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T h e Effec t  o f  Similarit y o n M e m o r y fo r  Prio r  P r o b l e m s 

Jeremia h M .  Farie s 
Departmen t  o f  Psycholog y an d 

T h e Institut e fo r  th e Learnin g Science s 
Northwester n Universit y 
Evanston ,  Illinois,6020 1 

j e r r y @ s w i m - t w o - b i r d 3 . p 3 y c h . n w u . e d u 

Abstract 

Students often rely on prior work or previously studied 
example s t o hel p the m solv e thei r  curren t  problems . 
I n thi s pape r  w e investigat e th e relativ e contribution s 
of  easil y accesse d superficia l  similarit y an d deep , 
solutio n relevant ,  structura l  similarit y t o memor y fo r 
prio r  problems .  Som e model s o f  memor y fo r  analog y 
sugges t  tha t  superficia l  similarit y initiall y  select s o r 
constrain s memor y fo r  prio r  example s an d predict s 
tha t  analog s tha t  shar e bot h surfac e an d structura l 
similaritie s wil l  b e mor e likel y notice d b y novices . 
An experimen t  i s  reporte d i n whic h subject s ar e 
observe d a s the y lear n ho w t o program .  W e find  tha t 
peopl e remembe r  th e example s tha t  ar e relate d i n 
term s o f  structura l  feature s alon e a s frequentl y a s thos e 
tha t  ar e relate d i n term s o f  bot h structura l  an d 
superficia l  feature s bu t  ther e i s n o advantag e t o havin g 
superficia l  similaritie s a s well .  Moreover ,  eve n 
thoug h superficia l  feature s sometime s ar e associate d 
wit h helpfu l  similaritie s an d sometime s associate d 
wit h unhelpfu l  similaritie s peopl e stil l  d o no t  ge t 
misle d b y superficia l  similarit y whe n tha t  i s th e onl y 
basi s fo r  similarity .  Thi s findin g suggest s tha t 
model s tha t  requir e superficia l  similarit y a s a  majo r 
selectio n procedur e fo r  analogica l  remindin g ma y nee d 
t o b e modifie d fo r  condition s i n whic h peopl e ar e 
learnin g a  ne w skill . 

People often learn from experience by either solving 
problem s themselve s o r  b y observin g th e proble m 
solvin g behavio r  o f  other s i n th e for m o f  worke d 
example s o r  apprenticeship .  T o understan d h o w novice s 
i n a  domai n lear n fro m thes e kind s o f  experience s i t  i s 
importan t  t o understan d wha t  kin d o f  informatio n the y 
acquir e fro m seein g a n exampl e o r  fro m performin g a 
set  o f  proble m exercise s an d h o w the y subsequentl y us e 
thei r  memorie s fo r  thos e experience s t o eithe r  recal l 
solution s o r  searc h throug h externa l  medi a fo r  helpfu l 
material .  S o m e experimenta l  evidenc e suggest s tha t 
peopl e ten d no t  t o b e ver y goo d a t  noticin g importan t 
solutio n relevan t  similaritie s betwee n stud y example s 
an d problem s t o b e solve d (Gic k &  Holyoak ,  1983 ; 
Ross ,  1987 )  o r  betwee n vignette s tha t  ar e rea d a t 
separat e time s (Centner ,  Ratterman ,  &  Forbus ,  1993) . 
Thi s ha s le d s o m e researcher s t o conclud e tha t  novice s 
ar e misle d b y superficia l  similarit y an d ar e therefor e no t 
ver y goo d a n usin g analog y o r  case-base d reasonin g 
w h e n learnin g a  n e w domai n (VanLehn ,  1989) . 
Instead ,  the y focu s o n th e kind s o f  rule s novice s acquir e 
b y studyin g example s o r  workin g throug h proble m set s 
(VanLeh n &  Jones ,  1993) .  However ,  i n additio n t o 
fillin g i n knowledg e gaps ,  prio r  experienc e wit h a 
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proble m ca n provid e a  ric h memor y bas e fo r  problem s 
solve d i n th e ne w domai n whic h ca n facilitat e 
subsequen t  proble m solvin g i f  th e prio r  experienc e i s 
recalle d (e.g. ,  Hammond,  1986) . 

I n earlie r  experiment s i n ou r  la b w e hav e show n tha t 
novic e programmer s ar e sensitiv e t o structura l 
similaritie s an d ar e abl e t o ignor e superficia l  similarit y 
unde r  a  variet y o f  circumstances .  Thi s i s i n contras t  t o 
severa l  experiment s whic h sho w tha t  novice s ar e misle d 
by superficia l  similarit y (e.g. ,  Ross ,  1987 ;  1989) .  I n 
particular ,  th e novice s w e studie d ar e m u c h mor e likel y 
t o searc h a  compute r  m e m o r y bas e fo r  thei r  prio r 
problem s tha t  ar e structurall y relate d t o th e proble m 
the y ar e workin g o n tha n the y ar e t o searc h fo r  a 
proble m tha t  i s onl y relate d i n term s o f  th e superficia l 
conten t  (Farie s &  Reiser ,  1988) .  I n thes e experiment s 
novic e programmer s spen d betwee n 1 0 an d 1 7 hour s 
learnin g h o w t o program .  The y sav e al l  o f  thei r 
problem s (o r  example s studied )  an d ca n late r  searc h fo r 
thes e b y providin g a  distinctiv e keywor d o r  phrase . 
Althoug h th e subject s ar e readin g tex t  an d solvin g 
severa l  problems ,  th e las t  fe w proble m set s represen t 
th e experimenta l  "target "  problems .  Fo r  eac h o f  thes e 
problem s on e prio r  proble m w a s see n tha t  bor e 
superficia l  similarit y only ,  on e tha t  wa s superficiall y 
dissimila r  an d severa l  other s tha t  wer e neithe r 
superficiall y o r  structurall y similar .  W e recorde d al l 
thei r  interaction s i n th e environmen t  includin g th e 
particula r  problem s the y chos e t o consul t  fo r  eac h targe t 
problem .  I n general ,  th e majorit y o f  thei r  searche s 
wer e fo r  th e prio r  problem s tha t  wer e structurall y relate d 
an d the y wer e rarel y eve r  misle d b y th e superficia l 
similarities .  W e hav e als o show n tha t  novice s ar e les s 
likel y t o b e misle d i f  the y solv e th e sourc e problem s 
tha n i f  the y stud y well-annotate d example s (Faries , 
1991) .  Thi s suggest s tha t  eve n novice s hav e a  memor y 
fo r  prio r  wor k tha t  i s accessibl e vi a structurall y relevan t 
m e m o ry routes . 

O ur  earlie r  experiment s suppor t  a  conclusio n tha t 
novice s ar e no t  automaticall y misle d b y surfac e 
similarit y an d tha t  the y can ,  indeed ,  us e structura l 
retrieva l  route s eve n w h e n surfac e similarit y i s no t 
helpfu l  an d i s potentiall y  misleading .  W e deliberatel y 
contraste d th e similarit y tha t  wa s primaril y structura l 
wit h tha t  whic h wa s primaril y superficia l  fo r  eac h targe t 
proble m becaus e th e subjec t  ha d a n equa l  chanc e o f 
noticin g eithe r  fo r  eac h targe t  problem .  Thi s enable s u s 
t o us e eac h ite m a s a  contro l  becaus e ever y sourc e ite m 
appeare d i n bot h o f  th e similarit y condition s an d eac h 
targe t  ite m ha d a  potentia l  analo g fro m eac h o f  tw o 
conditions .  O u r  interpretatio n o f  th e competitiv e 
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desig n i s  tha t  peopl e ar e a t  leas t  a s sensitiv e t o 
structura l  similaritie s a s t o superficia l  similaritie s whe n 
reminding s occu r  durin g a  learnin g context .  Thes e 
reminding s occu r  whe n particula r  learnin g an d proble m 
solvin g goal s ar e i n plac e (Seifert ,  1988 )  and ,  perhap s 
mor e importantly ,  ou r  subject s wer e encodin g th e 
sourc e item s a s a  resul t  o f  developin g a  solutio n fo r  th e 
problem .  W e hav e begu n t o develo p a  mode l  tha t 
require s tha t  byproduct s o f  th e encodin g proces s b e 
store d a s par t  o f  th e even t  memor y fo r  exampl e stud y 
and prio r  proble m solvin g episode s (cf .  Carbonell , 
1986) .  Thi s suggest s tha t  i n case s wher e student s 
participat e i n th e developmen t  o f  th e solutio n the y wil l 
hav e mor e relevan t  (o r  structural )  retrieva l  route s t o 
othe r  relate d problem s tha n i f  the y onl y superficiall y 
proces s th e proble m (lazil y studyin g example s fo r 
instance) .  S o m e student s ar e mor e likel y t o self -
explai n example s an d thereb y participat e i n th e 
developmen t  o f  th e solutio n (Chi ,  Bassok ,  Lewis , 
Reimann .  &  Glaser ,  1989) .  I n thi s wa y student s w h o 
lac k a  dee p structura l  understandin g o f  th e domai n ar e 
abl e t o notic e similaritie s tha t  ar e structura l  becaus e o f 
similaritie s i n processing .  Thi s provide s a  mechanis m 
tha t  enable s novice s t o th e bia s t o notic e superficia l 
similarity .  I n processin g an y even t  o r  wor d proble m 
th e superficia l  detail s mus t  b e processe d so ,  b y ou r 
reasoning ,  th e superficia l  detail s wil l  alway s b e par t  o f 
th e representatio n an d retrieva l  wil l  alway s b e possibl e 
by superficia l  routes .  However ,  whe n student s proces s 
example s o r  problem s i n mor e detai l  othe r  mor e 
beneficia l  processin g detail s ar e store d thu s enablin g 
retrieva l  base d o n thos e similarities . 

One interestin g aspec t  o f  thi s competitiv e desig n i s 
tha t  subject s m a y hav e learne d tha t  surfac e similarit y 
woul d neve r  b e useful .  I n fac t  th e predominanc e o f 
structura l  reminding s m a y aris e becaus e eve n thoug h 
subject s m a y hav e bee n incline d t o loo k u p prio r 
superficia l  isomorphs ,  the y ignore d thei r  inclination s 
and sought ,  instead ,  th e structura l  isomorphs .  I f  thi s 
explanatio n wer e tru e i t  woul d stil l  b e ver y importan t  t o 
understan d h o w th e metaknowledg e abou t  predictabilit y 
so affect s thei r  m e m o r y tha t  the y ar e abl e t o notic e 
structura l  similarit y whe n ordinaril y  the y cannot .  I t  i s 
not  clea r  h o w suc h metaknowledg e fits  int o existin g 
model s o f  analo g retrieva l  (e.g. .  Centner ,  e t  al. ,  1993 ; 
Thagard ,  Holyoak ,  Nelson ,  &  Cochfeld ,  1990) . 

I n thi s pape r  w e replicat e ou r  earlie r  wor k observin g 
novic e programmer s w h o encod e sourc e problem s 
durin g th e developmen t  o f  a  solution ,  bu t  w e designe d 
sourc e an d targe t  problem s s o tha t  superficia l  similarit y 
was helpfu l  fo r  retrieva l  o f  a  structurall y relate d proble m 
onl y hal f  th e time .  I n thi s desig n subject s canno t 
exploi t  th e knowledg e tha t  superficia l  similarit y wil l 
neve r  b e helpfu l  an d thu s ignor e reminding s tha t  ar e 
base d o n th e superficia l  similarit y thu s enablin g a n 
examinatio n o f  th e relativ e contribution s o f  Superficia l 
and Structura l  similarity .  I f  subject s ar e abl e t o notic e 
structura l  similarit y primaril y becaus e o f  th e meta -
awarenes s o f  th e lac k o f  utilit y o f  superficia l 
informatio n the n w e woul d expec t  tha t  whe n the y hav e 

no particula r  knowledg e o f  th e utilit y o f  superficia l 
informatio n peopl e wil l  retriev e m a n y analog s relate d 
bot h superficiall y an d structurall y an d wil l  b e ofte n 
misle d b y analog s tha t  ar e onl y superficiall y  similar .  I n 
othe r  words ,  peopl e wil l  no t  ignor e thei r  bia s (e.g. . 
Centne r  e t  al. ,  1993 ;  Ross ,  1984 )  t o pursu e superficia l 
similarit y Model s lik e th e Analogica l  Constrain t 
Mappin g Engin e ( A C M E )  (Thagard ,  Holyoak ,  Nelson , 
& Cochfeld ,  1990) ,  wher e superficia l  simila r  i s on e 
mai n constrain t  i n settin g u p compariso n networks ,  o r 
M A C / F AC (Cenmer ,  e t  al. ,  1993 )  wher e th e initia l 
selectio n o f  candidat e analog s i s drive n b y superficia l 
similarity ,  predic t  tha t  superficia l  similarit y wil l 
increas e th e chance s o f  noticin g a  structura l  analo g 
when i t  i s  als o superficiall y  simila r  an d increas e th e 
likelihoo d o f  bein g misle d w h e n i t  i s  paire d wit h 
structurall y dissimila r  problems .  If ,  o n th e othe r  hand , 
bein g reminde d o f  structura l  similarit y doe s no t  requir e 
an initia l  rejectio n o f  mor e obviou s superficia l 
similarity ,  bu t  i s instea d base d o n th e reasonin g encode d 
as par t  o f  th e sourc e memory ,  the n subject s wil l 
retriev e analog s tha t  ar e structurall y relate d (wit h o r 
withou t  superficia l  similarity )  an d will ,  a s i n previou s 
experiment s i n ou r  system ,  infrequentl y pursu e 
misleadin g merel y superficia l  analogs . 

Method 

Subjects 

Subject s wer e 3 0 student s fro m th e Northwester n 
Universit y community .  Al l  th e student s wer e novic e 
programmers .  Th e averag e mat h S A T scor e fo r  th e 
subject s w h o complete d th e ful l  experimen t  wa s 67 4 
and th e rang e wa s fro m 54 0 t o 800 .  Fou r  subject s 
wer e exclude d becaus e o f  equipmen t  failur e o r  becaus e 
the y chos e t o qui t  prio r  t o completio n o f  bot h chapters . 
Th e averag e S A T fo r  thos e w h o di d no t  complet e th e 
experimen t  wa s 61 0 an d th e rang e wa s fi-om  54 0 t o 760 . 

Materials 

Th e Behaviora l  Analogica l  Tracin g Electroni c Boo k 
environmen t  ( B A T B o o k )  wa s use d t o observ e novice s 
learnin g h o w t o progra m b y keepin g a n extensiv e recor d 
of  al l  activitie s withi n th e system .  Th e syste m i s 
describe d i n detai l  elsewher e (Farie s &  Reiser ,  1989 )  s o 
we wil l  onl y briefl y describ e th e ke y features . 
B A T B o ok use s a  windo w syste m t o presen t  a  textbook , 
workspace ,  an d example s o r  problem s a t  particula r 
point s withi n eac h learnin g session .  Th e syste m 
record s a  subject' s us e o f  text ,  acces s o f  previou s 
problem s o r  examples ,  an d curren t  proble m solvin g 
activity .  Subject s rea d tex t  an d ar e presente d wit h 
proble m set s ever y fe w page s t o illustrat e th e point s 
made i n th e text .  Afte r  solvin g eac h proble m th e 
studen t  mus t  submi t  th e proble m t o th e system . 
B A T B o ok give s minima l  feedbac k i f  th e solutio n i s 
incorrec t  an d request s tha t  th e subjec t  attemp t  a t  leas t 
on e fix .  Ther e ar e severa l  butto n option s permittin g 
searc h bac k eithe r  throug h th e previousl y rea d text ,  th e 
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previousl y submitte d problems ,  o r  th e verbati m histor y 
of  proble m solvin g activit y i n th e workspace .  Thi s 
allow s u s t o observ e th e similaritie s subject s notic e an d 
pursu e a s wel l  a s obtai n a  detaile d recor d o f  al l  proble m 
solvin g steps .  I n additio n t o th e behaviora l  protoco l  w e 
aske d hal f  th e subject s t o thin k alou d whil e readin g an d 
proble m solving .  A  cassett e recorde r  an d lap^ l 
microphon e wer e use d t o collec t  thes e protocols .  W e 
hav e no t  analyze d th e protoco l  dat a ye t  bu t  hav e 
include d thi s i n th e descriptio n becaus e i t  wa s a  majo r 
pa n o f  th e procedur e fo r  hal f  th e subjects . 

Th e experimenta l  stimul i  consiste d o f  6  sourc e 
problem s an d 1 8 targe t  problems .  Fo r  eac h sourc e 
proble m w e constructe d on e proble m tha t  share d th e 
cove r  stor y wit h th e origina l  sourc e proble m bu t 
require d a  nove l  solutio n (Superficia l  Only) ,  on e 
proble m ha d a  nove l  cove r  stor y an d require d a  simila r 
solutio n (Structura l  Only) ,  an d on e proble m ha d bot h 
an d simila r  cove r  stor y an d require d a  simila r  solutio n 
(Both) .  Eac h subjec t  sa w th e sam e 6  sourc e problems . 
Late r  i n th e sequenc e eac h subjec t  sa w 2  randoml y 
ordere d example s o f  eac h o f  th e thre e type s o f  targe t 
problem s describe d above .  Al l  experimenta l  variable s 
wer e varie d withi n subject s an d particula r  instance s o f 
th e targe t  problem s wer e counterbalance d acros s al l 
subjects . 

T o verif y ou r  intuition s abou t  th e type s o f 
similaritie s buil t  int o th e consunctio n o f  th e stimul i  w e 
had independen t  rater s rat e th e similarite s betwee n th e 
problems .  Eac h pai r  o f  targe t  an d sourc e problem s 
wer e rate d fo r  similarit y (structura l  an d supeiî cial )  b y 
independen t  L IS P programmer s o n a  scal e o f  1  t o 5 , 
wit h 1  bein g th e mos t  simila r  an d 5  bein g th e leas t 
similar .  T h e problem s tha t  share d structura l  an d 
superficia l  similarit y wer e rate d th e mos t  simila r  i n 
term s o f  stor y (averag e L 8 ou t  o f  5 )  an d highl y simila r 
i n term s o f  tas k (averag e 2. 3 ou t  o f  5) ,  wit h superficia l 
an d structura l  similarit y gettin g ver y clos e ratings . 
Problem s wit h a  nove l  stor y an d th e sam e tas k wer e 
rate d lo w i n superficia l  similarit y (averag e 3. 3 ou t  o f  5 ) 
and hig h i n structura l  similarit y (averag e 1. 1 ou t  o f  S) . 
Problem s wit h a  simila r  stor y bu t  nove l  tas k wer e rate d 
hig h i n superficia l  similarit y (averag e 2. 2 ou t  o f  5 )  bu t 
lo w i n structura l  similarit y (averag e 4. 1 ou t  o f  5) . 

Subject s wer e ru n separatel y an d complete d th e 
experimen t  i n on e sessio n lastin g fro m thre e t o five 
hours .  Hal f  o f  th e subject s wer e traine d i n th e 
technique s o f  think-alou d protoco l  generatio n (Ericsso n 
& Simon ,  1984 )  befor e initiatin g th e sessio n an d wer e 
instructe d t o continu e thinkin g alou d throughou t  th e 
sessio n includin g durin g proble m solving ,  tex t 
comprehensio n phase s a s wel l  a s durin g searc h activity . 
Subject s worke d a t  thei r  o w n pac e throug h tw o chapter s 
of  a n introductor y L IS P tex t  (Anderson ,  Corbett ,  & 
Reiser ,  1987) .  Th e firs t  chapte r  familiarize d subject s 
wit h th e L IS P environmen t  an d th e B A T B o o k feature s 
as wel l  a s introduce d the m t o ver y basi c programmin g 
constructs .  Durin g Chapte r  2  th e subject s bega n t o 
defin e fiinction s accordin g t o th e specification s laye d ou t 
i n wor d problems .  I t  wa s durin g Chapte r  2  tha t  w e 

collecte d th e dat a w e repor t  i n thi s paper .  Th e si x 
sourc e problem s wer e presente d earl y i n Chapte r  2  an d 
th e si x targe t  problem s wer e presente d toward s th e en d 
of  Chapte r  2 .  Proble m set s wer e intersperse d withi n 
expositor y tex t  a s i s typica l  o f  textboo k presentations . 

Results 

Th e mai n findin g w e repor t  i s  fo r  th e remindin g 
behavio r  average d ove r  al l  participant s i n th e 
experiments .  W e d o no t  a s ye t  hav e th e protoco l  dat a 
transcribe d an d analyze d s o al l  result s ar e collapse d 
acros s protoco l  condition .  W e als o identifie d subject s 
as good ,  moderat e o r  poo r  learner s base d o n thei r 
performanc e t o enabl e a n investigatio n o f  whethe r  th e 
subjects '  performanc e correlate d t o th e kin d o f  searc h 
activit y the y engage d in .  Fo r  thi s par t  o f  th e analysi s 
subject s wer e divide d o n th e basi s o f  th e numbe r  o f 
correc t  fma l  solution s the y produced ;  goo d learner s ha d 
11-1 2 correct ,  mediu m learner s ha d 9-1 0 correct ,  an d 
poo r  learner s ha d 8  o r  les s correc t  Furthermore ,  goo d 
learner s decrease d thei r  incorrec t  solutio n attempt s 
betwee n proble m set s b y 5 0 % ,  wherea s mediu m learner s 
decrease d b y 2 5 % an d poo r  learner s di d no t  decreas e a t 
all .  Eac h grou p o f  learner s spen t  th e sam e amoun t  o f 
time ,  o n average ,  i n th e sessions .  Fo r  eac h se t  o f  targe t 
problem s subject s coul d hav e searche d fo r  problem s tha t 
wer e superficiall y  simila r  (.3 3 o f  th e problems) , 
problem s tha t  wer e structurall y simila r  onl y (.33) ,  o r 
problem s tha t  wer e bot h structurall y an d superficiall y 
simila r  (.33) . 

Superficia l 
Onl y 

Structura l 
Onl y 

F igur e 1 :  A v e r a g e o f  searche s fo r  e a c h typ e o f  relatio n 
b e t w e e n sourc e a n d targe t 

(Tota l  possibl e i s 2  pe r  subjec t  pe r  session ) 

Rem ind ing s 

As see n i n Figur e 1 ,  average d acros s learne r  typ e 
most  o f  th e searche s occurre d whe n th e sourc e targe t 
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proble m wa s relate d i n term s o f  th e structura l  similarit y 
( 9 1 % o f  al l  searches) .  A  3  X  3  Analysi s o f  Varianc e 
usin g Abilit y  (Hi ,  M e d ,  L o w )  an d Searc h Typ e 
(Superficia l  Only ,  Structura l  Only ,  Both )  a s variable s 
shows a  significan t  effec t  fo r  Searc h Type ,  E(2,54 )  = 
9.08 ,  I I  <  .001 .  Newmann-Keu l s compariso n o f  th e 
thre e pairwis e comparison s show s tha t  bot h Structura l 
onl y searche s (. 6 pe r  subject )  an d th e Bot h (.7 7 pe r 
subject )  searche s wer e highe r  ( n <  .01 )  tha n Superficia l 
searche s (.1 3 pe r  subject) .  Ther e wa s n o differenc e 
betwee n th e Structura l  onl y an d th e Bot h searc h 
bcq^xncy . 

1.0 
•  SUPERFICIA L 
B STRUCTURAL 
Q BOTH 

Moderat e 

Figar e 2 :  N u m b e r  o f  searche s pe r  sessio n b y abilit y  o f 
I  th e student . 

Good Versus Poor Subjects 

Althoug h th e frequenc y o f  searc h activit y withi n 
our  pos t  performanc e abilit y  grouping s wa s to o lo w t o 
reall y tes t  fo r  significanc e (e.g. ,  th e numbe r  o f  poo r 
abiUt y subject s wa s 8 )  w e repor t  the m her e becaus e the y 
ar e suggestive .  I n particular ,  the y m a y softe n th e 
strengt h o f  ou r  argumen t  abou t  th e non-contributio n o f 
surfac e similarit y t o remindin g patterns .  Overall ,  Poo r 
subject s conducte d a n averag e o f  2. 1 searche s pe r  Targe t 
sessio n (ou t  o f  6  possible) .  Moderat e subject s 
conducte d 1. 4 searche s an d goo d subject s conducte d 1. 1 
searche s pe r  Targe t  session .  Thes e difference s ar e no t 
significan t  ( p >  .4 )  bu t  ar e i n accor d wit h th e typica l 
findin g tha t  subject s w h o struggl e wit h a  proble m ar e 
mor e likel y t o b e reminde d o f  earlie r  example s an d us e 
thos e example s mor e frequentl y (e.g. ,  Ross ,  1989) . 
Whil e mos t  o f  th e searche s conducte d fo r  Superficia l 
Onl y sourc e problem s wer e b y th e poo r  subject s (.75 ) 
ther e wer e to o fe w superficia l  searche s altogethe r  (tota l 
= 4 )  t o mak e muc h o f  thi s difference .  G o o d learner s 
ten d als o t o searc h slightl y les s ofte n fo r  item s tha t  ar e 
simila r  onl y i n term s o f  structura l  propertie s tha n fo r 

thos e tha t  ar e als o superficiall y  simila r  and ,  althoug h 
thi s i s no t  reliable ,  i t  suggest s ther e m a y b e 
circumstance s unde r  whic h surfac e feature s facilitat e 
retrieva l  o f  structurall y simila r  problems . 

D i s c u s s i o n 

We hav e replicate d ou r  earlie r  result s tha t  novice s ar e 
capabl e o f  noticin g an d usin g structura l  similarity . 
Ver y fe w problem s wer e retrieve d tha t  wer e onl y 
superficiall y  similar .  Peopl e ar e no t  misle d b y 
superficia l  similarit y whe n the y ar e engage d i n learnin g 
and whe n the y participat e i n th e developmen t  o f  th e 
solution s t o th e examples .  Moreover ,  w e hav e provide d 
suppor t  fo r  ou r  prio r  contentio n tha t  subject s i n ou r 
experiment s w h o demonstrat e predominantl y structura l 
searc h behavio r  d o no t  simpl y lear n tha t  superficia l 
similarit y i s no t  useful .  I n thi s experiment ,  i t  predicte d 
structure d similarit y hal f  th e tim e s o wa s o f  n o hel p i n 
forecastin g whethe r  th e easil y notic e superficia l 
similaritie s woul d correlat e eithe r  w a y wit h structura l 
similarity .  Th e additio n o f  superficia l  similarit y t o th e 
structurall y simila r  sourc e an d targe t  problem s m a d e 
litd e o r  n o differenc e t o th e likelihoo d tha t  subject s 
woul d retriev e a  usefu l  structurall y relate d prio r 
problem . 

I t  appear s fro m thes e result s tha t  th e effect s o f 
superficia l  an d structura l  similarit y ar e additiv e bu t  tha t 
th e contributio n o f  superficia l  similarit y i s greatl y 
overwhelme d b y th e contributio n o f  structura l 
similarity .  I n orde r  t o reconcil e thes e result s wit h a  2 
stag e mode l  o f  retrieva l  suc h a s M A C / F A C (Centner , 
et  al. ,  1993 )  on e coul d sugges t  tha t  durin g di e secon d 
stag e o r  th e remindin g proces s thes e spuriou s 
reminding s wer e rule d ou t  an d tha t  subject s onl y 
pursue d reminding s tha t  wer e structurall y sound .  W e 
certainl y canno t  rul e suc h a n explanatio n ou t  base d o n 
dat a fro m thi s experimen t  bu t  th e dat a reporte d her e 
occu r  exclusivel y durin g attempt s t o solv e targe t 
problem s fo r  whic h th e subjec t  lacke d knowledg e 
(therefor e opte d t o search) .  Thi s absen t  knowledg e m a y 
be di e sam e knowledg e neede d t o discriminat e betwee n 
candidat e analogs . 

As argued ,  thes e finding s contradic t  s o m e 
interpretation s o f  othe r  researc h tha t  ha s s h o w n 
analogica l  o r  structura l  reminding s t o b e difficul t  t o 
elicit .  W e hav e claime d tha t  ou r  experimen t  differ s 
fro m othe r  experiment s i n tha t  th e subject s encod e th e 
sourc e problem s wiUii n di e contex t  o f  tryin g t o lear n a 
ne w skill .  I n fact ,  w e argu e tha t  ou r  subject s wer e ver y 
likel y t o develo p di e solution s diemselve s an d dia t  di e 
developmen t  o f  th e solution s ar e par t  o f  th e m e m o r y 
(Carbonell ,  1986) .  Th e significanc e o f  developin g 
solution s fo r  m e m o r y fo r  th e proble m i s tha t  th e 
reasonin g step s take n towar d th e solutio n ar e par t  o f  a n 
even t  m e m o r y fo r  th e sourc e problems .  W e argu e tha t 
model s use d t o explai n remindin g durin g proble m 
solvin g shoul d no t  operat e o n stati c description s o f 
problems .  Th e even t  a s store d i n m e m o r y i s a  trac e o f 
th e procedure s an d reasonin g use d t o understan d th e 
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even t  o r  solv e th e problem .  Similaritie s betwee n pas t 
and presen t  processin g an d reasonin g stage s produc e 
remindings .  Thing s ar e considere d t o b e simila r  i f 
simila r  processe s ar e use d t o understan d the m or ,  i n th e 
cas e o f  proble m solvin g o r  exampl e studying ,  i f  simila r 
processe s ar e use d t o solv e component s o f  th e problem . 

When student s initiall y  rea d a n exampl e o r  begi n t o 
solv e a  proble m th e processin g o f  superficia l  feature s 
predominate .  I f  thi s wer e a s fa r  a s the y wen t  thei r 
representatio n o f  th e proble m woul d b e heavil y 
determine d b y th e processe s use d t o understan d th e 
superficia l  aspect s o f  th e problem .  A s student s develo p 
a solutio n o r  elaborat e o n th e problem ,  however ,  th e 
processe s use d t o understan d th e superficia l  component s 
become jus t  a  fe w o f  man y processe s use d t o understan d 
and solv e th e problem .  I n case s wher e subject s solv e 
th e sourc e jMoble m (stain g solutio n relevan t  procedure s 
as par t  o f  th e even t  memory )  an d solv e th e targe t 
proble m (thu s generat e appropriat e procedur e relate d 
cues )  w e expec t  tha t  th e influenc e o f  superficia l 
similarit y i s greatl y diminished .  Thi s i s essentiall y 
what  w e observ e i n th e behavio r  o f  ou r  subjects .  I n 
les s idea l  cases ,  wher e subject s d o no t  solv e th e sourc e 
problem s o r  i f  the y ar e laz y abou t  solvin g th e targe t 
(therefor e d o no t  generat e appropriat e cu e conditions ) 
superficia l  similarit y wil l  provid e a  stronge r  influence . 

Our  finding s sugges t  tha t  model s o f  retrieva l  shoul d 
modif y th e rol e o f  superficia l  similarit y a s a  genera l 
stron g forc e i n reminding .  I n case s wher e subject s 
participat e i n th e developmen t  o f  th e solution ,  a s ou r 
result s show ,  i t  wil l  hav e onl y a  mil d influence ,  eve n 
on th e memorie s o f  novice s wh o canno t  likel y articulat e 
th e structura l  similaritie s tha t  for m th e base s fo r  thei r 
remindings . 
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