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Transferr in g a n d Mod i f y i n g T e r m s i n E q u a t i o n s 

Richar d Catrambon e 
Georgi a Institut e o f  Technolog y 

Schoo l  o f  Psycholog y 
Atlanta ,  G A 30332-017 0 U S A 

r c 7 @ p r i s m . g a t e c h . e d u 

Abstrac t 

Labeling and elaboration manipulations were used in 
example s t o affec t  th e likelihoo d o f  student s learnin g t o 
represen t  workers '  rate s an d time s i n algebr a wor d 
problem s dealin g wit h work .  Learner s studyin g 
example s wit h label s fo r  rate s an d time s wer e mor e 
likel y t o transfe r  an d correctl y modif y th e 
representation s compare d t o learner s wh o di d no t  se e th e 
labels .  A n elaborativ e statemen t  describin g th e 
possibl e representation s fo r  th e differen t  term s i n th e 
wor k equatio n di d no t  reliabl y affec t  performance .  Thes e 
result s exten d prio r  wor k (Catrambone ,  1994 ,  1995 )  o n 
subgoa l  learnin g b y demonstratin g tha t  representations , 
not  jus t  set s o f  steps ,  ca n b e successfull y transferre d an d 
modifie d throug h a  manipulatio n (labeling )  tha t  ha s 
been show n t o ai d subgoa l  learning . 

Introduction 

A goo d dea l  o f  researc h ha s examine d th e transfe r  succes s 
peopl e hav e afte r  studyin g trainin g material s suc h a s thos e 
containin g step-by-ste p instruction s (Kiera s &  Bovair , 
1984 ;  Smit h &  G o o d m a n ,  1984) ,  example s (e.g. ,  Ross , 
1987 ,  1989) ,  o r  bot h (Fong ,  Krantz ,  &  Nisbett ,  1986) . 
Althoug h ther e hav e bee n som e exception s (e.g. ,  Fon g e t 
a!. ,  1986 ;  Zh u &  Simon ,  1987) ,  th e usua l  finding  fro m 
suc h researc h i s tha t  peopl e ca n carr y ou t  ne w procedure s 
or  solv e ne w problem s tha t  ar e quit e simila r  t o thos e o n 
whic h the y wer e trained ,  bu t  hav e difficult y whe n th e 
nove l  case s involv e mor e tha n mino r  change s fro m wha t 
the y ha d previousl y studied . 

Thi s transfe r  difficult y seem s t o ste m fro m a  tendenc y 
by man y learner s t o memoriz e a  solutio n procedur e fro m 
example s tha t  consist s o f  a  linea r  serie s o f  step s rathe r 
tha n a  mor e meaningfu l  organization .  A  linea r  serie s o f 
step s provide s a  learne r  wit h littl e guidanc e fo r  modifyin g 
th e solutio n procedur e fo r  problem s tha t  ca n no t  b e solve d 
jus t  lik e th e examples .  O n e potentiall y  usefu l 
organizatio n fo r  a  solutio n procedur e woul d b e a  se t  o f 
goal s an d subgoal s wit h method s fo r  achievin g the m (e.g. , 
Anza i  &  Simon ,  1979 ;  Card ,  Moran ,  &  Newell ,  1983 ; 
Catrambon e &  Holyoak ,  1990 ;  Newel l  &  Simon ,  1972 ; 
Single y &  Anderson ,  1989) . 

Problem s withi n a  domai n typicall y shar e th e sam e se t 
of  subgoals ,  althoug h th e method s fo r  achievin g th e 
subgoal s migh t  var y fro m proble m t o problem .  Fo r 
instance ,  i n th e material s use d i n th e presen t  study ,  th e 

subgoal s t o represen t  eac h worker' s rat e an d tim e ar e i n 
eac h exampl e an d tes t  problem ,  ye t  th e representation s fo r 
wor k an d tim e var y (e.g. ,  a  constant ,  a  variable) . 

Prio r  wor k wit h subgoa l  learnin g ha s demonstrate d tha t 
i f  a  studen t  learn s th e subgoa l  structur e fo r  solvin g 
problem s i n a  domain ,  the n h e o r  sh e i s mor e likel y t o 
adap t  ol d procedure s fo r  nove l  problems ,  wher e nove l 
problem s ar e thos e involvin g th e sam e subgoal s a s th e 
example s bu t  requirin g n e w o r  modifie d method s (set s o f 
steps )  t o achiev e th e subgoal s (Catrambone ,  1994 ,  1995) . 
Th e presen t  stud y extend s th e subgoal-learnin g wor k b y 
examinin g th e likelihoo d o f  learner s transferrin g an d 
modifyin g representation s fo r  conceptua l  entitie s i n 
equation s a s a  functio n o f  whethe r  the y studie d trainin g 
material s emphasizin g th e subgoal s achieve d b y thos e 
representations . 

T wo manipulation s wer e use d t o conve y subgoal s i n th e 
presen t  study :  1 )  th e us e o f  example s tha t  containe d o r  di d 
not  contai n descriptiv e label s fo r  th e term s i n th e 
equation ,  an d 2 )  th e us e o f  introductor y elaboratio n prio r 
t o th e example s tha t  describe d th e possibl e representation s 
fo r  th e differen t  term s i n th e wor k equation . 

Related Work 

The justificatio n fo r  th e labelin g manipulatio n i s base d o n 
a serie s o f  studie s (Catrambone ,  1994 ,  1995 ,  i n press )  tha t 
develo p th e subgoal-learnin g model .  I n brief ,  thi s mode l 
propose s that : 

1)  A  labe l  lead s learner s t o grou p a  se t  o f  steps ; 
2 )  Afte r  groupin g th e steps ,  learner s ar e likel y t o 

tr y t o self-explai n w h y thos e step s g o together ; 
3 )  Th e resul t  o f  th e self-explanatio n proces s i s 

th e formatio n o f  th e goa l  tha t  represent s th e 
purpos e o f  tha t  se t  o f  steps . 

Th e presen t  stud y exploit s th e labelin g methodolog y i n 
orde r  t o exten d th e scop e o f  th e model . 

Earlie r  studie s involvin g algebr a wor d problem s foun d 
tha t  learner s wer e relativel y unlikel y t o successfull y 
modif y ol d representation s fo r  term s i n equation s (Reed , 
Dempster ,  &  Ettinger ,  1985) .  Rather ,  the y tende d t o rel y 
on a  syntacti c approach ,  tha t  is ,  learner s frequentl y trie d t o 
m ap ol d equation s fro m example s t o ne w problem s a t  a 
symbo l  b y symbo l  leve l  rathe r  tha n i n term s o f  th e 
conceptua l  entitie s tha t  group s o f  symbol s represente d (se e 
als o Ross ,  1987 ,  1989) .  I n addition .  Reed ,  an d Bolsta d 
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(1991 )  foun d tha t  providin g learner s wit h rule s fo r  solvin g 
algebr a wor d problem s di d no t  hav e a  larg e effec t  o n 
performance . 

Whil e som e studie s hav e show n tha t  learner s ca n benefi t 
fro m rule-base d instructio n fo r  solvin g problem s (e.g. , 
Fon g e t  al. ,  1986) ,  i n genera l  learner s see m t o prefe r  an d 
frequentl y deriv e mor e fro m examples .  Fo r  instance ,  Chi , 
Bassok ,  Lewis ,  Reimann ,  an d Glase r  (1989 )  foun d tha t 
afte r  studyin g a  tex t  o n mechanics ,  goo d an d poo r  student s 
(a s define d b y a  subsequen t  proble m solvin g test )  seeme d 
t o posses s simila r  declarativ e knowledge .  However ,  afte r 
studyin g worke d examples ,  goo d student s wer e mor e 
likel y t o acquir e knowledg e about ,  amon g othe r  things , 
th e condition s fo r  applyin g actions/operator s an d th e 
consequence s o f  thos e actions .  I n th e framewor k o f  th e 
presen t  study ,  the y wer e bette r  a t  determinin g th e subgoal s 
bein g achieve d b y thos e action s i n th e examples . 

Overview of Study 

The presen t  stud y ha s tw o mai n purposes .  On e i s t o 
examin e whethe r  th e benefit s o f  subgoa l  learnin g tha t 
hav e bee n previousl y foun d fo r  modifyin g set s o f  step s fo r 
nove l  problem s (Catrambone ,  1994 ,  1995 )  wil l  als o appl y 
t o transferrin g an d modifyin g th e term s use d t o represen t 
conceptua l  entitie s i n equations .  Whil e som e prio r  wor k 
has foun d tha t  learner s ca n transfe r  ol d component s int o 
n e w structure s (Elio ,  1986) ,  tha t  wor k focuse d o n 
reasonabl y well-practice d procedure s rathe r  tha n transfe r 
afte r  jus t  a  smal l  amoun t  o f  exposur e t o th e trainin g 
materials .  Th e secon d purpos e i s t o compar e th e relativ e 
effectivenes s o f  label s (i n examples )  versu s elaboration s o r 
rule s fo r  representin g term s i n algebr a wor d problems . 
Prio r  wor k ha s suggeste d tha t  example s ar e mor e effectiv e 
tha n rule s i n producin g knowledg e tha t  help s learner s t o 
solv e nove l  problem s (e.g. ,  Ree d &  Bolstad ,  1991) . 

Conside r  th e algebr a exampl e i n Figur e 1  i n whic h on e 
has t o determin e ho w lon g i t  woul d tak e someon e t o d o a 
jo b give n tha t  certai n informatio n abou t  thei r  wor k rat e 
and tim e an d anothe r  person' s wor k rat e an d tim e ar e 
given .  Thi s proble m involve s usin g a n equatio n fo r 
determinin g wor k tha t  require s representin g eac h worker' s 
wor k rat e an d time :  (Rate i  x  Time] )  +  (Rate 2 x  Time2 ) 
= 1 . 
Learner s ar e goo d a t  memorizin g ho w t o solv e problem s 
isomorphi c t o th e on e i n Figur e 1 .  I n thi s problem ,  bot h 
workers '  rate s ar e represente d a s constants .  Th e tim e spen t 
workin g b y worke r  1  i s represente d a s a  variabl e an d 
worke r  2' s tim e i s represente d a s a  functio n o f  tha t 
variable .  However ,  learner s ma y no t  encod e th e exampl e 
solutio n i n term s o f  determinin g a  representatio n fo r  eac h 
rat e an d tim e an d the n insertin g thes e representation s int o 
th e equation ,  bu t  rathe r  hav e a  mor e superficia l 
understandin g o f  th e solutio n procedur e tha t  involve s 
matchin g th e for m use d i n th e example ,  findin g simila r 
value s i n th e proble m statement ,  an d insertin g the m int o 
th e equation .  A s a  result ,  i f  a  ne w proble m require s a 
differen t  representatio n o f  th e rate s an d times ,  thes e 
learner s migh t  b e unabl e t o solv e th e problem . 

For  instance ,  th e first  proble m i n Figur e 2  require s tha t 
worke r  2' s rat e b e represente d a s a  variable .  I n addition , 
instea d o f  havin g th e workers '  time s b e represente d a s a 
variabl e an d a  functio n o f  tha t  variabl e (a s the y wer e i n th e 
exampl e i n Figur e 1) ,  th e time s ar e no w represente d a s a 
constan t  an d a  functio n o f  tha t  constant .  Nevertheless ,  th e 
ne w representation s ca n b e inserte d int o th e sam e equatio n 
as th e on e use d fo r  th e exampl e i n Figur e 1 .  Similarly , 
th e secon d proble m i n Figur e 2  require s tha t  on e worker' s 
rat e b e represente d a s a  variabl e an d th e othe r  worker' s rat e 
be represente d a s a  functio n o f  tha t  variable .  Thei r  time s 
ar e bot h represente d a s constants .  Thes e representation s 
ar e differen t  tha n thos e use d i n th e examples . 

Mar y ca n rebuil d a  carbureto r  i n 3  hour s an d Mik e ca n rebuil d on e i n 4  hours .  H o w lon g woul d i t  tak e Mar y t o rebuil d a 
carbureto r  i f  sh e an d Mik e wor k together ,  bu t  Mik e work s fo r  1/ 2 hou r  mor e tha n Mary ? 

Solution 

J- = Mary's rate 

t = time Mary spent rebuilding carburetor 

-L =  Mike' s rat e 
4 

t  +  ̂  =  tim e Mik e spen t  rebuildin g carbureto r 
2 

(i * t) + (1 * (t + J-)) = 1 
3 4  2 

i * t = l - l 
12 8 
t  =  Z  *  12 .  =  3 .  hour s =  tim e Mar y spen t  rebuildin g carbureto r 

S 7  7 

Figur e 1 :  Trainin g examples . 
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1.  Mr .  Jone s ca n refinis h a  dresse r  i n 5  hours .  Afte r  workin g fo r  2  hour s h e i s joine d b y Mrs .  Jones .  Togethe r  the y finis h 
th e jo b i n 1  hour .  H o w muc h o f  th e jo b coul d Mrs .  Jone s d o i n 1  hou r  whe n workin g alone ? 

(i*(2+l) )  +  (MrsJ* l )= l 

-  +  MrsJ= l 

Solutio n (no t  see n b y participants ) 

l 

5 
i_ 

5 
2 2 

w =  -  =  Mrs .  Jones '  rate ;  so ,  i n 1  hou r  Mrs .  Jone s coul d d o -  o f  jo b 
5 5 

2. Barbara and Connie can finish a job in 6 hours when they work together. Barbara works twice as fast as Connie. How 
much o f  th e jo b coul d Conni e d o i n I  hou r  whe n workin g alone ? 

Solution (not seen by participants) 

(2 c *  6 )  +  ( c *  6 )  =  1 

12c +  6 c =  1 
18c =  I 

c = —= Connie's rate; so, in 1 hour Connie could do — of job 
18 1 8 

3. Joe can stack a shelf of groceries in 3 hours. Sheila can stack a shelf of groceries twice as fast as Joe. If Joe works for 1 
hour  alon e stackin g a  shel f  an d the n Sheil a start s t o hel p him ,  ho w lon g wil l  Sheil a b e workin g wit h Jo e unti l  th e shel f  i s 
stacked ? 

Solution (not seen by participants) 

i * (t + 1) + (2*i) • (t) = 1 
3 3 

3 3 3 

t.i= l 
3 
2 2 

t  =  - ;  so .  Sheil a wil l  b e workin g wit h Jo e fo r  — o f  a n hou r 
3 3 

Figur e 2 :  Sampl e tes t  problems . 

The followin g equatio n ca n ofte n b e use d t o solv e thes e problems : 
(Rate i  X  Timei )  +  (Rate 2 x  Time2 )  =  Task s Complete d 

wher e (Rate j  x  Timei )  i s  th e amoun t  o f  wor k complete d b y th e firs t  worker ,  (Rate 2 x  Time2 )  i s th e amoun t  o f  wor k 

complete d b y th e secon d worker ,  an d Task s Complete d i s th e tota l  wor k complete d b y bot h workers .  Th e Rat e o f  a  worke r 
can b e represente d a s a  constant ,  a  functio n o f  a  constant ,  a  variable ,  o r  a  functio n o f  a  variable .  Similarly ,  th e Tim e a  worke r 
work s ca n b e represente d a s a  constant ,  a  functio n o f  a  constant ,  a  variable ,  o r  a  functio n o f  a  variable .  Th e particula r 
representatio n use d depends ,  o f  course ,  o n th e given s i n th e proble m an d th e questio n tha t  i s  bein g aske d b y th e problem . 

Figur e 3 :  Supplementa l  tex t  see n b y elaboratio n groups . 

Learning was assessed by how successfully learners representations for at least one of the terms from the 
coul d transfe r  o r  modif y representation s fo r  term s i n th e equation .  T w o transfe r  situation s fo r  nove l  problem s wer e 
wor k equation .  Learner s studie d example s tha t  use d a  examined .  Th e firs t  wa s th e transfe r  o f  ol d 
subse t  o f  th e possibl e representation s fo r  th e term s an d representations .  Th e secon d wa s ho w successfull y learner s 
the n the y solve d on e isomorp h an d thre e nove l  problems .  coul d creat e a  ne w representatio n fo r  a  term .  Not e tha t  fo r 
Novel  problem s wer e define d a s thos e tha t  require d ne w purpose s o f  th e presen t  study ,  a  "new "  representatio n fo r  a 
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ter m mean s tha t  th e representatio n ha d no t  bee n use d fo r 
tha t  ter m (e.g. ,  rate )  i n a n exampl e eve n i f  i t  ha d bee n 
use d fo r  a  differen t  ter m (e.g. ,  time) .  Fo r  instance ,  eve n 
thoug h tim e wa s represente d a s a  variabl e i n th e trainin g 
example s (suc h a s th e on e i n Figur e 1) ,  i f  a  tes t  proble m 
require d rat e t o b e represente d a s a  variable ,  thi s woul d b e 
considere d a  ne w representatio n fo r  rat e sinc e rat e ha d bee n 
represente d onl y a s a  constan t  i n th e trainin g examples . 

The subgoal s i n th e presen t  stud y involv e findin g th e 
correc t  representation s fo r  workers '  rate s an d time s fo r 
algebr a wor d problems .  Th e assumptio n i s tha t  a  learne r 
coul d lear n a  particula r  superficia l  synta x fo r  th e wor k 
equatio n withou t  learnin g th e subgoal s fo r  representin g 
workers '  rate s an d times .  Thus ,  whe n face d wit h a 
proble m tha t  involve s ne w representation s fo r  rat e an d 
time ,  th e learne r  migh t  hav e difficulty .  However ,  i f  th e 
learne r  ha s learne d th e subgoal s t o represen t  eac h worker' s 
rat e an d time ,  the n th e learne r  migh t  hav e a  bette r  chanc e 
of  producin g th e correc t  representation s i n th e nove l 
problems .  Tha t  is ,  th e learne r  wil l  b e mor e likel y t o 
correctl y us e ol d representation s fo r  rate s o r  time s i n th e 
contex t  o f  ne w representation s fo r  rate s an d time s an d als o 
tha t  h e o r  sh e wil l  b e abl e t o determin e ne w 
representation s fo r  rate s an d times .  Th e labelin g an d 
elaboratio n manipulation s wer e use d t o affec t  th e 
likelihoo d o f  learner s acquirin g th e subgoal s t o represen t 
workers '  rate s an d times . 

E x p e r i m e n t 

M e t h o d 

Participants .  Participant s wer e 8 0 student s recruite d fro m 
severa l  Atlanta-are a college s wh o receive d cours e credi t  o r 
payment  fo r  thei r  participation .  I n orde r  t o participat e i n 
th e experiment ,  a  studen t  coul d no t  hav e take n a  college -
leve l  calculu s course . 

Materials and Procedure. Participants studied three 
isomorphi c exampl e wor d problem s dealin g wit h work , 
includin g th e exampl e i n Figur e 1 .  A  cove r  pag e include d 
th e followin g statement :  "O n th e nex t  tw o page s yo u 
wil l  find  thre e exampl e algebr a problem s dealin g wit h 
work .  Wor k problem s typicall y describ e a  situatio n i n 
whic h tw o peopl e wor k togethe r  t o complet e a  task. " 

T wo factor s wer e manipulated :  label s an d elaborations . 
The Labe l  group s studie d example s wit h description s fo r 
rate s an d time s o f  eac h worke r  (se e th e first  fou r  line s 
unde r  th e wor d "Solution "  fo r  th e exampl e i n Figur e 1) . 
The N o Labe l  group s studie d example s tha t  di d no t 
contai n thes e description s (i.e. ,  line s 1- 4 wer e no t 
present) .  Th e Elaboratio n group s receive d a  supplemen t 
t o th e statemen t  o n th e cove r  pag e tha t  liste d th e differen t 
representation s tha t  coul d b e use d fo r  rat e an d tim e (se e 
Figur e 3) .  Th e N o Elaboratio n group s di d no t  receiv e thi s 
supplement .  Th e tw o manipulation s wer e crosse d creatin g 
fou r  group s wit h 2 0 participant s pe r  group . 

Afte r  studyin g th e example s participant s receive d fou r 
problem s t o solve .  Th e first  wa s isomorphi c t o th e 
trainin g examples .  Th e nex t  thre e involve d bot h ne w an d 
ol d way s o f  representin g rat e and/o r  tim e fo r  eac h worke r 
(se e Figur e 2) .  Participant s coul d no t  loo k bac k a t  th e 
example s whe n workin g o n th e tes t  problems . 

Results 

Al l  participant s solve d th e isomorphi c tes t  proble m 
correctly . 

Performanc e o n th e thre e nove l  tes t  problem s wa s 
score d i n th e followin g ways .  First ,  eac h proble m wa s 
score d a s correc t  o r  incorrect .  Eac h participan t  wa s the n 
assigne d a  proportio n correc t  score . 

Second ,  participant s wer e score d o n whethe r  the y 
correctl y represente d th e rat e an d tim e fo r  eac h worke r  fo r 
eac h o f  th e thre e nove l  problems .  Acros s th e thre e 
problem s ther e wer e a  tota l  o f  fou r  opportunitie s t o us e a n 
ol d representatio n fo r  rat e o r  tim e (i.e. ,  R A T E : 
represente d a s a  constant ;  T IME :  represente d a s a  variabl e 
or  a  variabl e plu s a  constant) .  Ther e wer e a  tota l  o f  eigh t 
opportunitie s t o us e a  ne w representatio n fo r  rat e o r  tim e 
(i.e. ,  R A T E :  represente d a s a  variable ,  a  variabl e 
multiplie d b y a  constant ,  o r  a  constan t  multiplie d b y a 
constant ;  T IME :  represente d b y a  constan t  o r  th e su m o f 
constants) .  Participant s wer e assigne d a  proportio n correc t 
fo r  ol d representation s an d a  proportio n correc t  fo r  ne w 
representations . 

Ther e wa s a  significan t  effec t  o f  label ,  bu t  no t 
elaboration ,  o n th e proportio n o f  nove l  tes t  problem s 
solve d correctly-label :  F(l .  76 )  =  8.17 .  p  =  .006 ,  M S E = 
0.16 ;  elaboration :  F(l ,  76 )  =  1.44 ,  p  =  .2 3 (se e Tabl e 1) . 
The interactio n wa s no t  significant . 

Proportio n o f  Problem s 
Solve d Correctl y 

Proportion Correct 
Ol d Representation s 

Proportion Correct 
N ew Representation s 

Elabpratio p 

Labe l 

<n =  20 ) 

.7 0 

.9 2 

No Labe l 
( n =  20 ) 

.4 2 

.8 1 

No Elaboratio n 

Ubel 
( n =  20 ) 

.5 7 

.8 4 

No Labe l 

(f t  =  20 ) 

.3 3 

.6 9 

.7 3 .5 2 .6 8 .5 1 

Table 1: Performance on novel test problems. 
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An analysi s o f  varianc e wa s conducte d o n th e proportio n 
of  correc t  representation s fo r  rate s an d time s usin g label s 
and elaboratio n a s groupin g factor s an d typ e o f 
representatio n (ol d o r  new )  a s a  within-subject s factor . 
Ther e wa s a  significan t  effec t  o f  label ,  F(l .  76 )  =  6.40 .  p 
= .01 .  M S E =  0.16 .  bu t  no t  o f  elaboration ,  F(l ,  76 )  = 
1.15 ,  p  =  .2 9 (se e Tabl e 1) .  Ther e wa s als o a  significan t 
effec t  o f  typ e o f  representatio n (ol d v s new) ,  F(l ,  76 )  = 
43.77 ,  p  <  .0001 ,  M S E =  0.04 .  Ther e wer e n o 
significan t  interactions . 

Acros s th e problems ,  th e mos t  c o m m o n error s tha t 
participant s mad e wer e t o inappropriatel y represen t  eithe r 
rat e o r  tim e i n th e equatio n o r  t o writ e tha t  no t  enoug h 
informatio n wa s give n i n th e problem . 

Discussion 

The result s fro m th e presen t  experimen t  ar e consisten t 
wit h th e hypothesi s tha t  student s w h o learne d th e 
subgoal s o f  representin g workers '  rate s an d time s woul d 
represen t  the m mor e successfull y o n nove l  problems . 
Thi s occurre d bot h fo r  ol d representation s i n ne w context s 
(i.e. ,  problem s tha t  require d ne w representation s fo r  a t 
leas t  on e term )  a s wel l  a s fo r  ne w representations . 
Learner s wer e mor e successfu l  transferrin g ol d 
representation s t o nove l  problem s tha n creatin g ne w 
representations .  Thi s i s a  reasonabl e findin g sinc e th e 
first  typ e o f  transfe r  essentiall y  involve s th e learne r 
recognizin g tha t  th e ol d representatio n i s appropriat e whil e 
th e secon d typ e o f  transfe r  involve s th e learne r  creatin g a 
representation . 

The labelin g manipulatio n affecte d performanc e whil e 
th e elaboratio n manipulatio n appeare d t o b e ineffective . 
Thi s finding  i s consisten t  wit h prio r  wor k suggestin g tha t 
example s pla y a  large r  rol e tha n explanator y tex t  o n th e 
proble m solvin g knowledg e student s acquir e (Ch i  e t 
al.,1989 ;  LeFevr e &  Dixon ,  1986) . 

The overal l  patter n o f  result s i s  consisten t  wit h th e 
clai m tha t  whe n learner s ar e helpe d t o for m subgoal s fo r 
solvin g problem s i n a  domain ,  the y ar e mor e likel y t o 
successfull y achiev e thos e subgoal s i n nove l  problem s 
tha t  requir e ne w o r  modifie d methods .  Th e twis t  i n th e 
presen t  stud y i s th e demonstratio n tha t  subgoa l  learnin g 
does no t  benefi t  jus t  method s tha t  involv e a  serie s o f 
steps ,  bu t  ca n als o benefi t  a  metho d tha t  i s essentiall y a 
representatio n fo r  a  conceptua l  entit y i n a n equation .  Thi s 
finding  suggest s tha t  th e subgoal-leamin g framewor k ma y 
be applicabl e t o a  variet y o f  proble m solvin g situation s 
includin g thos e involvin g change s i n representation s a s 
wel l  a s thos e involvin g change s i n steps . 
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