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S c h e m a A c q u i s i t i o n f r o m O n e E x a m p l e : 

Psychological Evidence for Explanation-Based Learning 

Woo-Kyoung Ahn, Department of Psychology 

Raymond J. Mot)ney, Coordinated Science Laboratory 

"William F. Brewer, Department of Psychology 

Gerald F. DeJong, Coordinated Science Laboratory 

University of Illinois al Urbana-Champaign 

Abstract 

Recent  explanalion-base d learnin g (EBL )  model s i n A l  allo w a  compute r  progra m t o lear n a 
schema b y analyzin g a  singl e example .  Fo r  example .  GENESI S i s a n EB L syste m whic h learn s a  pla n 
schema fro m a  singl e specifi c  instanc e presente d i n a  narrative .  Previou s learnin g model s i n bot h A l 
and psycholog y hav e require d multipl e examples .  Thi s pape r  present s experimenta l  evidenc e tha t 
peopl e ca n lear n a  pla n schem a fro m a  singl e narrativ e an d tha t  th e learne d schem a agree s wit h tha t 
predicte d b y EBL .  Thi s evidenc e suggest s tha t  GENESIS,  originall y constructe d a s a  machin e learn -
in g system ,  ca n b e interprete d a s a  psychologica l  mode l  o f  learnin g a  comple x schem a fro m a  singl e 
example . 

Introduction 

Recent  explanation-base d model s i n machin e learnin g (DeJon g &  Mooney .  1986 ;  Mitchell , 
Keller .  &  Kedar-Cabelli .  1986 )  allo w a  progra m t o lear n a  concep t  o r  schem a b y analyzin g th e 
causa l  structur e o f  a  singl e example .  Explanation-ba.se d learnin g (EBL )  system s construc t  a n 
explanatio n lo r  wh y a n instanc e i s a  member  o f  a  concep t  o r  wh y a  particula r  sequenc e o f  action s 
achieve s a  goal .  Thi s explanatio n i s the n generalized ,  retainin g onl y th e constraint s require d t o 
maintai n it s causa l  structure .  (Moone y &  Bennett .  1986 )  review s an d compare s a  numbe r  o f  simi -
la r  algorithm s fo r  performin g thi s generalization .  The.s e algorithm s produc e a  genera l  concep t 
descriptio n o r  pla n schem a whic h ca n b e use d t o improv e performanc e o n futur e classification . 
understanding ,  o r  proble m solvin g tasks . 

A majo r  differenc e betwee n EB L an d othe r  approache s t o learnin g i s th e numbe r  o f  example s 
required .  Similarity-base d learnin g (Michalski .  1983 ;  Mitchell .  1978 ;  Quintan .  1986 )  require s 
many example s an d system s base d o n analog y (Carbonell .  1983 ;  Ealkenhainer .  Forbus .  &  Genlner , 
1986 ;  Winston ,  1980 )  requir e tw o examples ,  whil e EB L require s onl y a  singl e example .  Althoug h a 
number  o f  psychologica l  experiment s exis t  demonstratin g people' s abilit y  t o lear n concept s o r  sche -
mat a fro m tw o example s usin g analog y (Gic k &  Holyoak .  1983 ;  Spence r  &  Weisberg .  1986)o r  fro m 
many example s usin g similarity-ba.se d inductio n (Medin .  Wattenmaker ,  &  Michalski .  1986 ;  Posne r 
& Keele .  1968) .  ther e seem s t o b e n o experiment s directe d a t  demonstratin g people' s abilit y  t o lear n 
a concep t  o r  schem a fro m a  singl e example .  Consequently ,  unti l  now ,  ther e ha s bee n n o empirica l 
evidenc e t o suppor t  th e us e o f  EB L a s a  psychologica l  mode l  o f  huma n learning .  Thi s pape r  sum -
marize s a  numbe r  o f  recentl y conducte d experiment s whic h demonstrat e subjects "  abilit y  t o lear n a 
ne w genera l  pla n schem a fro m a  singl e narrativ e describin g a  .specifi c  instanc e o f  th e plan .  Th e 
schema acquire d i n thi s wa y i s show n t o obe y th e variable s an d constraint s predicte d b y a n EB L 
model . 

Thi s researc h wa s supportr d i n par t  b y Universit y o f  Illinoi s Cognitiv e Sciencc/A l  fellowship s t o th e first  tw o a u 
thor s an d i n par t  b y th e Offic e o f  Nava l  Researc h unde r  gran t  N  0001 4 86- K 0309 . 
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Learnin g f ro m O n e Exampl e i n G E N E S I S 

The ide a o f  learnin g a  schem a b y analyzin g th e explanatio n o f  a  singl e narrativ e wa s first 

presente d i n (DeJong .  1961) .  Th e CL'.MliSI S syste m (Mooney .  1985 :  Moone y &  DeJong .  1985 )  i s a 

realizatio n o f  thi s ide a whic h processe s shor t  l:nglis h narrative s an d i s abl e t o acquir e ne w pla n 

schemat a fro m singl e specifi c  instances . 

Durin g th e understandin g process ,  GIZNnSl S attempt s t o construc t  explanation s fo r  characters ' 

action s i n term s o f  th e goal s thei r  action s wer e mean t  t o achieve .  Thi s proces s involve s plan-base d 

understandin g mechanism s lik e thos e employe d b y previou s narrativ e processin g system s (Dyer , 

1983 ;  Schank .  &  Riesbeck .  1981 :  Wilensky ,  1983) .  W h e n th e syste m observe s tha t  a  characte r  ha s 

achieve d a n interestin g goa l  i n a  nove l  way ,  i t  generalize s th e compositio n o f  action s th e characte r 

use d t o achiev e thi s goa l  int o a  ne w schema .  Th e generalizatio n proces s (describe d i n Moone y an d 

Bennet t  (1986) )  consist s o f  a n analysi s o f  th e causa l  mode l  o f  th e narrativ e whic h remove s 

unnecessar y detail s whil e maintainin g th e validit y o f  th e explanation .  Th e resultin g generalize d se t 

of  action s i s the n store d a s a  ne w schem a an d use d b y th e syste m t o correctl y proces s narrative s 

whic h wer e previousl y beyon d it s capabilities .  Currently ,  GENESI S ha s learne d schemat a fo r 

kidnapping-for-ransom ,  arson-for-insurance ,  murder-for-inheritance .  an d fo r  a  p>olice-office r 

impersonatin g a  prostitut e i n orde r  t o entra p solicitors .  I n eac h o f  thes e cases ,  i t  demonstrate s a 

performanc e improvemen t  b y usin g th e schem a i t  ha s learne d t o construc t  explanation s fo r  narra -

tive s whic h i t  previousl y coul d no t  explain . 

The goa l  o f  th e presen t  researc h i s t o sho w tha t  GENESI S ca n b e interprete d a s a  psychologica l 

model .  Thus ,  w e hav e carrie d ou t  a  serie s o f  experiment s t o se e i f  peopl e ca n acquir e a  nove l  pla n 

schema fro m a  narrativ e describin g a  singl e .specifi c  instanc e o f  a  nove l  action .  Specifically ,  w e 

predicte d tha t  peopl e woul d buil d a  causall y complet e repre.sentatio n o f  th e tex t  b y causall y con -

nectin g instantiation s o f  existin g schemat a (a s i n Johnson-Laird' s menta l  mode l  (1983 )  o r  va n Dij k 

& Kinlsch' s situatio n nuide l  (1983)) .  Th e explanatio n i s th e connecte d portio n o f  th e mode l  whic h 

contribute s t o th e character s achievin g importan t  goals .  Thi s explanatio n i s immediatel y generalize d 

int o a  schem a b y changin g constant s t o variable s withi n th e constrain t  tha t  th e structur e o f  th e 

explanatio n remain s intact .  Th e resultin g schem a i s characterize d b y a  se t  o f  variable s whic h ar e 

slot s whic h ca n b e filled  b y differen t  object s o r  agent s i n eac h instance ,  an d a  se t  o f  constraint s 

whic h specif y nece.ssar y propertie s o f  variable s an d necessar y relationship s betwee n variables .  Th e 

constraint s ar e thos e propertie s an d relation s require d t o maintai n th e causa l  validit y o f  th e expla -

nation . 

Overview of the Experiments 

GENESIS wa s originall y constructe d a s a  machin e learnin g system .  I t  wa s no t  explicitl y  writ -

te n t o mode l  a n existin g se t  o f  psychologica l  data .  I n orde r  t o explor e th e validit y o f  GENESI S a s a 

p.sychologica l  mode l  o f  huma n learning ,  fou r  psychologica l  experiment s wer e conducted .  Th e basi c 

desig n wa s t o hav e subject s rea d a  pas.sag e de.scribin g a  specifi c  instanc e o f  a  nove l  plan .  Eac h o f  th e 

first  thre e experiment s use d a  differen t  tas k t o tes t  whethe r  o r  no t  subject s ha d acquire d a n abstrac t 

schema fro m thi s singl e example .  Th e la.s t  experimen t  teste d whethe r  subject s generalize d th e nar -

rativ e a s a  natura l  par t  o f  comprehensio n o r  onl y produce d th e abstrac t  schem a whe n the y wer e 

aske d genera l  question s abou t  th e narrative . 

Thre e passage s wer e constructe d t o presen t  situation s fo r  whic h th e subject s presumabl y di d 

not  alread y hav e a  pre-establishe d schem a bu t  whic h the y coul d understan d usin g aspect s o f  thei r 

existin g knowledge .  Eo r  example ,  on e pa.ssag e involve s a  cooperativ e buyin g schem e use d i n othe r 

countries .  I n Kore a th e syste m i s calle d a  "Kyeah "  an d i n Indi a i t  i s  calle d a  "chi t  fund" .  Th e 

experimenta l  narrativ e de.scribin g a  singl e instanc e o f  thi s pla n follows : 

Tom,  Siif ,  Jane ,  an d Jo e wer e ul l  friend s un d eac h wante d t o mak e a  larg e purchas e a s soo n a s [xissi -
ble .  To m wante d a  \'(.'R ,  Su e wante d a  microwaxe ,  Jo e wante d a  ca r  stereo ,  an d Jan e wante d a  com -
pact  dis k player .  However ,  afte r  payin g thei r  cxix'nses ,  the y eac h onl y ha d $6 0 lef t  a t  th e en d o f 
ever y thir d month .  Tom ,  Sue ,  Jane ,  an d Jo e al l  jjo t  togethe r  t o solv e th e problem .  The y mad e fou r 
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slip s o f  pape r  \kiti j  tiu -  numbor s 1,2,3 ,  an d 4  writte n o n them .  The y pu t  the m i n a  ha t  an d eac h 
dre w ou t  on e slip .  Jan e ̂ o \  th e sli p wit h th e 4  vkritte n o n it ,  an d said ,  "O h darn ,  1  hav e t o wai t  t o ge t 
my CI )  player. "  Jo e ̂>o t  th e sli p wit h th e 1  writte n o n i t  an d said ,  "(ireal ,  I  tu n jjc t  m y ca r  stere o 
rijjh t  away! "  Su e ̂ o \  ih e numbe r  2 ,  an d To m jjo t  numbe r  3 .  I n February ,  the y eac h contribute d th e 
$60 the y ha d left .  Jo e too k th e whole  $24 0 an d boû -h t  a  Pionee r  ca r  stere o a t  K' s Merchandise .  I n 
May,  ihe y eac h contribuie d thei r  mone y again .  Thi s lime ,  ,Su e use d th e $24 0 t o bu y a  Shar p 60 0 
wat t  1. 5 cubi c foo t  microwav e a t  K-mart .  I n .August ,  al l  fou r  agai n contribute d $60 .  To m too k th e 
money an d bough t  a  .Sany o Bet a \'C H wit h wire d renrfot e a t  .Servic e Merchandise .  I n November ,  Jan e 
got  th e mone y an d bough t  a  Technic s CI )  playe r  a t  Appl e Tre e Stereo . 

The complexity of ihe experimenlal examples prevented a complete formal analysis and computer 

implementation .  Therefore ,  constraint s an d variable s wer e obtaine d fo r  eac h schem a b y determin -

in g a  se t  o f  role s fo r  th e .schem a an d decidin g whic h propertie s an d relation s o f  thes e role s wer e 

importan t  i n maintainin g th e underlyin g causa l  structur e o f  th e narrative .  Variable s an d con -

straint s wer e determine d fo r  eac h .schem a befor e conductin g an y o f  th e experiments .  Table  1  show s 

th e lis t  o f  variable s an d constraint s identifie d fo r  th e Kyea h schema . 

In addition to a group given .specific narratives (Hxample group), experiments 2 and 3 also 

use d a  contro l  grou p whic h wa s give n abstrac t  description s o f  th e schemat a underlyin g eac h o f  th e 

exampl e narrative s (Abstrac t  group) .  Th e descriptio n o f  th e Kyea h schem a give n l o th e Abstrac t 

grou p follows : 

Sui))X)s e ther e ar e a  numbe r  o f  peojil e (le t  th e numbe r  b e n )  eac h o f  w h o m want s t o mak e a  larg e 
purchas e bu t  doe s no t  ha \  e  enoug h cas h o n hand .  The y ca n cooperat e t o solv e thi s proble m b y eac h 
donatin g a n equa l  smal l  amoun t  o f  mone y l o a  common fun d o n a  regula r  basis .  (Le t  th e amoun t 
donate d b y eac h member  b e m. )  The y mee t  a t  regula r  interval s t o collec t  everyone' s money ,  liac h 
tim e mone y i s collected ,  on e member  o f  th e grou p i s give n al l  th e mone y collecte d ( n X  m )  an d the n 
wit h tha t  mone y h e o r  sh e ca n purchas e wha t  h e o r  sh e wants .  I n orde r  t o b e fair ,  th e orde r  i n 
whic h peopl e ar e give n th e mone y i s determine d randomly .  Th e brs i  perso n i n th e rando m orderin g 
i s therefor e abl e t o purchas e thei r  desire d ite m immediatel y instea d o f  havin g t o wai t  unti l  the y 
sav e th e neede d amoun t  o f  money .  .Mthoug h th e las t  |H'rso n doe s no t  ge t  t o bu y thei r  ite m early , 
thi s individua l  i s  n o wors e of f  tha n the y woul d hav e bee n i f  the y waite d unti l  the y save d th e mo -
ney b y themselves . 

Since subjects in the Abstract group had been directly told the content of the schema, they were 

presume d l o hav e learne d th e schema .  Consequently ,  i f  th e Exampl e grou p performe d a s wel l  a s 

th e Abstrac t  grou p o n a  tas k requirin g knowledg e o f  th e genera l  schema ,  the n i t  i s  reasonabl e t o 

assume tha t  th e subject s i n th e Exampl e grou p ha d als o acquire d th e schema . 

I n additio n l o th e Kyea h schema ,  th e othe r  tw o situation s use d i n th e experiment s include d a 

techniqu e fo r  makin g additiona l  mone y b y fencin g copie s o f  a  stole n collectabl e an d a  confidenc e 

game calle d th e "phon y bank-examine r  ploy "  (th e latte r  wa s take n fro m Wharto n (1967)) .  Non e 

of  th e experiment s foun d appreciabl e difference s amon g th e thre e schemata ;  consequently .  Ih e 

result s reporte d fo r  eac h experimen t  ar e average d acros s al l  thre e examples . 

Table 1: Variables and Constraints for the Kyeah Schema 

Variable s 

identit y o f  participant s 

number  o f  participant s (n ) 

exac t  tim e o f  meeting s 

interva l  betwee n meeting s (i ) 

amount  o f  donatio n ( m ) 

item s bough t 

store s wher e item s bough t 

metho d o f  determinin g orde r 

Constraint s 

participant s wan t  item s o f  simila r  valu e 

participant s canno t  aflor d item s 

participant s trus t  eac h othe r 

participant s ca n affor d m eac h t 

eac h participan t  donate s sam e amoun t 

cos t  o f  desire d item s — n  X  m 

number  o f  meeting s =  numbe r  o f  participant s 

orde r  mus t  b e assigne d randoml y 
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I n al l  o f  Ih e experimenis .  ih e lixampi e grou p wa s give n onl y a  singl e instanc e o f  ih e schema . 

Thu s an y learnin g iha l  occurre d i n thi s grou p woul d b e ouisid e th e domai n o f  learnin g theorie s 

whic h require d multipl e instance s (i.e .  analog y o r  similarity-ba.se d induction) . 

I n orde r  t o determin e whethe r  a  learne d .schem a agree d wit h tha t  predicte d b y HHL .  subjects ' 

learnin g wa s alway s judge d o n ho w wel l  the y obeye d th e constraint s an d recognise d th e mutabilit y 

of  th e variables . 

Subject s i n al l  o f  th e experimeni s wer e undergraduat e student s a t  th e Universit y o f  Illinoi s a t 

Urbana-Champaig n an d participate d i n th e experiment s t o fulfil l  a  requiremen t  o f  a n introductor y 

psycholog y course .  Afte r  eac h o f  th e experiments ,  subject s wer e aske d whethe r  the y ha d previ -

ousl y hear d o f  an y o f  th e thre e plan s describe d i n th e passages .  I f  so ,  thei r  dat a wer e discarded . 

Experiment 1: General Description Generation 

I n Experimen t  1 .  i n orde r  t o les t  whethe r  subject s ha d acquire d a  schem a fro m a  singl e 

instance ,  w e aske d the m t o writ e a  genera l  de.scriplio n o f  th e schema .  W e predicte d tha t  i n th e sub -

jects '  description s th e schem a constraint s woul d remai n bu t  th e actua l  object s i n th e stor y woul d 

be replace d wit h variables . 

Methi> d 

The experimen t  use d onl y on e grou p o f  subjects .  Kac h subjec t  wa s give n th e thre e experimen -

ta l  narrative s an d wa s tol d fo r  eac h on e t o "write ,  i n abstrac t  terms ,  a  descriptio n o f  th e genera l 

techniqu e illustrate d i n th e narrative. "  I n orde r  t o clarif y th e instructions ,  the y wer e give n a  sam -

pl e narrativ e an d it s correspondin g genera l  description .  W e include d thi s demonstratio n narrativ e 

t o sho w subject s whic h leve l  o f  abstractio n w e wante d the m t o generate .  Th e demonstratio n narra -

tiv e wa s abou t  skyjackin g an d wa s .selecte d t o b e unrelate d t o th e experimenta l  passages .  Th e 

demonstratio n passage s d o no t  revea l  whic h portion s o f  th e narrative s ar e constraint s an d whic h 

ar e variables .  Fo r  example ,  a n airplan e i s mentione d i n bot h th e demonstratio n narrativ e an d it s 

correspondin g genera l  description ;  however ,  althoug h a  V C R i s mentione d i n th e Kyea h narrative ,  i t 

i s  no t  a  par t  o f  th e Kyea h schema .  A  correc t  analysi s ca n onl y b e determine d b y providin g a n 

explanatio n fo r  th e individua l  example . 

Afte r  readin g th e instructions ,  al l  o f  th e subject s rea d th e first  narrativ e an d wrot e a  genera l 

descriptio n fo r  i t  an d di d th e sam e thin g fo r  th e secon d an d thir d stor y a t  thei r  o w n pace .  Dat a 

wer e collecte d fro m 1 1 subjects . 

Result s an d Discussio n 

I n general ,  subject s produce d goo d schem a descriptions .  Th e followin g i s th e descriptio n o f  th e 

Kyea h schem a writte n b y on e subject : 

.Suppos e i n a  t'0" P o f  peojile ,  eac h perso n u  oul d lik e t o bu y somethin g expensive ,  bu t  ove r  a  |)erio d 
of  lime ,  eac h perso n canno t  ear n enoug h t o bu y wha t  h e woul d like .  B y usin g rando m selection ,  eac h 
perso n toul d b e assigne d a  nuinbci .  whe n th e grou p ha d save d enoug h mone y tuf̂ eihe r  t o purchas e 
an item ,  th e jx-rso n wit h th e firs t  numbe r  \ » oul d ge t  hi s item .  Thi s woul d continu e fo r  th e res t  o f 
th e grou p unti l  everyon e ha d gotte n wha t  h e vk ished . 

To provid e a  mor e objectiv e inde x o f  th e subjects '  performance ,  w e counte d th e numbe r  o f  con -

straint s mentione d an d th e numbe r  o f  variable s identifie d i n thei r  genera l  descriptions .  A  variabl e 

was considere d t o hav e bee n identifie d i f  eithe r  a n abstrac t  term ,  suc h a s "group "  o r  "something. " 

was use d t o refe r  t o it .  o r  i f  i t  wa s simpl y no t  mentione d i n ih e description .  I f  a  particula r  vari -

abl e i s no t  mentione d a t  all .  the n i t  i s  reasonabl e t o assum e tha t  th e subject s believ e tha t  it s partic -

ula r  valu e wa s no l  importan t  t o th e overal l  schema . 

On th e average .  8 4 % o f  th e constraint s wer e explicitl y  mentione d an d 8 8 % o f  th e variable s 

wer e identified .  Thes e percentage s indicat e tha t  subject s ca n acquir e a n abstrac t  schem a fro m a  sin -

gl e instanc e an d tha t  th e characteristic s o f  th e learne d schem a agree s wit h thos e predicte d b y IZB L 

theory . 
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Exper imen t  2 :  Stor y Generatio n 

I n Hxperimen i  2 .  w e lesle d whethe r  th e schem a tha i  subject s acquire d coul d dea l  wit h ne w 

instances .  I f  bot h L'xampl e an d Abstrac t  group s coul d produc e anothe r  instanc e equall y wel l  base d 

on wha t  the y read ,  i t  woul d indicat e tha i  bot h group s ha d acquire d a  generativ e schema . 

Method 

Subject s i n th e Lxampl e grou p wer e give n th e ttire e narrative s an d tol d fo r  eac h on e l o "writ e 

anothe r  stor y i n whic h character s us e th e genera l  metho d illustrate d i n th e stor y bu t  tha t  i s  other -

wis e a s differen t  a s possible. "  Subject s i n th e Abstrac t  grou p wer e give n th e thre e abstrac t  schem a 

description s an d tol d fo r  eac h on e l o "writ e a  stor y i n whic h particula r  individual s us e th e tech -

niqu e describe d i n th e passag e i n a  specifi c  case. "  Bot h group s rea d thei r  first  passag e an d wrot e a 

stor y an d th e tas k wa s repeate d fo r  th e secon d an d th e thir d passages .  Ther e wer e eigh t  subject s i n 

th e Exampl e grou p an d seve n i n th e Abstrac t  group . 

Results and Discussion 

I n general ,  bot h group s produce d equall y goo d narratives .  Th e followin g i s th e ne w Kyea h 

narrativ e writte n b y on e subjec t  i n th e exampl e condition . 

Bill ,  Kim ,  Joli n an d Mar y wer e al l  busines s associates .  Bil l  wante d som e lan d i n Norther n Illinois , 
Ki m wante d a  ne w hous e i n .Switzerland ,  Joh n wante d a  ne w Porsh e 928. S wit h al l  al l  accesories , 
and Mar y wante d t o tak e a  tri p aroun d th e world .  Th e onl y proble m wa s the y eac h onl y ha d 
$25,000.0 0 lef t  unspen t  a t  th e en d o f  eac h month .  The y al l  go t  togethe r  an d picke d rando m vari -
able s o n Bill' s  busines s computer .  Mar y M â s farthes t  fro m he r  variabl e s o sh e woul d liav e t o wai t 
til l  las t  l o ge l  he r  tri p aroun d th e world .  Joh n naile d hi s variabl e an d jumĵ e d enthusiasticall y say -

ing ,  "Yea ,  I  ge t  t o ge l  m y ne w Porsh e 928. S righ t  now. "  The y eac h talke d wit h thei r  banke r  an d dre w 
th e $2 5 Thousan d dollar s ou t  an d poole d i t  togethe r  afte r  th e lirs l  mont h an d th e nex t  da y Joh n 
drov e u p i n Ihi s new ,  black ,  928 S wit h al l  accessories .  A t  th e en d o f  th e nc.\ l  mont h the y agai n 
|X)ole d thei r  mone y an d Ki m go t  he r  chale t  i n Switzerland .  Agai n a t  th e en d o f  th e nex t  mont h the y 
lx)ole d thei r  mone y a n Bil l  go t  hi s lan d i n Norther n Illinois .  Finally ,  afte r  th e fourt h mont h the y 
|X)ole d thei r  mone y togethe r  an d Mar y lef t  fo r  he r  tri p aroun d th e world . 

Again ,  t o b e mor e objective ,  w e counte d th e numbe r  o f  constraint s obeye d an d th e numbe r  o f  vari -

able s change d i n th e storie s generate d b y th e Flxampl e group .  However ,  i n th e Abstrac t  group ,  w e 

coul d onl y coun t  th e numbe r  o f  constraint s obeye d sinc e ther e wer e n o constant s l o chang e i n thei r 

passage s (e.g .  numbe r  o f  participants ,  item s purchased ,  etc.) . 

Overall ,  th e l-xampl e grou p obeye d 9 0 % o f  th e constraint s whil e th e Abstrac t  grou p obeye d 

8 7 %.  I n addition ,  th e Exampl e grou p change d 7 1 % o f  th e variables .  Thes e result s impl y tha t  fro m 

a singl e specifi c  instanc e subject s ca n acquir e a  schem a equivalen t  t o tha t  acquire d directl y fro m a n 

abstrac t  descriptio n o f  th e schema . 

Experiment 3: Yes/No Questions 

Experimen t  3  wa s designe d l o les t  whethe r  subject s i n bot h group s wer e equall y goo d a t 

detectin g whic h portion s o f  th e narrative s wer e variable s an d whic h wer e constraints .  Althoug h i n 

Experimen t  2 ,  th e Exampl e grou p change d onl y 7 1 % o f  th e variables ,  thi s doe s no t  necessaril y  indi -

cat e tha t  the y di d no t  identif y th e res t  o f  them .  I t  i s  possibl e tha t  th e subject s simpl y di d no t  lak e 

th e effor t  l o chang e th e value s o f  al l  o f  th e variables .  Fo r  example ,  mos t  o f  th e subject s di d no t 

chang e th e numbe r  o f  participant s i n thei r  Kyea h narratives .  Experimen t  3  directl y teste d th e abil -

it y  o f  subject s t o recogniz e al l  o f  th e variables . 

Metho d 

We develope d a  yes/n o questio n fo r  eac h constrain t  (fo r  example ,  "Ca n som e peopl e con -

sistentl y donat e le.s s tha n other s an d hav e th e syste m work?" )  an d a  yes/n o questio n fo r  eac h vari -

abl e (fo r  example ,  "i s ther e an y particula r  numbe r  o f  peopl e require d fo r  thi s plan?") .  Fo r  eac h 

questio n th e expecte d answer s base d o n E B L wer e sometime s "yes "  an d sometime s "no" .  Bot h th e 

Exampl e an d Abstrac t  group s rea d thei r  first  passage ,  answere d th e sam e question s wit h "yes "  o r 
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"no" ,  an d justifie d Ihei r  answers .  The n ihe y di d Ih e sam e thin g fo r  th e secon d an d th e thir d passag e 

at  thei r  o w n pace .  Ther e wer e te n subject s i n th e lixampl e grou p an d seve n i n th e Abstrac t  group . 

Results and Discus sum 

The dat a supporte d ou r  predictio n tha t  th e Fxampl e grou p woul d perfor m a s wel l  a s th e 

Abstrac t  group .  Th e averag e percen t  correc t  fo r  th e Exampl e grou p wa s 8 3 % whil e tha i  fo r  th e 

Abstrac t  grou p wa s 81% .  Fo r  constraints ,  th e scope s wer e 8 4 % an d 8 1 % fo r  th e Exampl e an d 

Abstrac t  groups ,  respectively .  Fo r  variables ,  th e score s wer e 8 0 % an d 8 1 % .  respectively . 

Also ,  w e examine d th e subjects '  justification s fo r  incorrec t  answer s an d foun d tha t  mos t  o f 

thei r  "errors "  wer e no t  du e t o th e subjects '  failur e t o generaliz e i n a n explanation-base d manner . 

but  wer e du e t o th e subjects '  generatin g a  schem a slightl y dilTeren t  fro m th e on e w e ha d attempte d 

t o embod y i n th e text .  Som e o f  th e question s mad e certai n underlyin g assumption s abou t  th e execu -

tio n o f  th e pla n whic h coul d b e relaxe d t o generat e a n eve n mor e genera l  schema .  A m o n g thos e 

answer s marke d a s incorrect ,  8 7 % o f  th e Exampl e group' s justification s an d 7 9 % o f  th e Abstrac t 

group' s justification s presente d argument s whic h wer e base d o n a  causall y consisten t  interpretatio n 

of  th e schema .  Fo r  example ,  give n th e followin g question ;  "i n th e abov e plan ,  i s i t  necessar y tha t 

th e numbe r  o f  meeting s b e th e sam e a s th e numbe r  o f  peopl e i n th e group?" ,  on e subjec t  responded ; 

"No ,  it' s  irrelevant .  The y coul d collec t  mone y ever y wee k an d the n a t  th e en d o f  th e mont h th e 

one perso n get s i t  all. "  A n exampl e o f  a  causall y inconsisten t  justificatio n i s whe n a  subjec t  wa s 

asked :  "I s ther e an y particula r  numbe r  o f  peopl e require d fo r  thi s plan? "  an d responded :  "Yes .  Fou r 

i s th e onl y numbe r  o f  peopl e tha t  wil l  mak e thi s pla n work. " 

Experiment 4: Memory Test 

Experiment s 1- 3 indicate d tha t  peopl e coul d acquir e a  schem a b y generalizin g th e explanatio n 

of  a  singl e example ;  however ,  the y di d no t  indicat e whe n generalizatio n occurred .  Th e subject s 

migh t  hav e performe d schem a abstractio n a t  th e tim e the y rea d th e passag e o r  onl y late r  whe n 

aske d question s abou t  it .  Fo r  example ,  i n Experimen t  3 .  subject s i n th e Exampl e grou p migh t  hav e 

answere d th e question s b y storin g specifi c  representation s o f  th e narrative s i n memor y an d the n 

generalizin g thes e representation s afte r  the y wer e aske d th e questions .  I f  thi s i s th e case ,  the y 

shoul d als o b e abl e t o answe r  question s abou t  specifi c  fact s i n th e narrative s a s wel l  a s question s 

abou t  th e genera l  schemata . 

Metho d 

We teste d subjects '  memor y fo r  specifi c  an d genera l  informatio n on e da y afte r  the y rea d a n 

experimenta l  narrative .  T o tes t  genera l  information ,  w e use d th e sam e question s fro m Experimen t 

3.  includin g bot h question s o n constraint s an d o n variables .  T o tes t  specifi c  information ,  w e 

develope d ne w yes/n o question s o n eac h constrain t  an d variabl e instantiate d i n th e example .  Fo r 

example ,  t o tes t  th e variable ,  "numbe r  o f  participants" ,  w e asked ,  "Wer e ther e five  peopl e i n th e 

grou p described?" . 

Subject s rea d onl y on e o f  th e thre e narrative s an d wer e aske d t o rat e th e qualit y an d useful -

ness o f  th e plan .  The y the n lef t  withou t  knowin g tha t  ther e woul d b e mor e test s relate d t o wha t 

the y ha d read .  Afte r  on e day .  subject s returne d expectin g anothe r  experiment .  Instead ,  eac h subjec t 

receive d question s o n th e narrative s the y ha d rea d previousl y an d wer e aske d t o answe r  the m wit h 

"yes "  o r  "no "  a t  thei r  o w n pace .  Ther e wer e 1 7 subject s i n total . 

Results and Discussion 

The percentag e correc t  fo r  genera l  question s wa s 8 4 % wherea s tha t  fo r  specifi c  question s wa s 

onl y 60% .  Thes e result s indicat e tha t  subjects '  response s t o genera l  question s wer e base d o n thei r 

genera l  schemat a no t  o n specifi c  representation s o f  th e narratives .  Thi s i s becaus e th e hypothesi s 

tha t  th e subject s wer e usin g a  specifi c  representatio n t o answe r  th e question s require s tha t  th e sub -

jec t  retriev e th e specifi c  informatio n relevan t  fo r  eac h abstrac t  question .  Also ,  sinc e the y wer e no t 

awar e tha t  ther e woul d b e a  comprehensio n tes t  on e da y later ,  thes e dat a provid e evidenc e tha t  th e 
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genera l  schemat a wer e a  natura l  produc t  o f  th e comprehensio n process . 

Conclusions 

I n general ,  th e experiment s describe d abov e suppor t  EI31 .  a s a  viabl e psychologica l  mode l  o f 

certai n type s o f  h u m a n learning .  Specifically ,  the y demonstrat e that ,  lik e CJCNESIS ,  peopl e ca n 

lear n a  schem a b y generalizin g th e explanatio n o f  a  singl e narrative . 

Previou s researc h ha s generall y assume d tha t  multipl e example s ar e require d fo r  schem a o r 

concep t  acquisition .  Fo r  example ,  Rumelhar t  an d No rma n (1978 )  claime d tha t  ther e ar e basicall y 

tw o way s i n whic h schemat a ca n b e formed .  Thes e wer e patter n generatio n an d schem a inductio n 

bot h o f  whic h requir e exposur e t o multipl e examples .  Brewe r  an d Nakamur a (1984) .  postulatin g 

schemat a a s containin g abstrac t  generi c knowledge ,  als o assume d tha t  schem a acquisitio n require d 

multipl e examples . 

Gic k an d Holyoa k (1983 )  eve n specificall y showe d tha t  subject s coul d no t  lear n a  particula r 

schema (th e "convergenc e schema' "  )  fro m a  singl e exampl e an d tha t  acquirin g th e schem a require d 

tw o analogou s examples .  However ,  th e convergenc e schem a i s a  ver y abstrac t  concep t  whic h a 

standar d EB L mechanis m coul d no t  acquir e fro m on e example .  Explanation-base d generalizatio n a s 

performe d b y GENESI S involve s retainin g th e basi c structur e o f  th e pla n use d i n a  specifi c  exampl e 

and removin g actions ,  properties ,  an d relation s whic h ar e clearl y irrelevan t  t o achievin g th e goal . 

Give n a  stor y lik e "Th e General "  fro m Gic k an d Holyoa k (1983) .  suc h a  proces s woul d acquir e a 

schema fo r  capturin g a n enem y fortres s b y attackin g i t  simultaneousl y fro m al l  sides :  however ,  i t 

coul d no t  acquir e a n extremel y abstrac t  concep t  lik e th e convergenc e schema .  Consequently ,  th e 

result s presente d her e d o no t  contradic t  th e specifi c  result s o r  conclusion s presente d i n Gic k an d 

Holyoa k (1983) .  However ,  ou r  result s d o sho w tha t  ther e i s a  larg e clas s o f  schemat a tha t  ca n b e 

acquire d fro m on e example . 

Althoug h explanation-base d learnin g ca n b e use d t o lear n a  schem a fro m onl y on e example ,  i t 

i s  unsuitabl e fo r  learnin g certai n classe s o f  concepts .  E B L i s onl y applicabl e whe n on e ha s sufficien t 

knowledg e o f  th e domai n an d th e schem a t o b e learne d i s solel y determine d b y causa l  constraints . 

I n thi s case ,  peopl e us e thei r  existin g knowledg e o f  th e domai n t o guid e th e schem a acquisitio n pro -

ces s an d distinguis h relevan t  fro m irrelevan t  feature s afte r  give n onl y on e example .  Thi s improve s 

th e efficienc y o f  learnin g an d result s i n schemat a whic h ar e fre e fro m spuriou s correlations .  H o w -

ever ,  m a n y schemata ,  suc h a s tha t  fo r  a  weddin g ceremon y o r  a  birthda y party ,  ar e determine d b y 

un-explainabl e socia l  convention s a s wel l  a s b y necessar y causa l  relationship s amon g thei r  consti -

tuen t  actions .  Learnin g suc h schemat a efficientl y wil l  requir e a  mechanis m whic h successfull y 

integrate s th e differen t  approache s underlyin g curren t  learnin g mechanisms . 

Nevertheless ,  E B L i s on e o f  th e first  attempt s t o incorporat e significan t  amount s o f  causa l  an d 

explanator y domai n knowledg e int o a  learnin g mechanism .  Murph y an d Medi n (1985 )  argu e per -

suasivel y fo r  th e importanc e o f  "theories "  i n concep t  formation ,  wher e importan t  feature s o f  a 

"theor y •  includ e " A n explanator y principl e c o m m o n t o categor y members "  an d a  "Networ k 

forme d b y causa l  an d explanator y links. "  Investigatin g explanation-base d learnin g fro m a  singl e 

exampl e represent s a n importan t  ste p i n understandin g h o w "theories "  ca n b e successfull y 

employe d i n concep t  acquisition . 
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