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Structur e 

Stephe n J .  Rea d 
Departmen t  o f  Psycholog y 

Universit y o f  Souther n Californi a 
Lo s Angeles ,  C A 90089-1061 . 

Read@rcf.usc.edu . 

Robyn W .  Johnso n 
2931 Plaz a De l  Amo,  #3 2 

Twrance ,  C A 9050 3 

Abstrac t 
We investigate d whethe r  trainin g i n ho w t o encod e th e 
causa l  stnictur e o f  problem s woul d improv e individual' s us e 
of  analogie s t o previousl y encountere d cases .  Subject s 
wer e traine d eithe r  i n ho w t o encod e th e causa l  structur e o f 
busines s case s o r  give n a  lectur e o f  equa l  lengt h o n a 
variet y o f  decisio n makin g procedures .  The y wer e the n 
aske d t o stud y severa l  busines s case s an d thei r  successfu l 
solution .  On e wee k later ,  whe n aske d t o solv e ne w 
problems ,  subject s wh o wer e traine d i n causa l  analysis , 
compare d t o th e contro l  group ,  wer e mor e likel y t o us e a n 
appropriat e analog y fro m th e previousl y studie d case s 
(positiv e transfer )  an d wer e les s likel y t o us e a n 
inappropriat e analog y (negativ e transfer) .  Furthe r 
anaJyse s showe d tha t  trainin g i n causa l  analysi s increase d 
subjects '  abilit y t o encod e th e causa l  structur e o f  th e 
proble m an d increase d th e likelihoo d o f  bein g reminde d o f 
th e analogy .  Thus ,  th e abilit y  t o encod e causa l  structur e 
and us e analogie s appropriatel y i s no t  responsiv e onl y t o 
increasin g domai n knowledge ,  bu t  ca n als o b e improve d b y 
genera l  trainin g i n th e identificatio n an d encodin g o f  th e 
centra l  component s o f  th e causa l  stnictur e o f  problems . 

Introduction 

We often solve new problems by using solutions to past 
problems .  Centra l  t o suc h analogica l  reasonin g i s th e 
extractio n o f  th e relationa l  structur e o f  th e pas t  proble m an d 
it s applicatio n t o th e n e w proble m (Centner ,  1983 ;  Gic k & 
Holyoak ,  1983 ;  Holyoak ,  1985 ;  Read ,  1984) . 

Unfortunately ,  peopl e ofte n fai l  t o us e analogie s 
appropriately .  The y d o s o i n a t  leas t  tw o ways .  First ,  the y 
m ay attemp t  t o inappropriatel y appl y a  pas t  situatio n t o th e 
presen t  problem .  Fo r  example ,  Jervi s (1976 )  an d M a y 
(1973 )  hav e persuasivel y argue d tha t  foreig n polic y decisio n 
maker s ofte n rel y o n inappropriat e historica l  analogie s i n 
developin g policies ,  an d a s a  resul t  ca n m a k e highl y 
questionabl e decisions .  I n suc h cases ,  th e decisio n make r 
seems t o hav e bee n seduce d b y salien t  feature s o f  th e 
previou s cas e an d faile d t o carefull y examin e it s causa l 
structure . 

Second ,  peopl e m a y fai l  t o notic e o r  b e reminde d o f 
relevan t  pas t  situations .  I f  decisio n maker s hav e faile d t o 
properl y encod e th e causa l  structur e o f  pas t  problems ,  the y 
migh t  ofte n fai l  t o notic e tha t  th e pas t  situatio n i s relevan t 
t o th e curren t  situation . 

Thi s suggest s tha t  encodin g o f  th e causa l  structur e o f 
situation s play s a  centra l  rol e i n successfu l  analogica l 

reasoning .  Consisten t  wit h this ,  severa l  researcher s (e.g. , 
Carbonell ,  1983 ;  Centner ,  1983 ;  Holyoak ,  1985 )  hav e 
argue d tha t  encodin g th e causa l  structur e i s ke y t o bot h 
appropriat e retrieva l  an d appUcatio n o f  analogies .  B y bein g 
abl e t o identif y an d understan d th e specifi c  relationa l  o r 
causa l  feature s o f  a n analogy ,  th e proble m solve r  ca n bette r 
understan d w h y a  particula r  outcom e di d o r  di d no t  occur . 
As a  result ,  the y m a y b e mor e likel y t o b e reminde d o f  a n 
applicabl e analog y and ,  i f  the y hav e remembere d it ,  b e bette r 
abl e t o appl y it . 

Thi s stud y examine s whethe r  peopl e coul d b e traine d t o 
us e analogica l  reasonin g mor e effectivel y b y providin g the m 
wit h a n explici t  techniqu e t o analyz e an d encod e th e causa l 
structur e o f  problems .  Th e trainin g procedur e instructe d 
subject s i n th e us e o f  Carbonell' s  (1983 )  Means-End s 
Analysi s ( M E A )  framewor k fo r  analogica l  reasoning ,  base d 
o n Newel l  an d Simon' s (1973 )  approac h t o problem-solving . 
Althoug h propose d a s a  framewor k fo r  retrieval ,  th e presen t 
stud y examine d it s impac t  o n encodin g an d ̂ plicatio n o f 
analogies ,  a s well .  Thi s f ramewor k involve s th e 
identificatio n o f  fou r  aspect s o f  th e causa l  structur e o f  th e 
pas t  an d presen t  problem s an d th e subsequen t  attemp t  t o 
matc h thos e aspect s o f  th e structur e o f  th e ol d proble m t o 
th e ne w problem : 

1.  th e existin g o r  curren t  state s o f  th e n e w an d previousl y 
solve d problems . 

2.  th e goa l  state s o f  th e ne w an d solve d problems . 
3.  action s tha t  ca n b e take n t o m o v e th e syste m fro m th e 

existin g t o th e goa l  state . 
4.  constraint s fo r  th e n e w an d solve d problems ,  suc h a s 

limitation s o n tim e an d resources ,  tha t  ca n affec t  th e abilit y 
t o carr y ou t  th e actions . 

Thi s shoul d provid e peopl e wit h a  mechanis m t o encod e 
th e causa l  structur e o f  pas t  event s an d a s a  resul t  influenc e 
th e thre e genera l  phase s o f  analogica l  reasoning :  (a )  encodin g 
of  th e base ,  (b )  remindin g o f  a  pas t  situatio n b y th e target , 
an d (c )  ̂ plicatio n o f  th e analog y (includin g bot h mappin g 
and transfo') . 

Thi s stud y i s als o relevan t  t o th e interes t  i n th e relativ e 
rol e o f  surfac e an d structura l  feature s i n analogica l  reasoning . 
M a ny o f  th e studie s tha t  hav e examine d th e us e o f  analogie s 
(e.g. ,  Basso k &  Holyoak ,  1989 ;  Gic k &  Holyoak ,  1980 , 
1983 ;  Gick ,  &  McGarry ,  1992 ;  Holyoa k &  Koh ,  1987 ; 
Novick ,  1988 ;  Reed ,  1987 ;  Ross ,  1987 ,  1989 )  hav e focuse d 
o n th e rol e o f  surfac e an d structura l  feature s o f  th e bas e 
analo g i n it s retrieva l  an d applicatio n t o a  new ,  analogou s 
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targe t  Surfac e feature s shoul d no t  effec t  th e applicatio n o f  a 
base ,  a s tbe y ar e no t  par t  o f  it s relationa l  o r  causa l  structure . 
Structura l  feanire s ar e th e relationa l  component s tha t  defln e 
th e causa l  structur e o f  th e bas e an d thu s shoul d affec t 
whethe r  i t  ca n b e correctl y mappe d t o th e target . 

As expected ,  retrieva l  i s  largel y influence d b y surfac e 
similarity ,  wit h structura l  similarit y playin g a  mino r  rol e 
(fo r  a  revie w se e Wharto n e t  al. ,  1994 ;  fo r  a n exceptio n se e 
Read an d Ces a (1991 )  ) .  I n contrast ,  th e applicabilit y  o f 
analogie s i s abnos t  entirel y affecte d b y structura l  similarit y 
(Genmer  &  Landers ,  1985 ;  Reed ,  1987 ;  an d Holyoa k & 
Koh,  1987) . 

However ,  unde r  som e condition s surfac e similaritie s d o 
influenc e application ,  particularl y whe n structura l  mapping s 
ar e unclea r  (Ross ,  1987 ;  an d Johnson ,  1988) .  Apparently , 
peopl e us e correspondin g surfac e feature s t o hel p identif y 
correspondin g structura l  relations .  Unfortunately ,  w h e n 
surfac e feature s ar e no t  correlate d wit h structura l  relation s 
thi s ma y lea d t o negativ e u^nsfe r  o f  a  bas e t o a  targe t  tha t 
share s onl y surfac e similaritie s (Novick ,  1988 ;  Basso k & 
Holyoak ,  1989) . 

Novic k (1988 )  propose d a  framewor k fo r  conceptualizin g 
th e conflictin g fmding s o f  th e rol e tha t  surfac e an d structura l 
feature s pla y i n acces s an d us e o f  analogies .  W h e n sh e 
compare d novice s an d experts ,  sh e foun d tha t  w h e n sourc e 
and targe t  problem s share d structura l  features ,  expert s 
exhibite d mor e positiv e transfe r  tha n novices .  I n contrast , 
when sourc e an d targe t  problem s share d surfac e features ,  bu t 
not  structura l  features ,  novice s wer e m u c h mor e likel y tha n 
expert s t o sho w negativ e transfer ,  inappropriatel y  ̂ plyin g a 
non-relevan t  analogy . 

Thi s suggest s tha t  surfac e similaritie s ca n influenc e 
mappin g o f  a n analog y whe n th e causa l  structur e ha s no t 
been encoded ,  wherea s structura l  similaritie s wil l  influenc e 
mappin g whe n th e structur e ha s bee n encoded .  Bot h Novic k 
(1988 )  an d Ros s (1987 )  implie d tha t  providin g experienc e i n 
analogica l  mappin g shoul d increas e positiv e transfe r  an d 
decreas e negativ e transfer . 

Consisten t  wit h thi s i s Brown' s (1989 )  wor k o n th e 
impac t  o f  age-relate d difference s i n children' s knowledg e o f 
causa l  structure .  Spontaneou s transfe r  wa s mor e likel y i f 
childre n understoo d th e causa l  structur e o f  problems . 
However ,  Brow n als o argue d tha t  whe n childre n hav e no t  ye t 
differentiate d th e causa l  structure ,  surfac e feature s ar e 
importan t  i n analogica l  transfer . 

Thi s impUe s dia t  trainin g i n a  techniqu e fo r  encodin g an d 
mappin g th e causa l  structur e o f  a  problem ,  suc h a s 
Carbonell' s  M E A framework ,  shoul d improv e analogica l 
reasoning .  Thi s shoul d b e exhibite d a s a n increas e i n 
positiv e transfer ,  an d a  decreas e i n negativ e transfer . 

To examin e thi s possibility ,  hal f  o f  th e participant s i n th e 
presen t  stud y receive d trainin g i n applyin g M E A t o th e 
analysi s o f  th e causa l  structur e o f  analogs ,  an d hal f  di d not . 
Participant s wer e expose d t o scenario s tha t  deal t  wit h a 
variet y o f  marketin g an d strategi c busines s issues . 

The natur e o f  th e similarit y o f  bas e an d targe t  wa s varie d 
so tha t  th e effectivenes s o f  trainin g coul d b e assesse d o n 
analogie s whic h wer e an d wer e no t  apprcqniat e matche s fo r 
th e target .  O n e bas e wa s totall y non-analogou s t o th e 
target ,  sharin g neithe r  surfac e no r  structura l  features .  A 

secon d bas e wa s primaril y simila r  o n surfac e feature s t o a 
target ,  bu t  share d littl e structura l  similarity .  Subject s w h o 
faile d t o encod e it s causa l  structur e shoul d inappropriatel y 
appl y i t  t o th e targe t  proble m (negativ e transfer) .  Th e thir d 
bas e wa s simila r  t o a  targe t  i n underlyin g causa l  structure . 
but  no t  i n surfac e features .  Subject s w h o ha d encode d it s 
causa l  structur e shoul d b e mor e likel y t o appl y i t  t o th e 
targe t  (positiv e transfer) . 

Thus ,  traine d individual s wer e predicte d t o b e Iss s likel y 
tha n th e untraine d t o transfe r  a  solutio n fro m a  bas e tha t  wa s 
simila r  onl y o n surfac e feature s (les s negativ e transfer) .  I n 
contrast ,  traine d individual s woul d b e mor e likel y tha n th e 
untraine d t o transfe r  a  solutio n fro m a  bas e tha t  share d al l 
fou r  structura l  component s bu t  n o surfac e feature s (mor e 
positiv e transfer) . 

Method 

Subjects 

O ne hundre d an d twent y m e n an d w o m e n participated .  Fifty -
seve n wer e student s participatin g t o receiv e extr a credi t  i n 
introductor y psycholog y a t  th e Universit y o f  Souther n 
California .  Th e remainin g 6 3 wer e employee s o f  a  healt h 
car e compan y i n Souther n California .  Subject s fro m th e 
tw o group s wer e equall y distribute d acros s th e tw o trainin g 
conditions .  Traine d an d untraine d subject s wer e ru n i n 
separat e sessions ,  wit h seve n t o te n subject s i n a  session . 

Design and Procedure 

Th e stud y wa s a  2  X  3  mixe d design .  Th e betwee n subject s 
facto r  wa s th e typ e o f  trainin g received ,  eithe r  trainin g i n 
Means-End s Analysi s ( M E A )  o r  trainin g i n genera l  proble m 
solving .  Th e withi n subject s facto r  w a s th e natur e o f  th e 
similarit y o f  a  se t  o f  thre e bas e storie s t o thre e targets ,  eithe r 
no n analogous ,  surfac e similarit y only ,  o r  structura l 
similarit y only . 

Subject s wer e randoml y assigne d i n equa l  number s t o th e 
traine d o r  th e untraine d group .  Bot h group s receive d th e 
same stimulu s materials .  Th e traine d grou p wa s traine d o n 
Carbonell' s  M E A framewor k fo r  proble m solvin g b y 
analogy .  T h e untraine d grou p receive d a n informativ e 
presentatio n o n problem-solvin g an d decisio n makin g 
approache s tha t  laste d th e sam e amoun t  o f  tim e a s th e 
experimenta l  training ,  approximatel y on e hour .  However , 
no specifi c  framewor k o r  tool s fo r  problem-solvin g wer e 
provided .  Th e untraine d sessio n wa s designe d t o sho w tha t 
th e impac t  o f  M E A trainin g goe s beyon d simpl y focusin g 
peopl e o n thinkin g abou t  th e problems . 

Fiv e set s o f  busines s problem s wer e developed ,  base d o n 
"rea l  life "  marketin g an d busines s scenarios .  Th e bas e 
storie s presente d a  proble m an d a  solution ,  wherea s th e 
target s onl y presente d a  problem .  T w o set s o f  scenario s 
wer e use d a s trainin g examples .  T h e othe r  thre e set s o f 
base-targe t  pair s wer e use d t o manipulat e th e thre e withi n 
subject s similarit y conditions .  Th e thre e condition s were : 
(1 )  Non-Analogous .  Subject s receive d a  base-targe t  pai r 
i n whic h th e tw o storie s wer e completel y unrelate d t o on e 
another ,  wit h neithe r  surfac e no r  structura l  similarity .  (2 ) 
Negativ e Transfer .  Th e bas e stor y ha d mainl y surfac e 
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similaritie s (suc h a s a  simila r  industry )  t o th e target . 
Structura l  component s suc h a s th e operator s an d constraint s 
wer e unmatchable ,  wherea s th e existin g state s an d goa l 
states ,  were ,  fo r  th e mos t  part ,  matchable .  (3 )  Positiv e 
Transfer .  Th e structur e o f  th e bas e stor y wa s directl y 
mappabl e t o th e target ,  suc h tha t  th e existin g state s an d goa l 
states ,  operators ,  an d constraint s o f  th e bas e wer e congruen t 
wit h thos e o f  th e target .  However ,  surfac e characteristic s 
(e.g. ,  typ e o f  industry )  differe d betwee n bas e an d target . 
Thus ,  ther e wer e thre e possibl e base s fo r  eac h target . 

Trained Session. The trained subjects were first given 
tw o practic e bas e problems ,  withou t  thei r  solutions ,  t o rea d 
and solve .  The y wer e the n aske d t o discus s thei r  solutions . 
The n the y receive d an d rea d th e predetermine d solution s t o 
th e practic e problem s t o se e h o w the y compare d wit h thei r 
solutions . 

Next ,  subject s receive d a  detaile d descriptio n o f  th e M E A 
procedure ,  includin g definition s o f  th e fou r  components , 
instruction s o n h o w t o recogniz e them ,  an d h o w t o matc h 
the m from  th e bas e t o th e target .  The y the n go t  th e target s 
tha t  wer e matche d t o th e bas e problem s the y ha d read ,  an d 
wer e give n instructions ,  rehearsal ,  an d feedback ,  a s th e grou p 
analyze d th e base-targe t  exampl e usin g th e M E A framework. 

Th e first  practic e target ,  th e structuraU y simila r  base-targe t 
pair ,  wa s use d t o exemplif y positiv e transfer ,  b y showin g 
h o w structura l  feature s wer e conduciv e t o mappin g thi s bas e 
solutio n t o th e targe t  problem .  Subject s wer e walke d 
throug h comparison s o f  eac h o f  th e fou r  sfructura l 
components .  Th e sam e procedur e wa s use d wit h th e secon d 
practic e problem ,  th e surfac e simila r  base-targe t  pair .  Thi s 
was use d t o illustrat e h o w solel y mappin g surfac e 
similaritie s o f  th e bas e t o th e target ,  withou t  attendin g t o 
th e underlyin g structura l  components ,  m a y potentiall y  lea d 
t o mappin g a n inappropriat e analogy . 

Untrained Session. The untrained group was also given 
th e tw o practic e problem s t o read ,  solv e an d discuss .  The y 
the n receive d informatio n o n h o w th e decisio n makin g an d 
problem-solvin g environmen t  i s changin g i n business .  Thi s 
include d a  historica l  perspectiv e beginnin g wit h a  traditiona l 
problem-solvin g ^proac h an d endin g wit h a  summar y o f 
fiv e differen t  approache s (creativ e an d analytical )  an d 
imphcation s abou t  th e pro s an d con s o f  each .  Whil e 
analogica l  reasonin g wa s allude d to ,  a  descriptio n wa s no t 
given . 

Subject s the n receive d th e matche d targe t  t o th e bas e 
problem s the y ha d read ,  an d wer e give n instructions , 
rehearsal ,  an d participatio n feedbac k a s th e grou p analyze d 
th e base-targe t  example s fro m th e perspectiv e o f  th e 
problem-solvin g approache s discusse d i n th e previou s 
presentation .  Thi s sessio n laste d th e sam e amoun t  o f  tim e 
as tha t  to r  th e traine d group . 

Encoding Exercise. Upon completion of the fraining, all 
subject s receive d a  packe t  o f  thre e bas e problem s an d thei r 
solutions .  O n e bas e wa s non-analogou s t o a  late r  target ,  th e 
secon d simila r  i n surfac e attribute s onl y (negativ e transfe r 
condition) ,  an d th e thir d ha d structura l  similaritie s (positiv e 
u-ansfe r  condition) .  A U subject s receive d th e sam e 3  targe t 

stories . 
Subject s wer e instructe d t o rea d carefull y an d remembe r 

th e problem s an d thei r  solutions ,  a s the y woul d b e aske d 
some question s abou t  the m a t  a  late r  time .  T o ensur e tha t 
scenario s wer e processed ,  the y wer e als o aske d t o writ e a 
brie f  summar y o f  eac h proble m an d solution . 

Subject s returne d on e wee k late r  an d receive d a  bookle t  o f 
3 targe t  problem s withou t  solutions .  Eac h wa s matche d t o 
on e o f  th e thre e bas e storie s the y receive d previously . 
Subject s wer e instructe d t o provid e a  clea r  an d concis e 
solutio n t o th e targe t  problems .  The y wer e als o aske d t o 
writ e d o w n an y othe r  solutio n the y coul d thin k of . 

Afte r  suggestin g solution s fo r  al l  targets ,  subject s wer e 
instructe d t o refe r  bac k t o th e targe t  storie s an d indicat e i f 
eac h stor y reminde d the m o f  anythin g the y ha d rea d th e wee k 
before .  I f  so ,  the y wer e t o writ e d o w n briefl y whic h stor y 
and it s solutio n the y wer e reminde d of . 

Results 

Scoring: Transfer Task 

Subject' s propose d solution s wer e score d fro m 0  t o 2 .  A  0 
indicate d n o similarit y t o th e bas e solutio n ( a solutio n tha t 
was completel y mad e u p o r  tha t  include d a  combinatio n o f  a 
negativ e an d positiv e transfe r  solution) .  A  1  indicate d a 
positiv e transfe r  solution .  A  2  indicate d negativ e transfer ,  a 
solutio n tha t  wa s inappropriatel y transferre d t o th e targe t 
proble m fro m a  base . 

Al l  dat a wer e code d b y th e secon d author .  Inter-rate r 
reUabilit y  wa s calculate d b y havin g a  secon d person ,  blin d t o 
condition s an d hypotheses ,  cod e th e dat a from  1 0 % o f  th e 
subjects .  Agreemen t  wa s .85 ,  usin g Cohen' s Kapp a 
(describe d i n Bakema n &  Gottman ,  1986) . 

Impact of Training on Transfer 

As expected, in the positive transfer condition, trained 
subject s wer e m u c h mor e likel y tha n untraine d subject s t o 
provid e a n appropriat e solutio n (positiv e transfer )  (se e Tabl e 
1) .  Conversely ,  untraine d subject s wer e mor e likel y tha n 
traine d t o provid e a  m a d e u p solution .  I n th e negativ e 
transfe r  condition ,  untraine d subject s wer e quit e likel y t o b e 
le d astra y b y th e inappropriat e analog y an d exhibi t  negativ e 
transfer ,  wherea s traine d subject s ahnos t  neve r  did .  I n th e 
non-analogou s condition ,  ove r  9 0 % o f  th e solution s fo r  bot h 
opine d an d unu-aine d subject s wer e mad e up . 

Thus ,  thes e finding s demonstrat e tha t  trainin g strongl y 
improve d people' s abilit y  t o provid e th e appropriat e 
analogou s solutio n an d ignor e a n inappropriat e one .  A 
significan t  interactio n woul d therefor e b e expecte d betwee n 
Trainin g (Traine d versu s Untrained) ,  Analog y conditio n 
(Non-analogous ,  Negativ e Transfer ,  o r  Positiv e Transfer) , 
and th e typ e o f  Solutio n (Non-analogous/Mad e up .  Negativ e 
Transfe r  o r  Positiv e Transfer) .  Thi s wa s teste d usin g a 
backward s eliminatio n approac h t o log-linea r  modeling . 
O ne start s wit h th e ful l  model ,  includin g al l  mai n effect s an d 
interactions ,  an d first  remove s th e highes t  orde r  interactio n 
t o se e i f  i t  i s  necessar y t o accoun t  fo r  th e patter n o f 
frequencies.  I f  i t  i s  not ,  the n on e eliminate s i t  an d proceed s 
t o systematicall y remov e th e lowe r  orde r  interactions . 
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Non-analogou s Conditio n 

Traine d Grou p (N=60 ) 
Untraine d Grou p (N=60 ) 

Positiv e Transfe r 

3% 
3% 

Negativ g Transfe r  Contfipp n 
Traine d Grou p 9 0 % 
Untraine d Grou p 3 % 

Positive Transfer Condition 
Traine d Grou p 9 0 % 
Untraine d Grou p 5 8 % 

Negativ e Transfe r 

3% 
0% 

3% 
70% 

Made-ii p f̂ ^ ĵW^ n 

0% 
2% 

94 % 
97 % 

7% 
27 % 

10% 
40 % 

Tabl e 1 :  Frequenc y o f  Subject s Givin g Eac h o f  Thre e Type s o f  Solutio n i n th e Non -
analogous ,  Negativ e an d Positiv e Transfe r  Condition s 

Wit h th e backwar d eliminatio n approach ,  th e differenc e i n 
X ^  betwee n th e mode l  wit h al l  terms ,  an d th e mode l  wit h 
one ter m removed ,  indicate s whethe r  tha t  ter m significantl y 
contribute s t o th e fit  o f  th e model .  Becaus e th e highes t 
orde r  interaction ,  th e thre e wa y interactio n amon g Training , 
Analog y condition ,  an d Solution ,  wa s th e ke y predictio n o f 
th e study ,  th e backwar d eliminatio n approac h wa s a n 
efficien t  wa y t o tes t  thi s prediction .  Removin g thi s thre e 
way interactio n fro m th e ful l  model ,  resulte d i n a  significan t 
reductio n i n goodnes s o f  fit ,  X  ^(4 )  dif f  =  23.6 ,  p  <  .01 . 
Thus ,  thi s interactio n wa s neede d an d th e centra l  predictio n 
of  th e stud y wa s supported ,  makin g i t  unnecessar y t o tes t 
lowe r  orde r  terms . 

To bette r  understan d thi s interaction ,  w e di d tw o follow-u p 
comparisons ,  on e comparin g th e performanc e o f  th e traine d 
wit h th e untraine d group s i n th e positiv e transfe r  conditio n 
and th e othe r  comparin g th e performanc e o f  th e tw o group s 
i n th e negativ e transfe r  condition .  A s predicted ,  i n th e 
positiv e transfe r  condition ,  th e traine d grou p wa s fa r  mor e 
likel y t o giv e th e positiv e transfe r  solutio n tha n wa s th e 
untraine d group ,  X 2 ( 2 )  =  15.856 ,  p .  <  .01 .  A n d i n th e 
negativ e transfe r  condition ,  th e traine d grou p wa s fa r  les s 
likel y t o giv e th e negativ e transfe r  solutio n tha n wa s th e 
untraine d group ,  X2(2 )  =  91.84 ,  n  <  .01 .  Unexpectedly , 
traine d subject s frequently  gav e th e positiv e transfe r  solutio n 
i n th e negativ e transfe r  condition .  I n hindsight ,  th e negativ e 
transfe r  problem s alway s presente d tw o differen t  solution s 
tha i  ha d bee n considered .  Th e solutio n tha t  wa s actuall y 
use d wa s a n inappropriat e solutio n fo r  th e target .  However , 
th e unuie d alternativ e wa s appropriat e fo r  th e target .  I n 
essence ,  whe n traine d subject s determine d tha t  th e previou s 
solutio n wa s inappropriat e fo r  th e target ,  th e bas e provide d 
tiiem  wit h a n alternativ e solutio n tiiat  wa s appropriat e fo r 
th e ne w target . 

Impact of Training on encoding and reminding 

Subjects '  summarie s o f  th e base s provide d furthe r  evidenc e 
tha t  uainin g increase d encodin g o f  di e causa l  sttTicture .  I n 
th e positiv e transfe r  conditio n al l  6 0 traine d subject s encode d 
th e problem ,  a s indicate d b y givin g a  clea r  sununar y o f  th e 
key aspect s o f  di e problem ,  wherea s onl y 3 6 o f  th e 6 0 
unuaine d subject s di d so .  I n th e negativ e transfe r  condition . 

almos t  al l  o f  th e traine d subject s (5 8 ou t  o f  60 )  encode d th e 
problem ,  wherea s onl y 4 0 ou t  o f  6 0 untraine d subject s did . 

Further ,  trainin g increase d remindin g o f  previou s bases . 
I n th e positiv e transfe r  condition ,  3 9 ou t  o f  6 0 ti-ained 
subject s wer e reminde d o f  th e simila r  base ,  wherea s onl y 2 0 
out  o f  th e 6 0 untraine d wer e reminded .  Result s wer e 
comparabl e i n th e negativ e transfe r  condition ,  wit h 3 6 ou t  o f 
6 0 a-aine d subject s bein g reminded ,  bu t  onl y 2 1 ou t  o f  th e 
6 0 untrained . 

Discussion and Conclusions 

AlUioug h th e abilit y  t o encod e th e causa l  stiuctur e o f  a 
proble m ha s bee n argue d t o b e ke y t o th e retiieva l  an d 
appropriat e applicatio n o f  analogie s (Carbonell ,  1983 ; 
Holyoak ,  1985 ;  an d Brown ,  1989) ,  th e presen t  stud y i s th e 
first  direc t  tes t  o f  whethe r  th e abilit y  t o d o s o ca n b e 
improve d b y ti-aining.  Thi s stud y demonstrate s Uia t  ti-aining 
i n causa l  analysi s ca n dramaticall y improv e people' s abilit y 
t o encod e th e causa l  stiuctur e o f  a n analog y and ,  a s a  result , 
increas e th e likelihoo d dia t  subjects '  us e o f  analogie s wil l  b e 
sensitiv e t o th e underlyin g relationa l  structur e o f  th e bas e 
an d target .  Thus ,  subject s w h o wer e uaine d i n causa l 
analysi s wer e mor e likel y t o appl y a  potentia l  bas e t o a  ne w 
situatio n whe n Ui e causa l  sdiictur e matche d (i.e. ,  exhibi t 
positiv e u-ansfer) ,  bu t  wer e les s likel y t o appl y a  potentia l 
bas e t o a  ne w situatio n whe n i t  faile d t o matc h o n importan t 
causa l  feature s (i.e. ,  exhibi t  les s negativ e transfer. )  Further , 
trainin g i n causa l  encodin g als o increase d th e likelihoo d o f 
bein g reminde d o f  simila r  situations .  Finally ,  i n th e 
absenc e o f  suc h training ,  surfac e similaritie s strongl y 
influence d u-ansfe r  o f  inappropriat e analogies . 

Thus ,  increase s i n Ui e abilit y  t o encod e causa l  stiTictur e 
and us e analogie s appropriatel y ar e no t  responsiv e onl y t o 
increasin g domai n knowledge ,  a s di e wor k o f  Novic k (1988 ) 
an d B r o w n (1989 )  migh t  see m t o suggest .  Analogica l 
reasonin g ca n als o b e improve d b y genera l  ti-aining  i n di e 
identificatio n an d encodin g o f  di e centi-a l  component s o f  th e 
causa l  structur e o f  problems . 
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