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ABSTRACT 

We sugges t  tha t  huma n learner s emplo y bot h similarity-base d learnin g (SBL )  an d 

explanation-base d learnin g (EBL )  procedure s an d tha t  th e successfu l  us e o f  thes e procedure s i s 

determine d b y th e characteristic s o f  th e informatio n t o b e learned .  I n a  domai n withou t  underlyin g 

causa l  structure ,  multipl e example s ca n lea d t o successfu l  SBL ,  bu t  no t  t o successfu l  EBL .  I n a 

domai n wit h underlyin g causa l  structure ,  th e us e o f  appropriat e backgroun d knowledg e ca n lea d 

t o successfu l  EBL ,  bu t  no t  t o SBL .  A  serie s o f  experiment s wa s carrie d ou t  i n whic h a  commo n 

initia l  passag e wa s followe d wit h a  variet y o f  differen t  type s o f  informatio n ( a secon d simila r 

instance ,  a  secon d contrastin g instance ,  frequenc y data ,  o r  explanations) .  EB L occurre d onl y 

when subject s ha d sufficien t  backgroun d knowledg e an d whe n th e informatio n t o b e learne d 

coul d b e causall y structured .  SB L occurre d whe n ther e wer e multipl e examples ,  eve n i n domain s 

withou t  causa l  stmcture . 

INTRODUCTION 

Studie s o n concep t  formatio n an d schem a acquisitio n i n Psycholog y hav e typicall y assume d tha t 

multipl e example s ar e require d fo r  knowledg e acquisition .  Thes e studie s assum e tha t  knowledg e 

acquisitio n i s base d o n similarity-base d learnin g (SBL) ,  i n whic h learner s loo k fo r  communalitie s an d 

difference s amon g example s an d generaliz e th e communalitie s an d variabiliz e th e difference s (Anderson , 

Kline ,  &  Beasley ,  1979 ;  Hayes-Rot h &  Hayes-Roth ,  1977) . 

On th e othe r  hand ,  recen t  machin e learnin g model s o f  explanation-base d learnin g (EBL) ,  requir e 

onl y a  singl e exampl e fo r  schem a acquisitio n becaus e th e system s ca n analyz e th e causa l  stmctur e o f  a n 

exampl e an d generaliz e th e explanatio n par t  o f  th e exampl e (Moone y &  DeJong ,  1985 ;  f̂ itchell ,  Keller ,  & 

Kedar-Cabelli ,  1986) .  Ahn ,  Mooney ,  DeJong ,  an d Brewe r  (1987 )  presente d psychologica l  evidenc e tha t 

peopl e ca n acquir e a  schem a fro m a  singl e exampl e i f  the y hav e sufficien t  domai n knowledg e o r  i f  th e 

schem a t o b e acquire d ha s a  causa l  structure .  Ahn ,  Mooney ,  Brewer ,  an d DeJon g (submitted )  als o 

showe d tha t  EB L fail s whe n peopl e d o no t  hav e sufficien t  domai n knowledg e o r  whe n th e structur e o f  a 

schem a canno t  b e causall y connected .  Thes e studie s focu s o n EB L an d d o no t  sho w ho w thi s typ e o f 

learnin g mechanis m i s relate d t o SBL . 
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Recently, several researchers in the area of machine learning have attempted to integrate SBL and 

EBL (Danyluk ,  1987 ;  Kodratof i  &  Tecuci ,  1987 ;  Lebowitz .  1983 ,  1986 ;  Pazzani ,  1985 ;  Pazzani ,  Dyer ,  & 

Flowers ,  1986) .  Thes e model s mak e us e o f  SB L o r  EB L i n somewha t  differen t  ways .  Fo r  example , 

Lebowitz' s iP P look s fo r  communalitie s o f  example s firs t  an d the n trie s t o explai n th e communalities . 

Similarly ,  Pazzani' s  UNII^EI ^  use s correlatio n first ,  sinc e explanatio n i s a n expensiv e process .  O n th e 

othe r  hand ,  Pazzan i  e t  al.' s  O C C AM use s prio r  causa l  theorie s i n preferenc e t o correlationa l  data . 

I n th e presen t  study ,  w e outlin e a  psychologica l  theor y o f  knowledg e acquisitio n tha t  use s bot h 

similarity-base d learnin g an d explanation-base d learnin g procedure s an d carr y ou t  learnin g experiment s 

designe d t o explor e thi s hybri d approach . 

EXAI^PL E 

The exampl e use d fo r  thi s experimen t  wa s a  descriptio n o f  a  potlatc h ceremony .  Thi s ceremon y 

occurre d amon g India n group s o f  Northwester n Nort h America ;  durin g th e ceremon y th e hos t  chie f  gav e 

away valuable s i n orde r  t o improv e hi s status .  Th e followin g passag e i s a  specifi c  instanc e whic h include s 

th e backgroun d knowledg e necessar y t o understan d th e potlatc h ceremony .  Th e require d backgroun d 

knowledg e i s give n i n brackets . 

Guetel a i s a  Kwakiut I  chie f  an d a  descenden t  o f  Mamaleleqala .  O n Jul y 13th ,  1745 ,  Chie f  Guetel a 

invite d fou r  chiefs :  Chie f  Namqic ,  a  descenden t  o f  Dentalayo ,  Chie f  Qomoyue ,  a  descenden t  o f 

f̂ amaleleqala .  Chie f  Laokoatx ,  a  descenden t  o f  Wina ,  an d Chie f  Tsamas ,  a  descenden t  o f  Wina . 

[Th e purpos e o f  thi s ceremon y wa s t o increas e Chie f  Guetela' s statu s wit h respec t  t o Chie f  Qomoyu e 

who ha d th e sam e ancestor .  Bot h chief s claime d th e sam e famil y titl e becaus e the y bot h wer e 

descendent s o f  IVIamaleleqala .  S o Chie f  Qomoyu e wa s entitle d t o compet e wit h Chie f  Guetel a fo r  th e 

statu s conferre d b y possessin g th e famil y title. ] 

[T o b e witnes s t o th e ceremony ,  chie f  Nemqic ,  Chie f  Laokoatx ,  an d Chie f  Tsama s wer e als o invited . 

Thes e chief s wer e invite d becaus e the y wer e member s o f  th e sam e "moiety "  a s Chie f  Guetela' s wife . 

Moietie s ar e twofol d division s o f  a  triba l  group .  Ever y individua l  i s  assigne d t o on e o f  tw o moietie s a t  birth , 

on th e basi s o f  th e affilatio n o f  hi s o r  he r  mother .  Thi s mean s tha t  Chie f  Guetel a an d hi s childre n wer e i n 

opposit e moieties. ] 

Befor e th e ceremony .  Chie f  Guetel a an d hi s trib e prepare d fo r  th e ceremon y b y collectin g a s man y 

blanket s an d canoe s a s the y coul d afford .  [Blanket s an d canoe s wer e highl y value d i n thi s society .  Chie f 

Guetel a wante d t o giv e awa y thes e item s becaus e th e mor e valuable s Chie f  Guetel a gav e awa y durin g th e 

ceremony ,  th e highe r  hi s statu s became. ]  The y als o prepare d smoke d salnrro n an d berries .  Chie f  Guetel a 

put  o n hi s bes t  blu e shir t  wit h a  rave n o n it .  Dancer s fo r  th e ceremon y too k rave n an d eagl e mask s fro m a 

coppe r  box . 

The guest s arrive d throug h th e nort h gat e o f  th e village .  Chie f  Namqic' s shir t  wa s orange ,  an d Chie f 

Laokoat x an d Chie f  Tsamas' s shirt s wer e yellow .  O n thes e thre e people' s shirts ,  a n eagl e wa s drawn . 

Chie f  Qomoyu e wa s wearin g a  blu e shir t  wit h a  rave n printe d o n it .  Chie f  Guetela' s wif e wa s wearin g a n 
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orange dress with an eagle printed on it and also a seashell necklace, [there are 4 additional paragraphs in 

th e experimenta l  passage ] 

Explanator y an d Nonexplanator y Constraint s an d Variable s 

Thi s passag e wa s designe d t o contai n fou r  basi c form s o f  information :  constraint s tha t  ar e eithe r 

explanator y o r  nonexplanator y an d variable s tha t  ar e eithe r  explanator y o r  nonexplanatory .  I n a  comple x 

knowledg e structur e variable s ar e slot s whic h ca n b e fille d b y differen t  object s o r  agents .  Constraint s 

specif y necessar y propertie s o f  variable s an d necessar y relationship s betwee n variables .  S o m e 

constraint s an d variable s hav e underlyin g explanations .  Fo r  example ,  i n th e passag e above ,  th e 

informatio n tha t  th e hos t  chief' s statu s improve s afte r  th e ceremon y i s a n exampl e o f  a n explanator y 

constrain t  becaus e i t  provide s a n explanatio n fo r  th e purpos e o f  th e ceremony .  Th e item s give n awa y b y 

th e hos t  chie f  ar e example s o f  a n explanator y variabl e becaus e the y pla y a  rol e i n th e underlyin g causa l 

structure ,  bu t  th e specifi c  typ e o f  valuabl e objec t  i s  no t  crucial .  O n th e othe r  hand ,  som e constraint s an d 

variable s ar e nonexplanatory .  Th e informatio n tha t  th e hos t  chie f  look s a t  th e guest s befor e th e dancin g 

start s i s a  nonexplanator y constraint .  Ther e i s n o causa l  accoun t  o f  thi s actio n i n ou r  passage ;  i t  i s  simpl y a 

conventiona l  behavior .  Th e informatio n tha t  th e gues t  chief s arriv e throug h th e nort h gat e i s a 

nonexplanator y variabl e becaus e i t  i s  no t  connecte d t o th e explanator y staictur e o f  th e ceremon y 

ACQUISITION CONDITIONS 

If  a n individua l  read s a  singl e descriptio n o f  a  specifi c  instanc e o f  a  potlatc h cererrxjn y tha t  contain s 

no explanator y information ,  ou r  theor y suggest s tha t  th e learne r  wil l  acquir e littl e correc t  informatio n fro m 

th e passag e sinc e neithe r  SB L o r  EB L processe s wil l  b e possible .  However ,  ther e ar e a  variet y o f 

differen t  form s o f  informatio n tha t  th e learne r  ca n b e give n i n a  secon d passage ,  an d ou r  hybri d mode l  o f 

learnin g ca n b e use d t o mak e a  numbe r  o f  differentia l  prediction s i n thes e cases . 

S B L:  Singl e Simila r  Instanc e 

If  a  learne r  i s give n a  secon d instanc e tha t  i s  ver y simila r  t o th e origina l  instanc e (i.e. ,  ha s th e sam e 

variable s a s th e firs t  one) ,  the n th e learne r  shoul d attemp t  t o carr y ou t  SBL .  Wit h tw o instance s o f  thi s typ e 

th e learne r  wil l  correctl y assum e tha t  th e repeate d constraint s are ,  i n fact ,  constraints ,  bu t  wil l  incorrectl y 

assum e tha t  th e repeate d variable s ar e als o constraints .  Fo r  example ,  i f  th e colo r  o f  th e hos t  chief' s 

clothin g wa s actuall y a  variable ,  bu t  th e sam e colo r  occurre d i n bot h examples ,  the n th e learne r  wil l  ten d t o 

thin k tha t  thi s colo r  i s  a  requiremen t  fo r  a  potlatc h ceremony . 

S B L:  Singl e Contrastin g Instanc e 

If  a  learne r  i s give n a  secon d instanc e tha t  ha s eac h variabl e changed ,  the n th e learne r  shoul d b e 

abl e t o carr y ou t  SB L fo r  nonexplanator y constraint s an d variables .  Fo r  example ,  i f  th e colo r  o f  th e hos t 

chief' s shir t  wa s blu e i n th e firs t  exampl e an d i t  wa s re d i n th e secon d example ,  th e learne r  ca n infe r  tha t 

th e colo r  o f  shirt s i s  a  variabl e i n a  potlatc h ceremony .  Fo r  repeate d constraint s SB L wil l  als o succeed .  Fo r 
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example, if in both examples the host chief faces the guests before the dancing starts, the readers should 

us e SB L t o infe r  tha t  thi s i s a  constrain t  i n th e ceremony . 

SBL:  Multipl e Contrastin g Instance s 

if  a  learne r  i s give n a  serie s o f  instance s tha t  contai n change d variables.the n th e learne r  shoul d b e 

abl e t o us e SB L t o lear n whic h aspect s o f  th e text s ar e variable s an d whic h ar e constraints .  Thi s conditio n 

i s simila r  t o th e cas e o f  a  singl e contrastin g example ,  excep t  tha t  th e large r  numbe r  o f  case s shoul d lea d 

th e learne r  t o b e mor e confiden t  abou t  th e outcome . 

EBL 

If  a  piec e o f  informatio n i s par t  o f  a  causa l  structur e an d th e learne r  i s give n th e appropriat e 

backgroun d knowledge ,  the n th e learne r  ca n us e EB L t o giv e a n accoun t  o f  explanator y constraint s an d 

variable s (Ahn ,  Mooney ,  DeJong ,  &  Brewer ,  1987) . 

METHOD 

Procedur e 

Subject s rea d a  firs t  passag e (i.e. ,  th e passag e describin g a  singl e instanc e o f  a  potlatc h withou t  an y 

backgroun d knowledge) .  The n the y answere d al l  1 6 yes/n o questions ,  wrot e justification s fo r  thei r 

answers ,  an d rate d thei r  confidenc e o n a  5-poin t  scale .  Afte r  the y finishe d answerin g al l  th e questions , 

th e subject s rea d on e o f  th e fou r  follow-u p passage s an d answere d th e yes/n o question s a  secon d time . 

Subject s wer e no t  allowe d t o chang e thei r  answer s fo r  th e firs t  se t  o f  question s afte r  the y rea d thei r 

secon d passage . 

Material s 

The basi c material s fo r  thi s experimen t  consiste d o f  a n initia l  passage ,  fou r  follow-u p passages ,  an d a 

serie s o f  yes/n o question s designe d t o tes t  wha t  ha d bee n learne d fro m th e texts . 

Yes/N o Question s 

We develope d fou r  type s o f  yes/n o question s Ther e wer e question s base d o n th e explanator y 

constraint s an d variable s an d o n th e nonexplanator y constraint s an d variables .  On e o f  th e question s fo r 

explanator y constraint s was ,  "Afte r  th e ceremon y wil l  peopl e thin k tha t  th e hos t  chie f  ha s highe r  statu s 

tha n before? "  On e o f  th e question s fo r  explanator y variable s was ,  "Wil l  th e wif e o f  a  hos t  chie f  b e happ y i t 

her  husban d give s awa y th e family' s drums? "  On e o f  th e question s fo r  nonexplanator y constraint s was , 

"I n thi s kin d o f  ceremony ,  woul d i t  matte r  i f  th e hos t  chie f  di d no t  loo k a t  th e guest s befor e th e dancing? " 

One o f  th e question s fo r  nonexplanator y variable s was ,  "I n thi s kin d o f  ceremony ,  i s i t  necessar y tha t  th e 

gues t  chief s ente r  th e villag e throug h th e nort h gate? "  Ther e wer e fou r  question s fo r  eac h type ,  resultin g 

i n a  tota l  o f  1 6 questions . 

Initia l  Instanc e Passag e 
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On the first trial, all the subjects received a passage which described a single instance of a potlatch 

ceremon y withou t  an y adde d backgroun d knowledge .  Thi s passag e correspond s t o th e exampl e 

passag e give n earlie r  wit h th e informatio n i n bracket s omitte d 

Follow-u p Passage s 

Simila r  instanc e passage .  I n thi s passag e bot h th e constraint s an d variable s i n th e firs t  initia l  passag e 

wer e kep t  constant .  Fo r  example ,  th e gues t  chief s lef t  th e villag e throug h th e sout h gat e i n bot h 

passages . 

Dissimila r  instanc e passage .  I n thi s passag e th e constraint s fro m th e initia l  passag e wer e repeated , 

but  th e value s o f  th e variable s wer e changed .  Fo r  example ,  th e gues t  chief s lef t  th e villag e throug h th e 

nort h gat e i n thi s passage ,  whil e the y lef t  throug h th e sout h gat e i n th e initia l  passage . 

Dissimila r  instanc e wit h knowledge .  I n thi s passag e th e constraint s fro m th e initia l  passag e wer e 

repeated ,  th e value s o f  th e variable s wer e changed ,  an d th e neede d backgroun d knowledg e wa s 

included . 

Generi c informatio n wit h knowledge .  Thi s passag e wa s writte n i n generi c for m s o tha t  i t  gav e roughl y 

th e frequenc y informatio n tha t  a  learne r  woul d obtai n afte r  havin g rea d a  ver y larg e numbe r  o f  individua l 

passages .  Th e passag e bega n "Th e America n Indian s wh o live d i n th e Northwes t  par t  o f  th e countr y 

frequentl y carrie d o t  a n interestin g ceremony. "  Fo r  a  nonexplanator y constrain t  i t  state d tha t  "th e hos t 

chie f  stoo d u p an d the n dancer s starte d entertainin g th e people, "  an d fo r  a  nonexplanator y variabl e i t 

state d that ,  "Th e shirt s wer e al l  i n variou s colors. "  Thi s passag e als o include d th e relevan t  backgroun d 

knowledge . 

Des ig n 

Fifty-tw o undergraduat e student s participate d i n thi s experimen t  i n partia l  fulfillmen t  o f  a  cours e 

requiremen t  fo r  introductor y psychology .  Ther e wer e fou r  experimenta l  condition s wit h 1 3 subject s i n 

eac h condition .  Th e subject s i n th e Simila r  Instanc e Conditio n receive d th e initia l  instanc e passag e an d 

the n th e simila r  instanc e passage .  Th e subject s i n th e Dissimila r  Instanc e Conditio n receive d th e initia l 

instanc e passag e an d the n th e dissimila r  instanc e passage .  Th e subject s i n th e Dissimila r  wit h Knowledg e 

Conditio n receive d th e initia l  instanc e passag e an d the n th e dissimila r  wit h knowledg e passage .  Th e 

subject s i n th e Generi c wit h Knowledg e Conditio n receive d th e initia l  instanc e passag e an d the n th e 

generi c informatio n wit h knowledg e passage . 

RESULTS 

Tabl e 1  show s th e averag e percen t  correc t  fo r  th e fou r  differen t  type s o f  question s i n eac h condition . 

(E C refer s t o explanator y constraints ,  E V t o explanator y variables ,  N C t o nonexplanator y constraints ,  an d 

NV t o nonexplanator y variables) .  Th e number s reporte d ar e th e percen t  correc t  i n eac h conditio n o n th e 

firs t  tria l  an d o n th e secon d trial . 
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TABLE 1. THE PERCENT CORRECT FOR EACH CONDITION ON EACH TRIAL 

Condition s 

EC 

EV 

NC 

NV 

Simila r 

Instanc e 

1st 

54 

44 

77 

29 

2nd 

54 

46 

81 

27 

Dissimila r 

Instanc e 

1st 

44 

48 

75 

29 

2nd 

54 

48 

69 

81 

Dissimila r  wit h 

Knowledg e 

1st 

54 

54 

73 

33 

2nd 

77 

81 

65 

58 

Generi c wit h 

Knowledg e 

1st  2n d 

5 2 8 7 

5 0 7 7 

8 8 6 5 

13 3 9 

The dat a provid e considerabl e suppor t  fo r  ou r  dual-proces s theor y o f  learning .  W e predicte d tha t 

th e subject s i n th e Simila r  Instanc e Conditio n woul d no t  b e abl e t o us e SB L o r  EB L successfull y an d th e 

dat a sho w littl e learnin g fro m th e secon d example . 

We predicte d tha t  th e subject s i n th e Dissimila r  Instanc e Conditio n woul d no t  b e abl e t o appl y EBL , 

but  woul d sho w SB L fo r  th e tw o nonexplanator y conditions .  Th e subject s wit h dissimila r  instanc e 

passage s showe d littl e learnin g i n th e explanator y condition s a s predicted .  Th e subject s showe d 

considerabl e learnin g i n th e nonexplanator y variabl e condition ,  bu t  the y showe d n o learnin g i n th e 

nonexplanator y constrain t  conditio n Thi s i s no t  i n keepin g wit h ou r  predictions .  W e ar e no t  sur e wha t  i s 

goin g o n i n thi s condition ,  bu t  perhap s th e exposur e t o explanator y informatio n temporaril y  change s thei r 

estimate s o f  th e likelhoo d tha t  a  nonexplanator y constrain t  i s  a  tru e constriant .  I t  i s  als o possibl e tha t  th e 

subject s ma y b e operatin g unde r  a  Gricea n discours e rul e (Grice ,  1975 )  whic h lead s the m t o believ e tha t  i f 

an autho r  choose s t o mentio n somethin g i n th e tex t  i t  mus t  b e importan t  an d perhap s i t  i s  a  constraint . 

We predicte d tha t  th e Dissimila r  wit h Knowledg e Conditio n woul d lea d t o successfu l  SB L an d EBL . 

Al l  o f  thes e prediction s ar e supporte d excep t  tha t  th e nonexplanator y constrain t  informatio n onc e agai n 

di d no t  sho w th e predicte d learning . 

We predicte d tha t  th e Generi c wit h Knowledg e Conditio n woul d als o lea d t o successfu l  SB L an d 

EBL.  Th e result s suppor t  th e prediction s excep t  i n th e nonexplanator y constrain t  condition . 

CONCLUSION 

I n thi s pape r  w e propos e tha t  differen t  learnin g mechanism s ar e successfu l  dependin g o n whethe r 

th e learne r  ha s appropriat e backgroun d knowledg e o r  no t  an d o n whethe r  th e informatio n t o b e learne d i s 

explanator y o r  not .  Ou r  dat a sho w tha t  backgroun d knowledg e i s require d t o carr y ou t  EB L an d t o lear n 
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explanatory information. Repetition is required to carry out SBL and to learn nonexplanatory items, but 

doe s no t  lea d t o th e understandin g an d learnin g o f  explanator y information .  Thi s findin g require s th e 

developmen t  o f  theorie s whic h relat e learnin g mechanism s t o th e characte r  o f  th e informatio n t o b e 

learned . 
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