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Abstrac t 

The role of goal similarity in analogical problem 
solvin g wa s investigate d usin g highl y simplifie d 
ches s positions .  Goa l  similarit y wa s manipulate d b y 
instructin g subject s t o mak e a n attackin g o r 
defensiv e move .  Subject s receive d trainin g 
positions ,  followe d b y a  se t  o f  testing s positions , 
eac h solvabl e b y mappin g t o a  trainin g position .  A 
norma l  ches s positio n wa s als o given .  Testin g 
position s maximall y simila r  t o trainin g position s 
(includin g similarit y o f  goals )  wer e responde d t o 
most  quickly ,  thoug h thi s effec t  wa s no t  foun d fo r 
al l  positions .  I t  wa s als o foun d tha t  whe n subject s 
had t o avoi d a  fata l  threa t  i n a  norma l  ches s 
position ,  the y wer e mor e likel y t o successfull y 
defen d agains t  tha t  m o v e i f  the y wer e tol d tha t  the y 
wer e losin g tha n i f  tol d the y wer e winning .  Th e 
result s indicat e tha t  goa l  similarit y influence s 
analogica l  proble m solving . 

Introduction 

Seeing a new problem as analogous to an 
ol d proble m ca n hel p develo p a  solutio n (Brown , 
Kane,  &  Echols .  1986 ;  Carbonell .  1983 ;  Gic k & 
Holyoak ,  1980 ,  1983) .  T o d o thi s require s retrieva l 
of  a  sourc e analogu e an d constructio n o f  a  mappin g 
betwee n th e sourc e an d th e targe t  analogue .  H o w 
thes e analogica l  processe s ca n b e achieve d remain s 
uncertain .  Th e goal s o f  a  cognitiv e syste m hav e 
ofte n bee n propose d a s importan t  factor s i n analog y 
mapping ,  becaus e th e purpos e o f  analog y mappin g 
i n proble m solvin g i s t o accomplis h th e goal s o f  th e 
proble m solving .  Thi s ha s le d man y artificia l 
intelligenc e theorist s t o argu e fo r  th e importanc e o f 
goal  accomplishmen t  t o retrieva l  o f  analogie s (e.g. , 
Carbonell ,  1983 ,  1986 ;  H a m m o n d,  1989 ;  Schank , 
1982 ;  Winston ,  1980 ,  1982) ,  a s wel l  a s mor e 
psychologicall y orientate d theorist s (e.g. ,  Holyoa k 
and Thagard ,  1989 ;  Centner ,  1989 )  t o argu e tha t 
goal  similarit y ha s a  rol e i n analogica l  mapping . 
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For  th e concep t  o f  goa l  similarit y t o b e 
meaningfu l  i t  need s t o b e distinguishe d fro m th e 
mor e genera l  influence s o f  semanti c similarit y an d 
structura l  consistency .  Th e degre e o f  semanti c 
similarit y relate s t o th e similarit y o f  th e element s o f 
a sourc e an d targe t  analogy .  Structura l  consistenc y 
refer s t o th e degre e t o whic h th e element s pla y 
simila r  role s i n th e analogues ,  whic h ca n b e equate d 
wit h a  simpl e criterio n fo r  mapping :  I f  tw o 
proposition s ar e mapped ,  the n thei r  constituen t 
predicate s an d argument s shoul d als o b e mapped . 
Ther e i s a  reasonabl e amoun t  o f  psychologica l 
evidenc e tha t  semanti c similarit y (e.g. ,  Holyoa k & 
K o h ,  1987 ;  Ross ,  1987 )  an d structura l  consistenc y 
(e.g. .  Centne r  &  Toupin ,  1986 ;  Holyoa k &  K o h , 
1987 ;  Ross ,  1987 ,  1989 )  influenc e analogica l 
mapping ,  althoug h ther e i s disagreemen t  o n exactl y 
h o w thes e factor s affec t  mapping .  H o w ,  o r  whether , 
goa l  similarit y i s distinc t  fro m thes e factor s i s 
disputed .  O n e reaso n fo r  thi s disput e i s that ,  despit e 
th e popularit y o f  goa l  similarit y i n theorie s o f 
analogica l  mappin g an d proble m solving ,  ther e i s 
ver y littl e psychologica l  evidenc e tha t  i t  play s a  role . 
O ne suggestiv e stud y wa s tha t  o f  B r o w n e t  al . 
(1986) .  The y foun d tha t  childre n w h o wer e directe d 
t o focu s o n th e goa l  structur e o f  a  proble m wer e 
bette r  abl e t o transfe r  solution s t o analogou s 
problem s tha n wer e childre n no t  s o directed . 
Despit e this ,  bot h group s wer e abl e t o recal l  th e 
goal s w h e n late r  tested ,  suggestin g tha t  thei r  poo r 
performanc e wa s no t  du e t o a  simpl e m e m o r y 
failure .  However ,  i t  i s  possibl e tha t  th e direction s 
acte d a s a  hint ,  thu s aidin g retrieval . 

T h e presen t  stud y aime d t o fin d evidenc e 
tha t  goa l  similarit y play s a  rol e i n analogica l 
proble m solving ,  an d t o develo p a  tas k suitabl e fo r 
th e furthe r  stud y o f  th e it s effects .  I f  goa l  similarit y 
has bee n a  slipper y concept ,  thi s i s partl y du e t o th e 
lac k o f  a  operationa l  definitio n tha t  migh t  b e 
provide d b y a  tas k tha t  ca n demonstrat e it s effects . 

The Task 
T h e proble m solvin g tas k use d i n thi s stud y 

i s nove l  an d therefor e i t  i s  necessar y t o explai n it s 
natur e an d rational e i n s o m e detail .  Th e tas k 
involve d highl y simplifie d ches s positions .  Ches s 
was chose n largel y becaus e i t  i s  possibl e t o clearl y 
defin e goal s i n term s o f  attackin g an d defensiv e 
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moves .  Differen t  player s give n exactl y th e sam e 
positio n ca n hav e differen t  goal s (e.g. ,  attac k o r 
defence )  withou t  requirin g a n ove n chang e o f  th e 
semanti c o r  structuri d component s o f  th e problem . 

T h e us e o f  naiv e subject s dictate d th e us e 
of  a  simpl e task .  T h e position s consiste d o f  tw o 
ches s piece s o n th e boar d an d on e piec e presente d 
of f  th e board ,  bu t  waitin g t o b e pu t  o n th e board . 
For  th e attackin g goa l  th e tas k involve d th e subject s 
placin g th e piec e tha t  w a s of f  th e boar d ont o th e 
boar d s o a s t o guarante e tha t  thi s piec e woul d b e 
abl e t o captur e a n oppositio n piec e o n it s nex t 
m o v e.  Thi s nex t  m o v e occur s afte r  on e o f  thos e 
opposin g piece s ha d ha d a n opportunit y t o m o v e . 
T h e tas k w h e n th e goa l  w a s defensiv e wa s th e 
opposit e o f  th e attackin g task :  th e subjec t  mus t 
avoi d th e captur e o f  a  piece .  T h e subjec t  legall y 
m o v ed on e o f  th e whit e piece s alread y o n th e boar d 
i n anticipatio n tha t  th e blac k piec e of f  th e boar d wa s 
abou t  t o b e place d ont o th e boar d i n a n attemp t  t o 
complet e a n attackin g manoeuve r  simila r  t o th e on e 
th e subjec t  use d i n th e attackin g task . 

T o hel p subject s achiev e thes e goal s the y 
wer e traine d o n example s o f  tw o simpl e ches s 
tactic s k n o w n a s pin s an d forks .  Thes e tactic s ar e 
k n o w n b y an y experience d ches s player ,  bu t  the y 
wil l  no t  b e familia r  t o novices .  A  for k manoeuve r 
involve s th e attackin g piec e bein g place d s o a s t o 
simultaneousl y attac k tw o oppositio n pieces . 
Becaus e th e defendin g side' s m o v e consist s o f 
mov in g onl y on e piece ,  onl y on e piec e wil l  b e abl e 
t o escap e th e attac k leavin g th e othe r  t o b e captured . 
For  a  pi n manoeuve r  th e attackin g piec e i s place d 
suc h tha t  onl y on e piec e i s directl y attacked ,  bu t  i f 
thi s piec e m o v e s awa y the n th e on e behin d i t  ca n b e 
captured .  Henc e a  captur e i s stil l  guaranteed . 
Example s o f  thes e trainin g position s ar e presente d i n 
Figur e 1  (a n attackin g bisho p pin) ,  Figur e 2  (a n 
exampl e o f  a  successfu l  solutio n o f  th e attackin g 
bisho p pi n position) ,  an d Figur e 3  ( a successfu l 
solutio n t o th e defensiv e versio n o f  th e bisho p pi n 
position) . 

Afte r  trainin g o n on e o f  fou r  attackin g 
example s an d o n on e o f  fou r  defendin g examples , 
th e subject s wer e give n 4 0 testin g trial s consistin g 
of  simila r  simplifie d ches s positions .  Eac h testin g 
positio n w a s a  transformation s o f  on e o f  th e eigh t 
trainin g positions .  Eac h transformatio n involve d th e 
s a me manoeuve r  (e.g. ,  attackin g bisho p pin )  bu t  ha d 
th e piece s change d ( a chang e i n semanti c similarity) . 
th e relationshi p o f  th e piece s t o eac h othe r  change d 
(structur e inconsistency) ,  o r  th e goa l  change d (fro m 
attac k t o defence ,  o r  vice-versa) .  Becaus e a  subjec t 
receive d onl y tw o o f  th e eigh t  trainin g position s 
(eac h involvin g a  differen t  manoeuver) .  transfe r  o f 

a manoeuve r  wa s require d w h e n th e subjec t  wa s 
give n on e o f  th e othe r  trainin g position s a s a  testin g 
position .  Therefor e eac h testin g positio n wa s 
classifie d b y th e typ e o f  transfe r  tha t  woul d b e 
require d t o ge t  fro m th e manoeuve r  use d i n on e o f 
th e trainin g positio n tha t  th e subjec t  ha d bee n given , 
t o th e manoeuve r  i n th e trainin g positio n o f  whic h 
th e testin g positio n w a s a  transformation .  T h e fou r 
transfe r  condition s wer e similar ,  attack/defence , 

fork/pin ,  an d bishop/rook . 
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Figur e 1 .  A n iiuckin g bisho p pi n position ,  t s presente d t o a  subjec t 
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Figur e 2 .  A  solutio n t o th e ituckin g bisho p pi n positio n presente d 
ibove . 
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Figur e 3 .  A  solutio n t o th e defensiv e versio n o f  th e bisho p pi n 
positio n presente d ibove . 

The similar condition involved the positions 
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tha t  use d th e sam e manoeuve r  (e.g. ,  attackin g roo k 
fork )  a s tha t  use d i n on e o f  th e subject' s trainin g 
position s an d henc e the y differe d th e leas t  fro m th e 
trainin g position .  O f  course ,  a  subject' s trainin g 
positio n give n a s a  testin g tria l  woul d fal l  int o thi s 
condition ,  thoug h i t  coul d n o longe r  b e considere d 
an analogu e becaus e i t  woul d actuall y b e identica l  t o 
th e trainin g jxisition .  Th e attack/defenc e conditio n 
involve d a  testin g positio n tha t  kep t  th e rook/bisho p 
and pin/for k characteristic s o f  th e manoeuve r 
constant ,  bu t  swappe d attac k fo r  defenc e o r  vice -
versa .  Thi s conditio n i s considere d t o involv e a 
chang e o f  goal .  Th e fork/pi n conditio n kep t  th e 
attack/defenc e an d bishop/roo k characteristic s o f  th e 
require d manoeuve r  th e same ,  bu t  swappe d for k fo r 
pin ,  o r  vice-versa .  Thi s i s considere d t o represen t 
a structura l  chang e o f  th e manoeuver .  Th e 
bishop/roo k conditio n involve s position s tha t 
maintai n th e attack/defenc e an d fork/pi n 
characteristic s bu t  swa p betwee n rook s an d bishop s 
as th e attackin g piece .  Thi s i s considere d t o 
primaril y b e a  semanti c chang e o f  th e manoeuver , 
but  becaus e rook s an d bishop s m o v e differentl y 
some structura l  chang e i s unavoidable . 

D ue t o th e transformatio n o f  th e trainin g 
position ,  som e for m o f  transfe r  woul d b e require d 
t o m a p eve n t o a  testin g positio n tha t  wa s a 
transformation s o f  on e th e testin g position s tha i  th e 
subjec t  ha d bee n given .  T o contro l  thi s i t  wil l  b e 
possibl e t o directl y compar e position s tha t  wer e 
constructe d usin g th e sam e typ e o f  transformation , 
but  represen t  differen t  transfe r  conditions . 

Not e tha t  ove r  subjects ,  eac h testin g 
positio n appeare d i n eac h transfe r  condition ,  s o tha t 
whic h conditio n a  testin g positio n wa s par t  o f 
depende d solel y o n wha t  th e subject' s trainin g 
position s were .  Respons e lim e wa s use d a s th e 
measur e o f  performanc e becaus e mos t  o f  thes e 
position s ar e simpl e enoug h t o b e eventuall y solve d 
by exhaustiv e search . 

T o investigat e th e effec t  o f  goa l  similarity , 
th e compariso n o f  th e simila r  an d th e attack/defenc e 
condition s i s mos t  critical .  I f  goa l  similarit y i s 
importan t  fo r  mappin g o r  retrieval ,  the n subject s 
shoul d perfor m belte r  o n th e position s i n th e simila r 
conditio n tha n the y d o i n th e attack/defenc e 
condition .  I f  subject s fin d th e attack/defenc e 
position s harde r  the n thi s wil l  provid e evidenc e tha i 
changin g th e goa l  make s proble m solvin g harde r  an d 
henc e suppor t  th e clai m tha t  goa l  similarit y affect s 
th e analogica l  mappin g and/o r  retrieval .  I t  coul d b e 
argue d tha t  difference s i n difficult y coul d b e du e 
simpl y t o th e attackin g an d defendin g task s bein g 
different ;  ther e migh t  b e n o transfe r  becaus e trainin g 
fo r  on e goa l  doe s no t  hel p wit h th e other . 

However ,  ther e i s i n fac t  a n iniimai e lin k betwee n 
thes e tw o tasks .  T o solv e a  defendin g positio n 
require s knowledg e o f  th e attackin g move .  Subject s 
coul d no t  b e sur e tha t  thei r  solutio n t o a  defendin g 
positio n i s correc t  unles s the y k n o w wha t  th e 
threatene d attac k is ,  henc e trainin g o n th e attackin g 
manoeuve r  shoul d hel p th e subjec t  solv e th e 
defensiv e versio n o f  th e manoeuver .  Successfu l 
trainin g o n th e defensiv e manoeuve r  involve s 
becomin g awar e o f  th e attackin g for m o f  tha t 
manoeuver . 

Bette r  performanc e shoul d als o b e foun d i n 
th e simila r  conditio n a s compare d t o th e fork/pi n 
an d bishop/roo k conditions ,  a s previou s wor k o n 
proble m solvin g task s provid e ampl e evidenc e tha t 
structur e an d semantic s affec t  analogica l  mapping . 
Th e finding  o f  suc h difference s i s important , 
however ,  becaus e i t  woul d len d suppor t  t o th e 
assumptio n tha t  solvin g th e tas k involve s mappin g t o 
th e trainin g positions . 

A furthe r  attemp t  t o investigat e th e effect s 
of  goal s involve d attemptin g t o manipulat e goal s a t 
th e tim e o f  solvin g a  problem .  I n a  final  position , 
subject s wer e give n a  ful l  ches s positio n an d 
insuaicte d t o tr y t o m a k e th e bes t  m o v e the y coul d 
as thoug h i t  wer e a  norma l  ches s position .  Thi s 
positio n involve d a  fata l  m o v e whic h wa s eithe r 
availabl e t o th e subjec t  o r  tha t  th e subjec t  ha d t o 
identif y so  tha t  the y coul d defen d agains t  it .  T o 
manipulat e goals ,  subject s wer e tol d eithe r  tha t  the y 
wer e winnin g o r  losing .  Thi s informatio n i s i n fac t 
irrelevan t  t o selectio n o f  a  correc t  m o v e ,  bu t  m a y 
hav e altere d thei r  immediat e goa l  i n th e position . 
Subject s w h o wer e tol d the y ar e winnin g woul d b e 
mor e likel y t o m a k e aggressiv e move s tha n thos e 
tol d the y wer e losing .  I f  goal s ar e importan t  the n 
i t  woul d b e predicte d tha t  tellin g a  subjec t  tha t  the y 
ar e winnin g shoul d hel p the m find  th e correc t 
attackin g m o v e i n th e appropriat e position ,  whil e 
tellin g subject s tha t  the y ar e losin g shoul d assis t 
the m i n findin g th e correc t  defensiv e m o v e w h e n i t 
i s  required . 

Method 
Subject s 

A tota l  o f  8 1 subject s participate d i n th e 
experiment .  Al l  subject s wer e fro m a n introductor y 
psycholog y subjec t  poo l  a t  th e Universit y o f 
California ,  Lo s Angeles .  Seve n subject s wer e 
eliminate d becaus e the y faile d t o complet e th e tas k 
i n th e availabl e tim e an d tw o wer e ehminaie d 
becaus e the y neve r  understoo d th e requirement s o f 
th e task .  Thi s lef t  a  sampl e o f  7 2 subject s (5 3 
male ,  1 9 female) . 
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Material s an d Apparatu s 
Al l  position s an d instruction s wer e presente d 

by a n Apoll o serie s 400 0 workstatio n wit h a  1 9 in . 
colo r  monitor .  Subject s m a d e thei r  response s usin g 
a m o u s e wit h thre e buttons .  Respons e time s wer e 
measure d t o a n accurac y o f  on e second . 

Training positions 
Ther e wer e thre e factor s eac h wit h tw o 

level s (for k o r  pin ;  bisho p o r  rook ;  attac k o r 
defence )  tha t  wer e crossed ,  yieldin g eigh t  trainin g 
positions .  However ,  onl y fou r  differen t  trainin g 
condition s wer e use d a s eac h playe r  wa s give n tw o 
trainin g position s tha t  wer e th e exac t  opposit e o f 
eac h other .  Fo r  example ,  i f  on e o f  th e trainin g 
position s wa s a  bishop ,  pin ,  attack ,  the n th e othe r 
positio n woul d b e a  rook ,  fork ,  defence .  I n thi s 
w ay th e subjec t  wa s expose d t o al l  possibl e 
elements .  I n particular ,  the y becam e famiha r  wit h 
bot h th e attackin g an d th e defendin g task .  I t  wa s 
especiall y importan t  tha t  th e subjec t  go t  a  chanc e t o 
clarif y th e natur e o f  th e defendin g task ,  sinc e i t  i s 
a mor e comple x tas k tha n th e attackin g task . 

Severa l  constraint s wer e applie d t o th e 
constructio n o f  th e eigh t  trainin g positions .  Th e first 
constrain t  wa s tha t  ever y attackin g positio n mus t  no t 
onl y hav e a  vali d attackin g solution ,  bu t  mus t  als o 
hav e a  defensive  solution ,  becaus e th e sam e positio n 
was give n a s a  defensiv e task .  I n effect ,  thi s mean s 
tha t  ther e wer e onl y fou r  differen t  basi c positions . 
Th e defensiv e version s o f  th e trainin g position s 
simpl y involve d changin g th e goal s an d th e color s o f 
th e pieces .  Second ,  a n attackin g positio n shoul d 
allo w a  pi n solution ,  o r  a  for k solution .  Third , 
becaus e o f  th e restrictio n tha t  a n attackin g piec e 
canno t  b e place d ont o a  squar e wher e i t  coul d b e 
immediatel y captured ,  i t  i s  no t  possibl e t o creat e a 
for k positio n wher e on e o f  th e defendin g piece s i s 
th e sam e a s th e attackin g piece .  Henc e on e 
defendin g piec e wa s alway s th e opposit e (i n term s 
of  roo k an d bishop )  o f  th e attackin g piec e an d th e 
othe r  w a s a  king .  Th e us e o f  a  kin g m a d e i t  easie r 
t o fulfil l  som e o f  th e othe r  constraints .  A  fourt h 
constrain t  wa s tha t  i t  ha d t o b e take n int o accoun t 
tha t  th e u-ainin g position s woul d b e use d a s th e 
basi s fo r  th e constructio n o f  testin g positions .  Th e 
trainin g position s therefor e neede d t o b e 
transformabl e i n th e appropriat e ways . 

Testing positions 
Eac h testin g positio n wa s base d o n on e o f 

th e fou r  basi c trainin g positions ,  bu t  transforme d i n 
variou s ways .  A  tota l  o f  1 0 transformation s wer e 
applie d t o eac h o f  th e fou r  basi c trainin g positions , 
yieldin g a  tota l  o f  4 0 testin g positions .  Fiv e o f 

thes e iransformalion s {identical ,  rotation ,  change -
piece ,  change-structure ,  an d queen )  appeare d fo r 
ever y trainin g position .  A n identica l  transformatio n 
was th e trainin g positio n itself ,  whic h neve r 
appeare d unti l  a t  leas t  th e 22n d trial ,  b y whic h tim e 
th e subjec t  ha d bee n expose d t o al l  othe r  possibl e 
manoeuvers .  Th e rotatio n transformatio n wa s th e 
trainin g positio n rotated .  Th e change-piec e 
transformatio n wa s th e sam e a s th e trainin g positio n 
excep t  tha t  th e defendin g piec e tha t  wasn' t  a  kin g 
was replace d b y a  knight .  Th e change-structur e 
transformatio n replace d a  defendin g piec e an d 
change d th e relativ e positio n o f  th e defender s (bu t 
an attackin g maneuve r  o f  a  simila r  typ e wa s stil l 
possible) .  T h e quee n transformatio n use d a  quee n 
as th e attackin g piec e bu t  allowe d a  simila r  attackin g 
manoeuve r  t o tha t  use d i n th e transforme d trainin g 
position .  Fo r  for k trainin g positions ,  five  othe r 
type s o f  mor e complicate d transformation s wer e 
used ,  bu t  fo r  pin s (whic h ar e les s fiexible)  thes e five 
wer e repeate d s o tha t  eac h pi n transformatio n wa s 
presente d a s bot h a n attackin g an d a  defendin g 
position . 

As wa s th e cas e fo r  th e trainin g positions , 
ther e ar e m a n y way s t o construc t  th e testin g 
positions ,  bu t  eac h mus t  hav e bot h a n attackin g an d 
a defendin g solution .  Th e testin g position s include d 
2 0 defendin g position s an d 2 0 attacking .  I n orde r 
fo r  al l  o f  th e position s t o b e presente d i n bot h 
attackin g an d defendin g forms ,  tw o testin g set s wer e 
formed .  Thes e tw o set s wer e identical ,  includin g 
th e orde r  o f  positions ,  excep t  tha t  ever y positio n tha t 
appeare d a s attackin g i n on e se t  appeare d a s a 
defendin g positio n i n th e othe r  set . 

Th e orde r  i n whic h position s appeare d wa s 
determine d once .  Orde r  wa s determine d b y rando m 
selection ,  bu t  simple r  transformation s ha d t o appea r 
befor e a  mor e comple x transformatio n o f  th e sam e 
trainin g position .  Attackin g an d defendin g position s 
alternated ,  wit h od d numbere d trial s bein g attackin g 
i n on e testin g se t  an d eve n numbere d trial s bein g 
attackin g i n th e other .  A n equa l  numbe r  o f  pi n an d 
for k move s ha d t o b e attackin g an d defending . 

Becaus e th e tw o trainin g position s th e 
subjec t  receive d wer e maximall y dissimilar ,  i t  wa s 
clea r  whic h transfe r  conditio n a  testin g positio n 
belong s t o fo r  eac h trainin g condition .  Ther e wa s 
alway s on e trainin g positio n tha t  wa s onl y on e facto r 
(attack/defence ,  fork/pin ,  o r  rook/bishop )  differen t 
fro m th e manoeuve r  use d i n th e testin g position , 
whil e th e othe r  wa s differen t  b y tw o factor s (excep t 
fo r  th e simila r  conditio n wher e on e trainin g positio n 
has al l  thre e factor s th e same) .  Henc e on e trainin g 
positio n wa s alway s clearl y mor e simila r  t o a  give n 
testin g positio n tha n wa s th e othe r  trainin g position . 
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I t  w a s thi s m o r e simila r  trainin g positio n tha t 
determine d t o whic h transfe r  conditio n a  testin g 
positio n belonged . 

T h e fina l  positio n w a s constructe d s o a s t o 
be a  plausibl e ches s positio n bu t  wit h n o worthwhil e 
capture s possibl e fo r  eithe r  side .  However ,  a  fata l 
knigh t  m o v e wa s availabl e t o on e sid e tha t  woul d 
for k th e othe r  side' s kin g an d queen .  Suc h a  m o v e 
i s extremel y dangerou s becaus e i t  guarantee s th e 
captur e o f  th e queen ,  whic h i s th e mos t  powerfu l 
piec e o n th e board .  Ther e w a s als o a  distracto r 
m o ve available ,  involvin g a n attac k o n th e othe r 
quee n tha t  i s pointles s a t  best ,  bu t  i s  actuall y a 
losin g m o v e . 

I n th e attackin g versio n th e subjec t  ha d th e 
opportunit y t o m a k e th e fata l  m o v e .  I n th e 
defendin g versio n th e identica l  positio n w a s use d bu t 
wit h th e color s reverse d s o tha t  n o w whit e (th e 
subject )  mus t  tr y t o avoi d thi s dangerou s m o v e ,  a 
tas k tha t  coul d b e easil y accomplishe d i f  th e subjec t 
realize s tha t  i t  mus t  b e done .  Th e attackin g versio n 
of  th e positio n i s presente d i n figur e 4  wit h whil e 
abou t  t o m o v e . 

& M I m 

Figur e 4 .  Fina l  positio n (ittackin y version )  wit h whil e «bou t  to  move . 

Procedure 
Subject s wer e show n h o w th e compute r 

represente d ches s piece s an d h o w t o us e th e m o u s e 
t o m o v e pieces .  The y wer e tol d t o follo w th e 
instruction s tha t  appeare d o n th e screen ,  bu t  tha t 
the y coul d as k th e experimente r  question s i f  the y 
wer e unclea r  wit h regar d t o an y o f  th e instructions . 

T h e instruction s firs t  m a d e clea r  tha t 
subject s woul d no t  se e norma l  ches s positions ;  i n 
particular ,  king s wer e no t  specia l  a s the y ar e i n 
norma l  chess .  Subject s wer e the n give n practic e a t 
detectin g capture s an d wer e familiarize d wit h usin g 
th e mous e t o m o v e th e pieces .  Next ,  th e subject s 
wer e presente d wit h thei r  attackin g trainin g position . 

The y wer e t o plac e th e whit e piec e o n th e boar d s o 
as t o guarante e th e captur e o f  a  blac k piec e n o 
matte r  wha t  m o v e blac k subsequentl y m a d e .  I t  w a s 
emphasize d tha t  the y coul d no t  plac e thei r  piec e o n 
a squar e wher e i t  coul d immediatel y b e captured . 
I t  w a s als o m a d e clea r  tha t  i t  di d no t  matte r  wha t 
happene d t o th e whit e piec e onc e i t  ha d capture d a 
blac k piece ,  an d therefor e i t  w a s irrelevan t  i f  th e 
piec e the y wer e t o captur e w a s protecte d b y th e 
othe r  blac k piece . 

T h e compute r  indicate d i f  th e subject' s 
respons e wa s correc t  o r  incorrect .  I f  a n incorrec t 
m o ve w a s m a d e ,  th e compute r  displaye d a  correc t 
response .  Thi s displa y laste d 1 0 s  an d showe d th e 
proble m positio n wit h th e whit e (attacking )  piec e 
place d o n a  correc t  square .  T o complet e thi s stag e 
subject s ha d t o solv e th e positio n thre e time s i n a 
row .  Ther e wer e thre e differen t  version s o f  th e 
trainin g position ,  eac h onl y differin g fro m th e other s 
by a  simpl e translatio n acros s th e board . 

T h e secon d se t  o f  practic e trial s presente d 
subject s wit h thei r  defendin g trainin g position . 
Subject s wer e instructe d tha t  the y wer e n o w t o 
legall y m o v e on e o f  th e whit e piece s o n th e boar d 
so a s t o avoi d th e captur e o f  a  whit e piece .  The y 
wer e instructe d tha t  blac k w a s goin g t o tr y t o attac k 
the m i n a  simila r  w a y t o tha t  whic h th e subjec t  ha d 
use d durin g th e attackin g training ,  bu t  tha t  the y ha d 
a chanc e t o pre-emp t  th e placin g o f  th e attackin g 
piece .  I f  the y m a d e th e right  m o v e a t  thi s stag e 
the n i t  woul d no t  matte r  wher e blac k place d thei r 
piece :  blac k woul d no t  b e abl e t o forc e th e captur e 
of  a  whit e piece . 

T h e lin k betwee n attac k an d defenc e w a s 
m a de ver y explici t  i n th e subject s instructions .  The y 
wer e advise d t o firs t  thin k o f  wher e blac k w a s goin g 
t o plac e thei r  piece ,  an d t o the n thin k h o w the y 
coul d rende r  tha t  m o v e harmless .  I t  w a s als o m a d e 
clea r  tha t  the y ha d t o b e carefu l  becaus e eve n i f 
the y avoide d on e threa t  the y migh t  leav e themselve s 
ope n t o another .  Subject s wer e give n simila r 
feedbac k an d th e sam e completio n criterio n a s the y 
ha d fo r  attackin g training . 

Subject s wer e the n give n th e 4 0 testin g 
trial s fro m th e randoml y assigne d testin g set .  N o 
feedbac k wa s give n a t  thi s stage ,  bu t  subject s shoul d 
hav e bee n abl e t o recogniz e w h e n the y ha d m a d e a 
correc t  m o v e .  Afte r  completin g al l  testin g trial s 
subject s wer e tol d tha t  the y woul d b e presente d wit h 
a norma l  ches s positio n an d tha t  the y wer e t o m a k e 
th e bes t  m o v e the y coul d find.  The y wer e 
instructe d tha t  th e relativ e valu e o f  piece s shoul d b e 
take n int o accoun t  jus t  a s i n norma l  ches s ( a facto r 
tha t  ha d bee n irrelevan t  u p t o thi s point) .  T o guid e 
them ,  a  tabl e givin g th e relativ e valu e o f  eac h piec e 
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was displayed .  Whethe r  th e subjec t  sa w th e 
attackin g o r  th e defendin g positio n wa s crosse d wit h 
assignmen t  t o th e winnin g o r  th e losin g condition . 
Subject s i n th e winnin g conditio n wer e instructed , 
"I n you r  position ,  whit e i s WffsfNlN G an d i s o n th e 
A T T A C K " .  Subject s i n th e losin g conditio n wer e 
instructed ,  "I n you r  position ,  whit e i s L O S I N G an d 
i s o n th e D E F E N S I V E " . 

Results 

The defending positions in which a queen 
was th e attackin g piec e wer e inherentl y ver y 
difficult ,  a s reflecte d i n ver y lo w solutio n rate s an d 
ver y lon g respons e times .  Fo r  thi s reaso n thes e 
moves wer e eliminate d fro m th e analysi s o f  respons e 
lim e data ,  a s wer e th e attackin g version s o f  thes e 
positions . 

Th e othe r  position s ha d a  ver y hig h solutio n 
rate ,  particularit y th e attackin g position s wit h 9 8 % 
correc t  solutions .  Defendin g position s wer e 
obviousl y harde r  bu t  stil l  ha d a n 8 2 % solutio n rate . 
As erro r  rate s wer e low ,  respons e time s wer e 
analyzed .  Analyse s o f  respons e tim e dat a di d no t 
distinguis h betwee n correc t  an d incorrec t  solutions . 
I n a n essentiall y  self-terminatin g tas k suc h a s this , 
respons e time s wil l  b e greate r  fo r  incorrec t  solution s 
tha n fo r  correc t  ones .  I f  respons e time s fo r 
incorrec t  move s wer e eliminated ,  informatio n abou t 
difficult y woul d b e los t  (a s lon g a s subject s wer e 
motivated) . 

Table 1 
Means an d standar d deviation s (i n parenthesis )  o r  respons e time s fo r 
each transfe r  conditio n an d fo r  atuckin g an d defendin g position s i n 
seconds ,  collapse d acros s al l  transformatio n positions . 

predicte d ma i n effec t  o f  transfe r  conditio n w a s 
obtained ,  f(3,2440 )  =  3.48 ,  p<.05 ,  a s wa s a 
significan t  interactio n betwee n th e tw o variables , 
F(3,2440 )  =  5.45 ,  p<.01 . 

T h e natur e o f  th e interactio n w a s examine d 
b y lookin g a t  th e attackin g an d defendin g position s 
separatel y (se c Tabl e 1  fo r  m e a n s ) .  Fo r  attackin g 
position s ther e w a s a  significan t  effec t  o f  transfe r 
condiuo n (  F[3,1220 ]  =  7.88 ,  p< .01 ,  M S ,  =  238) . 
H o w e v e r ,  planne d comparison s reveale d onl y tha t 
th e fork/pi n conditio n w a s significantl y slowe r  tha n 
th e simila r  conditio n (  f[I , I220 ]  =  20.34 ,  p<.OI) . 
Ther e wer e n o significan t  difference s betwee n th e 
simila r  conditio n an d th e attack/defenc e conditio n 
(  f[ l ,1220 ]  =  1.39 .  p<.25 )  o r  th e bishop/roo k 
condiuo n (  F[l,1220 ]  =  .67 ,  n.s.) . 

Fo r  defendin g position s ther e w a s als o a n 
effec t  o f  transfe r  conditio n (  f[3,1220 ]  =  3.77 , 
p<.025 ,  M S ,  =  1167) .  T h e planne d comparison s 
reveale d tha t  th e simila r  conditio n w a s significantl y 
faste r  tha n th e bishop/roo k conditio n (  F [  1,1220 ]  = 
7.55 .  p< .0 \ ) ,  an d th e attack/defenc e (  /^[1,1220 ]  = 
5.78 ,  p<.01) ,  bu t  no t  significantl y faste r  tha n th e 
pin/for k conditio n (  F [  1.1220 ]  =  .21 .  n.s.) . 

I n orde r  t o investigat e th e difference s fo r 
particula r  transformatio n positions ,  pi n position s 
wer e examined .  Becaus e ever y subjec t  receive d 
ever y pi n positio n (whic h w a s no t  th e cas e fo r 
forks )  a  m o r e powerfu l  repeate d measure s analysi s 
coul d b e used .  T h e m e a n respons e time s fo r  eac h 
pi n transformatio n positio n fo r  eac h transfe r 
conditio n ar e presente d i n Tabl e 2 . 

Table 2 
Mean respons e time s (s )  fo r  pi n position s fo r  eac h inmsformalio n 
positio n i n eac h transfe r  condition . 

simila r aiuck / 
defenc e 

fork y 
pi n 

rook /  Tota l 
bisho p 

Attackin g 

Defendin g 

Overal l 

15. 6 
(10.5 ) 

29. 8 
(30.5 ) 

22. 7 
(23.9 ) 

17. 1 
(10.0 ) 

36. 4 
(36.8 ) 

268 
(28.6 ) 

21. 2 
(23.5 ) 

31. 1 
(29.3 ) 

26. 2 
(27.0 ) 

166 
(13.9 ) 

37. 4 
(39.0 ) 

27. 0 
(31.0 ) 

17. 6 

33. 7 

25. 7 

T h e m e a n respons e time s fo r  th e attackin g 
an d defendin g position s i n eac h o f  th e fou r  transfe r 
condition s ar e presente d i n Tabl e 1 .  collapse d ove r 
al l  transformations .  A  2 x 4 between-subjeci s analysi s 
o f  varianc e reveale d a  significan t  ma i n effec t  o f 
whethe r  th e positio n w a s attackin g o r  defending , 
F(1.2440 )  =  2 2 5 ,  p<.01 ,  ( M S ,  =  703) .  Thi s simpl y 
confirm s th e expectatio n tha t  th e defendin g position s 
ar e m o r e difficul t  tha n th e attackin g positions .  T h e 

Transformatio n 

simila r 
defence/ a tuc k 
pin/for k 
bishop/roo k 

identica l 

15. 3 
19. 7 
22. 4 
21. 2 

rotatio n change-piec e 

19. 3 26 4 
28 3 30. 2 
30. 0 31. 4 
29. 2 28. 1 

change-structur e 

27. 4 
29. 5 
28 2 
23. 3 

Fo r  th e identica l  transformatio n a 
multivariat e analysi s o f  varianc e reveale d a 
significan t  effec t  o f  transfer ,  f(3,69)=5.88 ,  p< .01 . ' 
P lanne d univariat e contrast s reveale d significan t 
difference s b e t w e e n th e simila r  conditio n an d eac h 
o f  th e othe r  thre e transfe r  conditions :  fo r  simila r 
wit h defence/attack ,  F( l ,71)=4.54 ,  A / S = 1 6 0 ,  p< .05 ; 
wit h pin/fork ,  -F(l,71)=8.19 ,  M S , = 2 2 6 ,  fX .O l ;  an d 
wit h bishop/rook ,  F( l ,71)=8.23 ,  Af5.=155 ,  p< .01 . 
Simila r  result s w e r e obtaine d fo r  th e rotatio n 
transformatio n i n w h i c h a  significan t  effec t  o f 
transfe r  conditio n w a s obtained ,  f  (3,69)=5.49 ,  p< .Ol . 
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Planne d univariat e contrast s s h o w e d significan t 
difference s betwee n th e simila r  conditio n an d eac h 
of  th e othe r  thre e transfe r  conditions :  fo r  simila r 
wit h defence/attack ,  F(1.71)=4.65 .  A / 5 = 6 2 7 ,  p<.05 ; 
wit h pin/fork ,  f(1.71)=6.51 .  A/S.=636 .  p<.05 ;  an d 
wit h bishop/rxx)k ,  f(l,71)=7.84 ,  M S . = 4 5 2 ,  p<.01 . 
H o w e v e r  ther e wer e n o effect s o f  transfe r  conditio n 
fo r  th e change-piec e (  F[3,69]=.26 ,  n.s. )  o r  th e 
change-structur e (  F[3,69]=.77 ,  n.s. )  transformations . 

Response s o n th e final  positio n we r e 
analyze d b y classifyin g al l  m o v e s a s correc t  o r 
incorrect .  A  correc t  m o v e i n th e attackin g conditio n 
(whe n th e subjec t  ha d a  chanc e t o m a k e th e fata l 
m o v e )  w a s onl y recorde d i f  the y m a d e th e knigh t 
forkin g m o v e .  A  correc t  m o v e i n th e defendin g 
positio n (whe n th e subjec t  i s  threatene d b y th e fata l 
m o v e )  i s an y m o v e tha t  render s th e knigh t  m o v e 
harmless . 

Table 3 
Number  o f  correc t  in d incorre a soluuon s give n t o th e Tina l 
positio n i n th e (tuckin g conditio n t s i  functio n o f  subjec t 
bein g give n winnin g o r  losin g muiipuUtion . 

Correc t 
Incorrec t 

•ttackin g positio n 

winnin g losin g 

5 9 
6 8 

defendin g positio n 

winnin g losin g 

0 4 
16 9 

Th e frequencie s fo r  correc t  an d incorrec t 
moves ,  fo r  bot h attackin g an d defendin g positions , 
as a  functio n o f  whethe r  th e subjec t  wa s tol d tha t 
the y wer e winnin g o r  losing ,  ar e presente d i n Tabl e 
3.  Ther e wer e n o significan t  difference s fo r 
attackin g positions ,  X \ \ )  =  .15 ,  n.s. ,  howeve r  th e 
defendin g positio n yiel d a  significan t  differenc e 
(  X'[l ]  =  9.16 ,  p<.005 )  indicatin g tha t  subject s wer e 
mor e likel y t o solv e th e problem ,  b y recognizin g th e 
nee d fo r  defence ,  whe n the y wer e tol d tha t  the y 
wer e losing ,  rathe r  tha n winning . 

Discussion 

These results provide support for the claim 
tha t  goa l  similarit y play s a  rol e i n analogica l 
proble m solving .  I n doin g s o the y indicat e tha t  thi s 
tas k m a y b e a  usefu l  on e fo r  furthe r  investigatin g 
th e rol e o f  goa l  similarit y i n analogica l  processes . 
The overal l  findings ,  an d thos e fro m th e simila r  an d 
rotatio n transformatio n positions ,  indicate d tha t 
respons e time s wer e faste r  i f  goal s wer e kep t 
consisten t  betwee n th e trainin g an d testin g positions . 
Thi s resul t  i s  strengthene d b y th e fac t  tha t  th e 
simila r  positio n appeare d afte r  m a n y othe r  attackin g 
and defendin g position s ha d bee n see n an d solve d 
by th e subjects .  Th e fac t  tha t  th e condition s tha t  w e 

woul d expec t  t o b e har d t o m a p ,  th e fork/pi n an d 
bishop/roo k conditions ,  wer e als o generall y slowe r 
the n th e simila r  conditio n support s th e contentio n 
tha t  mappin g i s bein g use d t o hel p solv e positions . 

Th e lac k o f  a  transfe r  positio n effec t  fo r  th e 
change-piec e transformatio n position s i s interesting . 
I t  appear s t o indicat e tha t  changin g a  piec e i s mor e 
tha n a  simpl e semanti c change .  I t  m a y constitut e a 
structura l  change ,  du e t o th e fac t  tha t  differen t 
piece s m o v e differendy .  Henc e changin g a  piec e 
m ay chang e h o w th e piece s relat e t o eac h other , 
eve n withou t  changin g thei r  positions . 

I t  i s  stil l  no t  conclusivel y established , 
howeve r  tha t  eas e o f  analogica l  retrieva l  o r  mappin g 
cause d th e faste r  response s i n th e simila r  conditions . 
Furthe r  researc h shoul d tr y t o estabhs h directl y h o w 
wel l  subject s retriev e o r  m a p t o thes e positions . 
Includin g a  recognitio n tas k woul d b e on e w a y t o 
d o this .  Anothe r  w a y t o m a k e th e tas k mor e 
sensitiv e t o mappin g effect s i s t o presen t  ambiguou s 
position s wit h multipl e vali d solution s an d observ e 
i f  subject s favo r  solution s tha t  m a p mos t  closel y t o 
thei r  trainin g position s 

Th e findin g tha t  th e goal s a t  th e tim e o f 
tes t  ca n influenc e solution s provide s a  powerfu l 
demonstratio n o f  th e effect s o f  influencin g th e 
subject s goals .  Thi s i s particularl y s o sinc e n o othe r 
change s ar e m a d e an d th e informatio n tha t  i s 
provide d i s no t  directl y relevan t  t o determinin g th e 
optima l  move .  Howeve r  i t  i s  possibl e tha t  thi s 
resul t  coul d b e explaine d i n term s o f  deman d 
characteristics .  I n futur e researc h thi s proble m coul d 
be addresse d b y usin g les s explici t  instructions .  I t 
shoul d als o b e note d tha t  i n thi s experimen t  th e final 
positio n wa s no t  designe d a s a n analogica l  task ,  a s 
ther e i s nothin g provide d a s a n explici t  sourc e 
analogue .  Futur e studie s coul d tur n thi s int o a n 
analogica l  tas k b y attemptin g t o provid e a n explici t 
source .  H o w wel l  subject s coul d fin d suc h 
embedded analogue s i s unclear ,  bu t  thi s abilit y  coul d 
be examine d b y usin g a  recognitio n tas k i n whic h 
subject s woul d hav e t o recogniz e a n embedde d 
analog y presen t  i n a  ful l  positio n (agai n goa l 
similarity ,  structural ,  an d semanti c factor s coul d b e 
agai n manipulated) . 

Thi s stud y di d no t  examin e skille d ches s 
play ;  howeve r  th e result s hav e implication s fo r  ches s 
skill ,  i f  the y prov e t o b e extendabl e t o skille d ches s 
players .  I f  ches s skil l  i s  base d o n analogica l 
processes ,  the n i t  woul d provid e a n explanatio n fo r 
th e characteristi c o f  ches s master s tha t  deGroo t 
(1965 )  foun d tha t  mos t  distinguishe d tfiem  fro m les s 
skille d players :  tha t  the y simpl y selecte d bette r 
moves 1 0 examin e i n th e first  place .  Becaus e 
neithe r  h e no r  th e player s wer e abl e t o explai n this . 
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deGroo t  ascribe d i t  t o intuition ,  bu t  it s almos t 
perceptua l  qualit y seem s t o fit  quit e wel l  int o a n 
analogica l  framework . 

I n conclusion ,  thi s stud y provide d suppor t 
fo r  th e clai m tha t  goa l  similarit y play s a  rol e i n 
proble m solving ,  i n tha t  response s wer e mad e mor e 
quickl y i f  consisten t  goal s wer e given .  Thi s 
advantag e ma y wel l  b e du e t o th e improvemen t  i n 
th e eas e o f  analogica l  mappin g tha t  consisten t  goal s 
provided ,  althoug h furthe r  researc h i s require d t o 
establis h thi s wit h mor e confidence .  Th e fac t  tha t 
thi s tas k i s sensitiv e t o suc h effect s ma y mea n i t 
ca n b e use d t o tes t  differen t  model s o f  analogica l 
mappin g an d proble m solving .  Suc h model s ofte n 
diffe r  cruciall y i n th e way s the y handl e goals . 
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