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Resolvin g Impasse s i n P r o b l e m Solving : 

A n E y e M o v e m e n t  Stud y 

Giinther Knobiich (knoblich@inpipf-muenchen.mpg.de) 
Cognitio n an d Action , 

Max-PIanck-Insitut e fo r  Psychologica l  Researc h 

Leopoldstr .  24 ,  8080 2 Munich ,  German y 

Stellan Ohisson (stellan@uic.edu ) and Gary Raney(geraney@uic.edu) 

Departmen t  o f  Psycholog y 

Universit y o f  Illinoi s a t  Chicag o 

100 7 W .  Harriso n St. ,  Chicago ,  I L 6060 7 

Abstrac t 
Insigh t  problem s caus e impasse s becaus e the y deceiv e th e 
proble m solve r  int o constructin g a n inappropriat e initia l 
representation .  Th e mai n theoretica l  proble m o f  explainin g 
insigh t  i s  t o identif y th e cognitiv e processe s b y whic h 
impasse s ar e resolved .  I n pas t  work ,  w e hav e hypothesize d 
tw o suc h processes :  constrain t  relaxatio n an d chun k 
decomposition .  I n th e stud y reporte d here ,  w e deriv e 
detaile d prediction s abou t  th e structur e o f  ey e movement s 
fro m thes e hypotheses .  Ey e movemen t  dat a fro m a  stud y o f 
matc h stic k algebr a problem s wer e consisten t  wit h th e 
predictions .  Th e result s suppor t  th e vie w tha t  a  ke y 
componen t  o f  creativ e thinkin g i s t o overcom e th e 
processin g imperative s o f  pas t  experience . 

Impasse Resolution 

S o me problem s ar e difficul t  becaus e the y requir e th e 

proble m solve r  t o fin d th e right  sequenc e o f  step s i n a  vas t 

spac e o f  alternativ e ste p sequence s (Newel l  &  Simon ,  1972) . 

T h e mai n resource s fo r  solvin g suc h problem s ar e searc h 

heuristic s an d memorie s o f  prio r  proble m solvin g episodes , 

bot h o f  whic h hel p constrai n th e search .  I n contrast ,  othe r 
problems ,  traditionall y calle d insigh t  problems ,  quickl y 

generat e th e impressio n tha t  the y ar e unsolvabl e (Ohisson , 

1984 ;  Seifert ,  Meyer ,  Davidson ,  Patalano ,  &  Yaniv ,  1995) . 

Instea d o f  floundering  i n a  myria d o f  possibilities ,  proble m 

solver s canno t  thin k o f  eve n a  singl e usefu l  ste p t o take :  the y 

quickl y find  themselve s a t  a n impasse . 

Insigh t  problem s caus e impasse s becaus e the y deceiv e 

th e proble m solve r  int o constructin g a n incomplet e o r  overl y 
constraine d proble m spac e tha t  doe s no t  includ e th e solutio n 

(Kapla n &  Simon ,  1990 ;  Ohisson ,  1984 ;  Wickelgren ,  1974) . 

Impasse s ar e encountere d afte r  a n initia l  phas e i n whic h th e 
procedure s activate d b y th e initia l  representatio n hav e bee n 

applie d t o th e proble m withou t  succes s (Ohisson ,  1992) . 

Durin g impasse s n o furthe r  idea s abou t  h o w t o procee d 

c o me t o mind .  Feeling-of-knowin g judgment s sho w tha t 
proble m solver s d o no t  fee l  tha t  the y ar e approachin g th e 

solutio n unti l  th e m o m e n t  inmiediatel y befor e i t  i s  attaine d 

(Metcalf e &  Wiebe ,  1987) . 

I f  th e impass e persists ,  th e proble m solve r  wil l 

eventuall y hav e t o giv e u p an d declar e failure .  T o resolv e 

th e impasse ,  th e proble m solve r  mus t  revis e hi s o r  he r  initia l 

representatio n o f  th e problem .  Th e n e w representatio n migh t 

chang e th e proble m spac e b y activatin g previousl y dorman t 

but  tas k relevan t  knowledg e (operators ,  procedures ,  rules , 

etc. )  tha t  allo w proble m solvin g t o continue .  Identifyin g th e 

cognitiv e processe s involve d i n resolvin g impasse s i s th e 

mai n theoretica l  proble m i n explainin g insigh t  proble m 

solvin g i n particula r  an d creativ e thinkin g i n general . 

I n pas t  wor k w e hav e propose d tw o processe s fo r 

impass e resolution .  First ,  constrain t  relaxatio n change s th e 

representatio n o f  th e goa l  (Ohisson ,  1992) .  Isaa k an d Jus t 

(1995 )  hav e suggeste d tha t  constrain t  relaxatio n wa s 

involve d i n man y historicall y importan t  technologica l 

innovations .  Second ,  chun k decompositio n change s th e 

representatio n o f  th e proble m situatio n (Knobiich ,  Ohisson , 

Haider ,  &  Rhenius ,  submitted) .  Th e purpos e o f  th e stud y 

reporte d her e wa s t o develo p an d tes t  th e implication s o f 

thes e proces s hypothese s fo r  ey e movement s durin g proble m 

solving .  Befor e reportin g th e study ,  w e develo p th e proces s 

hypothese s i n mor e detai l  vis-a-vi s th e particula r  tas k 

domai n w e used . 

Process Hypotheses 

Constraint Relaxation 

Th e initia l  representatio n o f  th e goa l  t o b e sough t  i n solvin g 

a particula r  proble m i s  biase d b y prio r  knowledge .  Suc h 

knowledg e generate s expectatio n about ,  amon g othe r  things , 

whic h aspect s o f  th e proble m situatio n ar e invarian t  an d 

whic h ar e variable .  Fo r  instance ,  whe n confronte d wit h a n 

arithmeti c proble m lik e 1 0 +  2  =  ? ,  th e proble m solve r 

know s tha t  th e arithmeti c operatio n i s a n invarian t  aspec t  o f 

th e task ;  th e onl y thin g tha t  ca n var y i s  th e valu e o f  th e 

answer .  Hi s o r  he r  representatio n o f  th e goa l  wil l  naturall y 

constrai n th e solutio n t o loo k lik e th e initia l  stat e excep t  tha t 

th e resul t  o f  th e arithmeti c operatio n i s filled  in . 

W h en encounterin g a n unfamilia r  typ e o f  problem ,  i t  i s 

les s obviou s whic h aspect s o f  th e initia l  proble m situatio n 

shoul d b e though t  o f  a s invarian t  an d whic h a s variable . 

Conside r  th e domai n o f  matc h stic k algebr a (Knobiic h e t  al. , 

submitted) .  A  matc h stic k algebr a proble m consist s o f  a n 
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incorrec t  arithmeti c expressio n writte n wit h R o m a n 

numeral s an d wit h th e operator s " + "  an d "- "  an d th e equa l 

sig n (se e Figur e 1) ;  fo r  brevity ,  w e shal l  le t  th e ter m 

"operator "  includ e th e equa l  sig n from  thi s poin t  on .  Th e 

numeral s an d operator s ar e constructe d ou t  o f  matc h sticks . 

The tas k i s t o m o v e exactl y on e stic k s o a s t o chang e th e 

give n expressio n int o a  tru e expressio n consistin g o f  nothin g 

but  Roma n numeral s i n th e rang e o f  I  t o XII I  an d th e 

arithmeti c operators . 

Proble m A 

Proble m B 

Proble m C 

Figur e 1 .  Matc h stic k algebr a problems . 

Match stick algebra is unfamiliar to many people. 

However ,  thei r  similarit y t o standar d arithmeti c make s i t 
highl y likel y tha t  thes e problem s activat e prio r  knowledg e o f 
arithmetic .  Thi s wil l  bia s th e proble m solve r  t o vie w th e 

arithmeti c operator s a s constant s an d onl y th e value s a s 
variable .  I n thi s representation ,  th e onl y move s tha t  wil l  b e 

considere d ar e thos e tha t  transfor m th e values .  Proble m A  i n 
Figur e 1  ca n b e solve d wit h a  m o v e o f  thi s type :  pic k u p th e 
vertica l  stic k (I )  i n th e lef t  han d sid e o f  th e expressio n an d 

move i t  t o th e othe r  sid e o f  th e V ,  thu s changin g th e I V t o a 
VI  an d th e expressio n a s a  whol e t o V I  =  II I  +  III ,  a  tru e 
arithmeti c expression . 

However ,  proble m B  canno t  b e solve d a s lon g a s w e 
onl y conside r  move s tha t  chang e values .  T o fm d th e solutio n 

t o B ,  th e operator s hav e t o b e considere d variabl e a s well . 
To solv e B ,  pic k u p th e vertica l  stic k i n th e plu s sig n t o th e 
right ,  rotat e i t  9 0 degree s an d pu t  i t  dow n agai n t o mak e a 
secon d equa l  sign .  Thi s transform s th e expressio n int o II I  = 

II I  =  III ,  a  tru e arithmeti c expression . 

I n short ,  constrain t  relaxatio n extend s th e spac e o f 
possibl e solution s b y replacin g constant s i n th e goa l 

structur e b y variable s i n respons e t o a n impasse . 

Chunk Decomposition 
Familiarit y wit h certai n configuration s o f  perceptua l  feature s 

establis h thos e a s patter s (chunks )  i n memory . 

Configuration s o f  perceptua l  feature s tha t  matc h a  chun k ar e 

automaticall y recognize d a s a n instanc e o f  tha t  chunk .  W h e n 

encodin g a  problem ,  perceptua l  chunk s tha t  hav e prove n 

usefu l  i n pas t  encounter s wit h superficiall y  similia r  problem s 

ar e automaticall y applied .  I n mos t  situations ,  chunk s 

faciliat e proble m solvin g (Chas e &  Simon ,  1973 ;  Ericsso n 

& L e h m a n n ,  1996) . 

Nevertheless ,  chunk s tha t  hav e prove n usefu l  i n th e 

pas t  migh t  hinde r  th e solutio n t o a n unfamilia r  problem .  T o 

fin d a  solution ,  th e component s o f  a  chun k migh t  hav e t o b e 

separate d from  eac h othe r  an d reconfigure d int o a  differen t 

patterns .  W e refe r  t o thi s a s decomposin g th e chunk . 

The possibilit y  o f  decompositio n m a y b e mor e o r  les s 

obviou s dependin g o n characteristic s o f  th e chunks .  T o 

decompos e a  chun k lik e "IV "  int o "I "  an d " V "  i s easy , 

becaus e thos e componen s ar e themselve s meaningfu l 

symbol s (chunks )  withi n th e syste m o f  R o m a n numerals .  W e 

cal l  thi s a  loos e chunk .  T o solv e proble m A  (se e Figur e 1) ,  i t 
i s sufficien t  t o decompos e tha t  chunk . 

However ,  othe r  chunk s consist s o f  component s tha t  ar e 

not  meaningful ,  a t  leas t  no t  i n th e contex t  o f  matc h sic k 
algebra .  T o solv e proble m B  (se e Figur e 1) ,  th e proble m 

solve r  ha s t o decompos e th e plu s sig n int o on e vertica l  an d 

one horizonta l  stick .  T o solv e proble m C ,  th e proble m 
solve r  ha s t o decompos e th e numera l  X  int o tw o sticks ,  on e 

tha t  i s slante d t o th e lef t  an d on e tha t  i s slante d t o th e right . 

I n neithe r  cas e ar e th e component s o f  th e chunk s meaningfu l 

withi n th e syste m o f  R o m a n numerals .  W e cal l  thes e tigh t 
chunks . 

I n short ,  chun k decompositio n split s chunk s int o thei r 
component s i n respons e t o a n impasse .  Thi s lead s t o a  mor e 

fin e graine d proble m representatio n whic h migh t  activat e 
dorman t  bu t  relevan t  knowledg e (operators ,  procedurs , 

rules ,  etc. )  tha t  ca n b e applie d t o th e proble m an d henc e 

resolv e th e impass e an d enabl e proble m solvin g t o resume . 

Eye Movement Predictions 

At  th e surface ,  th e thre e problem s i n Figur e 1  diffe r  onl y i n 

th e numera l  o n th e left-han d side .  However ,  t o solv e 
proble m B ,  th e proble m solve r  ha s t o rela x constraint s o n 
alterin g operator s tha t  d o no t  nee d t o b e relaxe d t o solv e 
problem s A  o r  C .  T o solv e problem s B  an d C ,  th e proble m 
solve r  need s t o decompos e tigh t  chunk s tha t  d o no t  nee d t o 

be decompose d t o solv e proble m A .  Hence ,  w e predica t  tha t 
problem s B  an d C  ar e mor e difficul t  tha n proble m A ,  i n 
spit e o f  thei r  surfac e similarities ,  an d tha t  B  i s mor e difficul t 
tha n C . 

However ,  th e probabilit y  o f  solutio n an d th e tim e t o 
solutio n d o neithe r  allo w u s t o determin e h o w th e proble m 

solvin g proces s unfold s no r  h o w succssfii l  an d unsuccessfu l 
proble m solver s differ .  Thin k alou d protocol s provid e a 
windo w ont o proble m solvin g (Ericsso n &  Simon ,  1993) , 

but  proble m solver s d o no t  verbaliz e durin g impasse s 
(Duncker ,  1945 )  an d verbalizin g m a y interfe r  wit h th e 
processe s involve d i n representationa l  chang e (Schooler , 
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Ohlsson ,  &  Brooks ,  1993) .  T o overcom e thes e problems ,  w e 

recorde d th e participants '  ey e movements . 

H o w d o th e tw o processe s o f  constrain t  relaxatio n an d 

chun k decompositio n influenc e th e movement s o f  th e 

proble m solver' s eyes ? Th e answe r  depend s o n th e 

particula r  quantit y o r  measur e tha t  w e deriv e fro m th e ra w 

ey e movemen t  recordings . 

M e an fixatio n duratio n i s likel y t o b e affecte d b y 

impasses ,  becaus e th e duratio n o f  fixation s indicate s ho w 

lon g a n informatio n ite m i s processe d i n workin g memor y 

(Jus t  &  Carpenter ,  1976) .  Durin g impasses ,  proble m solvin g 

activit y cease s o r  a t  leas t  slow s down .  Hence ,  processin g 

spee d shoul d dro p an d mea n fixatio n duratio n shoul d 

increase .  Becaus e w e expec t  impasse s i n problem s B  an d C 

but  no t  i n proble m A ,  mea n fixatio n duratio n shoul d b e 

greate r  i n th e forme r  tw o problems .  Furthermore ,  becaus e 

impasse s onl y occu r  afte r  th e initia l  exploratio n o f  th e 

proble m space ,  mea n fixatio n duratio n shoul d increas e a s 

proble m solvin g continue s fo r  problem s B  an d C  bu t  no t  fo r 

proble m A . 
A secon d measur e i s th e proportio n o f  fixation  tim e 

spen t  o n differen t  element s o f  th e task .  Thi s measur e 

indicate s whic h element s wer e processe d mos t  extensively . 

Difference s i n th e proportio n o f  fixatio n tim e devote d t o a 

particula r  elemen t  durin g successiv e interval s i s a  sig n tha t 

th e participants '  attentio n shifte d ft'om  on e elemen t  t o 
anothe r  durin g th e proble m solvin g process . 

I n proble m B  relaxin g th e constrain t  t o kee p operator s 

constan t  shoul d resul t  i n a  shif t  o f  attentio n from  th e resul t 

and th e operand s (i.e. ,  th e values )  t o th e operators .  Becaus e 

proble m B  ca n onl y b e solve d whe n thi s constrain t  i s 

relaxed ,  thi s shif t  shoul d b e presen t  o r  mor e pronounce d i n 

participant s w h o solve d proble m B ,  an d absen t  o r  les s 

pronounce d i n participan t  w h o faile d t o solv e tha t  problem . 

I n proble m C  th e proces s o f  decomposin g th e tigh t 

chun k " X "  shoul d resul t  i n a  shif t  o f  attentio n t o tha t  chunk . 

Becaus e proble m C  ca n onl y b e solve d whe n thi s chun k i s 

decomposed ,  th e shif t  shoul d b e presen t  o r  mor e pronounce d 

i n participant s w h o solve d proble m C ,  an d absen t  o r  les s 

pronounce d i n participant s wh o faile d t o solv e tha t  problem . 

Our  fina l  measur e i s th e proportio n affixatio n change s 

tha t  move s th e poin t  o f  fixatio n betwee n a  particula r  pai r  o f 

proble m elements .  A  hig h proportio n o f  fixatio n change s 

betwee n element s I  an d J  indicate s tha t  thes e tw o element s 

wer e processe d together . 

Prediction s abou t  fixatio n change s ca n b e derive d fo r 

proble m B .  Relaxin g th e constrain t  t o kee p operator s 

constan t  shoul d allo w th e proble m solve r  t o conside r 

movin g stick s betwee n operator s a s wel l  a s betwee n 

operator s an d values .  Hence ,  th e proportio n o f  fixatio n 

change s betwee n operator s shoul d increas e a s proble m 

solvin g continues .  Becaus e proble m B  ca n onl y b e solve d 

when suc h move s ar e considered ,  thi s increas e shoul d b e 

presen t  o r  mor e pronounce d i n participant s wh o solve d 

proble m B ,  an d absen t  o r  les s pronounce d i n participan s 

w ho di d not . 

M e t h o d 

Twentyfou r  undergraduat e student s a t  th e Universit y o f 

Illinoi s a t  Chicag o participate d i n th e stud y fo r  cours e credit . 

Al l  participant s attempte d th e thre e problem s i n Figur e 1 . 

The problem s wer e presente d i n rando m orde r  o n a 

compute r  screen .  Ey e movement s wer e recorde d 

concurrently .  A s soo n a s a  participan t  announce d tha t  sh e o r 

he ha d foun d a  solution ,  th e experimente r  terminate d th e ey e 

movement  recordin g an d th e participan t  sai d th e solutio n ou t 

aloud .  I f  a  proble m wa s no t  solve d withi n five  minutes ,  th e 

participan t  wa s tol d th e solutio n an d th e nex t  proble m wa s 

presented . 

Results 

F requenc y o f  Solutio n a n d Solutio n T i m e 

Figur e 2  show s th e solutio n rat e i n term s o f  th e percentag e 

of  problem s solve d (pane l  a) ,  an d th e mea n solutio n tim e fo r 

th e successfu l  solution s (pane l  b) .  Consisten t  wit h ou r 

predictions ,  proble m B ,  whic h require s bot h th e relaxatio n 

of  th e constrain t  t o kee p operator s constan t  an d th e 

decompositio n o f  a  tigh t  chunk ,  wa s solve d leas t  often ,  an d 

th e successfu l  solution s require d mor e tim e tha n fo r  th e 

othe r  tw o problems .  Proble m C ,  whic h require s th e 

decompositio n o f  a  tigh t  chun k bu t  no t  constrain t  relaxation , 

was solve d mor e ofte n tha n B  bu t  les s ofte n tha n A ,  an d th e 

mean solutio n tim e fo r  th e successfu l  solution s wa s als o 

betwee n th e correspondin g measure s fo r  th e othe r  tw o 

problems .  Proble m A ,  whic h doe s no t  requir e eithe r 

constrain t  relaxatio n o r  th e decompositio n o f  an y tigh t 

chunk ,  wa s solve d mos t  ofte n an d fastest .  Thes e result s ar e 

consisten t  wit h ou r  hypotheses ,  bu t  the y onl y provid e wea k 

suppor t  becaus e man y othe r  proces s hypothese s migh t 

predic t  th e sam e outcom e pattern .  Stronge r  suppor t  require s 

mor e fine  graine d analyse s o f  th e participants '  behavior . 

Proble m 

Figur e 2 .  Solutio n rat e (a )  an d mea n solutio n tim e (b )  fo r 

eac h o f  thre e matc h stic k algebr a problems . 

Eye Movements 
We divide d eac h proble m solvin g performanc e int o thre e 

invervals ,  eac h interva l  representin g one-thir d o f  th e overal l 

duratio n o f  th e performance .  (Interval s thu s wer e o f  equa l 

duratio n withi n eac h performance ,  bu t  varie d i n duratio n 

acros s performances. )  Th e thre e ey e movemen t  measure s 

wer e calculate d separatel y fo r  eac h interva l  an d participan t 
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an d average d acros s participant s fo r  eac h problem .  W e 

discus s eac h m e a s u r e separatly . 

Fixatio n duration .  A s w e predicted ,  m e a n fixatio n 

duratio n w a s greate r  fo r  p r o b l e m s B  an d C  tha n fo r  p rob le m 

A ;  se e Figur e 3 .  M o r e o v e r ,  th e fixatio n duratio n fo r 

problem s B  an d C  increase d monotonical l y acros s th e thre e 

intervals .  I n contrast ,  th e fixatio n duratio n fo r  p rob le m A 

increase d f r o m interva l  1  t o interva l  2 ,  bu t  di d no t  increas e 

from  interva l  2  t o interva l  3 .  T h e s e result s suppor t  th e 

hypothese s tha t  th e participant s encountere d m o r e impasse s 

o n problem s B  an d C ,  particularl y toward s th e en d o f  th e 

proble m solvin g attempt . 

600 • 

550 • 

500 • 

1 
450 1 

400 ' 

r 

1 .••' ' 

^ 

r ^ — •— Proble m B 
-  - ̂  -  -  Proble m C 
— -• — -  Proble m A 

-  — —̂  

i 

* 

1 2  ^ 
Interva l 

Figur e 3 .  M e a n fixatio n duratio n a s a  functio n o f  interva l 
an d p rob le m 

Fixation time. We computed the proportion of 
fixatio n tim e allocate d t o th e differen t  p r o b l e m element s fo r 
eac h interval .  Figur e 4  s h o w s th e resul t  fo r  participant s w h o 
solve d an d di d no t  solv e p r o b l e m B .  Dur in g th e firs t  interva l 

ther e wer e n o difference s i n attentio n allocatio n be twee n 
thos e w h o solve d th e p r o b l e m an d thos e w h o di d not .  Al l 
participant s paye d m o r e attentio n t o th e numera l s i n th e 
equatio n tha n t o th e operators .  Th i s i s  consisten t  wit h th e 

hypothesi s tha t  th e initia l  goa l  representatio n constrain s th e 
proble m spac e t o m o v e s tha t  c h a n g e value s bu t  no t 

operators .  H o w e v e r ,  th e t w o group s diffe r  i n interval s 2  an d 
3.  Fo r  participant s w h o di d no t  solv e th e prob lem ,  th e initia l 
patter n o f  attentio n allocatio n di d no t  exhibi t  an y consisten t 
tren d acros s th e thre e invervals .  Fo r  thos e w h o solve d th e 

problem ,  attentio n graduall y migrate d from  th e numerica l 
value s t o th e operators .  Th i s i s  consisten t  wit h th e 
hypothesi s tha t  a  ke y ste p i n th e solutio n i s t o rela x th e 
constrain t  tha t  operator s m u s t  b e kep t  constant .  Interestingly , 
th e chang e i n attentio n allocatio n i s alread y presen t  be twee n 

th e first  an d secon d intervals ,  i.e. ,  a t  a  tim e w h e n p rob le m 
solver s ar e stil l  a t  a n impass e a n d stil l  thin k tha t  th e p rob le m 
i s unsolvable . 
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Figur e 4 .  M e a n proportio n fixatio n t im e allocate d t o results , 

operand s an d operator s fo r  successfu l  a n d unsuccessfu l 
solution s t o p r o b l e m B . 

Figur e 5  s h o w s th e correspondin g result s fo r  p r o b l e m 
C.  Dur in g th e first  interva l  attentio n w a s allocate d m o r e t o 

th e resul t  tha n t o th e operand s an d operator s fo r  bot h 

successfu l  an d unsuccessfu l  p r o b l e m solvers .  F o r 

unsuccessfu l  solvers ,  th e patter n o f  attentio n allocatio n w a s 

virtuall y u n c h a n g e d i n interval s 2  an d 3 .  F o r  th e successfu l 
solvers ,  o n th e othe r  hand ,  th e a m o u n t  o f  fixation  t im e 

allocate d t o th e crucia l  c o m p o n e n t  -  th e n u m e r a l  X  ~ 

increase d monotonical l y acros s intervals . 
Resul t  Operand i  Operato n 

0.6 r 

Not  solve d 
Sohre d 

Figur e 5 .  M e a n proportio n fixation  tim e allocate d t o results , 
operand s an d operator s fo r  successfu l  an d unsuccessfu l 
solution s t o proble m C . 

Moreover, the proportion fixation time allocated to 
th e resul t  almost  double d from  interva l  2  t o interva l  3  fo r  th e 
successfu l  solutions .  Thi s resul t  i s  consisten t  wit h th e 
hypothesi s tha t  proble m C  ca n onl y b e solve d whe n th e 

proble m solve r  pay s clos e attentio n t o th e tigh t  chun k tha t 
nee d t o b e decomposed . 

Fixatio n changes .  W e compute d th e proportio n o f 
fixation  change s tha t  move d th e fixation  poin t  betwee n 

operator s fo r  proble m B .  Figur e 6  show s th e result s fo r 
participant s w h o solve d an d di d no t  solv e proble m B . 
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fixation  poin t  b e t w e e n operator s fo r  eac h interva l  fo r 

successfu l  a n d unsuccessfu l  solution s t o p r o b l e m B . 

Consistent with the constraint relaxation hypothesis, 

th e proport io n o f  fixatio n c h a n g e s b e t w e e n operator s w a s 

equa l  fo r  bo t h g roup s i n th e firs t  interva l  an d rema ine d 

constan t  i n interval s 2  a n d 3  fo r  unsuccessfu l  participants , 

bu t  increase d monotonica l l y acros s th e thre e interval s fo r 

successfu l  participants .  Th i s resul t  i s  consisten t  wit h th e 

hypothesi s tha t  participant s w h o solve d th e p r o b l e m 

eventuall y relate d th e t w o crucia l  operator s whil e th e 

unsuccessfu l  participant s di d not . 

Discussion 

Th e fundamenta l  characterisi c o f  insigh t  proble m 

solvin g i s th e occurrenc e o f  a n impasse ,  i.e. ,  a  stat e o f  min d 

i n whic h th e proble m solve r  ha s ru n ou t  o f  idea s abou t  wha t 

t o d o next .  Th e mai n theoretica l  proble m o f  explainin g 

insigh t  i s t o specif y th e cognitiv e processe s b y whic h 

impasse s ar e resolve d (Ohlsson ,  1984 ;  Ohlsson ,  1992) .  W e 

propos e tha t  constrain t  relaxatio n extend s th e proble m spac e 

by changin g th e statu s o f  certai n proble m element s fro m 

invariant s t o variable s tha t  ca n b e manipulated ,  an d tha t 
chun k decompositio n extend s th e proble m spac e b y allowin g 

feature s o r  component s o f  th e proble m situatio n tha t  ar e 
normall y perceive d a s linke d i n a  particula r  configuratio n t o 

be separate d an d reconfigured .  W h e n thes e processe s occur , 

previousl y unheede d possiblitie s suddenl y com e t o min d an d 

proble m solvin g ca n continue . 
Thes e hypothese s generat e detaile d prediction s abou t 

th e expecte d patter n o f  ey e movement s o n insigh t  problems . 

I n particular ,  the y generat e prediction s abou t  difference s 

betwee n superficiall y  simila r  problem s an d betwee n 

successfu l  an d unsuccessfii l  proble m solvers .  Th e fac t  tha t 

our  dat a wer e consisten t  wit h thes e prediction s len d stron g 

suppor t  t o th e hypotheses .  Althoug h ther e ar e alternativ e 

theorie s o f  insigh t  proble m solvin g (Simonton ,  1988 ;  Smith , 

Ward ,  &  Finke ,  1995 ;  Sternber g &  Davidson ,  1995 ; 

Weisberg ,  1986) ,  the y ar e to o vagu e t o generat e detaile d 

prediction s abou t  th e tempora l  structur e o f  proble m solvin g 

behavior ,  abou t  th e differentia l  difficult y o f  individua l 

problem s o r  abou t  difference s betwee n proble m solvers . 

The constrain t  relaxatio n an d chun k decompositio n 

hypothese s ar e instance s o f  a  mor e genera l  principle : 

Althoug h huma n being s hav e t o bas e thei r  approac h t o eac h 

ne w proble m o r  situatio n o n pas t  experienc e -  ther e i s n o 

othe r  choic e - -  succes s vis-a-vi s a n unfamilia r  proble m 

migh t  neverheles s requir e tha t  th e min d override s th e 

computationa l  imperative s o f  experience .  Automatize d 

encodin g rule s an d habitua l  respons e pattern s hav e t o b e 

suppresse d i n orde r  fo r  nove l  action s t o com e t o mind . 

Althoug h th e particula r  processe s involve d migh t  var y 

acros s tas k domains ,  w e sugges t  tha t  overcomin g pas t 

experienc e i s a  fundamenta l  componen t  o f  creativ e thinkin g 

i n general . 
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