;  Ohlsson ,  1990 ;  Schan k &  Osgood ,  1990) . 

The curren t  viewpoin t  i s  characterize d b y goal s associate d 

wit h th e pin-wheel .  I t  i s par t  o f  th e initia l  reasonin g 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 

neighborin g wheel .  Th e strateg y changin g th e viewpoin t 

attempt s t o identif y th e effec t  cause d b y stoppin g th e pin -

wheel .  I n contrast ,  th e strateg y explainin g a  surprisin g obser -

vatio n focuse s o n th e cause s o f  th e small-leve r  movement : 

th e movement s o f  th e larg e leve r  an d th e roun d leve r  whic h 

contro l  th e movemen t  o f  th e smal l  leve r  (Figur e 1) . 

The proces s o f  attachin g metacognitiv e attentio n t o th e rea -

sonin g su-ategie s i s base d o n element s o f  th e inde x vocabu -

lar y suc h a s cognitiv e goal ,  cognitiv e need ,  context ,  strateg y 

projection ,  an d strateg y resources .  Th e cognitiv e goa l  refer s 

t o th e objective s o f  th e understandin g process .  Th e objec -

tiv e i s relate d t o strategie s use d i n th e understandin g pro -

ces s an d generate d a s a  sequenc e o f  question s an d 

answers .  I n contrast ,  th e descripto r  cognitiv e nee d i s 

relate d t o gap s i n th e ctirren t  knowledg e th e reasone r 

attempt s t o fill.  A  reasonin g strateg y i s focusin g o n on e o r 

mor e objects .  Usually ,  som e knowledg e relate d t o thes e 

object s i s alread y available .  Thi s knowledg e form s th e 

context .  Th e descripto r  strateg y projectio n indicate s 

whethe r  th e resul t  o f  th e strateg y ca n b e ah^ead y antici -

pate d o r  whethe r  i t  require s a  substantia l  amoun t  o f  infer -

ence .  Finally ,  th e descripto r  strateg y resource s describe s 

knowledg e structure s neede d t o perfor m a  give n reasonin g 

strategy . 

Th e reasone r  ca n selec t  a  strateg y b y acquirin g value s fo r 

thes e inde x descriptors .  Th e value s ar e determine d b y gen -

eratin g a  sequenc e o f  introspectiv e self-question s an d 

answer s (Oehhnann ,  e t  al. ,  1995) . 

Intentio n Assessment : 

1.  Assesse s th e cognitiv e goal s an d selec t  ques -

tion s whic h m a y (partially )  addres s thes e goals . 

2.  Assesse s th e cognitiv e nee d an d selec t  question s 

whic h m a y (partially )  addres s thi s need . 

Situation Assessment: 

3.  Assesse s th e contex t  relate d t o th e focu s o f  al l 

question s unde r  consideratio n an d selec t  th e 

questio n relate d t o th e poores t  context . 

4.  Attempt s t o projec t  th e outcom e o f  th e potentia l 

strategies . 

Resource Assessment: 

5.  Assesse s th e resource s neede d t o perfor m th e 

potentia l  strategies . 

Figur e 4 :  Th e Metacognitiv e Attentio n Proces s 

The reasoner begins the process of attaching attention by 

identifyin g tw o questions .  Eac h o f  thes e question s indi -

cate s th e begi n o f  a  reasonin g strategy .  T o identif y thes e 

question s th e followin g introspectiv e questio n i s asked : 

Questio n 0 :  What  ar e th e qjesticn s I  ccnsider ? 

The questio n plan s use d t o generat e thes e question s ca n b e 

identifie d o n th e basi s o f  th e questio n goal s an d reasonin g 

goal s th e reasone r  pursues . 

Answer  0 :  I  ocnside r  th e questicns :  "Viia t  i s  th e 

effec t  o f  t± e PIN-VHEE L bein g blocked? "  an d "Vt y 

dbe s th e a^ALL-IB/E R block s th e PIN-IaHEEL? " 

Afte r  identifyin g question s whic h lea d t o potentia l  reason -

in g strategies ,  th e reasone r  attempt s t o evaluate d thes e 

question s i n term s o f  th e descriptor s give n above .  Al l  th e 

followin g question s refe r  t o th e se t  o f  question s identifie d 

i n Answe r  0 .  Th e nex t  questio n focuse s o n th e descripto r 

cognitiv e goal . 
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Questio n 1 :  Vha t  qjestic n i s relate d t o th e cxirren t 

cognitiv e goal ? 

Obviously ,  a  reasonin g strateg y relate d t o th e hammer  serve s 

th e cognitiv e goa l  o f  understandin g th e hammer  movemen t 

bette r  tha n a  reasonin g strateg y whic h explain s th e leve r 

movement . 

Answer  1 :  Th e qjestic n "V̂J-a t  i s  th e effec t  o f  th e PIN -

VHEHLi  bein g blocted? "  i s relate d t o th e curren t  oogni -

tiv e gca l  CCIBEiaUEICE-affinKINS . 

The nex t  questio n focuse s o n th e cognitiv e need . 

Questio n 2 :  Vha t  questic n i s relate d t o th e curren t 

ODgnitiv e need ? 

Answer  2 :  Th e questio n "Wha t  i s th e effec t  o f  th e 

PPJ-WHKFTi  bein g blocked? "  i s relate d t o th e cur -

ren t  cognitiv e nee d ESNTIFY-EFFEXTT :  :NEIC3ffiOUR -

IN3-WHEELS. 

N o w th e reasone r  investigate s th e contex t  o f  th e object s pin -

wheel  an d small-lever . 

Questio n 3 :  Vta t  qiestic n focu s i s sLfporte d t y a 

riche r  ccnt:ext ? 

Answer  3 :  Th e qjestic n "Vire t  i s  th e effec t  o f  th e PIN -

VMTTi  bein g blocked? "  ha s th e riches t  ccntext . 

Thi s answe r  i s give n becaus e th e reasone r  know s th e rela -

tion s betwee n th e pin-whee l  an d it s neighborin g wheels . 

However ,  th e relation s betwee n th e small-leve r  an d anothe r 

lever s ar e unknow n a t  thi s state .  N o w th e reasone r  attempt s 

t o anticipat e th e result s o f  th e tw o strategie s i n question .  I f 

th e surprisin g observatio n woul d hav e supporte d th e initia l 

reasonin g strateg y o f  checkin g th e consequence s o f  th e 

wheel  movements ,  th e resul t  o f  thi s strateg y coul d b e easie r 

hypothesized .  I n thi s situatio n th e reasoner  woul d prefe r  t o 

explai n th e suri«isin g observation ,  becaus e i t  understand s 

thi s issu e les s tha n th e hammer  movement . 

Questio n 4 :  Vha t  ca n I  projec t  abou t  th e caus e o f  th e 

novin g leve r  an d th e effec t  o f  th e stxfpin g pin-vheel . 

The curren t  situatio n i s characterize d b y a  surprisin g obser -

vatio n whic h contradict s th e initia l  reasonin g strategy . 

Therefor e a n ̂ propriat e predictio n canno t  b e made . 

Answer  4 :  I  d D no t  hssj B arr /  knowlet ^  vhic h voul d 
allc w n e t o nak e thes e predicticns . 

Fmally ,  th e reasone r  attempt s t o evaluat e th e question s t o 

aske d i n term s o f  th e resource s necessar y t o perfor m th e 

strategies . 

Questio n 5 :  Vha t  ar e th e questicn s fo r  vhic h th e r^c -

essar y resource s ar e available ? 

Answer  5 :  Th e previou s cas e neede d fo r  th e qjesticn : 

•Ha t  i s th e effec t  o f  tt e PIN-MIEE L bein g blocked? " 

and a  previou s e>plaratic n vhid i  ca n b e ad^±e d t o 

answer  th e qjestic n "Wt y doe s th e ayMlr-L£VE R black s 

th e PIN-V«EEL? "  ar e available . 

Whil e th e assessmen t  o f  contex t  an d projectio n d o no t  prefe r 

any o f  th e question s unde r  consideration ,  th e assessmen t  o f 

cognitiv e goa l  an d cognitiv e nee d lea d t o th e selectio n o f  a 

questio n whic h i n tur n lead s t o th e strateg y changin g th e 

viewpoint . 

P lan s fo r  Metacogni t iv e Attentio n 

The process of metacognitive attention described in the 

previou s sectio n ca n b e supporte d b y inu-ospectio n plan s 

whic h w e hav e describe d elsewher e (Oehhnan n e t  al. , 

1995) .  However ,  w e hav e extende d th e Introspectio n Plan -

ner  whic h no w addresse s al l  th e stage s o f  th e metacogni -

tiv e attentio n proces s give n i n Figur e 4 . 

An introspectio n pla n ha s tw o mai n components :  a  heade r 

and a  sequenc e o f  step s (Figur e 5).Importan t  element s o f 

th e heade r  ar e th e slot s name ,  planning-goal ,  an d failures . 

I N T R O S P E C T I ON P L A N 

N a m e:  context-assessmen t 

Plannin g Goal :  assess-context::goal-neede d 

Failures :  Non e 

Bindin g List : 

((object !  P I N - W H E E L ) 

(object 2 S M A L L - L E V E R ) ) 

Intermediat e Resul t  1 :  Non e 

Intermediat e Resul t  2 :  Non e 

Intermediat e Resul t  3 :  Non e 

Plannin g Steps : 

L Planning Step 

Action :  check-relation s O B J E C Tl  0 B J E C T 2 

2. Planning Step 

Action :  check-relation-object s 

3. Planning Step 

Action :  compare-object-goal s 

4. Planning Step 

Action :  compare-object-need s 

Figur e 5 :  Introspectio n Pla n 

The pla n identifie r  i s  store d i n th e nam e slot .  Th e slo t 

planning-goa l  contain s th e goal s th e syste m attempt s t o 

satisf y b y executin g th e plan ;  th e slo t  failure s character -

ize s plannin g failure s whic h hav e occurre d before .  Th e 

tw o slot s planning-goa l  sai d failure s for m th e inde x o f  th e 

introspectio n plan ,  i.e .  thes e slot s ar e use d fo r  pla n 

retrieval .  I n addition ,  th e heade r  include s th e slot s binding -

lis t  an d intermediate-result .  Th e binding-lis t  contain s pair s 

of  variabl e name s an d thei r  values .  I f  a n actio n o f  a  plan -

nin g ste p contain s variables ,  th e binding-lis t  i s  use d t o 

instantiat e them .  Th e intermediate-resul t  slot s ar e use d t o 

stor e a  result  whic h ha s bee n generate d b y a  give n plan -

nin g ste p an d whic h wil l  b e use d b y subsequen t  steps . 

A ste p ha s fou r  slots :  name ,  precondition ,  goal ,  an d 

actiorr .  Th e nam e slo t  serve s a s a n identifie r  fo r  a  give n 

step .  I n th e slo t  precondition ,  th e condition s ar e describe d 

whic h hav e t o b e tru e befor e th e actio n give n i n th e actio n 

slo t  ca n b e executed .  Th e slo t  goa l  list s th e specifi c  goal s 
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th e syste m attempt s t o satisf y b y executin g th e actio n 

describe d i n th e actio n slo t  Th e valu e o f  th e actio n slo t  i s a 

lis t  wit h a  functio n nam e a s first  element .  Th e remainin g lis t 

element s ar e th e argument s which ,  togethe r  wit h th e n:unc , 

for m a  functio n call .  I f  th e functio n ha s n o arguments ,  th e 

actio n lis t  contain s th e functio n nam e a s a  singl e elemen t 

The introspectio n pla n describe d i n Figur e 5  i s execute d a s 

par t  o f  th e generatio n o f  Answe r  3  i n th e previou s section . 

The answe r  ha s t o asses s th e contex t  o f  th e object s pin-w/iee / 

and small-lever .  Th e first  plannin g ste p identifie s th e rela -

tion s whic h for m th e contex t  o f  th e tw o objects ,  The n thos e 

object s ar e identifie d whic h ar e par t  o f  th e relations .  Th e las t 

tw o step s evaluat e th e contex t  wit h respec t  t o th e goal s an d 

th e need s th e reasone r  attempt s t o address .  Th e contex t 

whic h addresse s th e goal s an d need s bes t  an d th e relate d 

question s ar e selected . 

Discussion 

We have identified the need for selecting reasoning strategies 

by metacognitiv e attention .  Thi s nee d arise s fro m surprisin g 

observation s whic h ca n b e addresse d b y differen t  reasonin g 

strategies .  Ou r  nove l  approac h t o strateg y selectio n i s char -

acterize d b y a n integratio n o f  th e concep t  o f  regulatin g cog -

nitio n b y self-questionin g whic h ha s bee n explore d i n Case -

Based Reasonin g an d th e ide a o f  attentio n whic h ha s bee n 

explore d i n domain s o f  huma n thinking.I n addition ,  w e hav e 

presente d a n operationa l  characterizatio n o f  metacognitiv e 

attentio n i n term s o f  assessin g intention ,  situation ,  an d strat -

egy resources .  Th e criteri a considere d i n ever y grou p o f 

assessment s ar e sufficientl y abstrac t  t o b e applie d t o differ -

ent  strateg y selections.Currently ,  metacognitiv e attentio n i s 

onl y use d t o selec t  a  strategy .  Usin g introspectio n plan s 

enable s th e reasone r  t o stor e th e proces s o f  allocatin g atten -

tio n a s experience .  However ,  th e resul t  o f  thi s proces s shoul d 

be store d a s metacognitiv e knowledg e whic h coul d b e use d 

durin g metacognitiv e reasoning .  Futur e woi k wil l  therefor e 

focu s o n th e representatio n o f  th e attentio n focu s itsel f  rathe r 

tha n th e proces s o f  allocatin g attention . 

References 

Bacon, W. (1995). WhatEveryone Knows about AttenUon. In 

Proceeding s o f  th e AAA l  Sprin g Symposiu m o n Represent -

in g Menta l  Model s an d Mechanisms ,  (pp .  1-6) . 

Brown ,  A .  (1975) .  Th e Developmen t  o f  Memory :  Knowing , 

Knowin g abou t  Knowing ,  an d Knowin g H o w t o Know .  I n 

H.  W.  Rees e (Ed.) ,  Advance s i n Chil d Developmen t  an d 

Behavio r  (Vol .  10) .  N e w York :  Academi c Press . 

Flavell ,  J .  (1976) .  Metacognitiv e Aspect s o f  Proble m Solv -

ing .  I n L .  Resnic k (Ed.) ,  Th e Natur e o f  Intelligence .  Hills -

dale ,  NJ :  Lawrenc e ErIbau m Associates . 

Fox ,  S .  &  Leake ,  D .  (1994) .  Usin g Introspectiv e Reasonin g 

t o guid e Inde x Refinemen t  i n Case-Base d Reasoning .  I n 

Proceeding s o f  th e 16t h Annua l  Conferenc e o f  th e Cog -

nitiv e Scienc e Society ,  (pp .  324-329) .  HUlsdale ,  NJ : 

Lawrenc e ErIbau m Associates . 

Hammond,  K. ,  Converse ,  T. ,  &  Marks ,  M .  (1993) .  Toward s 

a Thera y o f  Agency .  I n S .  Minto n (Ed.) ,  Machin e Learn -

in g Method s fo r  Planning ,  (pp .  351-396) . 

Hammond,  K .  (1989) .  Case-Base d Planning :  Viewin g 

Plannin g a s a  Memor y Task .  N e w York :  Academi c Press . 

Kolodner ,  J .  (1993) .  Case-Base d Reasoning .  Sa n Mateo , 

C A:  Morga n Kaufmann . 

Oehbnann ,  R .  (1992) .  Learnin g Causa l  Model s b y Self -

Questionin g an d Experimentation .  I n Proceeding s o f  th e 

AAA/  Worksho p o n Communicatin g Scientifi c  an d Tech -

nica l  Knowledge ,  (pp .  73-80) . 

Oehlmann ,  R. ,  Edwards .  P  &  Sleeman ,  D .  (1994) .  Chang -

in g th e Viewpoint :  Re-Indexin g b y Introspectiv e Ques -

tioning .  I n Proceeding s o f  th e Annua l  Conferenc e o f  th e 

Cognitiv e Scienc e Society ,  (pp .  675-680) . 

Oehlmann ,  R. ,  Edwards ,  R  &  Sleeman ,  D .  (1995) .  Intro -

spectio n Planning :  Representin g Metacognitiv e Experi -

ence .  I n Proceeding s o f  th e A A A I  Sprin g Symposiu m o n 

Representin g Menta l  Model s an d Mechanisms ,  (pp .  102 -

110) . 

Oehhnann ,  R. ,  Sleeman ,  D .  &  Edwards ,  R  (1993) .  Learn -

in g Plan-Transformation s fro m Self-Questions :  A  M e m-

ory-Base d Approach .  In :  Proceeding s o f  th e 11t h 

Nationa l  Conferenc e o n Artificia l  Intelligence ,  (pp .  520 -

525) .  Cambridge ,  M A :  A A A I - M T T Press . 

Ohlsson ,  S .  (1984) .  Attentiona l  Heuristic s i n H u m a n 

Thinking .  I n Proceeding s o f  th e 6t h Annua l  Conferenc e 

of  th e Cognitiv e Scienc e Society ,  (pp .  27 3 -  276) . 
Ohlsson ,  S .  (1990) .  Th e Mechanis m o f  Restructurin g i n 

Geometry .  In :  Proceeding s o f  th e 12t h Annua l  Confer -

enc e o f  th e Cognitiv e Scienc e Society ,  (pp .  237-244) . 

Ram.  A .  &  Cox ,  M .  (1994) .  Introspectiv e Reasonin g Usin g 

Meta-Explanation s fo r  Multistrateg y Learning .  In :  R . 

Michalsk i  &  G .  Tecuc i  (Eds. )  Machin e Learning :  A  Mul -

tistrateg y Approach ,  4  (pp .  348-377) .  Sa n Mateo ,  C A : 

Morga n Kaufmann . 

Schank ,  R .  (1986) .  Dynami c Memory .  A  Theor y o f  Remind -

in g an d Learnin g i n Computer s an d People .  Cambridge , 

U K:  Cambridg e Universit y Press . 

Schank ,  R .  &  Osgood ,  R .  (1990) ,  A  Conten t  Theor y o f 

Memory Indexing ,  Technica l  Repor t  No .  2 ,  Northwest -

e m University ,  Institut e fo r  th e Learnin g Sciences . 

Wong,  B .  (1985) .  Self-Questionin g Instructiona l  Research . 

A Review .  Revie w o f  Educationa l  Research ,  55 ,  227 -

268 . 

2.  Not e tha t  Figur e 5  show s a  reduce d versio n o f  th e origina l  plan . 
I n particular ,  th e slot s preconditio n an d goa l  i n th e plannin g 
step s ar e omitted . 

71 


	Cogsci_1995_66-71



