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Abstract 

This research concerns the effect of learning history for a general 

principl e o n th e abilit y  t o appl y th e principl e t o nove l  situations .  Adul t  subject s 

learne d genera l  proble m solvin g principle s unde r  thre e alternativ e conditions : 

(a )  abstractio n o f  principle s fro m divers e example s (b )  stud y o f  explici t  genera l 

statement s o f  principle s an d (c )  practic e i n mappin g give n statement s ont o 

examples .  Th e specifi c  ai m o f  thi s researc h wa s t o explor e ho w example s give n 

durin g learnin g a  genera l  principl e affec t  it s  applicatio n t o nove l  problem s whic h 

do no t  shar e "surface "  feature s wit h th e examples . 

Result s showe d tha t  example s di d no t  significantl y facilitat e applicatio n o f 

principle s ove r  learnin g onl y a  give n genera l  statement .  Moreover ,  subject s 

who abstracte d principle s fro m examples ,  althoug h the y ha d abstracte d th e 

relevan t  information ,  wer e significantl y wors e a t  applicatio n tha n subject s wh o 

learne d onl y th e genera l  statemen t  o r  wh o learne d th e give n statemen t  an d 

examples .  Thes e subject s ha d particula r  difficult y accessin g an d selectin g th e 

appropriat e principl e fo r  a  problem . 

Result s sugges t  tha t  th e representatio n o f  specifi c  informatio n fro m 

example s m a y interfer e wit h efficienc y a t  matchin g a  principl e t o a  nove l 

problem .  Whethe r  suc h interferenc e occur s m a y depen d o n th e relationshi p 

betwee n th e principl e an d it s example s i n th e m e m o r y representation .  Thi s 

relationshi p m a y b e influence d b y th e wa y example s ar e initiall y  encoded . 

The general concern of this research is the ability to apply an abstract 

concep t  o r  general  principl e t o nove l  situations .  I t  i s  a  commo n intuitio n tha t 

specifi c  example s ar e helpfu l  i n learnin g an d bein g abl e t o appl y abstrac t 

principle s suc h a s general  scientifi c  principle s o r  genera l  proble m solvin g 

strategies .  Man y studie s o n th e effect s o f  example s o n th e acquisitio n an d us e 

of  a  principl e hav e focuse d o n "surfac e similarities "  (similaritie s no t  strictl y 

relate d t o th e principle )  betwee n example s an d ne w instances .  Fo r  example , 

surfac e similaritie s wit h prio r  example s provid e cue s tha t  a  principl e i s 

relevan t  t o a  ne w situatio n (e.g .  Ross ,  1984 ,  1986 ;  Lewi s an d Anderson ,  1985) . 

Such relianc e o n surfac e cue s i s a  no t  usefu l  i f  th e principl e i s neede d fo r  nove l 

situation s "dissimilar "  t o learning-examples .  Othe r  researc h doe s sugges t  tha t 

learning-example s ca n ai d applicatio n o f  a  principl e eve n whe n surfac e 

similaritie s wit h ne w instance s ar e absen t  (Gic k an d Holyoak ,  1982 ;  Nitsch ,  1977) . 

I n thes e studie s subject s wh o learne d a  genera l  principl e fro m example s wer e 

bette r  a t  applyin g th e principl e t o nove l  instance s tha n thos e wh o learne d onl y a n 

abstrac t  descriptio n o f  th e principle .  However ,  th e strengt h o f  thes e finding s i s 

unclea r  an d i t  i s  als o unclea r  wha t  factor s m a y allo w prio r  example s t o affec t 
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applicatio n t o nove l  situation s (Clement ,  1986) . 

The purpos e o f  th e presen t  researc h I s t o understan d ho w exannple s give n 

durin g learnin g a  genera l  principl e affec t  it s  applicatio n t o nove l  problem s whic h 

do Dfi l  shar e surfac e feature s wit h th e examples .  Learnin g historie s fo r  a 

genera l  principl e wer e varie d i n thre e ways .  Subject s eithe r  ha d t o abstrac t 

principle s fro m specifi c  examples ,  stud y give n genera l  description s o f 

principles ,  o r  stud y genera l  description s an d examples . 

The context s i n whic h principle s wer e applie d wer e als o varied .  Thre e 

context s wer e use d whic h differe d i n th e exten t  t o whic h th e choic e o f  a  principl e 

fo r  a  proble m wa s specifie d fo r  th e proble m solver .  Sinc e eac h contex t  m a y 

demand differen t  cognitiv e processe s th e effect s o f  learnin g histor y m a y var y 

dependin g o n context .  I n on e contex t  th e relevan t  principl e fo r  a  proble m wa s 

full y specifie d fo r  subject s an d the y onl y ha d t o ma p I t  t o th e curren t  problem . 

Such mappin g m a y b e describe d a s translatin g th e genera l  term s o f  th e give n 

principl e int o specifi c  proble m element s tha t  generat e a  solution .  I n th e secon d 

context ,  th e s£ l  o f  potentiall y  relevan t  principle s wa s specifie d an d subject s ha d 

t o selec t  a  principl e fro m th e set .  Selectio n m a y Involv e exhaustiv e o r 

terminatin g test s o f  th e fi t  betwee n principle s I n th e se t  an d th e problem .  I n th e 

thir d contex t  n o Informatio n abou t  th e relevan t  principl e wa s give n an d subject s 
had t o spontaneousl y acces s th e principle .  Suc h acces s m a y requir e 

spontaneousl y noticin g a  similarit y betwee n a n abstrac t  representatio n o f  th e 

proble m an d th e feature s o f  th e relevan t  principl e I n LTM .  Figur e 1  summarize s 

th e processe s demande d i n eac h context . 

Figur e 1 .  Genera l  Descriptio n o f  Processe s Require d fo r  Applicatio n o f 

Principle s I n Thre e Contexts . 

I MaPDina Onlv 

Translating between the general terms of the principle 

I n workin g memor y an d specifi c  proble m element s 

11 Selectio n an d Mappin g 

Exhaustive or ternnlnating test mappings of principles 

i n workin g memory . 

Il l  Spontaneou s Acces s an d Mappin g 

Spontaneous similarity matching between an abstract 

representatio n o f  th e proble m an d th e principl e hel d 

I n lon g tern n memory . 
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I t  wa s speculate d tha t  learnin g historie s wit h example s nnigh t  affec t 

applicatio n o f  principle s fo r  tw o reasons .  First ,  sinnilaritie s betwee n th e 

processe s o f  derivin g a  principl e fro m example s an d th e processe s o f  applyin g i t 

ne w instance s m a y b e important ,  i n bot h situation s subject s mus t  translat e 

betwee n a  specifi c  an d genera l  representatio n o f  th e principl e an d mus t 

expliotl y distinguis h betwee n relevan t  an d irrelevan t  information .  Thus ,  eve n i f 

th e example s an d ne w problem s ar e dissimila r  i n surfac e features ,  th e genera l 

processe s use d durin g learnin g ar e simila r  t o thos e require d b y application . 

Processe s use d durin g learnin g m a y transfe r  t o th e tas k i n whic h th e sam e 

principl e mus t  b e applie d (  Clement ,  1986) . 

Second ,  learnin g wit h example s m a y affec t  th e representatio n o f  a  principl e 

i n way s tha t  ar e relevan t  t o application .  Fo r  example ,  subject s wh o represen t 

link s wit h th e example s hav e a  concret e mode l  o f  th e principl e whic h the y ma y 

exploi t  durin g applicatio n t o ne w instance s (eve n i f  instance s ar e no t  surfac e 

simila r  t o th e model) .  However ,  i t  m a y b e crucia l  tha t  subject s clearl y 

represen t  th e hierarchica l  relatio n betwee n th e principl e itsel f  an d examples .  I f 

the y inadequatel y differentiat e thei r  descriptio n o f  th e principl e fro m th e 

examples ,  example-specifi c  informatio n m a y interfer e wit h matchin g an d 

mappin g th e principl e t o nove l  problems . 

EXPERIMENT 1 

T wo independen t  group s learne d genera l  principle s i n on e o f  tw o learnin g 

conditions :  G S subject s studie d give n general  description s o f  principle s an d E X 

subject s abstracte d thei r  ow n genera l  descriptio n fro m divers e examples . 

Afte r  learning ,  subject s ha d t o us e th e principle s learne d t o solv e nove l  stor y 

problems .  Th e context s i n whic h the y solve d th e problem s varie d i n th e exten t 

t o whic h subject s wer e Informe d tha t  a  particula r  principl e wa s relevant . 

Metho d 

Subjects were 106 undergraduate students. 

Learnin g Material ? an d Tq? k 
Two principle s wer e learned .  Thes e wer e highl y abstrac t  an d describe d 

"surviva l  strategies "  use d b y organism s o r  organization s t o solv e problems . 

For  example ,  accordin g t o th e "convergence "  principl e (adapte d fro m Duncker , 

1945 an d Gic k an d Holyoak,1983 )  "i f  a  stron g forc e canno t  b e sen t  alon g a  singl e 

pat h t o a  target ,  the n wea k force s shoul d b e sen t  alon g man y path s 

simultaneously. " 

GS subject s (n=45 )  studie d general  statement s o f  principle s (se e Appendi x 

A ) .  Subject s paraphrase d th e statement s fro m m e m o r y an d the n checke d thei r 

paraphras e agains t  th e give n statement . 

EX subject s (n=40 )  studie d tw o o r  thre e storie s whic h exemplifie d eac h 

principl e (se e Appendi x  B) .  Subject s ha d t o discove r  an d writ e a  genera l 

descriptio n o f  th e "surviva l  strategy "  commo n I n a  se t  o f  examples .  The y als o 

had t o Illustrat e eac h mai n poin t  i n thei r  descriptio n wit h a  par t  o f  eac h 

example . 

Afte r  learning ,  a  Recal l  Tas k require d subject s t o describ e eac h principl e 

fro m memory . 
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Proble m Solvin g Material s an d Tas k 

The Proble m Solvin g Tas k include d tw o Targe t  problem s (eac h solubl e wit h a 

principl e learned )  an d thre e D u m my problem s (no t  solubl e wit h eithe r  principle) . 

The Targe t  problem s describe d comple x "rea l  world "  proble m situation s (se e 

Appendi x  C) .  (Th e Targe t  proble m fo r  th e convergenc e principl e i s a  versio n o f 

Duncker' s (1945 )  "radiatio n problem") . 

The tas k consiste d o f  thre e phase s allowin g subject s thre e passe s a t  th e 

problems .  Phas e 1  require d spontaneou s acces s o f  principles :  subject s wer e 

not  tol d tha t  th e principle s learne d wer e relevan t  t o th e problems .  A t  phas e 2 

subject s ha d t o selec t  on e o f  th e principle s fo r  problems :  subject s wer e tol d t o 

figur e ou t  whic h principl e applie s t o whic h problem .  A t  phas e 3  subject s onl y 

had t o m a p a  specifie d principl e t o th e appropriat e targe t  problem . 

Figur e 2  summarize s th e metho d fo r  Experimen t  1 . 

Figur e 2 .  Outlin e o f  th e Procedur e fo r  Experimen t  1 . 

l^<3^r^ Principles 
GS Grou p E X Grou p 

•Stud y give n genera l  statemen t  •Discove r  simila r  principl e i n 

•Paraphras e fro m m e m o r y divers e example s 

•Correc t  agains t  origina l  •Writ e genera l  descriptio n 
•Illustrat e mai n point s 

Recall Task 

Recal l  genera l  description s 

Problem Solving Task 

Phas e 1 -  Spontaneou s Acces s an d Mappin g 
Phas e 2 -  Selectio n an d Mappin g 
Phas e 3 -  Mappin g Onl y 

Result s an d Discussio n 

Figur e 3  show s th e proportio n o f  correc t  solution s t o Targe t  problem s b y 

eac h phase .  Th e G S grou p I s significantl y bette r  tha n th e E X grou p a t  eac h phas e 

(se e figur e note). ^  Thi s patter n o f  betwee n grou p difference s remain s whe n 

"initia l  learning "  o f  th e principle s I s take n int o account ,  I.e .  whe n onl y thos e 

subject s wh o accuratel y describe d principle s a t  th e recal l  tas k ar e considered . 
Among thes e subject s th e proportio n o f  correc t  solution s i s highe r  i n bot h 

group s bu t  th e differenc e betwee n group s i s th e same . 

Grou p difference s wer e greates t  fo r  acces s an d selectio n o f  principles . 
For  mapping ,  th e group s ar e equivalen t  fo r  on e principl e (  E X subject s caugh t  u p 

wit h G S subject s b y th e en d o f  phas e 3) .  Fo r  th e othe r  principle ,  whic h account s 
fo r  grou p difference s i n mapping ,  irrelevan t  informatio n fro m example s 
appeare d t o lea d t o a n Incorrec t  instantiatio n o f  th e principl e b y E X subjects . 
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Figur e 3 .  Experimen t  1 .  Th e Proportio n o f  Correc t  Solution s t o Targe t  Problem s I n Eac h Group * 

by Eac h Phase .  (Phas e 1  require s spontaneou s acces s an d mapping ;  Phas e 2  require s selectio n 

and mapping ;  Phas e 3  onl y require s mapping) . 

0 6 t 

•  G3n-9 0 

•  .EXn-8 0 

selectio n mippIn Q 

'n«th e numbe r  o f  response s possibl e i n eac h group . 

Note. Subjects who were correct at an earlier phase, and who did not change to an Incorrect 

response ,  wer e include d a s correc t  a t  subsequen t  phases .  A t  phas e 1  statistica l  analyse s 

considere d th e proportio n o f  subject s wh o solve d a t  leas t  on e problem ,  (p-.OI .  fisher  exact ,  tw o 

taile d test) .  A t  phas e 2  an d 3  analyse s considere d th e proportio n o f  subject s solvin g 0 ,  1  o r  2 

problem s (Ch i  squar e •7.26 .  df-2 ,  p  i.0 5 an d Ch i  square-7,78 .  df-2 .  pi.05 .  a t  phase s 2  an d 3 

respectively) . 

in sum, EX subjects were significantly worse than GS subjects at application 

o f  pr inciple s t o nove l  p r o b l e m s .  T h e s e resul t s con t ras t  wi t h th e finding s o f  Gic k 

and Holyoa k (1983 )  an d provid e n o evidenc e tha t  th e procedure s involve d i n 

learnin g fro m examples ,  o r  th e concret e mode l  provide d b y examples ,  facilitat e 

applicatio n o f  principles .  Moreover ,  result s sugges t  tha t  th e representatio n o f  a 

principl e wa s negativel y affecte d b y learnin g fro m example s eve n fo r  thos e E X 

subject s wh o ha d develope d a  correc t  descriptio n o f  a  principle .  Th e 

representatio n m a y hav e faile d t o clearl y differentiat e th e descriptio n o f  th e 

principl e fro m th e examples . 

Experiment 2 
I n Experimen t  2 ,  a  ne w grou p o f  subject s (P M subjects )  wer e aske d t o stud y 

a give n statemen t  o f  a  principl e an d the n practic e mappin g th e statemen t  t o 

examples .  Thi s experimen t  ha d tw o alms .  First ,  P M subject s wer e compare d t o 

EX subject s t o observ e whethe r  processin g th e example s unde r  th e guidanc e o f  a 

give n statemen t  woul d b e important .  Althoug h P M subject s receive d th e sam e 
example s a s E X subjects ,  thei r  learnin g tas k migh t  lea d t o a  representatio n i n 

whic h th e example s an d th e principl e ar e bette r  differentiated .  P M subject s 

lear n a  statemen t  o f  th e principl e befor e readin g th e example s an d rea d th e 

example s onl y fo r  th e purpos e o f  findin g element s whic h instantiat e thi s 
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statement .  Thu s thei r  encodin g o f  example s m a y b e les s thoroug h an d m o r e 

directe d tha n th e encodin g b y E X subjects .  The y migh t  b e les s likel y t o encod e 

informatio n irrelevan t  t o th e principl e an d m o r e likel y t o represen t  th e 

hierarchica l  relatio n be twee n th e principl e an d th e examples .  Th e secon d a i m 

of  thi s exper imen t  w a s t o agai n asses s whethe r  examp le s coul d facilitat e 

application ;  P M subject s w e r e als o c o m p a r e d t o 6 S subject s f ro m exper imen t  1 . 

The practic e mapp in g tas k involve d procedure s i n whic h subject s ha d t o 

translat e be twee n variable s o f  th e genera l  principl e an d th e specifi c  element s o f 

examples .  A s discusse d earlier ,  suc h translatio n processe s use d durin g 

learnin g a  principl e m a y transfe r  t o facilitat e It s late r  application . 

Metho d 

Subiect s 

Subject s w e r e 2 3 undergraduat e students .  Thes e subject s w e r e c o m p a r e d 

t o a  subse t  o f  6 S an d E X subject s i n Experimen t  1  chose n f ro m th e s a m e schoo l 

as P M subjects . 

Pesig n gn j  prgcgclur e 

Subject s studie d th e s a m e genera l  statement s o f  principle s use d b y G S 

subject s i n Exper imen t  1 .  Then ,  give n th e s a m e example s use d previously ,  the y 

ha d t o fin d th e part s o f  eac h examp l e tha t  illustrate d th e idea s i n th e principle . 

(Thi s mappin g tas k ha d als o bee n give n t o E X subject s afte r  the y ha d abstracte d 

thei r  genera l  statement. ) 

Afte r  learning ,  subject s w e r e give n th e recal l  an d applicatio n tas k use d i n 

Experimen t  I . 

Figur e 4 .  Experimen t  2 .  Th e Proportio n o f  Correc t  Solution s t o Targe t  Problem s i n Eac h Group * 

by Eac h Phase .  (Phas e 1  require s spontaneou s acces s an d mapping ;  Phas e 2  require s selectio n 

and mapping ;  Phas e 3  onl y require s mapping) . 

0.7 t 

£ 0. 2 

•  pnn-4 6 

» 6Sn-5 0 

•  EXn-4 -

selectio n 

'n-the number of responses possible in each group. 

rrappin g 

Note .  Subject s wh o wer e correc t  a t  a n earlie r  phase ,  an d wh o di d no t  chang e t o a n incorrec t 

response ,  wer e include d a s correc t  a t  subsequen t  phases.A t  phas e 1  an d 2  statistica l  analyse s 

considere d th e proportio n o f  subject s wh o solve d a t  leas t  on e problem ,  (p*.01 ,  fishe r  exact ,  tw o 

taile d test) .  A t  phas e 3  analyse s considere d th e proportio n o f  subject s solvin g 0 .  1  o r  2  problem s 

Chi  square-14.19 .  df-2 .  Pi.001) . 
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Result s <an< a Olsgusslo n 
Figur e 4  show s th e proportio n correc t  i n eac h group .  Difference s betwee n 

PM an d 6 S subject s ar e no t  significant .  I n contrast ,  difference s wit h th e E X 

grou p a t  eac h phas e ar e significant .  Agai n result s ar e th e sam e whe n onl y 

subject s wh o gav e goo d recal l  description s o f  a  principl e ar e considered . 

I n sunn ,  result s sugges t  tha t  processin g th e exannple s unde r  th e guidanc e o f 

th e give n statennen t  o f  a  principle ,  rathe r  tha n havin g t o abstrac t  th e principle , 

allowe d bette r  representatio n an d applicatio n o f  th e principle .  However , 

contrar y t o speculations ,  practic e mappin g a  principl e t o example s di d no t 

significantl y improv e applicatio n ove r  learnin g onl y th e give n statement . 

GENERAL DISCUSSIO N 
Subject s wh o abstracte d a  principl e fro m example s wer e poo r  a t  applicatio n 

relativ e t o subject s wh o learne d onl y a  genera l  statemen t  o f  principl e eve n whe n 

the y ha d abstracte d th e relevan t  information .  Thes e subject s wer e als o poo r 

relativ e t o subject s wh o processe d example s unde r  th e guidanc e o f  th e genera l 

statement .  On e accoun t  o f  thes e finding s i s tha t  E X subject s m a y no t  hav e 

adequatel y differentiate d th e descriptio n o f  th e principl e fro m th e example s i n 

thei r  representatio n o f  th e principle .  P M subjects ,  whos e learnin g tas k shoul d 

hav e lea d t o a  mor e differentiate d representatio n o f  th e specifi c  an d genera l 

information ,  wer e bette r  a t  application .  Fo r  E X subject s thei r  descriptio n o f  th e 

principl e m a y hav e bee n represente d a s par t  o f  eac h example ,  rathe r  tha n a s a 

descripto r  o f  a  categor y i n whic h th e example s ar e som e o f  man y possibl e 

instances .  Th e principl e m a y no t  hav e bee n salien t  relativ e t o othe r 

information .  O r  th e principl e m a y hav e bee n represente d a t  a  relativel y lo w 

leve l  o f  abstraction . 

How woul d a  poorl y differentiate d representatio n lea d t o poo r  applicatio n 

especiall y whe n spontaneou s acces s an d selectio n ar e required ? On e 

consequenc e m a y b e tha t  similarit y matchin g betwee n th e proble m an d th e 

principl e i s inefficient .  Th e thre e applicatio n context s m a y b e viewe d i n term s 

of  a  continuu m tha t  varie s i n th e exten t  t o whic h efficien t  similarit y matchin g i s 

demanded .  A t  on e extrem e i s th e contex t  i n whic h principle s mus t  b e 

SDontaneousl v accessed .  I n thi s context ,  sinc e th e principl e i s no t  alread y 

availabl e i n workin g memory ,  subject s m a y hav e t o automaticall y notic e a 

similarit y betwee n th e proble m an d th e principl e hel d i n lon g ter m memory . 

Thus ,  a  representatio n o f  th e principl e whic h i s surrounde d b y specifi c 

informatio n fro m example s shoul d lea d t o difficult y sinc e thi s specifi c 

informatio n I s dissimila r  t o th e targe t  proble m whe n th e example s an d th e 

proble m d o no t  shar e surfac e features .  (Th e usefu l  similarit y exist s a t  a n 

abstrac t  leve l  o f  representatio n o f  th e proble m an d th e principle. )  I n contrast , 

a representatio n o f  th e principl e whic h i s no t  linke d t o specifi c  examples ,  o r  i n 

whic h th e example s an d th e principl e ar e clearl y differentiated ,  shoul d allo w 

mor e efficien t  recognitio n o f  similaritie s betwee n th e principl e an d th e problem . 

At  th e othe r  extrem e o f  th e continuu m i s th e contex t  i n whic h th e relevan t 

principl e i s alread y identifie d an d subject s onl y hav e t o m a p it .  Efficienc y a t 

similarit y matchin g shoul d b e les s o f  a  facto r  her e sinc e th e correc t  principl e i s 

alread y availabl e i n workin g memory .  Subject s ca n wor k ou t  th e 

correspondenc e wit h th e proble m eve n i f  thei r  representatio n o f  th e principl e i s 

poorl y differentiate d fro m prio r  examples .  Result s suggeste d tha t  wit h thi s 
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decrease d deman d fo r  efficienc y a  poorl y differentiate d representatio n wa s les s 

of  0  problem .  E X subject s wer e equivalen t  t o G S subject s i n mappin g fo r  on e o f 

th e tw o principles .  Selectio n error s ar e to o comple x t o discus s i n th e presen t 

paper ,  bu t  result s sugges t  tha t  bot h efficienc y a t  similarit y matchin g an d th e 

intrusio n o f  irrelevan t  informatio n fro m th e example s lea d t o poo r  E X 

performance . 

I n sum ,  result s sugges t  tha t  a n abstrac t  representatio n o f  a  principle , 

clearl y differentiate d fro m specifi c  example s enable d th e mos t  read y applicatio n 

of  principle s t o nove l  problems .  Example s m a y interfer e wit h applicatio n i f  th e 

hierarchica l  relationshi p betwee n th e example-specifi c  an d genera l  informatio n 

i s no t  clearl y represented .  A  poorl y differentiate d representatio n m a y 

particularl y affec t  acces s an d selectio n (rathe r  tha n mapping )  becaus e i t  m a y 

not  permi t  efficien t  similarit y matching .  Thi s accoun t  i s consisten t  wit h recen t 

description s b y Gentne r  (1987 )  an d Holyoa k an d Thagar d (1986 )  o f  acces s an d 

mappin g processe s i n case-base d reasoning . 

Result s als o sugges t  tha t  th e wa y th e example s ar e initiall y  encode d m a y 

affec t  representatio n an d application .  Genera l  an d particula r  informatio n m a y 

be bette r  differentiate d whe n subject s hav e prio r  knowledg e o f  th e genera l 

principl e tha n whe n the y hav e th e relevan t  genera l  informatio n onl y afte r  initia l 

processin g o f  examples .  Th e specifi c  natur e o f  th e representatio n o f  th e 
principl e forme d b y P M an d E X subject s I s bein g explore d furthe r  i n curren t 

studie s whic h ar e varyin g th e similaritie s betwee n targe t  problem s ar e prio r 

examples . 
Even whe n example s wer e processe d unde r  th e guidanc e o f  a  give n 

statemen t  o f  a  principl e applicatio n wa s no t  significantl y bette r  tha n whe n onl y a 

give n statemen t  wa s learne d (however ,  a  tren d towar d improvemen t  wit h 
example s wa s found) .  Futur e researc h shoul d furthe r  explor e circumstance s i n 

whic h th e processe s involve d i n learnin g fro m examples ,  o r  th e mode l  provide d 
by examples ,  ca n b e use d t o facilitat e applicatio n o f  a  principl e t o nove l 

instances . 

FCQtngtg? 
1.  I n orde r  t o ge t  a  bas e solutio n rat e fo r  problems ,  a  contro l  grou p (n=21) , 

receive d th e Proble m Solvin g Tas k bu t  receive d n o prio r  training .  G S subject s 
but  no t  E X subject s gav e significantl y mor e correc t  solution s a t  phas e on e tha n 

thi s bas e rat e group . 
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