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Abstrac t 

Expert s generall y solv e problem s i n thei r  field s mor e effectivel y 
tha n novice s becaus e thei r  well-structured ,  easily-activate d 
kiK)wledg e allow s fo r  efficien t  searc h o f  a  solutio n space .  Bu t 
what  happen s whe n a  proble m require s a  broa d searc h fo r 
solution ? On e concer n i s tha t  subject s wit h a  larg e amoun t  o f 
domai n knowledg e ma y actuall y b e a t  a  disadvantag e becaus e 
thei r  knowledg e ma y confin e the m t o a n are a o f  th e searc h 
spac e wher e th e solutio n doe s no t  reside .  I n othe r  words , 
domai n knowledg e ma y ac t  a s a  menta l  set ,  promotin g fixation 
i n creativ e proble m solvin g attempts .  Tw o experiment s usin g 
an adapte d versio n o f  Mednick' s (1962 )  Remot e Associate s 
Task demonstrate s condition s unde r  whic h domai n knowledg e 
may inhibi t  creativ e proble m solving . 

Introduction 

The possessio n o f  a  larg e bod y o f  domai n knowledg e i s centra l 
t o expertise .  However ,  th e domai n knowledg e o f  expert s i s 
marke d no t  jus t  b y it s amount ,  bu t  als o b y it s structur e (B6dar d 
& Chi ,  1992 ,  Ericsso n &  Staszewski ,  1989) .  Th e organizatio n 
of  dcxnai n knowledg e i n a  wa y tha t  i s accessible ,  proceduralized , 
integrate d an d principled ,  enable s expert s t o exce l  a t  memor y 
and proble m solvin g task s i n a  numbe r  o f  characteristi c  ways . 
A n exper t  ca n typicall y recognize ,  stor e an d retriev e larg e 
meaningfu l  chunk s o f  domain-relate d information .  A n expert' s 
processin g i s als o commonl y mor e abstrac t  o r  conceptua l  tha n 
tha t  o f  a  novice .  Th e proceduralizatio n o f  a n expert' s  biowledg e 
bas e tend s t o allo w fo r  quic k an d eas y acces s t o memor y an d 
possibl e solutio n paths .  Further ,  a n expert' s  knowledg e usuall y 
contribute s t o bette r  proble m representation ,  a s expert s ar e abl e 
t o engag e i n mor e qualitativ e analysi s o f  a  problem ,  suc h a s b y 
recognizin g relevan t  features ,  inferrin g missin g information ,  an d 
imposin g constraint s i n orde r  t o narro w th e possibl e searc h fo r 
sohdon .  Ove r  th e pas t  twent y years ,  thes e distinguishin g mark s 
of  expertis e hav e bee n foun d t o b e quit e robus t  acros s a  wid e 
variet y o f  domain s (Se e Chi ,  Glase r  &  Farr ,  1988 ;  Ericsso n & 
Smith ,  1991) .  Yet ,  exper t  performanc e i s no t  uniforml y 
sqjoior ,  an d th e abov e characteristic s o f  exper t  processin g ma y 
sranetime s lea d t o inferio r  performanc e i n particula r  conditions . 

The presen t  stud y investigate d a  conditio n i n whic h peopl e wit h 
les s domai n knowledg e ma y outperfor m peopl e wit h a  larg e 
amount  o f  domai n knowledge ,  namel y creativ e proble m solving . 
Expert s hav e bee n see n t o solv e problem s i n thei r  field s mor e 
effectivel y tha n novice s because  a  well-structured ,  easily -
activate d knowledg e bas e allow s fo r  eflficien t  searc h o f  a  solutio n 
spac e an d possibl y fo r  automati c acces s t o promisin g solutio n 
paths .  Bu t  wha t  happen s whe n a  proble m require s a  broa d 
seard i  fo r  a  solutic m outsid e th e usua l  scop e o f  th e domain ? O n e 
possibilit y  i s  tha t  subject s wit h expertis e i n th e domai n migh t 

actuall y b e a t  a  disadvantag e becaus e thei r  knowledg e ma y 
confin e the m t o a n are a o f  th e searc h spac e wher e th e solutio n 
does no t  reside ,  h i  othe r  words ,  domai n knowledg e ma y ac t  a s 
what  traditionall y ha s bee n calle d a  "menta l  set "  i n th e proble m 
solvin g literature ,  constrainin g searc h an d promotin g fixation  i n 
th e creativ e proble m solvin g o f  experts . 

I n a  recen t  demonstratio n o f  induce d fixatio n i n proble m 
solving .  Smit h an d Blankenshi p (1991 )  significantl y decrease d 
performanc e o n Mednick' s Remot e Associate s Tas k (1962 )  b y 
primin g meaning s o f  word s tha t  wer e irrelevan t  t o solution .  On e 
way o f  viewin g thes e fmding s i s tha t  primin g th e irrelevan t 
meaning s instille d a  menta l  set ,  whic h produce d a n inappropriat e 
initia l  proble m solvin g attemp t  a s wel l  a s fixation  o n th e 
incorrec t  solutions ,  preventin g broa d searc h o f  th e solutio n 
space .  Th e presen t  stud y investigate s whethe r  domai n 
knowledg e ma y b e see n t o influenc e solutio n attempt s i n a 
simila r  way .  Sinc e domai n knowledg e i s easil y an d possibl y 
automaticall y activate d whe n expert s encounte r  domain-relevan t 
material ,  domai n knowledg e ma y hav e a  simila r  influenc e o n 
solutio n attempt s a s th e externally-impose d prime s i n th e abov e 
studies .  I n othe r  words ,  domai n knowledg e ma y ac t  a s a  menta l 
set  an d promot e fixation  i n proble m solving . 

T wo experiment s ar e reporte d concernin g th e possibl e 
existenc e an d natur e o f  a  menta l  se t  du e t o th e possessio n o f  a 
larg e amoun t  o f  domai n knowledge .  Th e first  experimen t 
demonstrate d tha t  domai n knowledg e ca n indee d ac t  a s a  menta l 
set  wit h negativ e consequences  o n creativ e proble m solvmg . 
The secon d experimen t  examine d th e effec t  o f  incubatio n o n 
breakin g menta l  se t  a s a  fiinction  o f  whethe r  th e se t  wa s 
internally-generate d (knowledge-based )  versu s externally -
primed . 

E x p e r i m e n t  1 

To tes t  th e hypothesi s tha t  domai n knowledg e ca n ac t  a s a  menta l 
set  an d promot e fixation  i n creativ e proble m solving ,  subject s 
wit h varyin g amount s o f  basebal l  knowledg e performe d a 
Remot e Associat e Tas k (adapte d fi-om  Mednick ,  1962) .  Th e 
standar d Remot e Associate s Tas k (RAT )  involve s th e 
presentatio n o f  thre e words ,  suc h a s B L U E ,  KNIFE ,  an d 
C O T T A GE an d prompt s th e subjec t  t o generat e a  fourt h wor d 
tha t  form s a  familia r  phras e wit h eac h o f  three ,  h i  thi s cas e th e 
fourt h wor d coul d b e cheese ,  formin g th e phrase s blu e cheese , 
chees e knif e an d cottag e cheese . 

For  thi s experiment ,  te n item s wer e create d suc h tha t  th e firs t 
wor d coul d hav e bee n par t  o f  a  baseball-relate d term .  Fo r 
example ,  on e baseball-relate d proble m consiste d o f  th e word s 
P L A T E,  B R O K E N,  an d R E S T ,  wit h th e intende d solutio n o f 
home,  whic h woul d for m th e phrase s hom e plate ,  broke n home , 
and res t  home .  Anothe r  te n problem s wer e base d o n Mednick' s 
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origina l  stimul i  (1962) .  A s non e o f  th e Mednick-base d item s 
containe d a  firs t  wor d tha t  wa s relate d t o a  basebal l  term ,  thes e 
trial s ar e terme d neutra l  Th e B L U E ,  K N I F E ,  C O T T A GE 
exampl e tha t  wa s mentione d abov e i s a n exampl e o f  a  neutra l 
tnal . 

T wo version s wer e create d fo r  eac h baseball-relate d tria l  I n 
one version ,  suc h a s th e P L A T E ,  B R O K E N,  R E S T exampl e 
give n above ,  th e answe r  tha t  wa s suggeste d b y th e baseball -
relate d meanin g o f  th e first  wor d forme d a  phras e wit h bot h th e 
secon d an d th e thir d words ,  an d thu s wa s th e solution .  Thes e 
version s o f  th e trial s ar e terme d baseball-consistent .  Fo r  a 
secon d versio n o f  eac h trial ,  th e thir d wor d wa s replace d b y a 
wor d tha t  woul d no t  for m a  goo d phras e wit h th e answe r 
suggeste d b y th e baseball-relate d meanin g o f  th e firs t  word .  Fo r 
example ,  th e secon d versio n o f  th e abov e proble m ha d th e word s 
PLATE,  B R O K E N,  an d S H O T.  Th e intende d answe r  wa s glass , 
formin g th e phrase s plat e glass ,  broke n glass ,  an d sho t  glass . 
I n thes e trials ,  th e answe r  suggeste d b y th e baseball-relate d 
meanin g o f  th e first  wor d forme d a  phras e wit h th e secon d word , 
but  no t  th e third .  Becaus e th e subjec t  di d no t  kno w tha t  th e 
solutio n suggeste d b y th e basebal l  ter m woul d no t  wor k unti l  th e 
thir d wor d speared ,  thes e version s o f  th e baseball-relate d trial s 
wer e terme d baseball-misleading . 

I f  oqjertis e doe s impos e a  se t  o n proble m solving ,  the n subject s 
wit h highe r  amount s o f  basebal l  knowledg e shoul d b e les s abl e 
t o generat e coirec t  solution s tha n subject s wit h les s domai n 
knowledg e whe n answer s prime d b y basebal l  term s ar e incorrec t 
(tha t  is ,  o n baseball-misleadin g trials) .  I t  i s  presume d tha t  ther e 
wil l  b e n o difference s i n performanc e o n neutra l  dials . 

M e t h o d 

Participants .  Twenty-fou r  Universit y o f  Pittsburg h 
undergraduate s takin g Introductor y Psycholog y participate d fo r 
cours e credit . 

Materials .  Mednick' s (1962 )  Remot e Associate s tas k ( R A T ) 
was adapte d fo r  thi s experimen t  a s describe d above . 

Procedur e Participant s wer e tol d tha t  the y woul d perfor m 
severa l  proble m solvin g tasks .  Befor e beginnin g th e R A T , 
subject s wer e give n a n example ,  five  practic e items ,  an d som e 
acceptabl e solution s fo r  th e practic e items .  Al l  subject s the n 
perfoime d th e adapte d R A T .  I n thi s versio n o f  th e task ,  th e thre e 
word s wer e presente d on e a t  a  time ,  cumulatively .  Th e first 
wor d appeare d alon e i n th e cente r  o f  th e scree n fo r  5  second s 
afte r  whic h i t  wa s joine d b y th e secon d wor d whic h appeare d 
unde r  it .  Afte r  anothe r  7. 5 seconds ,  th e firs t  tw o word s wer e 
joine d b y th e thir d wor d whic h appeare d unde r  them ,  an d th e 
subjec t  ha d 3 0 second s i n whic h t o produc e th e fourt h word . 
The subjec t  coul d answe r  a t  an y tim e durin g th e 30-secon d 
problem-solvin g perio d b y pressin g th e spac e bar ,  typin g i n a 
solutio n wor d an d pressin g th e retur n key .  However ,  i f  th e 3 0 
second s passe d an d th e subjec t  ha d no t  ye t  responded ,  the n th e 
thre e word s disappeare d an d th e subjec t  wa s tol d t o ente r  a 
solutio n wor d an d pres s th e retur n key .  Th e subjec t  ha d 2 0 
second s t o respon d afte r  whic h th e nex t  tria l  wa s presented . 

Each subjec t  receive d te n neutra l  trial s an d te n baseball-relate d 
trials .  Fiv e o f  th e baseball-relate d trial s wer e consisten t  wit h th e 
solutio n suggeste d b y th e basebal l  term ,  whil e five  wer e 
misleading .  Presentatio n orde r  an d baseball-tria l  typ e wer e 
randomize d suc h tha t  eac h subjec t  receive d onl y on e versio n o f 

eac h item .  Response s an d respons e time s wer e recorde d vi a 
computer .  Th e respons e tim e tha t  wa s analyze d wa s th e duratio n 
fro m th e onse t  o f  th e thu- d wor d unti l  th e subjec t  finishe d 
enterin g a  wor d an d presse d th e retur n key ,  o r  unti l  th e tna l 
ende d (includin g bot h th e 30-secon d problem-solvin g an d 20 -
secon d respons e periods) . 

Subject s the n complete d a  menta l  rotatio n task ,  a n anagra m 
task ,  a  Gestal t  Completio n Tas k an d a  multiple-choic e baseball -
ter m recognitio n test .  Al l  fou r  additiona l  task s wer e presente d 
vi a computer .  Th e fma l  tas k wa s a  45-ite m paper-and-penci l 
short-answe r  tes t  o f  basebal l  knowledge ,  th e Basebal l 
Knowledg e Questiormair e fi-om  Spilich ,  Vesonder ,  Chies i  an d 
Vos s (1979) .  N o feedbac k wa s give n o n an y task . 

Result s 

Basebal l  Knowledge .  Performanc e o n th e Basebal l  Knowledg e 
Questionnair e range d fi-om 2  t o 3 2 correc t  answer s ou t  o f  a 
possibl e 45 .  Twelv e subject s scorin g les s tha n 1 5 wer e 
categorize d a s low-knowledg e an d twelv e subject s scorin g 1 5 o r 
mor e wer e categorize d a s high-knowledge .  Eve n th e low -
knowledg e subject s wer e familia r  wit h th e basebal l  term s use d 
i n thi s study ,  a s al l  subject s wer e abl e t o indicat e th e correc t 
basebal l  term s o n th e baseball-ter m recognitio n test . 

Correc t  Solution s A  2  x  3  (Knowledg e Leve l  x  Tria l  Type ) 
A N O V A wa s compute d usin g proportio n o f  correc t  solution s a s 
a dependen t  measure .  Tabl e 1  present s th e mea n proportio n o f 
correc t  solution s fo r  eac h condition .  N o significan t  mai n effec t 
was foun d fo r  knowledg e level ,  bu t  ther e wa s a  significan t  effec t 
of  tria l  type ,  F(2,44)=8.56 ,  e < 001 .  Tukey' s H S D indicate d tha t 
ther e wer e mor e correc t  solution s t o neutra l  trial s tha n t o 
misleadin g trials ,  wit h consisten t  trial s no t  differin g significantl y 
fro m eithe r  o f  th e othe r  two .  Ther e wa s als o a  significan t 
interactio n betwee n knowledg e leve l  an d tria l  type , 
F(1,44)=4.06,E<.02 . 

To se e whethe r  thi s interactio n wa s du e t o a  greate r  misleadin g 
effec t  amon g th e high-knowledg e subjects ,  a  2  x  2  (Knowledg e 
Leve l  X  Tria l  Type )  A N O V A wa s compute d o n correc t  solution s 
withou t  th e baseball-consisten t  trials .  Ma i n effect s fo r  tria l  type , 
F(l,22)=14.58 ,  E < 0 0 1 ,  an d knowledg e level ,  F(l,22)=4.35 , 
g<.05 ,  wer e significant .  Mos t  importantly ,  a s predicted ,  th e 
interactio n wa s significant ,  F(l,22)=5.35 ,  e < 0 3 ,  indicatin g tha t 
hig h knowledg e subject s wer e les s likel y t o correctl y solv e 
misleadin g problem s a s compare d t o neutra l  problem s tha n wer e 
low-knowledg e subjects . 

Incorrec t  answer s o n misleadin g trial s wer e furthe r  analyze d o n 
th e basi s o f  whethe r  o r  no t  the y wer e relate d t o a  baseball-relate d 
term .  Incorrec t  answer s relate d t o basebal l  wer e terme d 
"intrusions "  High-knowledg e subject s m a d e baseball-relate d 
intrusion s o n 3 1 % o f  misleadin g trial s whil e low-knowledg e 
subject s onl y mad e baseball-relate d intrusion s o n 1 1 % o f  th e 
misleadin g trials .  Thi s differenc e approache d significance , 
t(22)=1.72 ,  g<.10 ,  suggestin g tha t  th e more-knowledgabl e 
subject s tende d t o b e fixate d i n th e solutio n suggeste d b y thei r 
basebal l  knowledge . 

Respons e Time .  A  2  x  3  (Knowledg e Leve l  x  Tria l  Type ) 
A N O VA usin g respons e tim e a s a  dependen t  measur e wa s 
computed .  A s ca n b e see n i n Tabl e 1 ,  ther e wa s a  significan t 
mai n effec t  o f  tria l  type ,  F( l  ,44)=4.68 ,  p<.01 .  Tukey' s H S D 
indicate d tha t  misleadin g trial s ha d significantl y longe r  respons e 
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Tabl e 1 :  Proportio n o f  Correc t  Solution s an d Respons e Tim e 
i n Experimen t  1 

Accurac y 
RT(sec ) 

LK 

Neut  Con s Mis l 

.5 0 .4 0 .4 0 
20. 6 20. 9 23. 0 

HK 

Neut  Con s Mis l 

.5 0 .3 8 .1 5 
24. 7 26. 8 31. 4 

time s tha n eithe r  neutra l  o r  consisten t  trials ,  whic h wer e no t 
significantl y differen t  from  eac h other .  Th e mai n effec t  fo r 
knowledg e leve l  wa s no t  significan t  (F=1.45) ,  no r  wa s th e 
interactio n betwee n knowledg e leve l  an d tria l  typ e (F=1.00) , 
althoug h respons e time s di d ten d t o b e longe r  fo r  th e high -
knowledg e subject s o n th e misleadin g trials .  A  2  x  2 
(Knowledg e Leve l  x  Tria l  Type )  A N O V A o n respons e tim e 
withou t  th e baseball-consisten t  trial s yielde d th e sam e patter n o f 
result s fo r  bot h knowledg e (F= l  .47 )  an d tria l  type . 

Summary 

The misleadin g effec t  wa s greate r  fo r  high-knowledg e subject s 
tha n fo r  low-knowledg e subjects .  Fo r  misleadin g items ,  high -
knowledg e subject s wer e muc h les s likel y tha n low-knowledg e 
subject s t o arriv e a t  a  connec t  solution .  High-knowledg e subject s 
wer e als o mor e likel y t o giv e incorrec t  baseball-relate d 
responses  t o misleadin g items .  Thes e result s sugges t  tha t  high -
knowledg e subject s wer e fixated  i n thei r  proble m solving . 

E x p e r i m e n t  2 

An irr̂ xMtan t  distinctio n shoul d b e mad e betwee n th e menta l  se t 
and fixation  du e t o domai n knowledg e observe d i n th e presen t 
study ,  an d th e kind s o f  menta l  set s tha t  hav e bee n considere d i n 
th e literatur e fo r  th e mos t  par t  tha t  ar e experimentall y produced . 
Traditiona l  demonstration s o f  menta l  se t  an d fixation  hav e use d 
set s tha t  ar e externally-impose d o n th e subjec t  throug h th e 
presoitatica i  o f  a n objec t  i n a  specifi c  contex t  o r  throug h practic e 
at  a  tas k prio r  t o th e experimenta l  task .  O n th e othe r  hand ,  th e 
prqxKe d se t  from  expertis e i s internall y generate d an d thi s ma y 
lea d t o scan e interestin g difference s i n ho w set s du e t o extensiv e 
domai n knowledg e ma y o r  ma y no t  b e overcom e 

Most  prominently ,  i t  woul d see m tha t  i f  th e set s observe d i n th e 
hi^-knowledg e individual s ar e th e resul t  o f  th e eas y activatio n 
of  a  well-forme d knowledg e base ,  the n simpl y a n "incubation " 
perio d ma y no t  d o anythin g t o hel p free a  subjec t  from  a n 
internally-generate d set .  However ,  a n incubatio n perio d ma y 
hel p brea k a n externally-impose d se t  a s th e dela y woul d allo w 
fo r  th e dissipatio n o f  th e inappropriat e activatio n Thi s woul d i n 
tur n sugges t  tha t  "distributed "  effor t  towar d proble m solutio n 
(i.e .  takin g a  brea k durin g th e solutio n phase )  ma y b e th e mos t 
effectiv e tacti c fo r  less-knowledgeabl e subjects .  More -
knowledgeabl e subjects ,  o n th e othe r  hand ,  shoul d no t  benefi t 
from  a  "distributed "  effort ,  sinc e thei r  succes s depend s o n th e 
dismissin g o f  internally-activate d irrelevan t  stimuli .  Eve n afte r 
a delay ,  high-knowledg e subject s shoul d experienc e th e sam e 
fixaticm  wlie n thei r  d(»nai n knowledg e i s activate d b y th e conten t 
of  th e reintroduce d problem . 

A secon d experimen t  investigate d th e exten t  t o whic h th e 
menta l  se t  an d fixation  tha t  i s  a  fiinction  o f  domai n knowledg e i s 
differen t  tha n a n externally-impose d set .  A s note d previously . 
Smit h an d Blankenshi p (1991 )  hav e demonsfrate d tha t  menta l 

set s ca n b e induce d b y th e presentatio n o f  irrelevan t  wor d 
association s befor e o r  durin g th e R A T .  The y hav e furthe r  show n 
tha t  th e fixation  du e t o suc h primin g dissipate s afte r  a n 
"incubation "  period ,  presumabl y a s th e irrelevan t  activatio n 
fade s Internally-generate d sets ,  however ,  ma y no t  b e a s eas y t o 
overcom e sinc e th e activatio n o f  "irrelevant "  wor d meaning s 
comes from  th e expert' s  domai n knowledge .  T o tes t  thi s notion , 
th e first  experimen t  wa s repeated ,  bu t  thi s tim e fixation  wa s 
induced .  One-hal f  o f  th e high -  an d low-knowledg e subject s 
wer e prime d fo r  th e misleadin g meaning s o f  term s include d i n 
th e R A T (i.e. ,  basebal l  term s fo r  th e basebal l  trial s an d irrelevan t 
association s fo r  th e neutra l  trials) .  Further ,  al l  subject s 
performe d th e R A T twice ,  hal f  immediatel y followin g th e first 
attemp t  an d hal f  wit h a  lO-minut e perio d o f  "incubation " 
intervenin g durin g whic h subject s performe d demandin g tasks . 
I t  wa s predicte d tha t  low-knowledg e subject s shoul d sho w a n 
effec t  du e t o th e fixation  manipulation ,  a s wel l  a s mor e o f  a n 
incubatio n effec t  tha n high-knowledg e subjects .  High -
knowledg e subject s shoul d sho w neithe r  a n effec t  du e t o th e 
fixation  manipulation ,  no r  an y improvemen t  du e t o incubation . 

M e t h o d 

Participants .  Fort y volunteer s from  th e universit y communit y 
wer e pai d $ 5 fo r  thie r  participation . 

Procedure .  Th e procedur e wa s th e sam e a s i n Experimen t  1 , 
excep t  tha t  hal f  o f  th e subject s performe d a  "short-ter m memor y 
task "  prio r  t o th e experiment .  Thi s wa s th e fixation-induce d 
condition .  Th e othe r  hal f  o f  th e subject s bega n th e experimen t 
wit h th e R A T a s i n Experimen t  1 .  Thi s wa s th e nonfixatio n 
condition .  I n addition ,  al l  subject s receive d th e R A T twice . 
Incubatio n wa s manipulate d b y havin g hal f  o f  th e subject s from 
eac h fixation  conditio n perfor m th e secon d R A T immediatel y 
afte r  th e fu-s t  {no-incubatio n condition) ,  whil e th e othe r  hal f 
receive d th e secon d R A T afte r  th e Menta l  Rotation ,  Anagram , 
and Gestal t  Completio n task s {incubatio n condition) .  Th e no -
incubatio n conditio n performe d thes e task s afte r  th e secon d 
R A T.  Al l  subject s the n complete d th e baseball-ter m recognitio n 
tes t  an d th e Basebal l  Knowledg e Questionnaire . 

The tas k tha t  wa s use d t o induc e fixatio n wa s base d o n a 
procedur e develope d b y Smit h an d Schumache r  (1992) . 
Subject s wer e tol d the y wer e performin g a  "short-ter m memor y 
task "  Thre e word s wer e presente d o n th e scree n a t  th e sam e 
time .  Subject s ha d 5  second s t o find  2  two-wor d phrase s tha t 
coul d b e mad e ou t  o f  th e words .  The y the n ha d t o remembe r 
thos e phrase s fo r  1 0 seconds ,  afte r  whic h the y wer e aske d t o typ e 
i n thei r  responses .  Th e word s use d fo r  thi s tas k wer e tw o word s 
from  eac h R A T ite m an d eithe r  th e baseball-relate d solutio n (fo r 
th e basebal l  trials )  o r  a  wor d tha t  forme d phrase s wit h th e word s 
but  wa s no t  th e solutio n (fo r  th e neutra l  trials) .  Orde r  o f  item s 
was randomize d fo r  eac h subject .  Fo r  bot h administration s o f 
th e R A T ,  al l  subject s receive d 1 0 neutra l  trial s an d 1 0 
misleadin g basebal l  trials . 

Result s 

Basebal l  Knowledg e Performanc e o n th e Basebal l  Knowledg e 
Questionnair e range d from 3  t o 3 3 correc t  answer s wit h 2 0 
subject s scorin g les s tha n 1 5 categorize d a s low-knowledg e an d 
20 subject s scorin g 1 5 o r  mor e categorize d a s high-knowledge . 

Correc t  Solutions .  A  2  x  2  x  2  (Knowledg e Leve l  x  Fixatio n x 
Tria l  Type )  A N O V A wa s compute d o n th e numbe r  o f  correc t 
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solution s Tabl e 2  present s th e mea n proportio n correc t  fo r  eac h 
condition .  N o significan t  mai n effect s wer e foun d fo r  eithe r 
knowledg e leve l  o r  fixation.  Ther e wa s a  significan t  mai n effec t 
fa r  tria l  type ,  F( l  ,36)=42.53 ,  e < 0001 ,  a s mor e correc t  solution s 
wer e oflfere d fo r  neutra l  trial s tha n fo r  misleadin g trials .  Further . 
th e three-wa y interactio n betwee n fixation  condition ,  knowledg e 
leve l  an d tria l  typ e wa s significant ,  F( l  ,36)=4.93 ,  g<.03 . 

To bette r  understan d th e significanc e o f  th e interaction , 
sq)arat e analyse s wer e performe d fo r  eac h fixation  conditio n an d 
knowledg e level .  A s foun d i n Experimen t  1 ,  i n th e nonfixatio n 
conditio n ther e wa s a  significan t  knowledg e leve l  b y tria l  typ e 
interaction ,  indicatin g tha t  high-knowledg e subject s wer e les s 
likel y t o mak e a  correc t  respons e o n misleadin g trial s a s 
compare d t o neutra l  trial s tha n wer e low-knowledg e subjects , 
F(l ,  16)=6.36 ,  E<.02 .  Th e sam e interactio n di d no t  approac h 
significanc e i n th e fixation-induced  condition ,  F<1 . 

The fixation  manipulatio n wa s effectiv e fo r  th e low-knowledg e 
subjects ,  a s the y mad e fewe r  correc t  response s o n misleadin g 
versu s neutra l  trial s i n th e fixation  conditio n tha n i n th e 
nonfixatio n condition ,  F(l,8)=4.24 ,  p<.05 .  Th e fixation 
manipulatio n ha d n o significan t  effec t  o n th e first  R A T 
performanc e o f  th e high-knowledg e subjects ,  F= l  .42 .  Further , 
th e fixatio n manipulatio n significantl y increase d th e proportio n 
of  intrusion s o n misleadin g trial s amon g bot h th e lo w an d high -
knowledg e subjects ,  t(38)=2.57 ,  p<.01 .  I n th e non-fixatio n 
condition ,  high-knowledg e subject s tende d t o mak e mor e 
intrusion s overal l  tha n low-knowledg e subjects ,  bu t  no t 
significantl y  so ,  t (  18) = 1.21 ,  p<.24 .  Take n together ,  thes e result s 
sugges t  tha t  th e fixation-inducing  procedur e use d i n Experimen t 
2 wa s successfu l  a t  inducin g a  se t  i n th e low-knowledg e subject s 
tha t  wa s simila r  t o tha t  o f  th e high-knowledg e subjects . 

Respons e Time .  A  2  x  2  x  2  (Knowledg e Leve l  x  Fixatio n x 
Tria l  Type )  A N O V A usin g respons e tim e a s a  dependen t 
measur e wa s computed .  Th e mean s fo r  eac h conditio n ar e 
presente d i n Tabl e 2 .  Ther e wa s n o mai n efifec t  fo r  eithe r 
knowledg e leve l  o r  fixation .  A  significan t  mai n efifec t  wa s 
observe d fo r  tria l  type ,  F( l  ,36)=30.50,2<0001 ,  wit h misleadin g 
trial s takin g longe r  tha n neutra l  trials .  Th e three-wa y interactio n 
betwee n fixation,  knowledg e leve l  an d tria l  typ e wa s approache d 
significance ,  F(l,36)=2.72 ,  p< .  11 .  Th e knowledge-leve l  b y 
trial-typ e interactio n neare d significanc e i n th e nonfixatio n 
condition ,  F(l,16)=3.45 ,  g<.08 ,  suggestin g tha t  high-knowledg e 
subject s ha d longe r  respons e time s o n misleadin g versu s neutra l 
trial s tha n low-knowledg e subjects . 

Table  2: Proportion of Correct Solutions and Response Times 
i n Experimen t  2 . 

LK HK 
No Fixatio n 
Accurac y 
RT(sec ) 
Intrusion s 

Fixatio n 
Accurac y 
RT(sec ) 
Instrusion s 

Neut 
.5 3 
21. 7 

.5 8 
19. 3 

Mis l 
.4 6 
25. 7 
.1 4 

,3 2 
24. 8 
.3 0 

Neut 
,6 4 
17. 8 

.5 8 
18. 5 

Mis l 
.2 7 
27. 8 
.2 0 

.3 6 
23. 7 
.3 3 

Improvemen t  o n Secon d Remot e Associate s Tas k Th e 
measur e o f  improvemen t  from  th e first  R A T t o th e secon d wa s 
take n fro m Smit h an d Blankenshi p (1991 ,  Improvemen t  = 
(numbe r  newl y solve d a t  retest)/(tota l  numbe r  o f  problem s -
number  solve d a t  fu-s t  test)) .  A 2 x 2 x 2 x 2 A N O V A 
(Knowledg e Leve l  x  Fixatio n x  Incubatio n x  Tria l  Type )  wa s 
compute d usin g thi s measure .  Ther e wa s a  significan t  efifec t  o f 
tria l  type ,  F(l,32)=15,22 ,  e < 0 0 1 ,  a s mor e improvemen t  wa s 
see n o n neutra l  tha n misleadin g item s Further ,  th e two-wa y 
interactio n betwee n knowledg e leve l  an d incubatio n wa s 
significant ,  F( l  ,32)=8,59 ,  p<.01 .  A s illustrate d i n th e thir d an d 
las t  colum n o f  Tabl e 3 ,  incubatio n ( a delay )  betwee n th e firs t  an d 
secon d attempt s a t  th e R A T wa s relate d t o greate r  improvemen t 
fo r  th e lo w knowledg e subjects ,  yieldin g positiv e incubatio n 
effects .  Fo r  th e high-knowledg e subjects ,  however ,  incubatio n 
yielde d les s improvemen t  tha n whe n th e secon d attemp t 
immediatel y followe d th e fu-st ,  resultin g i n negativ e incubatio n 
efifects . 

Table 3: Mean Improvement Scores in Experiment 2 

L K i5 c 
No Fixatio n 

Neutra l 
Mislea d 

Fixatio n 
Neutra l 
Mislea d 

No I 
.3 2 
.0 7 

.2 0 

.11 

Incu b 
.4 0 
.21 

.3 5 
,2 7 

No I 
,5 6 
,1 2 

,5 0 
,3 0 

Incu b 
,21 
,11 

.2 9 

.0 9 

S u m m a ry 

The nonfixatio n conditio n replicate d th e mai n resul t  o f 
Experimen t  1  a s hig h knowledg e subject s wer e significantl y les s 
likel y tha n low-knowledg e subject s t o produc e a  correc t 
respons e t o misleadin g trial s i n th e firs t  R A T ,  demonstratin g 
fixatio n du e t o domai n knowledge . 

Low-knowledg e subject s showe d a n induced-fixatio n efifec t  du e 
t o th e fixatio n manipulation ,  wit h a  clea r  decreas e i n th e numbe r 
of  correc t  solution s whe n the y wer e prime d o n irrelevan t 
solutions .  High-knowledg e subjects ,  o n th e othe r  hand ,  wer e no t 
negativel y affecte d b y th e fixation  manipulation .  Thi s fmdin g 
support s th e ide a tha t  th e expert' s  menta l  se t  i s  th e resul t  o f  th e 
automati c activatio n o f  thei r  domai n knowledge .  Fo r  th e high -
knowledg e subjects ,  th e primin g o f  th e irrelevan t  solution s wa s 
redundan t  wit h th e activatio n tha t  wa s alread y occurrin g du e t o 
thei r  domai n knowledge ,  thu s th e primin g task s shoul d hav e ha d 
no additiona l  effec t  o n thei r  proble m solving . 

I n additio n t o a n induced-fixatio n efifect ,  a n incubatio n effec t 
was observe d fo r  th e low-knowledg e subjects .  A s predicted , 
low-knowledg e subject s benefitte d from a  dela y betwee n 
proble m solvin g attempts .  Further ,  no t  onl y di d th e high -
knowledg e subject s no t  benefi t  from a  delay ,  the y actuall y ha d a 
negativ e incubatio n effect ,  showin g significan t  improvemen t  o n 
th e secon d proble m solvin g attemp t  whe n i t  immediatel y 
followe d th e first.  Thi s suggest s tha t  th e wa y a  menta l  se t  ca n b e 
broke n depend s o n it s source .  W h e n proble m solvin g impasse s 
ar e generate d b y domai n knowledge ,  th e presen t  result s indicat e 
tha t  a  continue d o r  masse d effor t  woul d b e mor e likel y t o allo w 

823 



fo r  improvement s i n perfomiance .  O n th e othe r  hand ,  impasse s 
generate d b y particula r  proble m solvin g attempt s o r  context s 
m ay b e mor e likel y t o b e overcom e b y incubation . 

D i s c u s s i o n 

I n bot h experiments ,  a  clea r  effec t  o f  fixatio n du e t o domai n 
knowledg e wa s observe d i n proble m solving ,  suggestin g tha t 
expertis e ca n indee d instil l  a  menta l  se t  an d promot e fixation . 
Subject s wit h th e mos t  domain-relate d knowledg e wer e leas t 
abl e t o solv e problem s correctl y w h e n thei r  knowledg e 
suggeste d a n inapprqjriat e solution .  Th e poore r  performanc e o f 
high-knowledg e subject s o n th e misleadin g problem s i s 
consisten t  wit h th e hypothesi s tha t  domai n knowledg e ca n ac t  a s 
a menta l  se t  Domai n knowledg e no t  onl y biase s a  first  solutio n 
attempt ,  bu t  als o fixates  th e high-knowledg e subjec t  b y definin g 
and narrowin g th e searc h space ,  preventin g a  broa d search ,  an d 
decreasin g th e chance s o f  finding  a n appropriat e solution .  A s a 
result ,  subject s a t  lowe r  level s o f  knowledg e (bu t  no t  n o 
knowledge )  wer e mor e flexible  i n thei r  proble m solving ,  makin g 
mor e solutio n attempt s an d reaching  correc t  solution s mor e ofte n 
tha n th e most-knowledgeabl e subjects .  Th e specifi c  condition s 
tha t  thi s effec t  w a s observe d unde r  wer e 1 )  o n a  creativ e 
proble m solvin g task ,  wher e creativ e i s define d a s requirin g 
productiv e (a s oppose d t o reproductive )  thinking ,  an d 2 )  o n a 
tas k tha t  w a s o f  a  leve l  o f  complexit y suc h tha t  novice s coul d 
engag e i n proble m solvin g t o th e sam e exten t  a s experts . 

H o w i s men ta l  se t  d u e t o k n o w l e d g e b r o k e n ? 

Th e sourc e o f  a  menta l  se t  seem s t o pla y a n importan t  rol e i n 
determinin g h o w fixation  m a y b e bes t  overcome ,  an d creativ e 
thinkin g m a y b e achieved .  No t  onl y wa s fixation  observe d i n th e 
proble m solvin g o f  high-knowledg e subject s i n bot h 
experiments ,  bu t  i n Experimen t  2  th e fixation  manipulatio n wa s 
als o successfu l  a t  instillin g a  se t  i n th e low-knowledg e subject s 
throug h primin g irrelevan t  solutions .  Further ,  fo r  low -
knowledg e subjects ,  th e set s induce d b y thi s fixation 
manipulatio n wer e broke n b y introducin g a  dela y betwee n 
solutio n attempts .  Fo r  th e high-knowledg e subjects ,  however , 
set s du e t o th e possessio n o f  a  larg e amoun t  o f  domai n 
knowledg e wer e broke n w h e n th e secon d proble m solvin g 
attemp t  immediatel y followe d th e first.  I n othe r  words ,  low -
knowledg e subject s demonstrate d mor e flexible  thinkin g a s a 
resul t  o f  a  distribute d effor t  a t  proble m solving ,  wherea s high -
knowledg e subject s demonstrate d mor e flexible  thinkin g a s th e 
resul t  o f  a  masse d effort . 

O ne explanatio n fo r  thes e findings  i s tha t  whil e breakin g th e 
novic e se t  m a y depen d o n simpl y waitin g fo r  th e activatio n o f 
recentl y prime d irrelevan t  association s t o fade ,  breakin g th e 
exper t  se t  m a y requir e mor e activ e suppressio n o r  inhibitio n o f 
th e irrelevan t  solutio n path s tha t  ar e activate d b y prio r 
knowledge .  Sinc e eac h tim e tha t  a n exper t  newl y encounter s 
domain-relate d informatio n irrelevan t  solution s m a y b e re -
activate d b y domai n knowledg e vi a retrieva l  fro m long-ter m 
memory,  th e exper t  woul d no t  benefi t  fi-om  a  brea k betwee n 
repeate d solutio n attempts ,  o r  incubation .  Instead ,  durin g th e 
cours e o f  th e proble m solving ,  expert s nee d t o suppres s o r 
inhibi t  th e activatio n fo r  irrelevan t  solution s tha t  ar e generate d 
by thei r  knowledge ,  whic h woul d mor e likel y resul t  fro m 
continuou s o r  masse d solutio n attempts .  Alon g thes e line s 
Mednic k himsel f  (1962 )  suggeste d tha t  masse d session s o f 

creativ e wor k shoul d b e mor e successfij l  tha n distribute d 
sessions .  Mednic k offere d tha t  i t  i s onl y onc e on e get s pas t  "th e 
conventiona l  an d stereotype d association s t o th e element s o f  a 
problem "  tha t  on e ca n begi n t o entertai n th e mor e remot e 
association s i n whic h ar e ke y t o creativ e solutions .  Especiall y 
fo r  expert s whos e domain-relate d association s ma y b e quit e 
robust ,  i t  m a y tak e tim e t o ge t  beyon d initia l  solutio n attempts , 
thereb y suggestin g tha t  experts '  creativ e proble m solvin g woul d 
benefi t  fro m a  masse d effort . 

Implication s 

I t  i s importan t  t o not e tha t  th e presen t  stud y di d no t  investigat e 
th e effect s o f  expertis e o n domain-relate d creativ e proble m 
solvin g pe r  se ,  rathe r  i t  provide d a  demonstratio n o f  h o w th e 
possessio n o f  a  larg e amoun t  o f  domai n knowledg e ma y 
constrai n th e generatio n o f  solution s i n th e proble m solvin g o f 
experts .  Whil e thi s doe s no t  necessaril y  impl y tha t  expert s ma y 
experienc e fixation  du e t o thei r  knowledg e o n creativ e problem s 
withi n thei r  domains ,  ther e i s som e evidenc e t o sugges t  tha t  th e 
menta l  se t  du e t o domai n knowledg e demonstrate d i n thi s stud y 
may b e generalizabl e t o domain-relate d problem-solvin g tasks . 
For  instance ,  Jansso n an d Smit h (1991 )  foun d tha t  advance d 
desig n student s ca n b e fixated  b y example s o f  project s tha t 
contai n inappropriat e features .  W h e n aske d t o desig n a  spill -
proo f  coffe e m u g withou t  a  mouthpiece ,  designer s show n a 
prototyp e wit h a  mouthpiec e wer e m u c h mor e likel y t o includ e 
a mouthpiec e i n thei r  plans . 

I n anothe r  vein ,  t o th e exten t  tha t  expert s ma y b e see n t o rel y 
heavil y o n thei r  prio r  knowledg e an d les s o n th e specifi c 
informatio n give n fo r  proble m representation ,  i t  i s  plausibl e tha t 
the y ma y b e fixated  b y tha t  knowledge .  And ,  ther e ar e studie s i n 
many domain s whic h sugges t  tha t  i n fac t  expert s ten d t o conside r 
les s informatio n tha n novice s i n thei r  proble m solving .  Fo r 
example ,  expert s us e les s informatio n tha n novice s i n auditin g 
(Bedard ,  1989) ,  medica l  internshi p an d residenc y decisions ,  an d 
financial  analysi s (Johnson ,  1988) .  Lesgol d (1984 )  foun d tha t 
exper t  radiologist s spen d les s time  tha n less-skille d individual s 
lookin g a t  x-ray s an d fixate  a t  fewe r  locations .  Isenber g (1986 ) 
foun d tha t  experience d busines s manager s solvin g simulate d 
management  problem s use d les s o f  th e informatio n availabl e an d 
ofte n leap t  t o solution s befor e th e problem s wer e full y presented . 
Simila r  result s hav e bee n foun d i n relatio n t o medica l  diagnosi s 
(d e Graaff ,  1989) .  I t  i s  no t  jus t  th e lac k o f  search ,  bu t  th e earl y 
commitmen t  t o a  solutio n pad i  see n i n thes e las t  fe w studies ,  tha t 
suggest s tha t  expert s i n a  numbe r  o f  domain s m a y b e susceptibl e 
t o menta l  se t  an d fixation  i n thei r  proble m solving . 

Lik e othe r  characteristic s o f  expertise ,  th e advantag e o f 
extensiv e knowledg e i n generatin g proble m representation s ma y 
benefi t  proble m solvin g i n mos t  domain-relate d circumstances . 
Extensiv e domai n knowledg e allow s expert s t o infe r  missin g 
infoimation ,  mak e assumption s an d pos t  constraint s o n a 
proble m space ,  al l  o f  whic h ca n lea d t o a  narrowe r  an d usuall y 
mor e efficien t  searc h fo r  solution .  Bu t  th e presen t  stud y suggest s 
tha t  th e influenc e o f  domai n knowledg e o n generatin g proble m 
representation s m a y als o hav e it s costs ,  disadvantagin g expert s 
when nontraditiona l  solutio n path s mus t  b e considered . 
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