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C o m m on Strateg y ivit h Differen t  Degree s o f  Generalit y 

Jiaji e Zhang'' ^  Tod d R .  Johnson '̂ ^  &  Hongbi n Wang ' 
Departmen t  o f  Psychology' ,  Cente r  fo r  Cognitiv e Scie^ce ^  &  Divisio n o f  Medica l  Informatics ' 

The Ohi o Stat e Universit y 
Columbus ,  O H 4321 0 U S A * 

{zhang.52 ,  johnson.25 ,  wang .  190}@osu.ed u 

A b s t r a c t 

Thi s stud y examine s th e effect s o f  representationa l 
form s o n th e acquisitio n an d transfe r  o f  proble m 
solvin g strategies .  Thre e isomorphi c representation s 
of  th e Tic-Tac-To e ar e use d a s th e experimenta l  tasks . 
The experimen t  show s tha t  differen t  representation s o f 
a commo n structur e lea d t o th e discover y o f  differen t 
form s o f  a  commo n strateg y wit h varyin g degree s o f 
generality .  Wit h a  bette r  representation ,  subject s no t 
onl y lear n faste r  bu t  als o acquir e mor e genera l  form s 
of  th e strategy .  Th e transfe r  acros s differen t 
representation s ca n b e eithe r  positiv e o r  negative ,  an d 
i t  i s  base d o n strategies ,  no t  o n proble m structures . 

Introduction 

Differen t  isomorphi c representation s o f  a  c o m m o n 

abstrac t  structur e ca n generat e dramaticall y differen t 

representationa l  efficiencies ,  tas k complexities ,  an d 

behaviora l  outcomes .  Thi s phenomeno n i s  ofte n 

calle d representationa l  effec t  (e.g. ,  Zhan g « & Norman , 

1994) .  O n e obviou s exampl e i s th e differen t 

difficult y level s o f  multi-digi t  multiplicatio n usin g 

Arabi c an d R o m a n numeral s (se e Zhan g &  Norman , 

1995 ,  fo r  a  detaile d study) .  Th e stud y o f  th e 

representationa l  effec t  ha s bee n focuse d o n 

performanc e an d transfer ,  no t  o n acquisitio n an d th e 

relatio n betwee n acquisitio n an d transfe r  (e.g. ,  Chen g 

& Holyoak ,  1985 ;  Evans ,  1983 ;  Gic k &  Holyoak , 

1980 ,  1983 ;  Greeno ,  1974 ;  Grigg s &  Hewstead , 

1982 ;  Jeffries ,  Poison ,  &  Razran ,  1977 ;  Kotovsky , 

Hayes ,  &  Simon ,  1985 ;  Kotovsk y &  Simon ,  1990 ; 

Larki n &  Simon ,  1987 ;  Novick ,  1990 ;  Waso n & 

Johnson-Laird ,  1972 ;  Zhan g &  Norman ,  1994) . 

The purpos e o f  th e presen t  stud y i s t o examin e 

h o w representationa l  form s affec t  th e acquisitio n o f 

proble m solvin g strategie s an d h o w th e acquire d 

strategie s affec t  transfer .  Th e mai n hypothese s ar e (1 ) 

differen t  representation s o f  a  c o m m o n structur e lea d t o 

th e discover y o f  differen t  form s o f  a  c o m m o n strategy , 

wit h a  bette r  representatio n leadin g t o faste r  learnin g an d 

t o th e discove r  o f  mor e genera l  form s o f  th e strategy ;  an d 

(2 )  th e acquire d strateg y ca n caus e bot h positiv e an d 

negativ e transfer ,  dependin g o n th e tw o isomorph s 

involved . 

Tic-Tac-Toe 

The Tic-Tac-To e (henceforth ,  T T T )  an d it s isomorph s ar e 

use d fo r  th e presen t  study .  Th e T T T i s a  well-know n two -

playe r  game .  A  mino r  variatio n o f  th e origina l  gam e i s 

show n i n Figur e 1 A a s th e Lin e version .  Th e tas k fo r  th e 

tw o player s i s t o selec t  th e circle s i n tur n b y colorin g th e 

circle s wit h differen t  colors ,  on e a t  a  time .  Th e on e w h o 

first  get s thre e circle s o n a  straigh t  lin e (horizontal , 

vertical ,  o r  diagonal )  win s th e game .  Th e T T T i s a  dra w 

game,  i.e. ,  whe n bot h player s us e optimim i  strategies , 

neithe r  ca n win .  Figure s I B an d I C ar e tw o mor e 

isomorph s o f  th e T T T .  I n th e Numbe r  versio n (Figur e 

IB) ,  th e tas k i s t o selec t  th e number s i n tur n b y colorin g 

th e numbers ,  on e a t  a  time .  Th e on e w h o firs t  get s thre e 

number s tha t  exactl y ad d t o 1 5 win s th e game .  I n th e 

Colo r  versio n (Figur e IC) ,  th e tas k i s t o selec t  th e bi g 

circle s i n tur n b y drawin g differen t  backgroun d textures . 

The on e w h o first  get s thre e bi g circle s tha t  contai n th e 

same colore d smal l  circl e win s th e game .  Figur e 2  show s 

th e equivalenc e o f  th e isomorphs :  th e center ,  comers ,  an d 

side s i n Lin e (Figur e 2 A )  correspon d t o th e numbe r  five, 

eve n numbers ,  an d od d number s i n Numbe r  (Figiu- e 2 B ) 

and th e 4-object ,  3-object ,  an d 2-objec t  bi g circle s i n 

Colo r  (Figur e 2C) ,  respectively . 

Th e representationa l  propertie s o f  th e T T T wer e 

analyze d b y Zhan g (1997 )  i n term s o f  fou r  forma l 

propertie s an d thei r  representations .  Th e fou r  forma l 

propertie s are :  (1 )  nin e elements ;  (2 )  eigh t  winnin g 

*  Thi s researc h wa s i n par t  supporte d b y Grant s NOOO14-96-1-047 2 an d NOOO14-95-1-024 1 from  th e Offic e o f  Nava l  Research , 
Cognitiv e an d Neura l  Science s &  Technolog y Division ,  an d b y a  See d Gran t  from  th e Offic e o f  Researc h a t  Th e Ohi o Stat e 
University . 
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triplets ,  eac h o f  whic h i s a  grou p o f  thre e element s 

tha t  constitut e a  win ;  (3 )  thre e symmetr y categorie s 

tha t  grou p th e nin e elements ,  wit h th e element s i n a 

symmetr y categor y bein g identica l  t o eac h other ;  (4 ) 

winnin g invariant s o f  symmetr y categories ,  eac h o f 

whic h i s th e numbe r  o f  winnin g triplet s t o whic h a n 

elemen t  belongs .  Fo r  example ,  fo r  Lin e i n Figur e lA , 

th e nin e element s ar e th e nin e circles .  Th e eigh t  win -

nin g triplet s ar e th e 3-circl e group s tha t  li e o n th e 3 

horizontal ,  3  vertical ,  an d 2  diagona l  lines .  Th e thre e 

symmetr y categorie s ar e th e center ,  4  comers ,  an d 4  sides . 

Th e winnin g invariant s o f  th e center ,  comers ,  an d side s 

ar e 4,3 ,  an d 2 ,  respectively .  Fo r  example ,  th e cente r  i s a n 

elemen t  o f  4  winnin g triplets :  1  horizontal ,  1  vertical ,  an d 

2 diagona l  lines . 

© 0 ® 

(A )  Lin e (B )  Numbe r (C )  Colo r 

Figur e 1 .  Thre e T T T isomorphs .  (A )  Line .  Gettin g thre e circle s o n a  straigh t  lin e i s a  win .  (B )  Number .  Gettin g thre e 
number s tha t  exactl y ad d t o 1 S i s a  win .  (C )  Color .  Gettin g thre e bi g circle s tha t  contai n th e sam e colore d smal l  circl e i s a 
win .  Th e letter s insid e th e circle s indicat e th e color s use d i n th e experiment :  B  =  Blue ,  G  =  Green ,  L  =  Ligh t  Blue ,  O  = 
Orange ,  P  =  Pink ,  R  =  Red ,  Y  =  Yellow ,  W =  Brown . 
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(C)  Colo r 

Figur e 2 .  Th e mapping s o f  th e T T T isomorphs .  Th e center ,  comers ,  an d side s i n Lin e correspon d t o five,  eve n numbers , 
and od d number s i n Number ,  an d 4-object ,  3-object ,  an d 2-objec t  bi g circle s i n Color ,  respectively . 

The forma l  propertie s o f  th e T T T ar e represente d 

differentl y i n th e thre e T T T isomorphs .  Th e nin e 

element s ar e represente d b y nin e circle s i n Line ,  b y 

nin e number s i n Number ,  an d b y nin e bi g circle s wit h 

2,  3 ,  an d 4  smal l  circle s i n Color .  Th e eigh t  winnin g 

triplet s ar e represente d b y th e 3  horizontal ,  3  vertical , 

and 2  diagona l  straigh t  line s i n Line ,  b y th e eigh t 

number  triplet s wit h th e su m o f  th e thre e number s i n 

eac h triple t  equa l  t o 1 5 i n Number ,  an d b y th e eigh t 

differen t  color s o f  th e smal l  circle s i n Color .  Th e 

thre e symmetr y categorie s ar e represente d b y spatia l 

symmetr y i n Lin e (th e center ,  4  comers ,  an d 4  sides) . 

by parit y i n N u m b e r  (th e numbe r  five,  4  eve n numbers , 

and 4  od d numbers) ,  an d b y th e quantit y o f  object s i n a 

bi g circl e i n Colo r  (4-object ,  3-object ,  an d 2-objec t  bi g 

circles) .  Th e winnin g invarian t  o f  a  symmetr y categor y 

i s represente d b y th e numbe r  o f  straigh t  line s connectin g 

a circl e i n Lin e (4 ,  3 ,  an d 2  fo r  th e center ,  th e comers ,  an d 

th e sides ,  respectively )  an d b y th e quantit y o f  object s i n a 

bi g circl e i n Colo r  (4 ,  3 ,  an d 2) .  I n Number ,  however ,  th e 

winnin g invariant s ( 4 fo r  th e numbe r  five,  3  fo r  eve n 

numbers ,  an d 2  fo r  od d numbers )  ar e no t  directl y 

represented .  T o ge t  th e wirmin g invarian t  o f  a  number ,  i t 

must  b e groupe d wit h al l  possibl e pair s o f  othe r  number s 
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t o for m numbe r  triplet s an d th e sum s o f  th e thre e 

number s i n al l  numbe r  triplet s hav e t o b e mentall y 

compute d t o se e whethe r  eac h su m i s 15 .  Eve n wit h 

extensiv e menta l  computations ,  thi s tas k i s ver y 

difficu h i f  no t  impossible . 

Becaus e al l  T T T isomorph s hav e th e sam e 

forma l  structures ,  fo r  convenience ,  w e us e th e thre e 

symmetr y categorie s o f  Number ,  i.e. ,  five,  eve n 

numbers ,  an d od d numbers ,  t o refe r  t o th e thre e 

symmetr y categorie s o f  al l  T T T isomorph s fo r  th e 

res t  o f  thi s article .  Fo r  example ,  whe n w e tal k abou t 

eve n number s i n Color ,  w e actuall y refe r  t o th e 3 -

objec t  bi g circle s (se e Figur e 2) . 

I n th e curren t  study ,  th e tas k fo r  th e subject s i s t o 

discove r  th e Even-Eve n strategy ,  whic h require s the m 

t o selec t  an y eve n number s fo r  th e first  an d secon d 

moves t o ge t  draw s (fo r  th e detaile d algorithm ,  se e 

th e appendi x o f  Zhang ,  1997) .  Th e Even-Eve n 

strateg y i s necessar y an d sufficien t  fo r  subject s t o ge t 

draws .  Th e first  an d th e secon d move s ar e crucial :  i f 

eithe r  o r  bot h ar e mad e incorrectly ,  the n subject s 

alway s lose ,  regardles s o f  h o w othe r  move s ar e made . 

Under  thi s strategy ,  subject s onl y hav e t o mak e 

decision s fo r  th e first  an d secon d move s becaus e fo r 

al l  othe r  situations ,  th e subject s onl y hav e on e 

choice—blockin g th e piec e tha t  ca n lea d t o a n 

immediat e wi n fo r  th e computer .  I n addition , 

subjects '  first  an d secon d move s onl y depen d o n th e 

symmetr y categorie s (i.e. ,  five,  eve n numbers ,  an d 

od d numbers) ,  no t  o n specifi c  elements . 

Zhan g (1997 )  foun d tha t  fo r  th e Even-Eve n 

strategy ,  th e difficult y orde r  was ,  fi-om  hardes t  t o 

easiest :  Numbe r  >  Colo r  >  Line .  T w o factor s 

contribute d t o thi s difficult y order .  Th e first  facto r  i s 

th e perceptio n o f  th e symmetr y categories .  Subject s 

had bette r  perceptio n o f  th e symmetr y categorie s fo r 

Lin e tha n fo r  Color ,  an d ha d n o perceptio n o f  th e 

symmetr y categorie s fo r  Number .  Th e secon d facto r 

i s biases .  Fo r  Lin e an d Color ,  subject s ha d a 

perceptua l  bia s calle d more-is-bette r  bias ,  whic h i s 

th e tendenc y t o pic k a n elemen t  tha t  ha s highe r 

wimiin g invarian t  (e.g. ,  th e cente r  fo r  Liri e an d th e 4 -

objec t  bi g circl e fo r  Color) .  Thi s perceptua l  bia s wa s 

consisten t  wit h th e Even-Eve n strategy ,  thu s i t  helpe d 

make Lin e an d Colo r  easier .  Fo r  Number ,  instea d o f 

th e more-is-bette r  bias ,  subject s ha d a  cognitiv e bia s 

calle d larger-is-bette r  bias ,  whic h i s th e tendenc y t o 

pic k u p a  large r  numbe r  (e.g. ,  9  o r  8) .  Thi s cognitiv e 

bia s i s irrelevan t  t o th e Even-Eve n strategy ,  thu s i t 

di d no t  hel p m a k e Numbe r  easier .  Base d o n thi s 

fmdin g o f  th e difficult y orde r  o f  th e thre e isomorphs . 

Lin e ca n b e calle d th e mos t  effectiv e representatio n 

and Numbe r  th e leas t  effectiv e representatio n fo r  th e 

Even-Eve n strategy . 

The experimen t  describe d belo w wil l  examin e 

whethe r  th e differen t  representation s o f  th e thre e T T T 

isomorph s lea d t o th e discover y o f  differen t  form s o f  th e 

Even-Eve n strateg y an d whethe r  th e acquire d strategie s 

affec t  transfe r  acros s isomorphs .  Th e mai n hypothese s ar e 

(1 )  th e thre e isomorph s lea d t o th e discover y o f  differen t 

form s o f  th e Even-Eve n strategy ,  wit h th e mos t  effectiv e 

representatio n {Line )  leadin g t o th e fastes t  leamin g an d t o 

th e discove r  o f  th e mos t  genera l  for m o f  th e Even-Eve n 

strategy ;  an d (2 )  th e differen t  form s o f  th e acquire d 

strateg y ca n caus e bot h positiv e an d negativ e transfer , 

dependin g o n th e tw o isomorph s involved . 

Experiment 

Method 

Subjects .  9 0 undergraduat e student s enrolle d i n 

introductor y psycholog y course s a t  Th e Ohi o Stat e 

Universit y participate d i n th e experimen t  t o ear n cours e 

credit . 

Stimul L T h e thre e T T T isomorph s i n Figur e 1  wer e 

th e experimenta l  tasks .  The y wer e p rogramme d i n 

SuperCar d o n Macintos h computers .  T h e thre e T T T 

isomorph s wer e controlle d b y th e sam e progra m becaus e 

the y hav e th e sam e forma l  structure .  T h e compute r 

alway s m a d e th e firs t  m o v e i n al l  games .  It s strateg y wa s 

designe d suc h tha t  th e subject s ha d t o discove r  th e Even -

Eve n strateg y t o ge t  draws .  Subject s m a d e m o v e s b y 

clickin g th e piece s wit h a  mouse .  Th e piece s selecte d b y 

th e compute r  an d subject s wer e i n differen t  color s o r 

backgroun d pattern s suc h tha t  the y coul d b e distin -

guished . 

Desig n &  Procedure .  T h e desig n i s  show n i n Figur e 

3.  Eac h subjec t  playe d tw o o f  th e thre e T T T isomorphs . 

Subject s wer e tol d tha t  th e bes t  the y coul d ge t  wa s a  dra w 

an d wer e instructe d t o pla y th e game s agains t  th e 

compute r  unti l  the y go t  1 0 draw s i n a  row .  The y wer e no t 

tol d abou t  an y relation s betwee n th e first  an d secon d 

games.  Complet e m o v e sequence s an d tim e stamp s fo r  al l 

games wer e recorde d b y th e computer .  Afte r  eac h game , 

subject s wer e aske d t o writ e d o w n th e strategie s the y 

discovered . 

Firt I  Gan c Secoad Gan c 

90 subject s • 

30 subjec U (Lin* ) 

30 subjec U (Color ) 

< l S n i b j 

IStub j 

<:: 

S nibject s (Color ) 

subjects (Number) 

15 subjects (Line) 

subjects (Number) 

IS subjects (Line) 
30 subject s (Number )  < ^ 

^ ^  1 5 subject s (Color ) 

F i g u r e 3 .  T h e desig n o f  th e experiment . 
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Result s 

Pre-Transfe r  Performance .  Th e result s fo r  first 

games ar e show n i n Figur e 4 ,  wit h 3 0 subject s fo r 

eac h isomorph .  I n term s o f  th e numbe r  o f  game s 

neede d t o ge t  1 0 draw s i n a  ro w (Figur e 4A) ,  Lin e 

was marginall y easie r  tha n Colo r  (Tuke y H S D ,  p  = 

0.08) ,  whic h i n tur n wa s significantl y easie r  tha n 

Number  (Tuke y H S D ,  p  <  0.01) .  I n term s o f  th e 

number  o f  game s neede d t o ge t  th e first  dra w (Figur e 

4B) ,  Lin e an d Color ,  whic h di d no t  diffe r  fro m eac h 

othe r  significantl y (Tuke y H S D ,  p  =  0.38) ,  wer e bot h 

significantl y easie r  tha n Numbe r  (Tuke y H S D ,  p  < 

0.001 ,  fo r  bot h cases) . 

Figur e 4 C show s th e percentag e o f  th e subject s 

w ho go t  draw s fo r  eac h gam e positio n fo r  th e thre e 

isomorphs .  Consisten t  wit h th e result s o n 1 0 draw s 

and first  draw ,  i t  i s  clea r  tha t  subject s acquire d th e 

Even-Eve n strateg y fastes t  fo r  Lin e an d slowes t  fo r 

Number. 

One critica l  finding  o f  thi s experimen t  i s show n 

i n Figur e 4D .  W e sa y a  subjec t  discovere d o r 

acquire d th e Even-Eve n strateg y i f  th e subjec t  coul d 

get  1 0 draw s i n a  row .  However ,  th e Even-Eve n 

strateg y acquire d b y subject s ca n b e i n differen t 

forms .  Remember  tha t  th e Even-Eve n strateg y 

require s tha t  th e firs t  an d secon d move s b e an y eve n 

numbers .  I f  a  subjec t  coul d no t  perceiv e th e 

symmetr y categories ,  the y migh t  us e a  fixed  mov e 

sequenc e fo r  al l  te n draw s i n a  row .  Thi s i s th e Fixe d 

for m o f  th e Even-Eve n strategy .  Fo r  example ,  a 

subjec t  migh t  alway s selec t  2  a s th e first  mov e an d 

alway s selec t  4  a s th e secon d mov e fo r  al l  dra w 

games,  eve n i f  an y eve n number s woul d b e equall y 

correct .  I f  th e te n continuou s dra w game s o f  a  subjec t 

al l  ha d th e sam e mov e sequenc e an d th e subjec t  di d 

not  indicat e an y knowledg e o f  th e symmetr y i n th e 

writte n report ,  the n th e Even-Eve n strateg y acquire d 

by thi s subjec t  i s  classifie d a s Fixed .  Al l  othe r  form s 

ar e considere d a s Non-Fixed .  Figur e 4 D show s tha t 

mor e subject s acquire d th e Fixe d for m o f  th e Even -

Even strateg y i n Numbe r  tha n i n Colo r  an d i n Lin e 

(X ^  =  25.5 .  p  <  0.001 ;  x '  =  15.6 ,  p  <  0.001) ,  whic h 

di d no t  diffe r  from  eac h othe r  significantl y (x ^  =  1.8 , 

p =  0.12) . 

Transfe r  Effec t  Th e transfe r  dat a wer e 

analyze d fo r  th e si x 15-subjec t  group s correspondin g 

t o th e sb c combination s o f  first  an d secon d games .  I n 

term s o f  th e numbe r  o f  game s neede d t o ge t  1 0 draw s 

i n a  ro w (Figur e 5A) ,  ther e wer e a  significan t  positiv e 

transfe r  from  Numbe r  t o Colo r  (t(28 )  =  -2.34 ,  p  < 

0.05 )  an d a  significan t  negativ e transfe r  from  Colo r 

t o Lin e (t(28 )  =  -3.02 ,  p  <  0.005) .  Othe r  transfer s 

wer e no t  significan t  (larges t  |t(28) |  =  1.7 7 wit h 

smalles t  p  =  0.09) .  I n term s o f  th e numbe r  o f  game s t o 

first  dra w (Figur e SB) ,  non e o f  th e transfer s wer e 

significan t  (larges t  |t(28) |  =  1.1 7 wit h smalles t  p  =  0.25) . 

I t  appeare d tha t  th e positiv e transfe r  from  Numbe r  t o 

Colo r  an d th e negativ e transfe r  from  Colo r  t o Lin e wer e 

due t o th e transfe r  o f  th e differen t  form s o f  th e Even -

Eve n strategy .  Figur e 5 C show s tha t  th e percentag e o f 

subject s w h o acquire d th e Fixe d for m o f  th e Even-Eve n 

strateg y fo r  th e thre e isomorph s whe n the y wer e playe d a s 

th e first  gam e an d whe n the y wer e playe d a s th e secon d 

game.  Althoug h no t  significan t  (x ^  =  1.20 ,  p  =  0.20) , 

slightl y mor e subject s use d th e Fixe d for m o f  th e Even -

Even strateg y whe n Colo r  wa s playe d afte r  Numbe r  tha n 

when Colo r  wa s playe d befor e Numbe r  ( 6 0 % vs .  4 0 % ) . 

Afte r  acquirin g th e Fixe d for m o f  th e Even-Eve n strategy , 

i t  seem s tha t  subject s tende d t o us e a  fixed  mov e 

sequenc e t o ge t  1 0 draw s i n a  ro w whe n the y playe d 

Colo r  becaus e the y simpl y wante d t o ge t  1 0 draw s i n a 

ro w a s soo n a s possibl e t o satisf y th e goa l  o f  th e task . 

Therefore ,  subject s neede d fewe r  game s t o ge t  1 0 draw s 

i n a  ro w whe n Colo r  wa s playe d afte r  Numbe r  tha n whe n 

Colo r  wa s playe d befor e Number . 

The negativ e transfe r  from  Colo r  t o Lin e ca n b e 

explaine d i n a  simila r  manner .  Afte r  solvin g Color ,  th e 

Even-Eve n strateg y wa s acquire d a s a  Non-Fixe d for m b y 

5 3 % o f  th e subjects .  W h e n Lin e wa s playe d afte r  Color , 

th e Non-Fixe d for m acquire d from  Colo r  tende d t o mak e 

subject s us e Non-Fixe d for m i n Line ,  causin g the m t o 

pla y mor e game s befor e gettin g 1 0 draw s i n a  row . 

Therefore ,  slightl y mor e subject s use d th e Fixe d for m o f 

th e Even-Eve n strateg y whe n Lin e wa s playe d befor e 

Colo r  tha n whe n Lin e wa s playe d afte r  Colo r  ( 4 0 % vs . 

2 0 %,  x' = 1.42 ,  p  =  0.16) . 

The Patter n o f  Subjects '  Moves .  Figure s 6A-6 C 

sho w th e average d frequencies  o f  eve n an d od d nimiber s 

selecte d b y th e subject s a s th e first  move s i n th e initia l  1 0 

games fo r  th e si x transfe r  pairs .  Th e rightmos t  colum n i n 

eac h grap h show s th e expecte d frequencies  fo r  rando m 

moves wit h replacement .  N o transfe r  effec t  wa s observe d 

fo r  th e selectio n o f  th e first  move s (larges t  t(28 )  =  1.4 3 

wit h smalles t  p  =  0.16) . 

Figure s 6D-6 F sho w th e distribution s o f  subject s 

selectin g eve n an d od d number s a s thei r  secon d move s fo r 

th e first  gam e i n whic h a n eve n numbe r  wa s selecte d a s 

th e firs t  move .  Chi-Squar e test s showe d tha t  ther e wa s n o 

significan t  chang e o f  th e selectio n o f  eve n number s fo r 

any o f  th e transfe r  pair s (larges t  y }  =2.4 0 wit h smalles t  p 

= 0.12) . 

Therefore ,  th e positiv e transfe r  from  Numbe r  t o 

Colo r  an d th e negativ e transfe r  from  Colo r  t o Lin e wer e 

not  du e t o th e transfe r  o f  proble m structure s tha t  ar e 

reflecte d b y th e selectio n o f  moves . 

119 1 



a-

10-

1 
s-

0 1 1 
Una Mgt  NiaK w 

(A)M«n<Mto10Drmi > 

10-

s 

0 

I 

(B)fQlmulo1«Dm » 
0 s  1 0 I S n  a  9 0 
(C)  H  Dra w Subjtd i  fo r  Eid i  gama PixMo n 

Un> Co w Nimta r 
(D% Fbia d Ba»t l  Sub)»c< l 

F igur e 4 .  Pre-transfe r  results .  ( A )  T h e n u m b e r  o f  g a m e s neede d t o ge t  1 0 draw s i n a  r o w (excludin g th e 1 0 draws) .  (B ) 
T h e n u m b e r  o f  g a m e s neede d t o ge t  th e firs t  d ra w (includin g th e firs t  d raw) .  (C )  Percentag e o f  subject s w h o go t  draw s fo r 
eac h g a m e position .  ( D )  Percentag e o f  subject s w h o use d th e Fixe d for m o f  th e Even -Eve n strategy . 
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F igur e S .  Transfe r  results .  ( A )  T h e n u m b e r  o f  g a m e s neede d t o ge t  1 0 draw s i n a  r o w (excludin g th e 1 0 draws) .  (B )  T h e 
n u m b er  o f  g a m e s neede d t o ge t  th e firs t  d r a w (includin g th e firs t  d raw) .  (C )  Percentag e o f  subject s w h o use d th e Fixe d for m 
o f  th e E v e n - E v e n strategy .  C  =  Color ,  L  =  Line ,  N  =  N u m b e r .  T h e subscript s indicat e th e precedin g o r  succeedin g games . 
Fo r  example ,  L q i s fo r  Lin e tha t  w a s playe d befor e Colo r  an d c L i s fo r  Lin e wha t  w a s playe d afte r  Color . 

Random c"  n  n 
(B )  Firs t  Move :  Numbe r  v« .  Colo r (C)  Firs t  Move :  Lin e vs .  Numbe r (A )  Firs t  IMove :  Un e vs .  Colo r 

Random 
(D)  Secon d Move :  Un e vs .  Colo r 

M c  c  Rando m 
(E) Second Move: Number vs. Color (F )  Secon d Move :  Lin e vs .  Numbe r 

Figur e 6 .  M o v e patterns .  (A)-(C )  T h e averag e frequencie s o f  eve n an d od d number s selecte d b y eac h subjec t  a s first  m o v e s 
fo r  th e initia l  1 0 g a m e s fo r  th e Line-Color ,  Number -Co lo r ,  an d L ine-Numbe r  transfe r  pairs .  (D)-(F )  Frequenc y distribution s 
o f  subject s w h o selecte d eve n an d o d d n u m b e r s a s thei r  secon d m o v e s i n th e first  g a m e i n wh ic h five  w a s selecte d a s th e 
first  m o v e fo r  th e Lin e an d Color ,  N u m b e r  an d Color ,  an d Lin e an d N u m b e r  pairs . 
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Conclusio n 

The presen t  stud y examine d ho w th e form s o f 

representation s affec t  wha t  strategie s wer e acquire d 

and ho w th e acquire d strategie s wer e transferred .  Th e 

experimen t  showe d th e followin g results . 

First ,  differen t  representation s o f  a  common 

structur e le d t o th e discover y o f  differen t  form s o f  a 

common strateg y wit h varyin g degree s o f  generality . 

Wit h a  bette r  representation ,  subject s no t  onl y 

learne d faste r  bu t  als o acquire d mor e genera l  form s 

of  th e strategy . 

Second ,  th e transfe r  acros s differen t  isomorphi c 

representation s coul d b e eithe r  positiv e o r  negative . 

Althoug h a  les s effectiv e representatio n (Number )  le d 

t o th e acquisitio n o f  a  les s genera l  for m o f  th e Even -

Even strategy ,  thi s les s genera l  for m o f  th e strateg y 

le d t o a  positiv e transfe r  t o a  mor e effectiv e 

representatio n (Color) .  I n contrast ,  th e mor e effectiv e 

representatio n (Color )  le d t o th e acquisitio n o f  a 

more genera l  for m o f  th e Even-Eve n strategy . 

However ,  thi s mor e genera l  for m o f  th e strateg y le d 

t o a  negativ e transfe r  t o th e mos t  effectiv e 

representatio n (Line) . 

Third ,  th e positiv e an d negativ e transfer s 

mentione d abov e wer e no t  du e t o th e transfe r  o f  th e 

structure s o f  th e task .  I n fact ,  th e structure s o f  th e 

task ,  reflecte d b y th e pattern s o f  subjects '  moves , 

wer e no t  transferre d from  on e isomorp h t o another . 

Thi s resul t  i s  consisten t  wit h th e genera l  finding  o f 

minima l  spontaneou s transfe r  acros s problem s wit h 

differen t  surfac e representation s i n th e studie s o f 

analogica l  proble m solvin g (e.g. ,  Gic k an d Holyoak , 

1980,  1983 ;  Holyoa k &  Koh ,  1987 ;  Ross ,  1984) . 

I n conclusion ,  th e presen t  stud y i s anothe r 

demonstratio n o f  th e ubiquitou s representationa l 

effect .  Th e majo r  contributio n i s th e demonstratio n 

tha t  differen t  representation s o f  a  common 

underlyin g structur e ca n lea d t o th e discover y o f 

differen t  propertie s o f  th e underlyin g structur e i n 

term s o f  differen t  form s o f  strategies ,  whic h ca n no t 

onl y determin e proble m difficultie s bu t  als o affec t 

th e patter n o f  knowledg e transfer . 

inductio n an d analogica l  transfer .  Cognitiv e 

Psychology .  15 ,  1-38 . 

Greeno ,  J .  G .  (1974) .  Hobbit s an d Ores :  Acquisitio n o f  a 

sequentia l  concept .  Cognitiv e Psychology ,  6 ,  270 -

292. 

Griggs ,  R .  A .  &  Newstead ,  S .  E .  (1982) .  Th e rol e o f 

proble m structur e i n a  deductiv e reasonin g task . 

Journa l  o f  Experimenta l  Psychology :  Learning , 

Memory,  an d Cognition ,  8  (4) ,  297-307 . 

Holyoak ,  K .  J. ,  &  Koh ,  K .  (1987) .  Surfac e an d structura l 

similarit y i n analogica l  transfer .  Memor y & 

Cognition ,  15 ,  332-340 . 

Jeffries ,  R. ,  Poison ,  P .  G. ,  Razran ,  L. ,  &  Atwood ,  M .  E . 

(1977) .  A  proces s mode l  fo r  Missionaries-Cannibal s 

and othe r  River-Crossin g problems .  Cognitiv e 

Psychology ,  9,412-440 . 

Larkin ,  J .  H. ,  &  Simon ,  H .  A .  (1987) .  Wh y a  diagra m i s 

(sometimes )  wort h te n thousan d words .  Cognitiv e 

Science .  // ,  65-99 . 

Novick ,  L .  (1990) .  Representationa l  transfe r  i n proble m 

solving .  Psychologica l  Science ,  1 ,  128-132 . 

Ross,  B .  H .  (1984) .  Reminding s an d thei r  effect s i n 

learnin g a  cognitiv e skil l  Cognitiv e Psychology .  16 , 

371-416 . 

Wason,  P .  C ,  &  Johnson-Laird ,  P .  N .  (1972) . 

Psycholog y o f  reasoning :  Structur e an d content . 

Cambridge ,  M A :  Harvar d Universit y Press . 

Zhang ,  J .  (1997) .  Th e natur e o f  externa l  representation s 

i n proble m solving .  Cognitiv e Science ,  21 ,  179-217 . 

Zhang ,  J. ,  &  Norman ,  D .  A .  (1994) .  Representation s i n 

disfribute d cognitiv e tasks .  Cognitiv e Science ,  18 ,  87 -

122. 

Zhang ,  J. ,  &  Norman ,  D .  A .  (1995) .  A  representationa l 

analysi s o f  numeratio n systems .  Cognitio n 57 ,  271 -

295. 

Reference s 

Cheng,  P .  W.  &  Holyoak ,  K .  J .  (1985) .  Pragmati c 

reasonin g schemas .  Cognitiv e Psychology ,  17 , 

391-416 . 

Evans ,  J .  S .  B .  T .  (Ed.) .  (1983) .  Thinkin g an d 

reasoning .  London :  Routledg e &  Kega n Paul . 

Gick ,  M .  L. ,  &  Holyoak ,  K .  J .  (1980) .  Analogica l 

proble m solving .  Cognitiv e Psychology ,  12 ,  306 -

355. 

Gick ,  M .  L. ,  &  Holyoak ,  K .  J .  (1980) .  Schem a 

1193 


	cogsci_1998_1188-1193



