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Abstrac t 

Two main ideas are proposed in this article. Richard and Tijus 
(i n press )  show n tha t  proble m solvin g ca n b e explaine d b y 
objec t  propertie s tha t  subject s tak e int o accoun t  durin g th e 
solvin g process .  Stabl e propertie s ar e thos e whic h ca n no t  b e 
modifie d b y a n actio n (fo r  instance ,  a n object' s  size ,  shape ,  etc. ) 
and unstabl e propertie s ar e thos e whic h ca n b e modifie d b y a n 
actio n (fo r  instance ,  a n object' s  location) .  Ou r  purpos e i s tha t 
th e proble m spac e (Newel l  &  Simon ,  1972 )  ca n b e describe d b y 
stat e propertie s an d tha t  thi s descriptio n permit s explainin g th e 
subjectiv e distanc e (i n th e subject' s mind )  betwee n tw o states . 
We sugges t  tha t  similarit y betwee n stat e propertie s guide s a 
subject' s searc h throug h th e proble m spac e an d ca n lea d 
subject s throug h irrelevan t  paths .  W e thin k tha t  i n thi s 
condition ,  th e wel l  know n beneficia l  effec t  o f  impass e 
situation s consist s i n th e fac t  tha t  the y permi t  subject s t o 
discove r  th e relevan t  propertie s o f  objects ,  proble m constraints . 
and goa l  properties .  T w o experiment s ar e propose d here . 
Result s obtaine d i n th e firs t  experimen t  sho w tha t  workin g o n 
impass e situation s befor e solvin g th e proble m improve s 
performance .  Result s o f  th e secon d experimen t  sho w tha t 
workin g o n impass e situation s allo w subject s t o discove r  th e 
relevan t  propertie s o f  a  proble m space ,  an d tha t  th e benefi t  ca n 
be extende d t o al l  problem s sharin g th e sam e proble m spac e 
(whic h naturall y contai n th e sam e impasses) ,  eve n i f  thei r 
initia l  an d fina l  state s ar e different .  Thes e result s she d som e 
ligh t  o n th e beneficia l  effect s o f  impasse s i n proble m solving . 

Introduction 

Skil l  acquisitio n ca n naturall y b e see n a s th e successiv e 
eliminatio n o f  errors .  H o w ar e error s unlearne d an d wha t  ar e 
th e cognitiv e mechanism s tha t  enabl e peopl e t o detec t  an d 
correc t  errors ? Impass e situation s hav e bee n studie d i n 
differen t  domain s o f  psychology .  Grea t  attentio n ha s bee n 
accorde d t o thes e situation s i n psycholog y o f  learnin g 
(Anderson ,  1981 ,  1983 ;  Ohlsson ,  1983 ;  Thomdike ,  1913) ,  i n 
proble m solvin g domai n (Richard ,  1981 ,  199 4 ;  Vanlehn , 
1991) .  i n piagetia n literatur e (Cellerie r  &  Inhendler ,  1990) , 
an d i n A I  (Langley ,  1985 ;  Ohlsson ,  1983) .  I n summary ,  w e 
k n o w th e importanc e o f  impasse s i n learning ,  discovering , 
thinkin g an d reasoning ,  bu t  wha t  exactl y i s  th e beneficia l 
effec t  o f  thes e situation s ? 

I n proble m solving ,  impasse s hav e almos t  alway s bee n 
considere d a s favorabl e situation s i n whic h positiv e a s wel l 
as negativ e subgoal s ar e generate d (Newel l  &  Simon .  1972 ; 
Richard .  1981) .  Impasse s ar e als o considere d a s favorabl e 
situation s i n whic h relevan t  feature s o f  problem s ar e 

discovere d ( H a m m o n d ,  Converse ,  Marks ,  &  Seifert ,  1993 ; 
Ohlsson ,  1996) . 

Our  purpos e i s t o conside r  (i )  impasse s a s situation s i n 
whic h relevan t  propertie s o f  th e object s involve d i n action s 
ca n b e discovered ,  an d (ii )  a s situation s whic h enabl e 
subject s t o enric h thei r  initia l  representatio n o f  th e proble m 
and o f  th e goa l  state . 

As Richar d an d Tiju s (i n press )  explain ,  eac h objec t  ha s 
tw o kind s o f  propertie s :  stabl e propertie s whic h defin e th e 
objec t  itsel f  (size ,  shape ,  etc.) ,  an d unstabl e propertie s whic h 
ar e locatio n properties .  A n actio n modifie s thes e properties . 
I n th e cas e o f  classica l  transformatio n problems ,  a n actio n 
almos t  alway s modifie s locatio n properties ,  exceptin g fo r 
some T O H isomorp h (changing-siz e problems ,  Kotovsky , 
Hayes ,  &  Simon ,  1985) . 

Proble m Space ,  a s define d b y Newel l  an d Simo n (1972 )  i s 
th e objectiv e spac e i n whic h n e w state s ar e generate d afte r 
eac h lega l  move .  I n th e cas e o f  transformatio n problem s (i.e . 
th e Towe r  o f  Hanoi ,  Missionnarie s an d Cannibals ,  etc.) ,  a 
stat e i s define d bot h b y th e object s an d thei r  location .  Thus , 
state s ar e differentiate d b y a  chang e i n locatio n o f  th e objects . 
We sugges t  tha t  th e propertie s o f  th e object s ca n defin e a 
stat e an d th e proble m space .  Thus ,  a  Proble m Spac e ca n b e 
considere d a s a  spac e o f  properties ,  whos e modificatio n 
generate s ne w states .  Th e initia l  an d final  states ,  a s wel l  a s 
impass e situations ,  ca n als o b e define d b y a  se t  o f  properties . 
For  instance ,  i n th e classica l  Towe r  o f  Hano i  proble m (wit h 3 
disks) ,  th e initia l  stat e ca n b e define d b y a  se t  o f  stabl e an d 
unstabl e propertie s :  th e big ,  th e med iu m an d th e littl e (stabl e 
property )  disks ,  ar e i n positio n A  (unstabl e property) .  Th e 
final  stat e i s differentiate d fro m th e initia l  stat e b y a  chang e 
i n th e unstabl e propertie s :  th e big ,  th e med iu m an d th e littl e 
(stabl e properties )  o n th e positio n C  (unstabl e property) . 

Thi s descriptio n permit s characterizin g eac h stat e b y it s 
properties ,  an d thu s explainin g th e subjectiv e distanc e (i n th e 
subject' s mind )  betwee n tw o states .  Becaus e the y shar e som e 
properties ,  tw o state s m a y b e though t  clos e t o eac h othe r 
eve n thoug h the y ar e actuall y ver y fa r  apar t  i n th e objectiv e 
proble m space .  Wit h thi s view ,  a s soo n a s on e o r  severa l 
propertie s ar e considered ,  th e proble m spac e -  usuall y 
considere d a s a  homogeneou s spac e -  become s a  se t  o f 
distinc t  area s o f  states .  Eac h are a ca n b e considere d a s a 
categor y o f  state s sharin g propertie s (Zamani ,  Bernard ,  & 
Richard ,  1998) . 

Our  clai m i s tha t  propertie s share d b y differen t  state s guid e 
a subject' s behaviou r  an d ca n lea d hi m throug h irrelevan t 
paths .  Fo r  instance ,  i n som e states ,  subject s m a y believ e tha t 
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the y ar e quit e nea r  th e goa l  stat e onl y becaus e th e curren t 
stat e share s s o m e propertie s wit h th e goa l  state .  However ,  i n 
th e objectiv e space ,  thes e tw o state s ca n b e ver y fa r  fro m th e 
anothe r  an d m a n y m o v e s migh t  b e neede d i n orde r  t o chang e 
th e curren t  stat e int o th e goa l  state .  W e believ e tha t  thes e 
propertie s ca n guid e subject s throug h th e objectiv e proble m 
space .  Fo r  instance ,  subject s m a y attemp t  t o reac h state s 
wher e s o m e propertie s o f  th e goa l  stat e ar e present .  However , 
th e pat h m a y prov e irrelevan t  (unabl e t o provid e rea l  progres s 
throug h th e proble m spac e toward s th e goal) .  Thus ,  th e 
subjectiv e distanc e betwee n tw o state s ca n b e describe d b y 
difference s betwee n thei r  properties .  W e thin k tha t  thi s i s 
w hy impass e situation s ar e beneficial :  the y allo w subject s t o 
discove r  al l  th e othe r  propertie s o f  th e goa l  tha t  subject s 
believe d t o b e abl e t o realiz e an d th e observatio n tha t  i t  i s i n 
fac t  impossible .  Thi s lead s subject s t o notic e overlooke d goa l 
properties . 

We sugges t  tha t  a  subject' s goa l  m a y b e differen t  fro m th e 
rea l  goal .  I n proble m solvin g literature ,  author s hav e almos t 
alway s considere d that ,  durin g th e solvin g process ,  subject s 
hav e a  goo d representatio n o f  th e goa l  state .  Result s w e 
obtaine d i n ou r  laborator y sho w tha t  a t  th e beginnin g o f  th e 
solvin g process ,  indee d sometime s unti l  th e end ,  a  subject' s 
goa l  ca n b e ver y differen t  from  th e objectiv e goa l  state .  Tha t 
is ,  a m o n g al l  th e propertie s whic h defin e th e goa l  state , 
subject s m a y tak e onl y a  limite d se t  int o accoun t  an d thus ,  a 
subject' s (representatio n o f  the )  goa l  m a y b e mor e restricte d 
tha n th e rea l  final  goal .  T h e representatio n o f  th e goa l  tha t 
has guide d a  subject' s solvin g proces s ca n b e inferre d fro m 
protocol s an d verbalizations .  Inappropriat e goal s ar e ofte n 
responsibl e fo r  impasses .  I n orde r  t o clarif y thi s point ,  w e 
wil l  first  briefl y presen t  problem s w e hav e studied .  The y ar e 
take n an d adapte d from  th e Passalon g tes t  (Alexander ,  1935) , 
whic h i s a  tes t  o f  practica l  intelligence . 

Th e apparatu s i s a  kin d o f  ricksha w g a m e (figur e 1 )  an d 
consist s o f  9  problem s compose d o f  blu e figures  (locate d a t 
th e to p o f  th e playin g board )  an d re d figures  (locate d a t  th e 
botto m o f  th e board) .  Althoug h unknow n i n proble m solvin g 
literature ,  Passalon g problem s ar e classica l  transformatio n 
problems ,  i.e .  simila r  i n ever y w a y t o T O H ,  Missionarie s an d 
Cannibals ,  etc . 

Th e proble m spac e i s  exactl y th e sam e fo r  problem s 7 ,  8 
an d 9  (Bernard ,  persona l  communicat ion) .  H o w e v e r , 
problem s 8  an d 9  ar e th e mos t  difficul t  one s i n th e test' . 
Figur e 2  show s s o m e impasse s belongin g t o problem s 7 ,  8 
and 9 . 

Verbalization s collecte d durin g impass e situations ,  w h e n 
subject s trie d t o solv e proble m 8 ,  sho w tha t  th e subjects '  goa l 
almos t  alway s consiste d i n mov in g th e re d rectangl e (th e 
horizonta l  one )  t o th e to p o f  th e board ,  an d o f  movin g "al l  th e 
othe r  pieces "  o r  th e "th e blu e ones "  t o th e bottom . 

'  A s w e hav e show n (Zaman i  &  Richard ,  submitted )  thi s difficult y 
i s du e t o th e fac t  tha t  analog y i s  recognize d betwee n proble m 6 
(ver y eas y t o solve )  an d proble m 7 ,  wherea s th e analog y i s no t 
recognize d betwee n proble m 7  an d problem s 8  an d 9 .  I n fact , 
solvin g problem s 8  an d 9  b y th e exper t  pat h require s joiningth e 
rectangle s fro m th e beginnin g o f  th e solvin g proces s an d placin g 
the m jus t  a s the y ar e i n proble m 7 .  Onc e th e rectangle s hav e bee n 
joined ,  th e proble m ca n b e solve d eithe r  b y turnin g clockwis e o r 
counterclockwis e unti l  th e horizonta l  rectangl e i s move d t o th e to p 
of  th e board .  Thi s procedur e i s generall y use d i n problem s 6  an d 7 , 
but  a s th e analog y betwee n thes e problem s an d problem s 8  an d 9 
goes unrecognized ,  problem s 8  an d 9  ar e ver y difficul t  t o solve . 

Initia l  State s 

i ^ i ^ C S t ^ 

-

m 

-

1 
proble m 6 

• 

• 

^ — 1 

Proble m 7  Proble m 8  Proble m 9 

Final States 

Figur e 1 :  Initia l  an d Fina l  State s o f  Problem s 6,7, 8 an d 9  o f 
th e Passalon g Test . 

This representation of the goal state is very limited as 
compare d t o th e final  goa l  tha t  subject s hav e t o attai n (se e 
figure  1) ,  give n tha t  expression s "al l  th e othe r  pieces "  o r  "th e 
blu e ones" ,  leve l  th e necessar y distinctio n t o b e m a d e 
betwee n th e "blue "  object s accordin g t o thei r  specifi c 
properties .  Thes e propertie s ar e discovere d i n impass e 
situations .  Fo r  instance ,  w h e n subject s arrive d a t  impass e n° l 
(figur e 2) ,  the y almos t  alway s explaine d tha t  the y go t  stuc k 
becaus e the y wante d t o m o v e th e horizonta l  rectangl e bu t  tha t 
th e empt y spac e availabl e w a s no t  sufficien t  fo r  doin g so . 
Thi s impossibilit y le d subject s t o realiz e tha t  m o v i n g th e 
horizonta l  rectangl e require s creatin g a  horizonta l  e m p t y 
plac e (tw o adjacen t  places) ,  somethin g wh ic h canno t  b e 
obtaine d a s lon g a s th e vertica l  rectangl e remain s above .  O n 
th e othe r  hand ,  th e tw o littl e square s (figur e 2 ,  impass e n° l 
an d it s correspondin g favorabl e state) ,  place d sid e b y sid e i n 
a horizonta l  position ,  d o allo w m o v i n g th e horizonta l 
rectangle .  Thi s contras t  show s th e kin d o f  distinctio n tha t 
need s t o b e m a d e betwee n object s accordin g t o thei r 
properties :  rectangle s ar e differen t  fro m squares .  Further , 
subject s i n impass e situation s di d lear n tha t  satisfyin g a  goa l 
depend s o n th e specifi c  propertie s o f  th e object s an d tha t  th e 
object s canno t  b e treate d i n th e sam e way .  Thus ,  movin g th e 
horizonta l  rectangl e require s creatin g a  horizonta l  empt y 
plac e wit h tw o littl e squares .  Thi s i s a  relevan t  propert y 
whic h i s valuabl e fo r  al l  state s i n th e proble m spac e whic h 
lea d t o th e goa l  stat e and ,  onc e thi s propert y ha s bee n 
learned ,  subject s wer e abl e t o infe r  th e appropriat e goa l 
structur e whic h consist s i n avoidin g state s i n whic h a  vertica l 
rectangl e figures  abov e th e horizonta l  rectangle .  Likewise ,  i n 
impass e n° 2 (figur e 2) ,  subject s hav e th e opportunit y t o lear n 
tha t  movin g th e horizonta l  rectangl e create s a  horizonta l 
spac e whic h ca n onl y b e filled  wit h tw o squares ,  no t  wit h on e 
vertica l  rectangle .  Thus ,  i n orde r  t o avoi d impasses ,  tw o 
square s shoul d alway s figur e immediatel y belo w th e 
horizonta l  rectangle . 

Thes e impass e situation s als o le d subject s t o chang e thei r 
representatio n o f  th e goal .  A s lon g a s a  subject' s goa l  jus t 
consiste d o f  "movin g th e horizonta l  rectangle "  t o th e to p o f 
th e board ,  th e proble m wa s impossibl e t o solve .  Impasse s 
permitte d subject s t o realiz e tha t  i n orde r  t o m o v e th e 
horizonta l  rectangle ,  i t  wa s necessar y t o pu t  th e righ t  object s 
t o th e righ t  places .  A m o n g "al l  th e blu e pieces" ,  ther e wer e 
rectangle s an d squares ,  wit h thei r  specifi c  properties ,  som e o f 
whic h allo w reachin g s o m e subgoa l  bu t  no t  others . 
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Moreover ,  subject s notice d tha t  the y ha d t o arrang e al l  o f 
thes e object s i n som e orde r  t o reac h th e goa l  state .  Thi s doe s 
not  mea n tha t  the y ha d no t  previousl y notice d th e object s o r 

tha t  the y ha d neve r  analyze d th e goa l  state .  Bu t  rathe r  tha t 
specifi c  propertie s o f  th e object s an d thei r  relatio n t o 
subgoal s wer e no t  take n int o accoun t  unti l  impasse s wer e 
bee n encountered .  Impass e situation s permitte d subject s t o 
discove r  th e relevan t  propertie s o f  th e object s i n orde r  t o 
generat e ne w an d mor e relevan t  subgoals . 

Th e experiment s presente d her e aime d a t  showin g tha t 
learnin g relevan t  propertie s fro m impasse s i s possible ,  eve n 
withou t  an y action .  I n th e first  experiment ,  w e aime d a t 
showin g tha t  studyin g impass e situation s befor e solvin g a 
proble m increase s performanc e a s compare d t o case s whe n 
subject s solv e problem s directly .  Thi s she d som e ligh t  o n th e 
beneficia l  effect s o f  impasse s i n proble m solving .  I f  studyin g 
impasse s allo w subject s t o discove r  th e relevan t  propertie s o f 
a proble m space ,  th e benefi t  shoul d exten d t o al l  problem s 
sharin g thi s sam e proble m spac e (whic h naturall y contai n th e 
same impasses) ,  eve n i f  thei r  initia l  an d final  state s ar e 
different .  Th e secon d experimen t  aime d a t  studyin g thi s 
point :  subject s learne d impasse s belongin g t o proble m 8 
withou t  solvin g it ,  an d the y the n solve d proble m 9 . 

M e t h o d 
E x p e r i m e n t  1 

Participant s 4 0 volunteer s participants ,  i n differen t  fields  a t 
th e Universit y o f  Pari s 8 ,  participate d i n th e experiment . 

Material On a computer screen, we presented problems 6,7, 
8 an d 9  o f  th e Passalon g Tes t  (se e figure  1) .  A  compute r 
progra m checke d th e legalit y o f  th e intende d move s an d 
place d th e figures  i n th e desire d position s wheneve r  th e mov e 
was legal .  W h e n i t  wa s not ,  nothin g happene d an d th e subjec t 
had t o attemp t  a  ne w move .  Ever y mov e a s wel l  a s latenc y 
betwee n move s wa s recorde d b y th e computer .  Th e final  stat e 
of  eac h proble m wa s visibl e 

1 : i 

• • • • 

" I I 
• • • • 

•  • • • 

I I -

•  • 

I I . - 7 

•  • • 

N°3 

•  • 

i i n 

•  • • • 

i - i 
N°4 

•  • 

l : : l 

Figur e 2 :  Fou r  o f  th e mos t  frequen t  impasse s i n problem s 8 
an d 9  o f  th e Passalon g tes t  (th e firs t  line )  an d thei r 
correspondin g favorabl e situation s i n whic h th e horizonta l 
rectangl e ca n b e move d t o th e to p o f  th e boar d (secon d line) . 
I n th e first  impasse ,  th e tw o las t  action s consiste d i n movin g 
th e littl e square s t o th e right .  I n impass e 2 ,  th e las t  actio n 
consiste d o n movin g th e horizonta l  rectangl e up .  I n impass e 
3,  th e las t  actio n consiste d i n movin g th e littl e squar e place d 
abov e th e horizonta l  rectangl e t o th e left ,  an d i n impass e 4 , 
th e las t  actio n consiste d i n movin g th e horizonta l  rectangl e 
up. 

on th e scree n th e entir e tim e subject s wer e solvin g th e 
problem . 

Procedure Participants were tested individually in an 
isolate d room .  Ther e wer e 2  experimenta l  group s (2 0 
subject s pe r  group) .  On e grou p (hereafte r  calle d G l )  solve d 

problem s 6  an d 7  first.  The n initia l  an d final  state s o f 
proble m 8  wer e show n bu t  subject s wer e no t  aske d t o solv e 
th e problem .  Instead ,  fou r  illustration s o f  th e mos t  frequen t 
impasse s fo r  proble m 8  (show n i n figure  2 )  wer e presente d t o 
th e subjects .  Eac h illustratio n containe d th e impass e situatio n 
and th e tw o las t  move s whic h le d t o th e impasse .  Subject s 
wer e invite d t o explai n wh y th e situatio n wa s a n impasse , 
whic h object s wer e th e mos t  blockin g ones ,  an d wher e thes e 
object s ha d t o b e i n orde r  t o mak e th e goa l  purse d attainable . 
Subject s worke d fo r  a n averag e o f  8 4 second s o n eac h 
impasse .  A t  th e en d o f  th e presentatio n phase ,  the y wer e 
invite d t o solv e proble m 8 . 

The secon d grou p (hereafte r  calle d G 2 )  solve d problem s 6 , 
7,  an d 8 .  Group s wer e compare d a s t o thei r  performanc e o n 
solvin g proble m 8 . 

Analysis Method Although we were interested in the 
propertie s discovere d i n eac h impass e situation ,  analysi s her e 
wil l  onl y concer n th e behavio r  (performance )  i n solvin g 
proble m 8 .  Dependan t  variable s were :  1 )  numbe r  o f 
impasses ,  2 )  succes s o r  failur e (failur e wa s define d a s havin g 
solve d proble m 8  i n 8 0 o r  mor e moves ,  tha t  i s 4  time s th e 
number  o f  move s require d b y th e exper t  path) ,  3 )  numbe r  o f 
subject s w h o reache d favorabl e state s i n orde r  t o attai n th e 
fina l  stat e (ther e ar e tw o importan t  state s whic h permi t 
movin g th e horizonta l  rectangl e t o th e to p o f  th e boar d an d 
attainin g th e final  state .  I f  thes e situation s ar e reached ,  the n 
th e pat h throug h th e final  stat e i s no t  complicated .  However , 
reachin g thes e state s seem s t o b e ver y difficult .  Th e mos t 
favorabl e situatio n i s reache d b y joinin g th e tw o rectangle s 
(se e footnot e i n th e Introductio n part )  an d i t  require s onl y 5 
moves .  Thus ,  i n ou r  analysis ,  th e numbe r  o f  move s require d 
t o reac h a  favorabl e stat e varie s fro m 5  t o 8 0 moves .  Abov e 
80 moves ,  w e considere d tha t  subject s ha d faile d t o attai n a 
favorabl e state .  Thi s variabl e i s  calle d hereafte r  th e 
"Favourabl e situatio n rate") ,  an d 4 )  numbe r  o f  move s mad e 
by subject s t o reac h th e favourabl e situations . 

Results 

Al l  subject s i n th e first  grou p wer e abl e t o discove r  relevan t 
propertie s i n impass e situations .  Result s o f  th e analysi s o f 
verbalizatio n ar e no t  presente d here .  Result s o f  th e behavio r 
analysi s fo r  proble m 8  ar e presente d i n tabl e 1 .  I t  shoul d b e 
notice d tha t  group s di d no t  diffe r  a s t o performanc e o n 
problem s 6  an d 7 . 

As i t  ca n b e see n i n tabl e 1 ,  th e percentag e o f  succes s 
increase d whe n subject s worke d o n impass e situation s befor e 
solvin g proble m 8 .  Thi s differenc e wa s significant ,  Fisher' s 
Exac t  Probability ,  / ;  <  .001 .  I n th e sam e way ,  a  greate r 
number  o f  subject s i n G 1 wer e abl e t o attai n th e favorabl e 
situation s whic h lea d t o th e final  goal .  Thi s differenc e wa s 
agai n significant ,  Fisher' s Exac t  Probability ,  p  =  .02 .  Th e 
number  o f  move s require d t o reac h th e favorabl e situation s 
als o differe d betwee n th e groups .  A s explaine d above ,  t o 
attai n th e mos t  favorabl e situatio n fo r  reachin g th e final  goal , 
th e tw o rectangle s mus t  b e joined ,  somethin g whic h require s 
onl y 5  move s (se e Analysi s method) .  A s result s show ,  3 5 % 
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of  subject s i n 0 1 wer e abl e t o joi n th e rectangle s withi n 5  t o 
16 move s an d 7 0 % o f  subject s wer e abl e t o d o s o withi n 4 0 
moves,  whil e onl y 3 0 % o f  subject s i n 0 2 di d a s well .  Thi s 

differenc e wa s significan t  b y a  one-taile d Kolmogorov -
Smimov test ,  D  =  S ,p < .025 . 

Oive n th e insufficien t  numbe r  o f  subject s i n 0 2 ,  w e wer e 
not  abl e t o mak e a  statistica l  tes t  fo r  th e numbe r  o f  impasse s 
encountere d b y subject s w h o succeede d i n solvin g th e 
proble m i n eac h grou p (onl y 4  subject s i n 0 2 solve d th e 
problem) .  However ,  i t  ca n b e notice d tha t  th e numbe r  o f 
impasse s encountere d b y subject s w h o solve d th e proble m i n 
eac h grou p wa s no t  ver y high . 

Discussion 

We hypothezise d tha t  workin g o n impass e situation s 
improve s performanc e i n solvin g th e problem .  Result s 
obtaine d ar e i n accordanc e wit h thi s hypothesis .  I n fact , 
subject s w h o worke d o n impass e situation s wer e abl e t o 
discove r  propertie s o f  situation s whic h ar e unfavorabl e fo r 
solvin g th e proble m (fo r  instance ,  havin g on e vertica l 
rectangl e abov e th e horizonta l  rectangl e i s no t  a  goo d 
situation) .  Thes e propertie s permitte d subject s t o avoi d 
unfavourabl e situations .  W e emphazis e tha t  th e beneficia l 
effec t  o f  studyin g impass e situation s consist s i n th e fac t  tha t 
subject s wer e abl e t o creat e relevan t  negativ e an d positiv e 
subgoals . 

As i t  ha s bee n shown ,  a  greate r  numbe r  o f  subject s i n 0 1 
attaine d favorabl e situation s an d the y di d i t  mor e quickl y 
durin g th e solvin g proces s tha n di d subject s i n 0 2 .  Analysi s 
of  protocol s als o showe d tha t  th e averag e numbe r  o f  move s 
made t o solv e th e proble m wa s abou t  4 7 i n 0 1 (i.e .  nearl y 
tw o time s th e exper t  path) .  Indeed ,  subject s di d mak e som e 
useles s moves ,  bu t  wer e no t  fa r  fro m th e exper t  path .  Thi s 
was als o observe d fo r  subject s i n 0 2 ,  thoug h th e tota l 
number  o f  subject s wh o solve d th e proble m i n thi s grou p wa s 
lo w a s compare d t o 0 1 . 

Analysi s o f  a  posterior i  interview s wit h subject s w h o 
solve d proble m 8  (02 )  sho w tha t  th e majorit y o f  thes e 
subject s ha d a  singl e mai n goa l  unti l  th e ver y en d o f  th e 
solvin g process .  Thi s goa l  wa s simpl y t o mov e th e horizonta l 
rectangl e t o th e to p o f  th e board . 

The y di d no t  chang e thei r  goa l  eve n afte r  encounterin g 
impasses .  Subject s explaine d tha t  th e proble m wa s difficul t 
becaus e non e o f  th e action s the y mad e permitte d movin g th e 
horizonta l  rectangle .  N o subjec t  wa s abl e t o tel l  u s condition s 
necessar y fo r  movin g th e horizonta l  rectangl e (fo r  instance , 
havin g tw o square s abov e it) .  N o subgoa l  wa s reporte d b y 
thes e subjects .  Th e poo r  performanc e o f  thes e subject s a s 
compare d t o thos e o f  0 1 clarifie s th e beneficia l  effec t  o f 
studyin g impasse s befor e solvin g th e problem . 

Table 1: Performance on solving problem 8, subjects in 02 
solve d i t  directly ,  subject s i n 0 1 examine d fou r  impasse s 
befor e solvin g it . 

Group s 

Measure s 

Succes s rat e 
Favourabl e situatio n rat e 
Number  o f  impasse s 

M 
SD 

01 G 2 
.7 5 .2 0 
.7 5 .3 5 

2.1 3 2. 5 
.5 3 2. 6 

Thes e result s als o sugges t  tha t  studyin g impasse s withou t 
makin g move s ha s a  mor e beneficia l  effec t  tha n encounterin g 
impasse s durin g th e solvin g process . 

The nex t  experimen t  aime d a t  examinin g whethe r  studyin g 
th e impasse s wa s als o beneficia l  fo r  solvin g a  mor e distan t 
problem .  Tha t  is ,  a  proble m sharin g th e sam e proble m space , 
but  wit h differen t  initia l  an d fina l  states . 

E x p e r i m e n t  2 

M e t h o d 

Participant s 4 0 volunteer s participants ,  i n differen t  field s a t 
th e Universit y o f  Pari s  8 ,  participate d i n th e experiment . 

Material The material was the same as in experiment 1. 

Procedure There were 2 experimental groups (20 subjects 
per  group) .  On e grou p (hereafte r  calle d 0 1 )  solve d problem s 
6 an d 7  first.  The n initia l  an d final  state s o f  proble m 8  wer e 
show n bu t  subject s di d no t  solv e th e problem .  Instead ,  fou r 
illustration s o f  th e mos t  frequentl y encountere d impasse s i n 
proble m 8  (show n i n figur e 2 )  wer e presente d t o subjects . 
The sam e procedur e a s i n experimen t  1  wa s use d t o ge t 
subject s t o wor k o n impass e situations .  A t  th e en d o f  th e 
presentatio n phase ,  subject s wer e invite d t o solv e proble m 9 . 
The secon d grou p (hereafte r  calle d 0 2 )  solve d problem s 6 ,  7 , 
8 an d 9 .  Group s wer e compare d a s t o thei r  performanc e i n 
solvin g proble m 9 . 

Analysis Metliod The method of analysis was the same as in 
experimen t  1 ,  excep t  fo r  th e fac t  tha t  th e threshold s fo r 
analysi s wer e fixed  a t  1 4 (th e m in imu m numbe r  o f  move s 
necessar y t o reac h a  favorabl e state )  t o 14 0 move s ( 4 time s 
th e exper t  path) . 

Results 

Again ,  al l  subject s i n th e first  grou p wer e abl e t o discove r  th e 
relevan t  propertie s i n impass e situations .  Result s o f  th e 
analysi s o f  verbalization s ar e no t  presente d here .  Th e result s 
of  th e behavio r  analysi s fo r  proble m 9  ar e presente d i n tabl e 
2.  Not e tha t  th e groups  di d no t  diffe r  a s t o performanc e o n 
problem s 6  an d 7 . 
As ca n b e see n i n tabl e 2 ,  a  greate r  numbe r  o f  subject s i n 0 1 
solve d proble m 9  tha n subject s i n 0 2 ,  Fisher' s Exac t 
Probability ,  p  =  .03 .  Likewise ,  numbe r  o f  subject s w h o 
reache d a  situatio n favorabl e fo r  attainin g wa s als o highe r  i n 
0 1 tha n i n 0 2 ,  Fisher' s Exac t  Probability ,  p  =  .01 .  Th e lo w 
number  o f  subject s w h o solve d th e proble m i n 0 2 (onl y 5 
subjects) ,  eliminate d th e possibilit y  o f  makin g a  statisti c tes t 
of  th e numbe r  o f  impasses .  However ,  th e group s showe d 
nearl y th e sam e performance . 

Th e numbe r  o f  move s require d t o reac h th e favorabl e 
situation s als o differe d betwee n th e tw o groups .  Attainin g th e 
most  favorabl e situatio n (joine d rectangles )  require s onl y 1 4 

moves.  A s result s show ,  5 0 % o f  subject s i n 0 1 wer e abl e 
t o joi n th e rectangle s withi n 7 4 t o 8 1 moves ,  whil e onl y 5  % 
of  subject s i n 0 2 di d a s well . 

Thi s differenc e wa s significan t  b y a  one-taile d 
Kolmogorov-Smirno v test ,  D  =  9 ,  p  <  .025 .  Althoug h 7 4 
moves woul d see m t o indicat e poo r  performance ,  i t  i s  bette r 
tha n no t  bein g abl e t o reac h an y favorabl e situatio n a t  all , 
whic h wa s th e cas e fo r  th e vas t  majorit y o f  subject s i n 0 2 .  I n 
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Tabl e 2 :  Performanc e o n proble m 9 ,  afte r  havin g solve d 
proble m 8  (02 ) ,  o r  afte r  examinin g th e impasse s o f 
proble m 8 ,  withou t  solvin g i t  (Gl) . 

Group s 

Measure s 

Succes s rat e 
Favourabl e situatio n rat e 
N u m b er  o f  impasse s 

M 
SD 

Gl  G 2 
.5 5 .2 5 
.6 0 .2 5 

10 12. 4 
2. 5 2.1 9 

addition ,  proble m 9  i s a  ver y difficul t  proble m an d subject s 
rarel y succee d i n solvin g i t  b y th e exper t  path . 

Discussion 

I n thi s experimen t  w e aime d a t  studyin g whethe r  havin g 
participant s analys e impasse s o f  a  give n proble m woul d 
improv e performanc e i n solvin g anothe r  proble m belongin g 
t o th e sam e proble m space . 

Result s sho w tha t  w h e n subject s studie d impass e fo r 
proble m 8  withou t  solvin g it ,  thei r  performanc e o n proble m 9 
was bette r  tha n performanc e o f  subject s w h o solve d i t  afte r 
havin g solve d proble m 8 .  Th e succes s rat e an d th e numbe r  o f 
subject s w h o reache d th e favourabl e state s i n orde r  t o attai n 
th e goal ,  differe d significantl y betwee n groups . 

Subject s w h o worke d o n impasse s befor e solvin g proble m 
9 wer e als o abl e t o reac h favorabl e state s mor e quickl y tha n 
subject s w h o solve d problem s 8  an d 9 .  A s explaine d above , 
proble m 9  i s a  ver y difficul t  problem .  Durin g th e 
experiment ,  w e notice d tha t  eve n whe n subject s wer e abl e t o 
discove r  th e relevan t  propertie s whic h allo w solvin g th e 
problem ,  the y ha d difficult y i n establishin g priorities .  Fo r 
instance ,  th e propert y whic h lead s t o tak e th e exper t  pat h 
occur s whe n th e tw o rectangle s ar e joine d (a s i n proble m 7) . 
Anothe r  favorabl e propert y occur s whe n tw o square s ar e 
belo w an d tw o square s ar e abov e th e horizonta l  rectangles . 
But  whic h propert y i s mos t  important ? I n fact ,  th e firs t 
propert y lead s t o th e secon d (i.e .  whe n th e rectangle s ar e 
joine d fro m th e beginnin g o f  th e solvin g process ,  th e square s 
ar e necessaril y  belo w an d abov e th e horizonta l  rectangle) . 
But  i t  i s  ver y difficul t  t o infe r  thi s relatio n an d subject s wer e 
not  abl e t o d o s o durin g th e analysi s o f  th e impasses .  Thus , 
durin g th e solvin g process ,  the y ha d difficult y i n prioritizin g 
thes e propertie s relate d t o subgoals .  Impasse s occurre d i n 
thes e cases .  Subject s i n G l  mad e man y irrelevan t  move s an d 
encountere d m a n y impasses .  Howeve r  thes e impasse s wer e 
loca l  impasses ,  tha t  is ,  the y di d no t  lea d subject s awa y fro m 
th e exper t  path .  Thi s als o explain s th e grea t  numbe r  o f  move s 
require d t o reac h favorabl e situations .  Analysi s o f  protocol s 
sho w tha t  thes e impasse s almos t  alway s concerne d subgoal s 
situations .  Thoug h subject s ha d difficult y i n simultaneousl y 
organinzin g th e differen t  subgoals ,  th e pat h the y pursue d wa s 
th e relevan t  one .  O n th e othe r  hand ,  subject s i n G 2 di d no t 
sho w th e sam e patter n o f  performance . 

Result s agai n sugges t  tha t  studyin g impasse s withou t 
makin g move s ha s a  mor e beneficia l  effec t  tha n encounterin g 
impasse s durin g th e solvin g process . 

G e n e r a l  D iscuss io n 

T wo mai n idea s wer e propose d i n thi s article .  Accordin g t o 
Richar d an d Tiju s (i n press) ,  object s hav e tw o kin d o f 
propertie s :  stabl e an d unstabl e properties .  Stabl e propertie s 

ar e thos e whic h defin e th e object s i n a  proble m an d whic h 
ca n no t  b e modifie d b y a n action .  Unstabl e propertie s ar e 
thos e whic h ca n b e modifie d b y a n action .  Fo r  instance ,  i n 
th e cas e o f  classica l  transformatio n problems ,  unstabl e 
propertie s ar e almos t  alway s locatio n properties ,  wherea s 
stabl e propertie s ar e usuall y a n object' s  size ,  shape ,  etc . 

Th e firs t  ide a propose d her e consiste d i n describin g th e 
proble m spac e a s a  se t  o f  stabl e an d unstabl e properties .  I n 
thi s way ,  al l  th e state s o f  th e proble m stat e ca n b e describe d 
by object' s properties .  Thi s descriptio n permit s characterizin g 
eac h stat e b y it s properties ,  an d thu s explainin g th e subjectiv e 
distanc e (i n th e subject' s mind )  betwee n tw o states .  Becaus e 
the y shar e som e properties ,  tw o state s ma y b e though t  clos e 
t o eac h othe r  eve n thoug h the y ar e actuall y ver y fa r  apar t  i n 
th e objectiv e proble m space .  W e sugges t  tha t  wit h thi s view , 
as soo n a s on e o r  severa l  propertie s ar e considered ,  th e 
proble m spac e -  usuall y considere d a s a  homogeneou s spac e -
becomes a  se t  o f  distinc t  area s o f  states .  Ou r  clai m i s tha t 
propertie s share d b y differen t  state s guid e a  subject' s 
behaviou r  an d ca n lea d hi m throug h irrelevan t  paths .  Thi s i s 
th e cas e whe n th e propertie s subject s focu s o n a t  th e 
beginnin g o f  th e solvin g proces s ar e irrelevant .  Fo r  instance , 
i f  subject s tak e onl y a  limite d se t  o f  goa l  propertie s int o 
account ,  the y m a y tr y t o reac h th e state s wher e thes e 
propertie s ar e present .  However ,  th e pat h the y thu s tak e m a y 
be a n irrelevan t  on e fo r  solvin g th e problem .  Thus ,  impasse s 
occur . 

T h e secon d ide a concerne d impass e situation s mor e 
directly .  I n th e experiment s reporte d i n thi s articl e w e 
showe d tha t  workin g o n impass e situation s befor e solvin g a 
give n proble m increase s performance .  Moreover ,  thi s 
beneficia l  effec t  wa s als o observe d fo r  mor e distan t  problem , 
tha t  i s  a  proble m belongin g t o th e sam e proble m space .  Thes e 
result s sugges t  tha t  i t  i s  possibl e t o lear n th e relevan t 
propertie s o f  a  proble m spac e throug h studyin g it s impasse s 
and tha t  thi s learnin g i s transferabl e t o al l  problem s insid e 
thi s space . 

We sugges t  tha t  th e wel l  k n o w n beneficia l  effec t  o l 
impass e situation s i s du e t o th e fac t  tha t  the y allo w subject s 
t o discove r  th e relevan t  propertie s o f  th e object s involve d i n 
action s an d t o enric h thei r  representation s o f  th e proble m an d 
th e goal .  Impass e situation s ar e favorabl e situation s becaus e 
the y permi t  subject s t o discove r  tha t  i n orde r  t o attai n a  goal , 
th e object s t o wor k wit h mus t  b e selecte d becaus e thei r 
propertie s ar e wha t  wil l  allo w satisfyin g th e condition s whic h 
ar e necessar y fo r  attainin g th e goal .  Th e specifi c  propertie s o f 
object s ar e relate d t o subgoals .  Thus ,  discover y o f  propertie s 
has  a n effec t  o n subgoa l  structur e modification . 

We thin k tha t  subject s construc t  subgoal s accordin g t o 
propertie s the y hav e alread y take n int o account .  W h e n 
subgoal s ar e base d o n irrelevan t  properties ,  the y lea d t o 
impasses .  I f  subject s analyz e impasse s the y ca n discove r  al l 
th e othe r  propertie s o f  th e goa l  (o r  th e subgoal )  tha t  the y 
faile d t o tak e int o account .  I n othe r  words ,  impasse s ar e 
beneficia l  becaus e the y allo w subject s t o discove r  th e 
relevan t  prerequisite s an d t o mak e necessar y detour s i n orde r 
t o reac h th e goal . 

I n term s o f  stat e properties ,  impasse s enabl e subject s t o 
notic e tha t  th e propertie s the y hav e take n int o accoun t  wer e 
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irrelevant .  Thi s lea d subject s t o discove r  othe r  objec t 
properties .  Generally ,  thes e propertie s ar e th e functiona l 
propertie s relevan t  t o solv e th e problem .  I n thi s case ,  w e 
conside r  tha t  propertie s take n int o accoun t  ca n be  modified , 
i.e .  a  property' s weigh t  (th e cognitiv e importanc e o f  a 
property )  ma y chang e durin g th e learnin g process . 

Moreover ,  w e thin k tha t  th e benefit s o f  th e impass e 
situation s ma y depen d o n th e subject' s subgoa l  structure . 
Result s w e obtaine d i n ou r  laborator y sho w tha t  subject s wit h 
elaborat e subgoa l  structur e (eve n i f  irrelevant )  benefi t  mor e 
ofte n from  impasse s tha n subject s withou t  subgoals . 

Impasse s permi t  subject s t o realiz e tha t  propertie s the y 
hav e take n int o accoun t  ar e irrelevant .  Bu t  impasse s rarel y 
indicat e whic h propertie s ar e relevant .  Thi s ma y be  on e 
reaso n wh y i t  i s  s o difficul t  t o conceptualiz e a  proble m 
durin g th e solvin g process .  I n orde r  t o benefi t  from  impasses , 
subject s hav e t o thin k abou t  th e propertie s whic h ar e 
necessar y i n orde r  t o attai n a  goal ,  i.e .  i n term s o f  favorabl e 
states .  Thi s lead s subject s t o pa y attentio n t o propertie s the y 
hav e neglected .  I n th e experiment s reporte d here ,  whe n 
subject s worke d o n impass e situation s befor e solvin g th e 
problem ,  the y wer e invite d t o explai n whic h object s wer e th e 
most  problemati c an d wher e thes e object s ha d t o b e place d i n 
orde r  t o mak e th e goa l  pursue d attainable .  Thi s le d subject s 
t o thin k i n term s o f  favorabl e state s an d favorabl e properties . 
Such analysi s rarel y occur s whe n subject s ar e actin g an d w e 
thin k tha t  thi s i s wh y th e analysi s o f  impasse s withou t  actin g 
was beneficia l  i n ou r  experiment . 

Thes e result s ar e interestin g i n tha t  the y allo w explainin g 
th e pathway s subject s tak e throug h th e objectiv e proble m 
space ,  fro m th e poin t  o f  vie w o f  th e propertie s a  subjec t  take s 
int o accoun t  a t  eac h moment  o f  th e solvin g process . 
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