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Abstrac t 

Second-generation theories of expertise have 
stresse d th e knowledg e difference s betwee n 
expert s an d novice s an d hav e use d th e seria l 
architectur e o f  th e productio n syste m a s a  mode l 
fo r  bot h exper t  an d novic e proble m solving . 
Recently ,  Holyoa k (1991 )  ha s propose d a  thir d 
generatio n o f  theorie s base d o n th e ide a o f 
expertise-relate d difference s i n th e processin g o f 
solutio n constraints .  Accordin g t o thi s view ,  th e 
proble m solvin g o f  experts ,  i n contras t  t o tha t  o f 
novices ,  ofte n i s bette r  characterize d a s a  proces s 
of  satisfyin g multipl e solutio n constraint s i n 
paralle l  tha n a s a  proces s o f  seriall y  testin g an d 
rejecting  hypotheses .  W e provid e dat a fro m thre e 
experiment s tha t  ar e consisten t  wit h thi s 
hypothesi s fo r  th e domai n o f  anagra m solution . 

B a c k g r o u n d 

How does the problem solving behavior of 
expert s diffe r  fro m tha t  o f  novices ? Accordin g t o 
Holyoa k (1991) ,  th e first  generatio n o f  research 
on expertis e wa s base d o n Newel l  an d Simon' s 
(1972 )  theor y tha t  expert s ar e distinguishe d b y 
thei r  superio r  abilit y  t o emplo y genera l  heuristi c 
searc h methods .  Subsequently ,  researc h i n 
domain s suc h a s ches s an d physic s discovere d 
Uia t  heuristi c searc h wa s a  wea k metiio d actuall y 
use d mor e ofte n b y novice s tha n b y experts .  Thi s 
research  spawne d a  secon d generatio n o f  theorie s 
tha t  focusse d o n expertise-relate d difference s i n 
knowledge .  Accordin g t o th e ne w theories ,  wha t 
distinguishe d expert s fro m novice s wa s th e large r 

1 Th e researc h reporte d i n thi s pape r  wa s 
supporte d b y a  gran t  fro m th e Universit y 
Researc h Counci l  o f  Vanderbil t  University . 

size ,  superio r  organization ,  an d greate r 
accessibilit y  o f  thei r  knowledg e bas e witiii n th e 
domai n o f  expertise .  Regardles s o f  leve l  o f 
expertise ,  however ,  proble m solvin g wa s 
conceptualize d a s a  seria l  proces s base d o n th e 
architectur e o f  th e productio n system . 

Recentiy ,  Holyoa k (1991 )  ha s challenge d th e 
second-generatio n vie w o f  expertise .  I n addition , 
he ha s propose d a  thir d generatio n o f  researc h 
Uia t  woul d b e focusse d o n processin g difference s 
ratiie r  tha n knowledg e differences .  Accordin g t o 
thi s ne w view ,  theorie s o f  exper t  performanc e 
woul d b e base d o n th e paralle l  architectur e o f 
connectionis m (e.g. ,  Rumelhart ,  McClelland ,  & 
tiie  P D F Researc h Group ,  1986) .  Th e hypothesi s 
i s tha t  proble m solvin g i n experts ,  i n contras t  t o 
tha t  o f  novices ,  ofte n i s bette r  characterize d a s a 
proces s o f  attemptin g t o satisf y multipl e tas k 
constraint s i n paralle l  tiian  a s a  proces s o f  seriall y 
testin g an d rejectin g hypoUieses . 

A complet e understandin g o f  expertis e mos t 
Hkel y wil l  require  referenc e t o boU i  knowledg e 
and processin g component s o f  performance .  I n 
tiiis  pap)er ,  w e highligh t  Ui e issu e o f  processin g 
differences .  Studyin g processin g difference s i n 
knowledge-ric h domain s suc h a s ches s an d 
physic s i s difficult ,  however ,  becaus e solver s a t 
differen t  level s o f  expertis e als o wil l  diffe r  i n 
term s o f  thei r  knowledg e bases .  Give n thi s 
potentia l  confound ,  w e chos e anagra m solutio n a s 
th e domai n o f  study ,  becaus e expertise-relate d 
difference s i n knowledg e coul d b e minimized . 

A n a g r a m Solutio n 

Anagram solution involves unscrambling a string 
of  letter s int o a n Englis h wor d (e.g. ,  "iasyd " 
becomes "daisy") .  Clearly ,  anyon e literat e i n 
Englis h ha s th e knowledg e necessar y t o solv e 
most  anagram s (e.g. ,  knowledg e o f  spellin g 
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constraints) .  T o furthe r  minimiz e an y impac t  o f 
knowledg e difference s i n ou r  research ,  w e use d 
onl y  five-letter  anagram s o f  commo n word s (suc h 
as th e exampl e jus t  given) ,  an d ou r  subject s wer e 
colleg e student s a t  a  highl y selectiv e university . 

A secon d importan t  criterio n fo r  selectin g a 
domai n i s tha t  ther e i s som e a  prior i  reaso n fo r 
expectin g expert s t o b e mor e likel y tha n novice s 
t o engag e i n paralle l  processin g o f  solutio n 
constraints .  Anagra m solutio n meet s thi s 
criterio n a s well .  A n intriguin g phenomeno n i s 
tha t  sometime s th e answe r  t o a n anagra m seem s 
t o "po p out "  ver y quickl y withou t  an y consciou s 
awarenes s o f  a  solutio n attempt .  Anecdota l 
report s fro m self-proclaime d expert s sugges t  tha t 
the y solv e man y five-letter  anagram s (e.g. , 
"erjko" ,  "dnsuo" .  "rcwdo" .  "iasyd" )  i n les s tha n 
1.5- 2 seconds .  I n contrast ,  novice s d o no t  ofte n 
repor t  pop-ou t  solutions . 

The hypothesi s tha t  expert s attemp t  t o solv e 
anagram s b y tryin g t o satisf y i n paralle l  th e 
multiple ,  ofte n conflicting ,  constraint s o n th e 
rearrange d orde r  o f  th e letter s suggest s a  potentia l 
mechanis m fo r  th e occurrenc e o f  th e pop-ou t 
phenomenon .  Moreover ,  experts '  intuition s 
concernin g pop-ou t  solution s contras t  wit h tfe 
conclusion s o f  th e experimenta l  literatur e (whic h 
presumabl y i s heavil y weighte d b y dat a fro m 
non-exper t  solvers) ,  whic h characterize s anagra m 
solutio n a s a  deliberate ,  seria l  proces s o f  testin g 
and rejectin g hypotheses . 

Althoug h w e believ e tha t  seria l  processin g o f 
solutio n constraint s characterize s muc h o f 
anagra m solutio n (eve n b y experts) ,  w e d o no t 
believ e tha t  i t  provide s a  complet e accoun t  o f 
exper t  behavior .  Consisten t  wit h researc h i n 
othe r  domain s (e.g. ,  chess) ,  w e suspec t  tha t 
anagra m expert s ofte n unscrambl e anagram s b y a 
paralle l  rathe r  tha n a  seria l  process . 

Seria l  an d Paralle l  Mode l s o f 

A n a g r a m Solutio n 

How would serial and parallel models of anagram 
solutio n differ ? Numerou s answer s t o thi s 
questio n ar e possible .  Ou r  goa l  her e i s simpl y t o 
provid e a  brie f  descriptio n o f  wha t  eac h typ e o f 
model  coul d loo k like ,  no t  t o construc t  detaile d 
simulation s o f  suc h models .  T o understan d th e 
experimenta l  prediction s w e mak e later ,  i t  wil l 
hel p t o hav e i n min d a  concret e exampl e o f  eac h 
typ e o f  solutio n process . 

Mendelsoh n (1976 )  ha s propose d a  serial , 
hypothesis-testin g mode l  o f  anagra m solution . 
The first  phas e o f  solutio n involve s formin g 
hypothese s abou t  th e correc t  lette r  orde r  base d o n 
th e judge d hkelihoo d o f  eac h possibl e bigra m 

(two-lette r  combination) .  Thes e hypothese s ar e 
forme d i n decreasin g orde r  o f  th e bigrams ' 
frequencie s i n th e language .  Fo r  example ,  give n 
th e anagra m "dnsuo, "  th e first  thre e hypothese s t o 
be teste d concernin g th e initia l  bigra m o f  th e 
solutio n woul d be ,  i n order ,  "un" ,  "so" ,  "do " 
(Mayzne r  &  Tresselt ,  1965) .  Th e secon d phas e 
of  solutio n involve s testin g eac h hypothesi s b y 
retrievin g fro m memor y word s tha t  matc h th e 
hypothesize d partia l  reorganizatio n o f  th e 
anagram .  A s eac h hypothesi s fail s  t o matc h a 
word ,  th e nex t  mos t  probabl e on e i s teste d unti l  a 
solutio n i s found .  A n alternativ e seria l  mode l  o f 
anagra m solutio n migh t  propos e tha t  th e secon d 
phas e involve s rearrangin g th e remainin g (i.e. , 
non-initial )  letter s o f  th e anagra m an d attemptin g 
t o find  a  matc h betwee n th e candidat e solution s 
and entrie s i n one' s menta l  lexicon . 

N ow conside r  a  paralle l  mode l  base d o n a 
connectionis t  architecture .  I n on e suc h mode l 
(Novick ,  i n progress) ,  th e (symbolic )  processin g 
unit s correspon d t o hypothese s abou t  possibl e 
combination s o f  letter s an d position s (e.g. ,  D  i n 
positio n 1 ,  denote d her e b y Dl ,  fo r  th e anagra m 
"dnsuo") .  Excitator y an d inhibitor y link s 
(denote d b y "<-»-> "  an d "<;*>" ,  respectively ) 
betwee n th e letter/positio n unit s embod y 
constraint s o n th e rearrangemen t  o f  th e letters . 
Inhibitor y link s instantiat e th e constraint s tha t 
eac h lette r  ca n occup y onl y a  singl e positio n 
(e.g. ,  Dl<7t>D2 )  an d eac h positio n ca n contai n 
onl y a  singl e lette r  (e.g. ,  Dl<;)t>Nl) .  Excitator y 
link s enforc e Englis h spellin g rule s b y favorin g 
bigram s tha t  ar e mor e c o m m o n i n th e languag e 
(e.g. ,  U1<-H>N 2 woul d b e greate r  tha n 
U1<+>S2) .  Constraint s o n individua l  letter / 
positio n unit s als o ca n b e modeled .  Suc h 
constraint s migh t  includ e a  bia s t o begi n word s 
wit h consonants ,  t o pu t  vowel s i n th e middl e o f  a 
word ,  an d t o kee p th e letter s i n th e sam e position s 
i n whic h the y occu r  i n th e anagram .  Mayzne r  an d 
Tressel t  (1958 )  provide d experimenta l  evidenc e 
fo r  th e las t  constraint .  Th e letter/positio n unit s 
accumulat e activatio n ove r  time ,  a s a  functio n o f 
th e othe r  unit s t o whic h the y ar e connecte d an d 
th e weight s o n th e connections ,  unti l  a  stead y 
stat e i s reached .  T o a  first  approximation ,  a 
solutio n i s achieve d i f  th e five  unit s wit h th e 
highes t  activation s for m a n Englis h word . 

The model s jus t  describe d represen t  extreme s 
alon g a  continuu m o f  degre e o f  serialis m versu s 
parallelism .  Hofstadte r  (1983 )  ha s propose d a 
model  o f  anagra m solutio n tha t  incorporate s bot h 
type s o f  processing .  I n thi s model ,  letter s float  i n 
a "cytoplasm "  lookin g fo r  othe r  letter s wit h whic h 
t o for m cluster s o f  increasin g siz e unti l  a  wor d i s 
created .  Althoug h th e progressio n fro m isolate d 
lette r  t o bigra m t o syllabl e t o wor d occur s 
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serially ,  th e clusterin g o f  unit s a t  differen t  level s 
happen s i n parallel .  Differen t  clustering s ar e 
explore d t o differen t  depths ,  dependin g o n suc h 
constraint s a s rule s o f  spelling ,  an d thi s als o 
occur s i n parallel .  A s structure s coalesce ,  th e 
model  graduall y make s a  transitio n fro m primaril y 
paralle l  t o primaril y seria l  processing . 

Exper iment s l a an d l b 

Our first goal was to provide scientific evidence 
fo r  th e existenc e o f  ver y fas t  solution s (i.e. ,  th e 
pop-ou t  phenomenon )  an d fo r  th e associatio n o f 
pop-ou t  wit h expertise .  I n addition ,  fo r  th e 
desig n o f  Experimen t  2 ,  w e neede d t o identif y 
word s tha t  expert s wer e mor e likel y t o solv e 
quickl y tha n novices .  W e wil l  refe r  t o suc h 
stimul i  a s discriminatin g anagrams . 

Metho d 

Subjects. The subjects in Experiment la were 
17 psycholog y graduat e student s an d 2 
undergraduate s wh o wer e selecte d t o represent 
th e ful l  rang e o f  self-reporte d abilit y  o n a  1 
(awftil )  t o 9  (excellent )  scale .  I n th e experimenta l 
session ,  subject s complete d a n objectiv e tes t  o f 
anagram-solvin g abilit y  (th e Scramble d Word s 
Test )  i n whic h the y wer e give n 1 0 mi n t o solv e 
20 difficul t  five-letter  anagram s selecte d firo m 
Arnol d an d Le e (1973) .  Th e subject s i n 
Experimen t  l b wer e 2 0 undergraduate s wh o wer e 
preselecte d base d o n thei r  Scramble d Word s Tes t 
scores :  eigh t  hig h solver s ha d score s o f  1 2 o r 
more ,  fou r  intermediat e solver s ha d score s 
betwee n 7  an d 1 1 inclusive ,  an d eigh t  lo w solver s 
had score s o f  6  o r  less . 

Materials, design, and procedure. Subjects in 
Experimen t  l a solve d 11 0 cor e anagrams .  A n 
additiona l  4 0 filler  anagram s tha t  require d onl y 
one lette r  mov e fo r  solutio n (e.g. ,  "pkoer" )  wer e 
intersperse d throughou t  thi s lis t  t o ensur e tha t  al l 
subject s woul d hav e som e succes s a t  th e task . 
Subject s i n Experimen t  l b solve d 12 0 cor e 
anagrams .  Som e o f  th e anagram s wer e th e sam e 
as thos e use d i n Experimen t  la .  Other s wer e ne w 
scrambling s o f  th e ol d word s becaus e th e eariie r 
results  di d no t  enabl e u s t o identif y a  sufficientl y 
larg e se t  o f  discriminatin g anagrams .  Suc h 
anagram s ar e difficul t  t o identify ,  becaus e 
numerou s anagra m problem s ca n b e constructe d 
fo r  a  word ,  an d th e differen t  anagram s ar e no t 
equivalen t  i n difficult y (e.g. ,  "rcwdo "  results  i n 
mor e fas t  solution s tha n doe s "dwcor") .  Th e 
anagram s wer e divide d int o tw o blocks .  Subject s 

als o complete d a  bloc k o f  1 0 practic e anagrams . 
Al l  anagram s wer e printe d i n lower-cas e letters . 

The anagram s wer e presente d on e a t  a  tim e o n a 
compute r  scree n fo r  a  maximu m o f  1 0 se c each . 
Subject s presse d a  butto n o n a  response  bo x a s 
soo n a s the y solve d th e anagram ,  an d the n the y 
reporte d thei r  solutio n ou t  lou d t o th e 
experimenter .  Th e compute r  recorde d th e 
solutio n time .  Feedbac k wa s give n concernin g 
th e correc t  solutio n fo r  eac h trial . 

Subject s i n bot h experiment s als o complete d th e 
Conceale d Word s Tes t  fro m th e Ki t  o f  Referenc e 
Test s fo r  Cognitiv e Factor s (French ,  Ekstrom ,  & 
Price ,  1963) .  Thi s i s a  speede d tes t  i n whic h 
subject s hav e t o identif y word s tha t  hav e bee n 
partiall y  erase d (se e Figur e 1) .  French ,  Ekstrom , 
and Pric e indicat e tha t  performanc e o n thi s tes t  i s 
correlate d wit h anagra m solution .  Mor e 
importan t  fo r  ou r  purposes ,  successfu l 
performanc e o n th e Conceale d Word s Tes t  woul d 
see m t o require  paralle l  processing ,  becaus e eac h 
partia l  lette r  i s  ambiguou s i n isolation ,  an d i n fac t 
McCleUan d an d Rumelhar t  (1981 )  use d tiieir 
compute r  model' s abilit y  t o "read "  suc h item s a s 
supportin g evidenc e fo r  th e us e o f  paralle l 
processin g i n di e identificatio n o f  letters . 

r!:.'.."*ic l ':**,i j i 1 / , ^ V . > ^ S ^ 

Figur e 1 .  T w o example s o f  di e typ e o f  ite m tha t 
appear s o n th e Conceale d Word s Test .  Th e 
solution s ar e "cabinet "  an d "knowledge, " 
respectively. 

Result s 

Because the literature provides no guidance in 
definin g fas t  solutions ,  an y criterio n i s somewha t 
arbitrary .  W e chos e 2  se c a s ou r  cut-of f  time  fo r 
a fas t  solution ,  becaus e belo w abou t  2  se c expert s 
get  clea r  intuition s o f  di e solutio n poppin g out , 
wherea s abov e abou t  2  se c expert s ge t  clea r 
intiiition s o f  usin g a  seria l  strategy .  T o contro l 
fo r  di e fac t  tha t  b y definitio n bette r  anagra m 
solver s solv e mor e anagram s tha n poore r  solver s 
overall ,  ou r  measur e o f  proficienc y a t  solvin g 
anagram s quickl y wa s th e percen t  o f  eac h 
subject' s solution s tha t  occurre d i n unde r  2  sec . 
We wil l  refer  t o thi s measur e a s %rapid . 

Not  surprisingly ,  accurac y o n ou r  relativel y 
unspeede d tes t  o f  anagra m expertis e (th e 
Scramble d Word s Test )  wa s highl y correlate d 
wit h accurac y o n th e cor e anagram s i n ou r 
speede d experimenta l  task :  r  =  .79 ,  p  <  .01 ,  an d 
r  =  .54 ,  p  <  .05 ,  fo r  Experiment s l a an d lb , 
respectively .  Mor e importantiy ,  expertis e wa s 
highl y correlate d wid i  spee d o f  solutio n o f  di e 
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experimenta l  items ,  a s define d b y th e %rapi d 
measure :  r  =  .71,p < .01 ,  an d r = .46 ,  p  <  .05 , 
respectively ,  fo r  Experiment s l a an d lb . 
Althoug h th e correlatio n betwee n expertis e an d 
fas t  solution s doe s no t  illuminat e directl y th e 
issu e o f  strateg y use ,  th e dat a fro m th e Conceale d 
Words Tes t  provid e evidenc e consisten t  wit h th e 
hypothesi s tha t  expert s ar e mor e likel y t o us e a 
paralle l  solutio n strateg y tha n ar e novices .  I n 
bot h experiments ,  accurac y o n thi s tes t  wa s 
highl y correlate d wit h th e %rapi d measure :  r  = 
.6 1 an d r  =  .5 7 fo r  Experiment s l a an d lb , 
respectively ,  both p <  .01 . 

Exper imen t  2 

Gathering experimental evidence for parallel 
versu s seria l  processin g i s difficult ,  becaus e 
typicall y i t  i s  possibl e t o construc t  model s o f  tte 
tw o type s tha t  mimi c eac h other .  Nevertheless ,  i t 
i s  importan t  t o distinguis h th e tw o model s 
(Townsend ,  1990) .  Th e purpos e o f  Experimen t 
2 wa s t o begi n t o explor e th e consequence s o f  th e 
hypothesize d greate r  frequenc y o f  paralle l 
processin g o f  solutio n constraint s amon g expert s 
tha n novices .  W e use d a  methodolog y describe d 
by Townsen d i n whic h subjects '  processin g wa s 
interrupte d prio r  t o completion .  Afte r  an y fixed 
amount  o f  time ,  mor e partia l  informatio n wil l  b e 
availabl e t o thos e engage d i n paralle l  rathe r  tha n 
seria l  processing ,  becaus e i n th e forme r  cas e 
multipl e piece s o f  informatio n ar e processe d 
simultaneously ,  wherea s i n th e latte r  cas e 
processin g proceed s sequentially .  Fo r  example , 
assume tha t  processin g o f  a  five-letter  anagra m i s 
interrupte d afte r  N  ms .  Wit h paralle l  processing , 
one ha s N  m s o f  partia l  informatio n o n eac h 
letter ,  includin g informatio n o n th e variou s 
constraint s concernin g th e location s o f  th e letter s 
and bigrams .  Wit h seria l  processing ,  however , 
one ha s eithe r  N  m s o f  partia l  informatio n o n on e 
lette r  o r  /V/ 5 m s o f  partia l  informatio n o n eac h 
lette r  (o r  somethin g betwee n thes e tw o extremes ; 
i n an y case ,  les s informatio n i s availabl e tha n 
wit h paralle l  processing) .  Informatio n abou t  th e 
constraint s o n th e lette r  position s woul d b e 
sparser ,  becaus e tha t  informatio n canno t  b e 
accesse d unti l  al l  o f  th e letter s hav e bee n encoded . 

Metho d 

Solvability judgment task. The subject's task 
was t o judg e whethe r  a  strin g o f  letter s coul d b e 
unscramble d t o for m a n Englis h wor d (e.g. , 
"dnsuo "  form s "sound, "  bu t  "rusyb "  doe s no t 
for m a  wor d n o matte r  ho w th e letter s ar e 

rearranged) .  Th e stimul i  wer e presente d a t  on e o f 
thre e displa y durations :  short ,  intermediate ,  o r 
long .  Eve n a t  th e relativel y lon g durations , 
however ,  th e tim e allotte d fo r  processin g wa s s o 
brie f  tha t  mos t  subject s wer e no t  expecte d t o b e 
abl e t o solv e th e anagrams .  Thu s subject s wer e 
force d t o mak e thei r  solvabilit y  judgment s base d 
on partia l  information .  Becaus e th e unsolvabl e 
item s wer e ver y simila r  t o th e anagrams , 
considerabl e informatio n abou t  th e possibl e 
position s o f  al l  letter s woul d b e neede d t o 
distinguis h th e tw o type s o f  stimuli .  I f  subject s 
hav e considerabl e informatio n o n onl y a  fe w o f 
th e letters ,  o r  ver y littl e informatio n o n al l  letters , 
thei r  performanc e shoul d b e nea r  chanc e level . 

Our  hypothesi s o f  greate r  paralle l  processin g 
among expert s tha n novice s lead s t o th e 
predictio n tha t  hig h solver s wil l  b e mor e accurat e 
tha n lo w solver s a t  distinguishin g solvabl e fro m 
unsolvabl e items .  A t  th e shortes t  displa y 
durations ,  w e expec t  tha t  th e lo w solvers * 
performanc e wil l  b e a t  o r  nea r  chance .  I n 
contrast ,  hig h solver s ma y b e abov e chanc e eve n 
at  th e shor t  durations . 

Materials. Based on the results of Experiments 
l a an d lb ,  w e chos e 3 0 anagram s tha t 
discriminate d hig h an d lo w solver s i n term s o f 
solutio n time ,  wit h pop-ou t  bein g mor e likel y fo r 
th e hig h solvers .  Th e item s wer e selecte d t o mee t 
th e foUowin g criteria :  (a )  th e correlatio n betwee n 
solutio n tim e an d expertis e wa s a t  leas t  a s extrem e 
as -.2 4 ( M =  -.39 ,  rangin g fro m -.2 4 t o -.67) ,  (b ) 
ther e wa s a  ga p i n th e solutio n tim e distributio n o f 
at  leas t  20 0 m s a t  o r  befor e 2  se c ( M =  47 6 ms , 
rangin g fro m 204-131 3 ms) ,  an d (c )  th e difficult y 
of  solutio n wa s moderate ,  define d a s 20-65 % o f 
subject s solvin g th e anagra m a t  o r  belo w th e 
lowe r  limi t  o f  th e brea k i n th e solutio n tim e 
distributio n (se e (b )  above ;  hencefort h referred  t o 
as th e rapi d solutio n cut-of f  time ;  M = 4 1 % ) .  I n 
additio n t o th e 3 0 experimenta l  anagrams ,  ther e 
wer e 4 5 trainin g an d 1 5 warm-u p anagrams . 

Each anagra m wa s matche d t o a  "nonanagram " 
(i.e. ,  a n ite m tha t  coul d no t  b e unscramble d t o 
for m a n Englis h word ;  e.g. ,  "clnai") ,  whic h wa s 
constructe d a s follows :  First ,  a  wor d wa s 
selecte d tha t  bega n wit h th e sam e lette r  a s th e 
anagram .  Then ,  on e lette r  o f  tha t  wor d wa s 
replaced  b y anothe r  lette r  (vowe l  fo r  vowe l  o r 
consonan t  fo r  consonant )  suc h tha t  th e resultin g 
set  o f  five  letter s coul d no t  b e rearrange d t o fom i 
a word .  Th e lette r  tha t  wa s substitute d me t  th e 
restrictio n tha t  it s  frequenc y o f  occurrenc e i n 
Englis h differe d fi-om  tha t  o f  th e replaced  lette r  b y 
a rati o o f  n o mor e tha n 2: 1 (se e Pratt ,  1942) . 
Finally ,  th e letter s o f  th e nonwor d wer e 
scramble d suc h tha t  th e absolut e differenc e 
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betwee n th e summe d bigra m frequenc y (SBF )  o f 
th e nonanagra m an d tha t  o f  it s  matche d anagra m 
was n o mor e tha n 2 5 point s ( M =  10.38) .  Th e 
S BF o f  "clnai. "  fo r  example ,  i s  48 .  whic h i s 
obtaine d b y summin g th e frequenc y o f  C L i n 
position s 1  an d 2 .  L N i n position s 2  an d 3 ,  etc . 
(se e Mayzne r  &  Tresselt .  1965) . 

Subjects, design, and procedure. The 
subject s wer e 3 0 undergraduate s wh o wer e 
preselecte d base d o n thei r  Scramble d Word s Tes t 
scores :  1 5 hig h solver s ha d score s o f  1 2 o r 
more ,  an d 1 5 lo w solver s ha d score s o f  6  o r  less . 
We crosse d th e tw o level s o f  expertis e wit h thre e 
level s o f  displa y duration .  Becaus e th e rapi d 
solutio n cut-of f  time s differe d fo r  th e 3 0 
experimenta l  anagram s (rangin g fro m 1318-199 9 
ms) ,  th e short ,  intermediate ,  an d lon g displa y 
duration s wer e define d a s percentage s o f  th e cut -
of f  times :  4 5 % (A /  =  80 3 ms) ,  7 0 % ( M =  124 9 
ms) ,  an d 8 5 % ( M =  151 7 ms) ,  respectively . 
Thre e stimulu s list s wer e constructe d s o tha t  eac h 
subjec t  woul d se e a  give n experimenta l  ite m a t 
onl y a  singl e displa y duration ,  bu t  acros s list s 
eac h ite m woul d appea r  a t  eac h o f  th e thre e 
durations .  Th e nonanagra m displa y duration s 
wer e yoke d t o thei r  matche d anagra m times . 

A deadlin e procedur e wa s use d t o forc e subject s 
t o mak e thei r  solvabilit y  judgment s base d o n 
partia l  information .  Th e stimulu s wa s displaye d 
fo r  a  predetermine d duration .  Coinciden t  wit h th e 
offse t  o f  th e stimulus ,  a  bee p sounde d indicatin g 
tha t  subject s wer e t o respond.  I f  subject s di d no t 
respond  withi n 25 0 ms ,  anothe r  bee p sounde d t o 
indicat e th e en d o f  th e respons e period . 
Response s wer e recorde d u p t o 12 5 m s afte r  th e 
secon d beep .  Feedbac k o n eac h tria l  include d th e 
response  tim e fo r  tha t  trial ,  th e averag e respons e 
time ,  an d th e solutio n (o r  "no t  a  word "  fo r  th e 
nonanagrams) .  Subject s complete d 9 0 trainin g 
trial s prio r  t o th e experimenta l  items .  Response s 
t o onl y 5 % o f  th e item s wer e los t  du e t o subject s 
failin g t o respon d withi n th e 37 5 m s deadline . 

Result s 

Our primary measure of performance was d', a 
sensitivit y measur e fro m signa l  detectio n theory . 
Applyin g th e theor y t o ou r  task ,  w e assum e tha t 
eac h stimulu s yield s a n impressio n o f  solvabilit y 
at  som e valu e alon g a  "sensory "  continuum . 
Then ,  d '  i s  define d a s th e distanc e betwee n th e 
means o f  th e distribution s fo r  th e anagram s an d 
th e nonanagram s (i n standar d scor e units) .  Th e 
mor e sensitiv e subject s ar e t o th e solvabilit y  o f 
th e items ,  th e farthe r  apar t  thei r  tw o distribution s 

and th e highe r  thei r  d '  scores .  A  d '  o f  0  indicate s 
chanc e performance . 

A d '  scor e wa s compute d fo r  eac h displa y 
duratio n fo r  eac h subject .  A n A N O V A o n thes e 
dat a indicate d tha t  hig h solver s wer e mor e 
sensitiv e t o ite m solvabilit y  tha n wer e lo w 
solvers ,  F(l .  28 )  =  18.65,/ ? <  .001 .  I n addition , 
sensitivit y increase d a s displa y duratio n 
increased ,  F(2 ,  56 )  =  2.88 ,  p  <  .07 .  Ther e wa s 
no interactio n betwee n leve l  o f  expertis e an d 
displa y duration ,  F(2 ,  56 )  <  I .  Th e mea n d ' 
score s ar e show n i n Tabl e 1 .  Fo r  th e hig h 
solvers ,  al l  o f  th e mean s wer e reliabl y abov e 
chance .  I n contrast ,  lo w solvers '  performanc e 
was reliabl y abov e chanc e onl y a t  th e longes t 
(85% )  duration .  I n furthe r  suppor t  o f  th e 
hypothesi s tha t  goo d performanc e o n th e 
solvabilit y  judgmen t  tas k involve s paralle l 
processing ,  mea n d '  score s (collapse d acros s 
displa y duration )  wer e positivel y correlate d wit h 
Conceale d Word s Tes t  scores ,  r  =  .43 ,  p  <  .05 . 

Exposur e 
Duratio n 

4 5 % 
7 0 % 
85 % 
mean 

Sensitivit y (d' ) 
Hig h Solver s Lo w Solver s 
M S D M S D 

0.7 9 0.8 4 
1.1 7 0.7 3 
1.3 4 0.6 8 
1.1 0 0.5 7 

0.2 0 0.5 5 
0.3 1 0.8 4 
0.4 3 0.6 4 
0.5 1 0.4 2 

Tabl e 1 .  Sensitivit y t o Solvabilit y  (d' )  a t  Eac h 
Displa y Duratio n fo r  Hig h an d Lo w Solvers . 

We also analyzed subjects* criteria for choosing 
a response .  "Sensory "  value s abov e an d belo w 
th e criterio n lea d t o responses  o f  "solvable "  an d 
"no t  solvable, "  respectively .  W e use d C  a s a 
measur e o f  th e locatio n o f  th e response  criterion , 
becaus e i t  i s  independen t  o f  d '  (Snodgras s & 
Corwin ,  1988) .  Mathematically ,  C  i s  th e distanc e 
(o n th e sensor y continuum )  o f  th e criterio n fro m 
th e intersectio n o f  th e anagra m an d nonanagra m 
distributions .  Positiv e C  score s indicat e a  stric t 
criterio n (bia s t o respon d "no t  solvable") ,  an d 
negativ e score s indicat e a  lenien t  criterio n (bia s t o 
respon d "solvable") .  C  =  0  mean s tha t  th e 
subjec t  i s  unbiased .  A n A N O V A indicate d a 
marginall y reliabl e effec t  o f  expertise ,  F(l ,  28 )  = 
3.49 ,  p  <  .08 ,  wit h hig h solver s settin g a  stricte r 
criterio n tha n lo w solver s (se e Tabl e 2) .  Ther e 
als o wa s a  mai n effec t  o f  displa y duration ,  F(2 , 
56 )  =  3.79 ,  p  <  .03 ,  indicatin g tha t  respons e 
criteri a becam e stricte r  a s displa y duratio n 
increased .  I t  make s sens e tha t  subject s woul d 
requir e mor e evidenc e befor e decidin g tha t  a n 
ite m i s solvabl e i f  the y alread y hav e bee n woricin g 
fo r  a  relativel y lon g tim e withou t  gettin g a n 
answer .  Ther e wa s n o interactio n betwee n leve l 
of  expertis e an d displa y duration ,  F(2,56 )  <  1 . 
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Exposur e 
Duratio n 

10% 
85 % 

Respons e Criterio n (C ) 
Hig h Solver s Lo w Solver s 
M S D M S D 

mean 

0.3 9 
0.3 6 

u w 
0.5 0 
0.4 3 

" O S " 

0.0 2 
0.0 8 

0.3 9 
0.5 8 

Tabl e 2 .  Respons e Criterio n (C )  a t  Eac h Displa y 
Duratio n fo r  Hig h an d L o w Solvers . 

Discussio n 

The research reported here has been conducted 
withi n th e framewor k o f  th e thir d generatio n o f 
expertis e theorie s (Holyoak ,  1991) ,  whic h 
propose s tha t  exper t  performanc e i s base d o n 
paralle l  processin g o f  solutio n constraints ,  i n 
contras t  t o th e seria Q processin g o f  novices .  Ou r 
dat a o n anagra m solutio n ar e consisten t  wit h thi s 
hypothesis .  First ,  w e provide d evidenc e o f  a 
pop-ou t  phenomeno n o f  ver y fas t  anagra m 
solutio n (withi n 2  sec )  tha t  i s  highl y correlate d 
wit h expertise .  Second ,  whe n subject s ha d t o 
judg e whethe r  lette r  string s wer e solvabl e base d 
on incomplet e processin g o f  thos e strings , 
performanc e wa s directl y relate d t o expertise .  I n 
fact ,  a t  th e shorte r  displa y durations ,  onl y th e 
more expjer t  solver s performe d reliabl y abov e 
chance .  Finally ,  bot h th e frequenc y o f  pop-ou t 
solution s an d th e abilit y  t o discriminat e solvabl e 
and unsolvabl e stimul i  base d o n partia l 
informatio n wer e highl y correlate d wit h score s o n 
th e Conceale d Word s Test ,  whic h prio r  researc h 
woul d sugges t  require s paralle l  processin g fo r 
good performance . 

I n sum ,  th e researc h reporte d her e ha s provide d 
evidenc e concernin g fundamenta l  processin g 
difference s a s a  functio n o f  expertise .  Clearly , 
any attempt s t o facilitat e th e acquisitio n o f 
expertis e mus t  b e base d o n a  soli d understandin g 
of  wha t  i s t o b e acquired .  Althoug h anagra m 
solutio n probabl y i s no t  a  skil l  a t  whic h mos t 
peopl e wis h t o becom e expert ,  i t  i s a n excellen t 
domai n fo r  testin g th e hypothesi s unde r 
consideration .  Onc e th e natur e o f  processin g 
difference s i s understoo d i n simple r  domain s 
(suc h a s anagra m solution) ,  th e wor k ca n b e 
extende d t o mor e knowledge-intensiv e an d 
"messier "  domains ,  suc h a s physic s proble m 
solvin g o r  medica l  decisio n making . 
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