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Abstrac t 

In many domains, the content of a problem (i.e., its surface 
cove r  story )  provide s usefu l  clue s a s t o th e typ e o f  proble m i t 
i s  an d it s solution .  Thre e experiment s examine d thi s rol e o f 
proble m conten t  o n th e proble m categorizatio n an d solutio n o f 
algebr a wor d problem s wit h experience d subjects ,  b y 
manipulatin g onl y th e conten t  o f  th e problems .  Whe n a 
problem' s conten t  wa s highl y correlate d wit h it s dee p 
structur e (e.g. ,  a  conten t  o f  car s drivin g fo r  a  distance-time -
rat e problem) ,  peopl e wer e abl e t o categoriz e th e proble m 
afte r  seein g a  smalle r  portio n o f  i t  compare d t o a  baselin e wit h 
content s uncorrelate d t o th e proble m dee p structure .  I n 
addition ,  fo r  mor e comple x problem s i n whic h irrelevan t 
informatio n ha d bee n added ,  proble m solvin g performanc e 
was highe r  an d peopl e showe d greate r  sensitivit y t o th e 
relevanc e o f  th e information .  Whe n a  problem' s conten t 
suggeste d a  differen t  (inappropriate )  typ e o f  problem ,  peopl e 
require d a  greate r  par t  o f  th e proble m t o categoriz e i t  an d 
wer e slowe r  an d les s accurat e a t  solvin g th e problem .  Thes e 
result s sugges t  tha t  conten t  ma y b e influentia l  eve n fo r 
experience d proble m solvers . 

In t roduc t io n 

Many researchers have investigated how experienced 
proble m solver s us e proble m infonnatio n t o acces s an d 
appl y relevan t  knowledg e t o solv e a  problem .  A  c o m m o n 
way o f  characterizin g thi s relevan t  knowledg e i s i n term s o f 
proble m schemata ,  knowledg e su-ucture s tha t  allo w th e 
identificatio n o f  proble m type s an d contai n associate d 
procedure s fo r  solvin g suc h problems .  I n thi s pape r  w e 
examin e h o w experience d proble m solvers '  performanc e i s 
influence d b y th e surfac e conten t  rathe r  tha n th e dee p 
structur e tha t  ha s bee n th e focu s o f  mos t  previou s research . 
The conten t  effect s w e observe d ar e interestin g no t  onl y 
becaus e o f  thei r  influenc e o n performance ,  bu t  als o becaus e 
of  wha t  the y m a y tel l  u s abou t  h o w proble m schemat a ar e 
represented ,  accessed ,  an d applied . 

Chi ,  Feltovich ,  an d Glase r  (1981 )  showe d tha t  novice s 
and expert s us e differen t  proble m aspect s whe n sortin g 
problems .  Th e novice s pu t  problem s togethe r  tha t  share d 
simila r  surfac e conten t  features ,  suc h a s incline d plane s an d 
pulleys .  Th e experts ,  o n th e othe r  hand ,  groupe d problem s 
accordin g t o th e principle s use d t o actuall y solv e th e 
problems ,  suc h a s conservatio n o f  m o m e n t u m an d Newton' s 
Secon d Law .  Thi s distinctio n betwee n relyin g o n surfac e 
conten t  versu s dee p sOTJCtur e i s ofte n considere d a  primar y 

differenc e betwee n novice s an d expert s (e.g. ,  Re iman n & 
Chi ,  1989) . 

However ,  expert s ca n an d d o m a k e us e o f  th e surfac e 
conten t  i n som e situations .  Ch i  e t  al .  (I98I )  reporte d th e 
keyword s use d b y expen s ar e a  subse t  o f  thos e use d b y 
novices .  Hardiman ,  Dufresne ,  an d Mestr e (1989 )  foun d tha t 
experts '  judgment s o f  th e similarit y o f  physic s problem s 
wer e base d no t  onl y problems '  dee p structure ,  bu t  o n thei r 
conten t  a s well .  Bot h o f  thes e studie s demonstrat e tha t 
expert s d o utiliz e superficia l  proble m aspect s i n s o m e 
situations . 

Most  directl y relevan t  t o th e curren t  study .  Hinsley , 
Hayes ,  an d Simo n (1977 )  showe d tha t  experience d algebr a 
wor d proble m solver s wer e abl e t o successfull y predic t  th e 
substanc e o f  a  proble m afte r  hearin g onl y th e initia l  nou n 
phras e o f  a  proble m (" A rive r  steamer...") .  The y als o foun d 
tha t  onc e a  proble m ha s bee n categorize d o n th e basi s o f  it s 
content ,  th e proble m solve r  m a y acces s mor e knowledg e ai d 
solv e th e problem . 

W hy d o experience d proble m solver s us e proble m conten t 
an d wha t  migh t  thi s tel l  u s abou t  th e acces s an d us e o f 
relevan t  proble m solvin g knowledge ? Althoug h th e conten t 
of  a  proble m m a y see m irrelevan t  t o it s solutions ,  ofte n a 
problem' s surfac e conten t  i s  strongl y predictiv e o f  th e 
underlyin g proble m type .  I n m a n y domains ,  problem s o f  a 
give n typ e m a y hav e a  typica l  content .  Fo r  example ,  i n 
physic s i t  i s  ofte n th e cas e tha t  i n solvin g a  proble m wit h a n 
incline d plane ,  Newton' s Secon d L a w wil l  b e needed .  I n 
algebr a wor d problems ,  thi s correlatio n betwee n conten t  Jin d 
typ e i s s o grea t  tha t  mos t  experience d solver s describ e th e 
proble m type s i n term s o f  thei r  typica l  contents ,  suc h a s 
work ,  motion ,  interest ,  mixture ,  age ,  an d rive r  curren t 
problems .  Indeed ,  Maye r  (1983 )  foun d tha t  certai n content s 
appeare d wit h certai n proble m type s mor e frequently ,  an d 
tha t  peopl e wer e sensitiv e t o thes e frequencies .  I t  woul d b e 
strang e i f  experience d solver s di d no t  tak e advantag e o f  th e 
correlation s tha t  occu r  betwee n content s an d proble m type s 
i n orde r  t o acces s th e relevan t  knowledge . 

Littl e researc h ha s examine d th e effec t  o f  conten t  o n 
experience d proble m solvers .  Suc h effect s m a y b e importan t 
i n understandin g h o w proble m schemat a ar e accesse d an d 
applied .  T h e problem' s conten t  migh t  affec t  th e acces s o r 
applicatio n o f  proble m schemata .  Th e conten t  i s availabl e 
quickly ,  s o i t  migh t  provid e a  fas t  heuristi c mean s o f 
categorizin g th e proble m o r  accessin g th e appropriat e 
schem a t o ai d i n late r  instantiatio n an d solution .  I n addition . 
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th e applicatio n o f  th e schem a migh t  b e facilitate d b y a 
typicji l  conten t  allowin g easie r  variabl e instantiation . 

The goa l  o f  th e presen t  rese;u-c h i s t o us e th e effect s o f 
conten t  t o bette r  understan d th e acces s ;ui d applicatio n o f 
proble m solvin g schemat a i n experience d subjects .  I n th e 
firs t  tw o experiment s reporte d her e w e begi n thi s wor k b y 
providin g a  mor e thoroug h investigatio n o f  conten t  effects , 
varyin g th e content s fo r  differen t  proble m type s an d 
examinin g th e effect s fo r  bot h proble m solvin g an d on-lin e 
proble m categorization .  Th e expecte d resul t  i s  tha t  proble m 
conten t  wil l  affec t  th e performanc e o f  experience d subject s 
on thes e tasks ,  bu t  o f  particula r  interes t  i s  th e patter n o f 
performanc e acros s thes e tasks .  I n a  fina l  experiment ,  w e 
exten d thes e result s t o examin e whethe r  th e conten t  effect s 
migh t  chang e wit h th e complexit y o f  th e problem .  I n 
particular ,  w e investigat e whethe r  mor e comple x problem s 
migh t  caus e experience d solver s t o rel y mor e upo n th e 
content . 

E x p e r i m e n t s 1 - 2 

M e t h o d 

Subjects .  T o ensur e tha t  th e subject s ha d a  hig h degre e o f 
mat h competenc y an d previou s mat h experienc e ,  w e teste d 
3 6 graduate s o f  th e Illinoi s Mathematic s an d Scienc e 
A c a d e my ( I M S A )  w h o wer e attendin g th e Universit y o f 
Illinois .  Whil e perhap s no t  algebr a experts ,  the y ca n b e 
considere d highl y experience d i n th e subject .  The y wer e 
pai d fo r  thei r  participatio n i n th e experiment ,  whic h laste d 
abou t  1  hour .  Twelv e subject s participate d i n th e firs t 
(categorization )  experiment ,  an d 2 4 differen t  subject s i n th e 
secon d (proble m solving )  experiment . 

Materials. We constructed 12 triplets of algebra word 
problem s tha t  ha d th e sam e dee p structur e (an d solution )  bu t 
differen t  content s (i.e. ,  cove r  storie s an d objects) .  I n 
Appendi x A  ar e a  se t  o f  "motion "  (o r  distance-rate-time ) 
problems .  I n additio n t o motio n problems ,  fiv e othe r 
proble m type s wer e used :  age ,  interest ,  mixture ,  rive r 
current ,  an d work .  Th e appropriat e problem s hav e th e 
conten t  typicall y associate d wit h th e proble m typ e (i.e. ,  th e 
conten t  correlate d mos t  strongl y wit h th e proble m type) ,  th e 
neutra l  problem s hav e a  conten t  tha t  i s  no t  usuall y 
associate d wit h an y particula r  proble m type ,  an d th e 
inappropriat e problem s hav e a  conten t  typicall y associate d 
wit h a  differen t  proble m typ e (i n th e example ,  a n "interest " 
problem) . 

I n th e categorizatio n experiment ,  eac h proble m wa s spli t 
int o a  numbe r  o f  phrase s (fiv e t o nin e phrase s pe r  problem) . 
Eiic h phras e wa s printe d o n a  8.5 "  x  1 "  sli p o f  p^er .  I n th e 
exampl e presente d i n Appendi x A ,  th e phras e boundarie s 
ar e represente d b y A" ,  an d occu r  i n correspondin g position s 
acros s th e matche d problems .  I n th e proble m solvin g 
experiment ,  eac h proble m wa s presente d a s a  paragrap h a t 
th e to p o f  a  shee t  o f  paper . 

Procedure. In both experiments, each subject received 15 
problems ,  3  practic e an d 1 2 tes t  problems .  Th e 3  practic e 
problem s wer e o f  differen t  type s tha n th e 6  type s liste d 
previously .  Th e 1 2 tes t  problem s containe d 2  eac h o f  th e 6 

types ,  comprisin g 4  i n eac h o f  th e 3  conditions .  Th e 
problem s wer e randoml y ordere d fo r  eac h subject . 

I n th e categorizatio n experiment ,  subject s wer e teste d 
individually ,  an d thei r  comment s tap e recorde d fo r  late r 
transcription .  Afte r  receivin g th e first  phras e o f  a  proble m 
and readin g i t  aloud ,  th e subjec t  wa s aske d thre e prob e 
questions :  a )  H o w woul d yo u categoriz e thi s problem? ; 
b)  Wha t  informatio n t o yo u expec t  i n late r  clauses? ;  ;in d 
c )  Wha t  wil l  th e final  questio n wil l  be ? Afte r  respondin g t o 
th e questions ,  th e subjec t  wa s give n th e secon d phras e o f  th e 
proble m an d aske d th e sam e thre e questions .  Thi s phrase -
prob e procedur e continue d unti l  eithe r  n o phrase s remaine d 
or  unti l  th e subjec t  clearl y kne w wha t  th e proble m entailed . 

I n th e proble m solvin g experiment ,  subject s wer e teste d i n 
smal l  group s o f  2  t o 6 .  Afte r  ever y 4 5 s ,  th e experimente r 
woul d cal l  ou t  "Line. "  Th e subject s the n dre w a  lin e acros s 
th e pag e belo w wher e the y ha d bee n workin g an d continue d 
wor k belo w th e line .  Th e subject s ha d 3  mi n t o wor k o n 
eac h problem . 

Results 

The main result of interest in the categorization experiment 
i s th e proportio n o f  phrase s see n befor e correctl y 
categorizin g a  proble m i n eac h o f  th e conditions .  Bot h 
author s independentl y score d th e answers ,  wit h th e fe w 
difference s resolve d b y discussion .  Th e scor e fo r  eac h 
proble m wa s th e percentag e o f  th e proble m rea d befor e th e 
subjec t  adequatel y answere d th e thre e prob e questions . 
Subject s require d a  mea n o f  0.2 9 o f  a n appropriat e conten t 
proble m i n orde r  t o correctl y categoriz e it ,  0.5 5 o f  a  neutra l 
conten t  problem ,  an d 0.7 9 o f  a n inappropriat e conten t 
problem ,  F(2, l  1 )  =  55.42 ,  M S e =  0.208 ,  p  <  .01 .  Al l  mean s 
ar e differen t  fro m on e anothe r  ( p <  .0 1 b y a  N e w m an Keuls ' 
test) . 

Anothe r  importan t  resul t  fro m thi s experimen t  i s whethe r 
th e problem s i n th e differen t  condition s wer e correctl y 
categorize d b y th e fina l  phrase ,  whe n th e whol e proble m 
had bee n read .  Thi s measur e to o show s som e effec t  o f 
content .  Subject s alway s (4 8 o f  48 )  categorize d th e 
appropriat e conten t  problem s befor e th e final  phras e an d 
almos t  alway s ha d th e correc t  categor y befor e th e en d wit h 
th e neutra l  conten t  problem s (4 4 ou t  o f  48) .  Performanc e 
was lowe r  i n th e inappropriat e conten t  problem s (3 5 o f  48) , 
thoug h the y stil l  wer e correctl y categorize d almos t  7 5 % o f 
th e time . 

Th e dependen t  measure s fro m th e proble m solvin g 
experimen t  wer e th e accurac y an d latenc y wit h whic h th e 
subject s solve d th e problems .  Th e accurac y scor e fo r  eac h 
proble m wa s eithe r  0 ,  0.25,0.50,0.7 5 o r  1  dependin g o n th e 
correctnes s o f  solution .  Th e problem s wer e independentl y 
score d b y tw o people ,  wit h discrepancie s adjudicate d b y a 
thir d party .  Subject s score d a  m e a n o f  0.7 3 o n th e 
appropriat e conten t  problems ,  0.7 7 o n th e neutra l  conten t 
problems ,  an d 0.6 4 o n th e inappropriat e conten t  problems , 
F(2,23 )  =  3.76 ,  M S g =  0.412 ,  p  <  .05 .  Th e inappropriat e 

conten t  problem s differe d fro m bot h th e appropriat e an d 
neutra l  ( p <  .05) . 

Usin g th e line s th e subject s dre w acros s th e pag e a t  4 5 s 
intervals ,  th e midpoin t  o f  th e interva l  i n whic h th e subjec t 
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wrot e dow n th e equatio n tha t  onc e solve d woul d yiel d thei r 
fina l  answe r  wa s recorde d fo r  ever y problem .  A  scor e o f  3 
mi n wa s give n i f  th e subjec t  neve r  arrive d a t  suc h a n 
equation .  I t  i s  importan t  t o not e tha t  th e measur e i s lim e t o 
equation ,  no t  correc t  equation .  Subject s spen t  a  mea n o f 
1.0 6 mi n comin g u p wit h th e equatio n o n th e appropriat e 
problems ,  1.1 9 mi n o n th e neutra l  problems ,  <ui d 1.6 3 mi n 
on th e inappropriat e problems .  F(2,2'i )  =  15.38 ,  M S e =  3.95 , 
p <  .01 ,  agai n wit h th e inappropriat e conten t  problem s 
differin g fro m bot h th e appropriat e an d neutra l  conten t 
problem s { p <  .05) . 

Discussion 

The categorization experiment demonstrates that subjects 
can us e a  problem' s conten t  i n orde r  t o correctl y categoriz e 
tha t  problem .  Th e exten t  t o whic h a  problem' s conten t 
usuall y occur s wit h a  particula r  proble m typ e affect s th e 
proportio n o f  th e proble m th e subjec t  neede d t o rea d befor e 
makin g a  correc t  categorization :  th e appropriat e content s 
wer e categorize d mos t  quickl y an d th e inappropriat e 
content s leas t  quickly .  However ,  mos t  subject s wer e abl e t o 
categoriz e th e problem s befor e th e las t  phrase ,  th e question , 
of  th e proble m wa s read ,  eve n i n th e inappropriat e conten t 
problems . 

I n th e proble m solvin g experiment ,  w e expecte d thi s 
effec t  o f  conten t  t o carr y ove r  i n th e accurac y an d spee d a t 
whic h thes e problem s wer e solved .  However ,  th e 
appropriat e an d neutra l  condition s di d no t  diffe r  i n eithe r 
accurac y o r  speed ,  despit e a  larg e differenc e i n th e 
categorizatio n task .  A s mentioned ,  almos t  al l  o f  th e neutra l 
problem s wer e correctl y categorize d b y th e en d o f  th e 
problem .  Thus ,  t o th e exten t  tha t  thi s categorizatio n measur e 
i s indicativ e o f  schem a acces s durin g proble m solving ,  w e 
migh t  no t  expec t  an y differenc e i n accuracy .  Th e lac k o f  an y 
differenc e i n latenc y wa s surprising ,  bu t  th e dependen t 
measur e use d wa s a  gros s on e (becaus e w e assume d ther e 
woul d b e accurac y differences )  an d i t  ma y b e tha t  th e 
differenc e i n schem a acces s time s woul d b e smal l  anyway . 

However ,  conten t  di d affec t  proble m solving .  Th e 
inappropriat e conditio n performanc e wa s les s accurat e an d 
had longe r  latencie s tha n th e performanc e i n th e othe r  tw o 
conditions .  I t  i s  interestin g t o not e tha t  i n th e categorizatio n 
experiment ,  no t  onl y di d th e inappropriat e conditio n lea d t o 
th e slowes t  categorization ,  bu t  i n abou t  2 5 % o f  th e case s 
ther e wa s no t  a  correc t  categorizatio n eve n whe n th e whol e 
proble m ha d bee n read .  I t  i s  conceivabl e tha t  th e wors e 
performanc e o f  th e inappropriat e conditio n an d th e simila r 
performanc e betwee n th e appropriat e an d neutra l  condition s 
reflec t  schem a acces s effects .  Tha t  is ,  onc e a  schem a ha s 
been accessed ,  th e problem' s conten t  play s n o furthe r  rol e 
whatsoever .  Th e inabilit y  t o acces s a  schem a i n th e 
inappropriat e condition ,  apparentl y solel y becaus e o f 
content ,  lead s t o wors e proble m solvin g behavior . 

Experiment 3 

The previous experiments have shown that subjects can use 
a problem' s conten t  i n orde r  t o categoriz e a  problem ,  an d 
that ,  i n a t  leas t  som e cases ,  conten t  ca n affec t  proble m 
solving .  O n e possibilit y  fo r  th e lac k o f  an y differenc e i n 

proble m solvin g performanc e betwee n th e appropriat e an d 
neutrj d condition s i s tha t  th e problem s use d hav e bee n quit e 
simple ,  s o tha t  th e appropriat e schemat a coul d b e accesse d 
and applie d i n eithe r  conditio n b y suc h experience d 
subjects .  T o bette r  understan d th e rol e o f  conten t  i n proble m 
solving ,  i t  i s  usefu l  t o examin e ho w schemat a ar e accesse d 
iui d applie d t o mor e comple x problems .  I n Experimen t  3 ,  w e 
investigat e thi s possibilit y  b y usin g problem s tha t  hav e 
much additiona l  irrelevan t  informatio n (se e Appendi x B ) . 
The hypothesi s i s tha t  th e appropriat e content s wil l  allo w 
th e experience d solver s t o mor e easil y ascertai n th e 
relevanc e o f  proble m informatio n an d lea d t o bette r 
performance . 

Method 

Subjects. The subjects were 16 graduates of IMS A who had 
not  participate d i n eithe r  Experimen t  1  o r  2 .  The y wer e pai d 
fo r  thei r  participatio n i n th e experiment ,  whic h laste d abou t 
45 min . 

Materials. The problems used in this experiment were 
modifie d version s o f  th e appropriat e an d neutra l  conten t 
problem s fro m Experiment s 1  an d 2 .  Appendi x B  contain s 
an exampl e o f  thes e problems .  Inappropriat e conten t 
problem s wer e no t  used .  Th e modificatio n involve d th e 
additio n o f  irrelevan t  information .  Th e informatio n adde d 
was no t  neede d i n orde r  t o solv e th e problem ,  bu t  wa s 
informatio n tha t  coul d no t  simpl y b e discarde d becaus e i t 
seemed ou t  o f  place . 

Procedure. The procedure was as in the problem solving 
experiment . 

Results 

After conducting the experiment, we found that there were 
seriou s wordin g problem s wit h tw o problem s (on e 
appropriat e an d on e neutral) ,  makin g th e problem s 
ambiguou s an d exceptionall y difficul t  (o r  impossible )  t o 
solve .  Th e presente d score s d o no t  includ e thes e problem s 
(an d thei r  matche d problems) ,  bu t  th e result s wer e ver y 
simila r  whe n the y ar e included . 

Thes e comple x material s di d sho w a n advantag e fo r  th e 
appropriat e condition .  Subject s score d a  mea n o f  0.6 6 o n th e 
appropriat e conten t  problem s an d 0.5 8 o n th e neutra l 
conten t  problems ,  t(l5 )  =  2.13 ,  p  =  .05 .  Thi s advantag e o f 
appropriat e conten t  wa s foun d fo r  1 3 o f  1 6 subjects .  Th e 
tim e measur e showe d onl y a  small ,  non-significan t 
advantag e fo r  th e appropriat e conten t  problems ,  wit h a  mea n 
of  1.7 6 mi n versu s 1.9 0 mi n fo r  th e neutra l  conten t  problem s 
(r(15 )  =  -1.60,/7>.l) . 

We als o collecte d protocol s fro m tw o algebr a expert s 
solvin g thes e problems .  O n e ha d taugh t  algebr a fo r  6  years , 
th e othe r  fo r  28 .  W e analyze d thes e protocol s fo r  th e 
statement s o f  relevan t  aspect s o f  th e proble m (i.e. ,  thos e 
neede d fo r  solution )  versu s irrelevan t  aspect s o f  th e 
problem .  Thi s analysi s showe d tha t  th e expert s wer e mor e 
sensitiv e t o th e relevan t  informatio n i n th e appropriat e 
problem s tha n i n th e neutra l  problems .  I n particular ,  on e 
ca n examin e wha t  proportio n o f  th e protoco l  statement s 
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focu s o n th e relevan t  versu s irrelevan t  aspect s o f  th e 
problem .  Subtractin g th e percen t  tim e spen t  o n irrelevim t 
proble m aspec t  fro m tim e spen t  o n relevjin t  proble m aspect s 
provide s a  measur e o f  ho w focuse d th e proble m solve r  wa s 
on solvin g th e problem .  Fo r  appropriat e problems .  5 5 % 
mor e o f  thei r  statement s wer e o n relevan t  proble m aspect s 
tha n irrelevan t  aspects ,  whil e thi s figur e wa s 4 2 % fo r  th e 
neutra l  problems .  Thi s differenc e suggest s tha t  th e expert s 
mor e readil y filtered  ou t  th e irrelevan t  informatio n i n th e 
appropriat e conten t  problem s tha n i n th e neutra l  conten t 
problems . 

Discussion 

With the added irrelevant information, a difference was 
detecte d betwee n th e appropriat e an d th e neutra l  conten t 
problems ,  i n contras t  t o th e simple r  problem s use d i n 
Experimen t  2 .  Althoug h th e proble m solver s wer e 
experience d i n solvin g algebr a wor d problems ,  th e 
appropriat e conten t  problem s wer e solve d mor e accurately . 
The proble m type s wer e th e sam e a s i n Experimen t  2 , 
suggestin g tha t  th e difference s cam e abou t  no t  becaus e th e 
subject s di d no t  kno w th e underlyin g proble m types ,  bu t 
becaus e th e additiona l  irrelevan t  informatio n interfere d 
mor e wit h th e proble m solvin g fo r  th e neutra l  conten t 
condition . 

Th e protocol s fro m th e algebr a expert s wer e ver y 
revealin g i n ho w the y solve d thes e problems .  I n man y cases , 
soo n afte r  beginnin g t o rea d th e proble m statement ,  the y 
woul d explicitl y  tr y t o categoriz e th e problem .  Thi s categor y 
informatio n wa s the n use d i n orde r  t o determin e th e 
relevanc e o f  proble m statemen t  informatio n an d t o facilitat e 
solvin g th e problem .  Fo r  example ,  afte r  quickl y categorizin g 
an interes t  problem ,  on e exper t  correctl y decide d tw o piece s 
of  informatio n wer e irrelevan t  (" I  a m goin g t o ignor e th e 7 % 
money earne d fro m th e savin g accoun t  fo r  th e moment .  An d 
ignor e wha t  sh e di d wit h th e dividen d fo r  th e moment.") , 
and thi s decisio n helpe d i n solvin g th e problem . 

General Discussion 

In these studies, problem content affected the categorization 
of  problem s an d thei r  solutions .  Fo r  proble m categorization , 
th e appropriat e conten t  problem s wer e categorize d soone r 
tha n th e neutral ,  whil e th e inappropriat e conten t  problem s 
wer e no t  categorize d unti l  muc h mor e o f  th e proble m ha d 
bee n read .  I n proble m solvin g wit h th e simpl e problems , 
performanc e wa s worst ,  i n term s o f  tim e an d accuracy ,  whe n 
th e problem' s conten t  wa s inconsisten t  wit h th e problem' s 
underlyin g typ e (th e inappropriat e problems) ,  eve n thoug h 
th e problem s wer e th e sam e structurall y a s th e matchin g 
appropriat e an d neutra l  conten t  problems .  However ,  n o 
differenc e i n tim e t o solutio n o r  accurac y wa s detecte d 
betwee n th e appropriat e an d neutra l  problems .  Wit h mor e 
comple x problems ,  th e appropriat e conten t  di d lea d t o mor e 
accurat e performanc e tha n th e neutra l  conten t  problems .  I n 
addition ,  th e follow-u p protoco l  stud y indicate s tha t  whe n 
th e conten t  wa s appropriat e t o th e proble m type ,  peopl e ar e 
mor e sensitiv e t o th e relevanc e o f  proble m informatio n tha n 
when th e conten t  i s neutral .  Thus ,  whe n conten t  an d 
underlyin g proble m typ e ar e correlated ,  experience d 

proble m solver s ar e abl e t o mak e us e o f  th e correlatio n i n 
aidin g thei r  proble m solving . 

Althoug h thes e result s provid e clea r  evidenc e fo r  conten t 
effect s i n experience d proble m solvers ,  the y d o no t  allo w a 
detenninatio n o f  whethe r  th e effect s ar e du e t o acces s alon e 
or  whethe r  the y migh t  als o sho w som e effec t  o n applyin g 
th e relevan t  schemati c knowledge .  Som e protocol s sugges t 
tha t  th e content s ar e inlluencin g performanc e throughou t  th e 
proble m solvin g whil e instantiatin g variables ,  bu t  furthe r 
researc h wil l  addres s thi s issu e i n close r  detail .  Suc h 
researc h i s importan t  fo r  understandin g whethe r  proble m 
schemat a contai n content s onl y a s route s o f  acces s o r 
whethe r  th e variable s an d relation s foun d i n proble m 
schemat a ar e specialize d a s a  functio n o f  frequen t  typica l 
contents . 

Appendix A 

E x a m p l e Mot io n Prob le m (Experiment s 1  an d 2 ) 

Appropriate Content 
T wo driver s \  leav e fo r  Lo s Angele s a t  th e sam e time .  \ 
Georg e start s ou t  7 2 mile s fro m L A \  iin d Pegg y start s ou t 
100 mile s fon n LA .  \  Bot h reac h L A a t  exactl y th e sam e 
time .  \  Georg e drive s a t  a  spee d o f  2 7 mph .  \  H o w fas t  doe s 
Peggy drive ? 

Neutral Content 
T wo archer s \  fire  thei r  arrow s a t  th e sam e targe t  a t  th e sam e 
time .  \  Phi l  i s  standin g 7 2 meter s fro m th e targe t  \  an d Rud y 
i s standin g 10 0 meter s fro m th e target .  \  Bot h jutow s hi t  th e 
targe t  a t  exactl y th e sam e time .  \Phil' s  arro w flie s a t  a  spee d 
of  2 7 meters/sec .  \  H o w fas t  doe s Rudy' s arro w fly? 

Inappropriate Content 
T wo investors ,  \  Georg e an d Peggy ,  hol d differen t  stocks .  \ 
Georg e need s $7 2 mor e t o mak e hi s first  thousand ,  \  whil e 
Peggy need s $100 .  \  The y reac h thei r  first  thousan d a t  th e 
same time .  \  Georg e mad e $2 7 eac h day .  \  H o w muc h di d 
Peggy mak e eac h day ? 

Appendix B 

E x a m p l e Mot io n Prob le m (Experimen t  3 ) 

Appropriate Content 
T wo driver s wen t  t o busines s conferences .  Georg e ha s onl y 
worke d 3  year s an d goe s t o th e junio r  executiv e conferenc e 
i n Sa n Diego .  Peggy ,  o n th e hand ,  ha s bee n workin g 2 0 
year s an d s o goe s t o th e senio r  conferenc e i n LA .  George' s 
conferenc e i s 1 0 mile s fro m a  beac h an d Peggy' s i s 2 5 mile s 
fro m one .  Georg e drov e hi s first  2 0 mile s a t  5 5 mph ,  whil e 
Peggy ,  startin g 8 9 mile s awa y fro m George ,  starte d a t  6 5 
mph.  George' s hom e i s 7 2 mile s fro m hi s conference ,  an d 
Peggy i s 10 0 mile s fro m he r  conference .  Du e t o traffic , 
Georg e onl y average d 2 7 m p h o n hi s trip .  Pegg y lef t  he r 
hous e a t  exactl y th e sam e tim e fo r  he r  conference ,  whic h i s 
25 mile s ft-om  George's .  Bot h driver s reac h thei r  conferenc e 
at  th e sam e time .  H o w fas t  di d Pegg y drive ? 
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Neutra l  Conten t 
T wo archer s wen t  t o th e archer y rang e t o shoo t  arrows .  Phi l 
has onl y bee n her e 3  time s an d use s th e novice' s targe t 
range .  Rudy ,  o n th e othe r  hand ,  ha s bee n her e 2 0 time s an d 
uses th e intermediat e range .  Th e novic e rang e i s 1 0 m Cro m 
th e clubhous e an d th e intermediat e rang e i s 2 5 m fro m it . 
Phi l  shoot s hi s first  2 0 arrow s an d average s 5 5 m/ s eac h 
shot ,  whil e Rudy ,  standin g 8 9 m awa y fro m Phil ,  average s 
65 m/s .  Phi l  i s  standin g 7 2 m fro m hi s target ,  an d Rud y i s 
standin g 10 0 m fro m his .  Phi l  aim s hi s nex t  arro w a t  hi s 
target ,  an d fires  a t  a  spee d o f  2 7 m/s .  Rud y fired  on e o f  hi s 
arrow s a t  exactl y th e sam e tim e a t  hi s target ,  whic h i s 2 5 m 
fro m Rudy' s target .  Bot h arrow s reac h thei r  targe t  a t  th e 
same time .  H o w fas t  di d Rudy' s arro w fly ? 
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