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Abstrac t 

Two views of problem solving procedure generalization are 
compare d i n a n experiment :  th e Generalizatio n b y 
Applyin g Example s (GenApp )  an d Generalizatio n b y 
Studyin g Example s (GenStudy )  views .  Th e result s sugges t 
tha t  learner s ca n acquir e a  sufficientl y genera l  approac h fo r 
solvin g nove l  problem s b y studyin g appropriately -
designe d example s tha t  encourag e on e t o for m subgoal s t o 
represen t  a  solutio n procedure .  Learner s wh o ar e le d t o 
for m a  mor e rot e procedur e sho w muc h les s transfer .  N o 
evidenc e wa s foun d fo r  generalizatio n throug h application . 

Introduction 

Learner s hav e difficult y solvin g problem s tha t  involv e mor e 

tha n mino r  change s t o th e procedur e demonstrate d b y 

trainin g problem s o r  example s (e.g. ,  Bassok ,  W u ,  &  Olseth , 

1995 ;  Catrambone ,  1995 ,  1996 ,  i n press ;  Novic k & 

Holyoak ,  1991 ;  Reed ,  Dempster ,  &  Ettinger ,  1985 ;  Ross , 

1987 ,  1989) .  Peopl e ten d t o for m solutio n procedure s tha t 

consis t  o f  a  lon g serie s o f  step s rathe r  tha n mor e meaningfu l 

representation s tha t  woul d enabl e the m t o successfull y tackl e 

n e w problem s (Single y &  Anderson ,  1989) . 

Suc h findings  ar e a  caus e fo r  concern .  Presumabl y on e o f 

th e job s o f  educatio n i s t o equi p peopl e t o dea l  wit h nove l 

problem s an d situations ,  no t  jus t  a  smal l  recognizabl e set . 

Yet  i t  appear s tha t  thi s jo b doe s no t  ge t  done .  Learner s 

see m t o b e predisposed ,  o r  th e environmen t  shape s the m t o 

develo p th e disposition ,  t o hav e thei r  proble m solvin g 

guide d b y set s o f  memorize d step s an d b y surfac e feature s o f 

problem s (Chi ,  Feltovich ,  &  Glaser ,  1981 ;  Larkin , 

McDermott ,  Simon ,  &  Simon ,  1980 ;  Ross ,  1987 ,  1989) . 

Surfac e o r  superficia l  feature s ar e thos e aspect s o f  problem s 

that ,  whe n changed ,  d o no t  affec t  th e solutio n procedure ;  tha t 

is ,  the y hav e n o necessar y relevanc e t o th e solutio n t o th e 

problem .  Learner s ofte n d o no t  realiz e tha t  seemingl y 

differen t  set s o f  step s acros s problem s migh t  b e calculatin g 

th e sam e thin g suc h a s th e forc e actin g o n a  particula r 

object . 

Student s ten d t o memoriz e th e detail s o f  h o w equation s ar e 

filled  ou t  rathe r  tha n learnin g th e deeper ,  conceptua l 

knowledg e tha t  i s  implici t  i n th e details .  Thus ,  i f  the y ar e 

give n a  n e w proble m tha t  seem s simila r  t o a n ol d one~a t  a 

surfac e level~the y wil l  tr y t o appl y a  se t  o f  step s fro m th e 

ol d problem .  Thes e step s ar e invoke d whe n th e leame r 

recognize s certai n feature s t o b e presen t  i n a  problem .  I f  th e 

step s ca n no t  b e used ,  th e leame r  wil l  frequentl y no t  kno w 

what  t o d o o r  wil l  carr y ou t  a n inappropriat e procedure . 

A mor e fruitfu l  approac h t o proble m solvin g woul d b e t o 

organiz e one' s proble m solvin g knowledg e i n som e wa y tha t 

generalize s acros s problem s i n a  domain .  On e typ e o f 

knowledg e structur e tha t  appear s t o ai d procedura l 

generalizatio n i s on e organize d b y subgoals . 

As use d i n th e presen t  paper ,  a  subgoa l  represent s a 

meaningfu l  conceptua l  piec e o f  a n overal l  solutio n 

procedure .  Subgoal s ca n b e use d b y a  learne r  t o hel p hi m o r 

her  solv e nove l  problem s sinc e problem s withi n a  domai n 

typicall y shar e th e sam e se t  o f  subgoals ,  althoug h th e step s 

fo r  achievin g th e subgoal s migh t  var y fro m proble m t o 

problem .  A  subgoa l  ca n serv e a s a  guid e t o whic h par t  o f  a 

previously-learne d solutio n procedur e need s t o b e modifie d 

fo r  a  nove l  proble m (Catrambone ,  1996 ,  i n press) . 

Designing Better Examples 

Earlie r  studie s hav e demonstrate d tha t  i f  example s ar c 

designe d i n suc h a  wa y a s t o encourag e subgoa l  learning , 

the n learner s ar e mor e likel y t o correctl y solv e ne w 

problem s tha t  involv e th e sam e subgoal s bu t  requir e ne w 

step s fo r  achievin g the m (Catrambone ,  1995 ,  1996) .  Thi s 

vie w migh t  b e calle d th e "generalizatio n b y studyin g 

examples "  (o r  GenStudy )  view . 

For  instance ,  conside r  th e permutatio n exampl e an d 

"equation-oriented "  solutio n i n Figur e la .  Afte r  studyin g 

thi s exampl e abou t  computers ,  a  learne r  migh t  thin k tha t  th e 

way t o solv e suc h "choice "  problem s i s t o find  th e numbe r 

of  thing s bein g picked ,  decremen t  tha t  numbe r  b y th e 

number  o f  time s thing s ar e bein g picked ,  muhipl y thos e 

number s together ,  an d the n divid e 1  b y tha t  result . 

However ,  suc h a n approac h woul d b e wron g fo r  problem s i n 

whic h th e role s o f  human s an d object s wer e reversed . 

Conside r  th e proble m i n Figur e l b abou t  chairs .  Th e correc t 
1 

answe r  t o thi s proble m i s  11*1 0 O n e mus t  conside r  wha t 

i s bein g picke d an d no t  jus t  assum e tha t  th e numbe r  o f 

object s form s th e basi s fo r  th e denominator .  I n th e 

compute r  proble m i t  i s  computer s tha t  ar e bein g picke d an d 

thus ,  th e numbe r  o f  computer s (o r  things )  supplie s th e 
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startin g valu e fo r  th e denominator .  Suc h a n approac h t o th e Probabilit y  o f  th e first  scientis t  (wh o come s first 

1 alphabetically )  gettin g th e compute r  wit h th e lowes t 

chai r  proble m woul d lea d t o a n incorrec t  answe r  o f  14*13 .  seria l  numbe r  =1/11 . 

I n th e chai r  proble m i t  i s  th e numbe r  o f  secrelaric s tha t 
supplie s th e startin g valu e fo r  th e denominato r  sinc e Probabilit y of^secon d scientis t  gettin g secon d lowes t 

secretarie s ar e bein g assigne d t o chair s (or .  chair s ar e seria l  numbe r  =  1/10 . 

"picking "  secretaries) . 
Suppos e thoug h tha t  th e solutio n studie d t o th e compute r  Probabilit y  o f  thir d scientis t  gettin g thir d lowes t 

proble m wa s presente d i n th e followin g "subgoal-oriented "  ^̂ "̂ '  numbe r  =  1/9 . 

way: 
_ L *  _ L *  1  =  _ 1 _ =  overal l  probabilit y 

So,  1 1 1 0 9  99 0 

a. )  Th e suppl y departmen t  a t  I B M ha s t o mak e sur e tha t  scientist s ge t  computers .  Today ,  the y hav e 1 1 I B M computer s 

and 8  I B M scientist s requestin g computers .  Th e scientist s randoml y choos e thei r  computer ,  bu t  d o s o i n alphabetica l 

order .  W h a t  i s th e probabilit y  tha t  th e first  3  scientist s alphabeticall y wil l  ge t  th e lowest ,  secon d lowest ,  and  thir d 

lowes t  seria l  numbers ,  respectively ,  o n thei r  computers ? 

Equation-Oriented Solution: 
1 

The equatio n neede d fo r  thi s proble m i s n  *  ( n 1 )  *  .. .  *  ( n r  +  1 )  jhi s equatio n allow s on e t o determin e th e 

probabilit y  o f  th e abov e outcom e occurring .  I n thi s proble m n  =  1 1 an d r  =  3 .  Th e 1 1 represent s th e numbe r  o f 

computer s tha t  ar e availabl e t o b e chose n whil e th e 3  represent s th e numbe r  o f  choice s tha t  ar e bein g focuse d o n i n thi s 

problem .  Th e equatio n divide s th e numbe r  o f  way s th e desire d outcom e coul d occu r  b y th e numbe r  o f  possibl e 

!  =  - J — =  overal l  probabilit y 
outcomes .  So ,  insertin g 1 1 an d 3  int o th e equation ,  w e find  tha t  1 1 *  1 0 * 9 99 0 

b.) The secretaries at city hall are supposed to get new chairs this week. Today, city hall received 14 new chairs and 

ther e ar e 1 1 secretarie s requestin g them .  Fo r  inventor y purposes ,  th e propert y manage r  want s t o assig n th e chair s i n 

th e orde r  tha t  the y ar e unpacked .  So ,  startin g wit h th e chai r  tha t  i s  unpacke d first,  sh e randoml y choose s a  secretar y t o 

receiv e it ,  an d continue s unti l  al l  th e secretarie s hav e chairs .  W h a t  i s th e probabilit y  tha t  th e first 2  secretarie s 

alphabeticall y wil l  ge t  th e first  an d secon d chair s tha t  ar e unpacked ,  respectively ? 

c.) The Nashville Gnats Baseball team has a bus that has 30 seats. There are 25 players that are going on a road trip to 

pla y i n a  nearb y town .  T o avoi d arguments ,  th e manage r  randoml y choose s a  playe r  fo r  eac h seat ,  startin g wit h th e 

seat s i n th e front .  W h a t  i s th e probabilit y  tha t  th e 6  pitcher s ge t  th e 6  fron t  seats ? (I t  doe s no t  matte r  whic h o f  th e 

particula r  si x fron t  seat s th e pitcher s get ,  jus t  a s lon g a s i t  i s  an y on e o f  th e si x i n th e front. ) 

d.) As part of a new management policy, the Campbell Company is allowing the 20 company-owned vacation cottages 

t o b e use d fo r  vacation s b y thei r  1 4 plan t  managers .  I f  th e managers ,  i n orde r  o f  seniority ,  randoml y choos e a  cottag e 

fro m a  list ,  wha t  i s th e probabilit y  tha t  th e fou r  manager s wit h th e mos t  seniorit y ge t  th e mos t  lavish ,  secon d mos t 

lavish ,  thir d mos t  lavish ,  an d fourt h mos t  lavis h cottages ,  respectively ? 

Figur e 1 :  Exampl e an d Problems . 
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Thi s subgoal-oriente d solutio n i s assume d t o hel p learner s 

for m tw o goals .  Th e first  i s  th e goa l  t o find  th e overal l 

probability .  Thi s goa l  i s  assume d t o b e forme d becaus e tha t 

goal  i s  explicitl y  state d i n th e example .  Th e secon d i s th e 

subgoa l  t o find  eac h even t  probability ,  fo r  example ,  th e 

probabilit y  o f  th e first  scientis t  gettin g th e compute r  wit h 

th e lowes t  seria l  number ,  th e probabilit y  o f  th e secon d 

scientis t  gettin g th e compute r  wit h th e second-lowes t  seria l 

number ,  etc .  Thi s subgoa l  i s  assume d t o b e forme d becaus e 

eac h individua l  even t  probabilit y  i s  explicitl y  labele d an d 

spatiall y  separat e i n th e subgoal-oriente d solution .  A  learne r 

w ho studie d suc h a n approac h might ,  whe n face d wit h th e 

chai r  problem ,  b e mor e likel y t o notic e tha t  chair s ar e 

pickin g secretarie s rathe r  tha n th e othe r  wa y around .  Thus , 

thi s learne r  migh t  b e mor e likel y t o provid e th e correc t 

answer .  I n addition ,  suc h a  learne r  migh t  als o hav e a  bette r 

chanc e a t  figuring  ou t  tha t  th e numerator s fo r  th e individua l 

even t  probabilitie s i n th e proble m i n Figur e I c ar e no t 

simpl y " 1 "  bu t  rathe r  ar e number s tha t  indicat e th e numbe r 

of  "acceptabl e choices. " 

GenApp Vs. GenStudy 

O ne proble m wit h prio r  studie s supportin g th e GenStud y 

vie w (e.g. ,  Catrambone ,  1995 ,  1996 )  i s tha t  participant s 

wer e given ,  afte r  studyin g examples ,  on e o r  tw o isomorphi c 

problem s t o solv e befor e bein g give n nove l  problem s t o 

solv e (wher e "novel "  mean s tha t  th e proble m ha d a  chang e 

i n role s compare d t o th e example s an d m a y hav e involve d a 

chang e i n th e step s neede d t o achiev e th e subgoals) .  I t  i s 

possibl e tha t  th e attemp t  t o appl y th e example s t o th e 

isomorphi c problem s le d participant s t o for m generalization s 

of  th e solutio n procedur e whic h the n helpe d the m solv e th e 

nove l  problems .  Thi s alternativ e migh t  b e calle d th e 

"generalizatio n b y applyin g examples "  (o r  GenApp )  view . 

Th e G e n A p p vie w i s supporte d b y th e findings  o f  Ros s 

and Kenned y (1990) .  I n a  typica l  experimen t  the y ha d 

learner s stud y fou r  probabilit y  principle s (e.g. , 

permutations ,  combinations )  tha t  wer e eac h illustrate d 

throug h a  worke d example .  Afte r  studyin g th e principle s 

and example s learner s attempte d t o solv e tw o problem s fo r 

eac h principle .  Th e first  tes t  proble m fo r  eac h principl e 

eithe r  di d o r  di d no t  contai n a  cu e indicatin g whic h prio r 

trainin g exampl e wa s relevan t  fo r  solvin g th e problem .  Th e 

secon d tes t  proble m fo r  eac h principl e di d no t  contai n a  cue . 

Ross an d Kenned y (1990 )  foun d tha t  whe n learner s 

receive d a  cu e o n th e first  tes t  proble m fo r  a  particula r 

principle ,  the y wer e mor e likel y t o correctl y solv e th e 

secon d tes t  proble m fo r  tha t  principl e compare d t o case s i n 

whic h th e first  tes t  proble m wa s uncued .  Mor e specifically , 

thi s benefi t  manifeste d itsel f  i n term s o f  a n increase d 

likelihoo d i n usin g th e correc t  principl e fo r  th e secon d tes t 

proble m a s wel l  a s instantiatin g th e variable s correctly .  Fo r 

instance ,  i f  th e exampl e involve d human s pickin g object s 

(e.g. ,  scientist s choosin g computers) ,  th e problem s woul d 

involv e object s "picking '  human s (e.g. ,  a s a  particula r 

compute r  i s unpacked ,  a  randoml y chose n scientis t  i s 

assigne d t o us e it) .  Learner s w h o wer e cue d t o th e relevan t 

exampl e whe n workin g o n th e first  tes t  proble m fo r  a 

particula r  principl e wer e mor e likel y t o ge t  th e role s fo r 

humans an d object s correc t  whe n workin g o n th e secon d tes t 

proble m fo r  tha t  principl e (ther e wa s n o differenc e betwee n 

cue d an d uncue d performanc e o n th e first  tes t  proble m wit h 

respec t  t o gettin g th e role s correct) .  Ros s an d Kenned y 

argue d tha t  difference s betwee n th e proble m an d th e cue d 

exampl e le d learner s t o for m a  generalizatio n a s the y 

attempte d t o appl y th e exampl e t o th e problem .  Thi s 

generalizatio n affecte d performanc e o n th e secon d tes t 

problem . 

One difficult y wit h th e Ros s an d Kenned y (1990 )  stud y i s 

tha t  th e example s wer e no t  designe d t o hel p learner s for m a 

generalizatio n o f  th e solutio n procedure .  Rather ,  trainin g 

consiste d o f  a  statemen t  o f  th e probabilit y  principle ,  a  stud y 

example ,  an d on e mean s o f  workin g ou t  th e exampl e 

(simila r  t o th e equation-oriente d solutio n t o th e compute r 

exampl e i n Figur e la) . 

The ai m o f  th e presen t  experimen t  wa s t o pi t  th e 

GenStud y an d G e n A p p view s agains t  eac h other . 

Participant s studie d a  singl e permutatio n exampl e (Figur e 

la )  wit h eithe r  th e equation-oriente d solutio n o r  th e subgoal -

oriente d solution .  Th e first  tes t  proble m wa s a  permutatio n 

proble m tha t  ha d human s an d object s playin g eithe r  th e 

same role s a s i n th e exampl e o r  playin g reverse d roles .  So , 

fo r  hal f  o f  th e participants ,  th e first  tes t  proble m the y 

receive d wa s th e chai r  proble m whic h ha d reverse d role s 

relativ e t o th e exampl e (se e Figur e lb) .  Fo r  th e othe r  hal f 

of  th e participants ,  th e first  tes t  proble m wa s jus t  lik e th e 

trainin g exampl e an d i s show n i n Figur e Id .  Th e secon d an d 

thir d tes t  problem s wer e th e sam e fo r  al l  participants .  Th e 

secon d proble m wa s a  permutatio n proble m wit h reversed 

roles ,  tha t  is ,  object s choosin g human s (simila r  t o th e 

proble m i n Figur e lb) .  Th e thir d proble m wa s a 

combinatio n proble m als o wit h reverse d role s (se e Figur e 

Ic) . 

Conside r  th e fat e o f  tw o hypothetica l  learners-on e wh o 

studie d th e equation-oriente d solutio n t o th e compute r 

exampl e an d on e w h o studie d th e subgoal-oriente d solution -

when face d wit h th e nove l  proble m i n Figur e I c i n whic h 

th e make-u p o f  th e individua l  events ,  a s wel l  a s th e role s o f 

humans an d objects ,  ar e differen t  fro m th e example .  Th e 

answer  t o thi s proble m i s 
6 ^ 5 » 4 ^ 3 ^ 2 ^  1 _ 6*5*4*3*2* 1 

25 2 4 2 3 2 2 2 1 2 0 25*24*23*22*21*2 0 

Th e successfu l  learne r  mus t  b e sensitiv e t o th e fac t  tha t 

th e numerato r  fo r  eac h individua l  even t  probabilit y  i s  no t 

simpl y " 1 "  an d tha t  th e denominato r  i s no t  automaticall y 

base d o n th e numbe r  o f  objects .  A  learne r  wit h a n equation -

oriente d approac h ha s littl e guidanc e fo r  makin g suc h 

observations ;  however ,  a  learne r  wit h th e subgoal-oriente d 
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approac h migh t  b e abl e t o figur e al l  thi s ou t  sinc e h e o r  sh e 

i s mor e likel y t o focu s o n th e individua l  events . 

Predictions 

Accordin g t o th e G e n A p p view ,  th e followin g prediction s 

shoul d b e made : 

1)  Participant s whos e first  tes t  proble m wa s th e reverse d 

role s permutatio n tes t  proble m shoul d d o bette r  o n th e 

secon d reverse d role s permutatio n proble m compare d t o 

participant s whos e first  tes t  proble m wa s th e same-role s 

permutatio n problem .  Thi s i s becaus e th e first  grou p woul d 

be led ,  i n th e proces s o f  applyin g th e example ,  t o for m a 

bette r  generalizatio n tha n th e secon d grou p an d thu s coul d 

use thi s superio r  generalizatio n t o dea l  wit h th e reverse d 

role s i n th e secon d permutatio n problem . 

2)  Participant s whos e first  tes t  proble m wa s th e reverse d 

role s permutatio n tes t  proble m shoul d d o bette r  o n th e 

reverse d role s combinatio n problem—a t  leas t  wit h respec t  t o 

rol e assignment ,  tha t  is ,  puttin g th e correc t  value s i n th e 

denominator-compare d t o participant s whos e first  tes t 

proble m wa s th e same-role s permutatio n problem .  Onc e 

again ,  th e forme r  grou p woul d hav e a  bette r  generalizatio n t o 

use whe n solvin g th e combinatio n problem . 

3)  N o particula r  predictio n woul d b e mad e abou t 

differentia l  performanc e betwee n th e equation-oriente d an d 

subgoal-oriente d groups . 

Accordin g t o th e GenStud y view ,  th e followin g 

prediction s shoul d b e made : 

1)  Fo r  participant s w h o receiv e th e reversed-role s proble m 

as thei r  first  tes t  problem ,  thos e receivin g th e subgoal -

oriente d solutio n i n th e exampl e wil l  d o bette r  o n tha t 

proble m compare d t o participant s w h o studie d th e equation -

oriente d solution . 

2)  Subgoal-oriente d participant s wil l  solv e th e secon d tes t 

problem~th e reversed-role s permutatio n problem—wit h mor e 

succes s tha n equation-oriente d participants . 

3)  Subgoal-oriente d participant s wil l  perfor m bette r  o n th e 

reversed-role s combinatio n proble m compare d t o equation -

oriente d participants . 

E x p e r i m e n t 

M e t h o d 

Participants .  Participant s wer e 12 0 student s fro m 

introductor y psycholog y classe s a t  th e Georgi a Institut e o f 

Technolog y w h o participate d i n th e experimen t  fo r  cours e 

credit .  Non e o f  the m ha d take n a  probabilit y  cours e prio r  t o 

participatin g i n th e experiment . 

Materials and Procedure. Participants received a 

bookle t  containin g on e trainin g exampl e ( a worked-ou t 

permutatio n exampl e involvin g human s pickin g objects ;  se e 

Figur e la )  an d thre e tes t  problems . 

T wo factor s wer e manipulated :  I )  subgoa l  orientatio n o f 

th e example ,  an d 2 )  orde r  o f  tes t  problems .  Wit h respec t  t o 

th e subgoa l  orientation ,  hal f  o f  th e participant s wer e i n th e 

subgoal-oriente d conditio n whic h mean t  tha t  tha t  th e 

solutio n t o th e studie d exampl e wa s designe d t o hel p 

participant s t o for m th e neede d subgoal s fo r  solvin g bot h 

permutatio n an d combinatio n problems .  Th e othe r  hal f  o f 

th e participant s studie d th e equation-oriente d solutio n tha t 

encourage d a  mor e rot e approach .  Wit h respec t  t o tes t 

proble m order ,  th e first  tes t  proble m wa s eithe r  a  same-role s 

permutatio n proble m i n whic h human s pic k object s (a s i n 

th e example )  o r  a  reversed-role s permutatio n proble m i n 

whic h object s pic k humans .  Th e secon d an d thir d tes t 

problem s wer e th e sam e fo r  al l  participants :  th e first  wa s a 

reversed-role s permutatio n proble m an d th e secon d wa s a 

reversed-role s combinatio n problem .  Thus ,  ther e wer e fou r 

group s wit h 3 0 participant s pe r  group . 

Participant s wer e aske d t o stud y th e exampl e carefull y 

sinc e afte r  studyin g i t  the y woul d b e aske d t o solv e som e 

problems .  The y wer e tol d the y coul d no t  loo k a t  th e 

exampl e whe n workin g o n th e problems .  Thi s restrictio n 

was intende d t o increas e th e likelihoo d tha t  participant s 

woul d pa y attentio n t o th e exampl e an d h o w i t  wa s solved . 

Participant s worke d a t  thei r  o w n pac e an d wer e aske d t o 

sho w al l  thei r  work .  I n general ,  participant s too k abou t  3 0 

minute s t o complet e th e experiment . 

Each permutatio n proble m wa s score d fo r  whethe r  a 

participan t  use d th e correc t  denominator .  Fo r  instance ,  th e 
_ 1 

solutio n t o th e chai r  proble m i s 11*10 .  i f  a  participan t 
_ J 

wrot e 14*13 .  confusin g th e role s o f  th e chair s an d 

secretaries ,  th e denominato r  woul d b e score d a s incorrect . 

For  th e combinatio n problem ,  th e numerato r  an d 

denominato r  wer e bot h score d a s correc t  o r  incorrect .  T w o 

rater s independentl y score d th e problem s an d agree d o n 

scorin g 9 6 % o f  th e time .  A n y disagreement s wer e resolve d 

by discussion. ' 

Results 

Tabl e 1  present s th e percentag e o f  subject s i n eac h conditio n 

w ho foun d th e denominato r  correctl y i n eac h proble m a s 

wel l  a s th e percentag e w h o foun d th e numerato r  correctl y i n 

th e combinatio n problem .  Thes e percentage s ar e compare d 

'  Logicall y on e coul d writ e th e correc t  startin g valu e fo r  th e 
denominato r  (fo r  permutatio n an d combinatio n problems )  o r  th e 
correc t  startin g valu e fo r  th e numerato r  (fo r  combinatio n 
problems )  bu t  fai l  t o decremen t  th e valu e appropriately .  I n 
practic e though ,  i f  a  participan t  foun d th e correc t  initia l  valu e 
(e.g. ,  1 4 fo r  th e denominato r  i n th e chai r  proble m o r  6  fo r  th e 
numerato r  i n th e basebal l  problem) ,  h e o r  sh e almos t  invariabl y 
di d th e decrementin g appropriately .  Thus ,  fo r  eac h proble m 
ther e i s a  singl e scor e fo r  th e denominato r  and ,  fo r  th e 
combinatio n problem ,  a  singl e scor e fo r  th e numerator . 
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i n variou s way s belo w i n orde r  t o tes t  th e prediction s o f  th e 

G e n A pp an d GenStud y views . 

Performanc e o n Firs t  Permutatio n Proble m wit h Sam e 

Role s a s Example :  A s th e firs t  ro w o f  result s i n Tabl e 1 

indicates ,  participant s i n bot h th e equation-oriente d an d 

subgoal-oriente d condition s foun d th e denominato r  i n thi s 

proble m wit h littl e difficulty .  Thi s simpl y demonstrate s 

tha t  participant s coul d mimi c th e step s show n i n th e 

example . 

Performanc e o n Firs t  Permutatio n Proble m wit h Reverse d 

Role s fro m Example :  Th e secon d ro w o f  result s i n Tabl e I 

shows that ,  a s predicte d b y th e GenStud y view ,  subgoal -

oriente d participant s outperforme d equation-oriente d 

participants .  ;^(1 ,  N  =  60 )  =  4.44 ,  p  =  .035 . 

Performanc e o n Secon d Permutatio n Problem :  A s 

predicte d b y th e GenStud y view ,  subgoal-oriente d 

participant s outperforme d equation-oriente d participants , 

/2il ,  N  =  120 )  =  9.85 ,  p  =  .0017 .  Furthermore ,  th e tw o 

equation-orientatio n group s di d no t  diffe r  fro m eac h other . 

Th e G e n A p p vie w predicte d a  differenc e betwee n thes e tw o 

group s sinc e th e Ist-problem-has-reversed-roles-from -

exampl e grou p shoul d hav e bee n le d t o a  generalizatio n tha t 

shoul d hav e helpe d thei r  p)erformanc e o n th e 2n d permutatio n 

proble m relativ e t o th e othe r  equation-oriente d group .  Thi s 

di d no t  occur .  Suc h a  differenc e als o faile d t o appea r 

betwee n th e tw o subgoal-oriente d groups . 

Performanc e o n Combinatio n Proble m Denominator :  A s 

predicte d b y th e GenStud y view ,  subgoal-oriente d 

participant s outperforme d equation-oriente d participants , 

)ftil,N = 120) = 10. 1 l, p =  .0015 . 

Performanc e o n Combinatio n Proble m Numerator .  A s 

predicte d b y th e GenStud y view ,  subgoal-oriente d 

participant s outperforme d equation-oriente d participants , 

;f2(l,/V = 120 )  =  9.02,/ ? =  .0027 . 

Discussion 

The overal l  performanc e difference s amon g th e group s ca n b e 

summarize d a s follows :  th e subgoal-oriente d group s 

outperforme d th e equation-oriente d group s o n al l  aspect s o f 

th e nove l  problem s (rol e reversal s an d usin g a  non-"l " 

numerato r  fo r  th e combinatio n problem) .  Ther e wa s n o 

evidenc e o f  improve d generalizatio n b y an y grou p a s a 

functio n o f  havin g attempte d t o solv e a  reversed-role s 

proble m first. 

The result s sugges t  tha t  generalizatio n ca n occu r  fro m 

properl y designe d example s an d tha t  a  learne r  doe s no t 

necessaril y  hav e t o appl y a n exampl e t o a  proble m i n orde r 

t o for m usefu l  generalizations .  Whil e gettin g learner s t o 

for m usefu l  generalization s i s a n importan t  pedagogica l 

goal ,  i t  apparentl y ca n b e achieve d i n mor e tha n on e way . 

Carefully-designe d example s see m t o b e on e effectiv e wa y t o 

make thi s happen . 

Tabl e 1 :  Percentag e o f  Participant s Correctl y Findin g Denominator s fo r  Eac h Tes t  Permutatio n an d Combinatio n Proble m 

and Percentag e Correctl y Findin g Numerato r  fo r  Combinatio n Proble m 

Prob le m Featur e 

Denominato r  fo r  1s t 
Permutatio n Proble m 

(Same Roles ) 

Denominato r  fo r  1s t 
Permutatio n Proble m 

(Reverse d Roles ) 

Denominato r  fo r  2n d 
Permutatio n Proble m 

(Reverse d Roles ) 

Denominato r  fo r 
Combinatio n Proble m 

(Reverse d Roles ) 

Numerato r  fo r 
Combinatio n Proble m 

Condi t io n 

Equation-Oriente d Subqoa l -Oriente d 

1st  Proble m ha s 
Same-Ro le s 
a s Exampl e 

93. 3 

n/ a 

40. 0 

43. 3 

26. 7 

1st  Proble m ha s 
Reversed-Role s 

fro m Exampl e 

n/ a 

46. 7 

46. 7 

50. 0 

23. 3 

1 S t  Proble m ha s 
Same-Ro le s 
as Exampl e 

90. 0 

n/ a 

70. 0 

73. 3 

53. 3 

1st  Proble m ha s 
Reversed-Role s 

fro m Exampl e 

n/ a 

73. 3 

73. 3 

76. 7 

50. 0 
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Ther e wa s n o evidenc e o f  a  generalizatio n bein g forme d 

due t o applyin g a n exampl e t o a n initia l  tes t  proble m fo r 

participant s i n th e equation-oriente d condition .  Thi s i s a  bi t 

surprisin g sinc e thi s conditio n wa s mean t  t o b e simila r  t o 

Ross an d Kennedy' s (1990) .  However ,  ther e ar c 

methodologica l  difference s betwee n th e presen t  experimen t 

and thos e i n Ros s an d Kenned y tha t  ma y accoun t  fo r  th e lac k 

of  a n effec t  o f  application .  Fo r  instance ,  Ros s an d Kenned y 

used example s t o illustrat e fou r  probabilit y  principle s durin g 

trainin g an d wer e explicitl y  cuein g (o r  no t  cueing )  a  relevan t 

exampl e fo r  th e firs t  tes t  proble m fo r  eac h principle . 

Perhap s th e potentia l  confusio n abou t  whic h principl e i s 

relevan t  fo r  a  tes t  proble m playe d a  rol e i n th e generalizatio n 

process .  Suc h confusio n wa s no t  a n issu e i n th e presen t 

experimen t  sinc e onl y on e principl e wa s illustrate d durin g 

training .  A  secon d differenc e wa s tha t  n o explici t  cu e t o a 

relevan t  exampl e wa s use d i n th e presen t  study .  However , 

ther e wa s certainl y a n implici t  cu e sinc e participant s wer e 

tol d tha t  th e exampl e woul d hel p the m solv e th e tes t 

problems . 

Such methodologica l  difference s ma y nee d t o b e explore d 

systematicall y  i n orde r  t o determin e i f  ther e ar e situation s i n 

whic h th e applicatio n o f  a n exampl e aid s generalizatio n a s 

much a s studyin g example s designe d t o encourag e 

generalization . 

Conclusions 

Whil e th e result s suppor t  a  subgoal-oriente d approac h t o 

designin g exampl e solutions ,  the y d o no t  provid e guidanc e 

as t o th e specifi c  subgoal s tha t  shoul d b e taught .  Tha t  is , 

anothe r  researche r  o r  teache r  workin g wit h permutatio n an d 

combinatio n problem s migh t  determin e tha t  a  differen t  se t  o f 

subgoal s tha n thos e use d her e ar e bette r  fo r  student s t o learn . 

The ai m o f  thi s stud y wa s t o sho w tha t  a  particula r  se t  o f 

good subgoals-a s determine d b y a  task-analysi s an d b y th e 

researcher' s intuition—ca n b e conveye d t o learner s throug h 

examples .  I t  woul d b e usefu l  thoug h t o develo p constraint s 

on ho w on e determine s wha t  ar e "good "  subgoal s fo r 

problem s i n a  particula r  domain .  Cognitiv e modelin g tool s 

such a s ACT- R (Anderson ,  1993 )  ma y provid e constraint s 

withi n a  unifie d theor y tha t  ca n hel p on e determin e th e 

subgoal s tha t  shoul d b e taugh t  t o learners .  O n th e othe r 

hand,  fro m a  pragmati c poin t  o f  view ,  i t  ha s bee n thi s 

researcher's  observatio n tha t  forcin g onesel f  t o solv e a 

reasonabl y larg e numbe r  o f  problem s withi n a  domain ,  an d 

takin g carefu l  note s o n ho w on e wen t  abou t  solvin g th e 

problems ,  ca n produc e a  usefu l  lis t  o f  subgoals ,  an d othe r 

type s o f  information ,  tha t  ca n the n b e taugh t  t o learner s 

throug h paper-and-penci l  examples ,  animations ,  an d othe r 

type s o f  teachin g material s (Catrambone ,  Stasko ,  &  Byrne , 

1996) . 
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