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Abstrac t 

It is hypothesized that when a set of steps in an example 
solutio n ar e labeled ,  th e labe l  ca n serv e a s a  cu e t o th e 
learne r  t o grou p thos e step s an d t o attemp t  t o determin e 
thei r  purpose .  Th e resultin g subgoa l  tha t  represent s th e 
steps '  purpos e ca n ai d transfe r  t o nove l  problem s tha t 
involv e th e sam e subgoa l  bu t  requir e ne w o r  modifie d step s 
t o achiev e it .  Th e presen t  experimen t  teste d th e label-as -
grouping-cu e hypothesi s b y examinin g transfe r 
performanc e b y learner s wit h differen t  mat h background s 
who studie d example s tha t  use d eithe r  n o label s o r  label s 
tha t  varie d i n meaningfulness .  Learner s wit h a  stronge r 
math backgroun d transferre d equall y wel l  regardles s o f  th e 
meaningfulnes s o f  th e label ,  an d bette r  tha n learner s no t 
receivin g label s i n thei r  examples ,  whil e learner s wit h 
weaker  mat h background s transferre d successfull y onl y 
when the y studie d example s usin g meaningfu l  labels .  Thi s 
resul t  i s  consisten t  wit h th e clai m tha t  th e presenc e o f  a 
label ,  rathe r  tha t  onl y it s  semanti c content ,  ca n b e 
sufficien t  t o induc e subgoa l  learnin g i f  th e learne r  ha s 
sufficien t  backgroun d knowledge . 

O r g a n i z i n g P r o b l e m So lv in g K n o w l e d g e 

b y S u b g o a l s 

A good deal of research has examined the transfer success 
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 &  Goodman ,  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  al. ,  1986 ; 
Zhu &  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 o r  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 
more tha n mino r  change s fro m wha t  the y had  previousl y 
studied . 

Thi s transfe r  difficult y seem s t o ste m fro m a  tendenc y b y 
many learner s t o for m representation s o f  a  solutio n 
procedur e tha t  consis t  o f  a  linea r  serie s o f  step s rathe r  tha n a 
more structure d hierarchy .  A n advantag e o f  a  hierarchica l 
organizatio n i s tha t  i t  ca n provid e guidanc e fo r  adaptin g th e 
procedur e fo r  nove l  cases .  O n e potentiall y  usefu l 
hierarchica l  organizatio n fo r  a  solutio n procedur e woul d b e a 
set  o f  goal s an d subgoal s wit h method s fo r  achievin g the m 
(e.g. .  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  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 .  Fo r 
instance ,  physic s mechanic s problem s typicall y shar e th e 
subgoal s o f  identifyin g al l  "systems "  i n th e proble m an d 
identifyin g al l  force s actin g o n th e objec t  o f  interes t 
regardles s o f  whethe r  th e problem s involv e object s o n 
incline d plane s o r  block s suspende d ove r  pulley s (Helle r  & 
Reif ,  1984) . 

Conside r  a  studen t  facin g a  nove l  problem ,  tha t  is ,  on e i n 
whic h th e step s ar e no t  th e sam e a s thos e see n i n a 
previously-studie d example .  I f  th e studen t  ha s memorize d 
onl y a  rot e se t  o f  step s fo r  th e overal l  solutio n procedure ,  h e 
or  sh e wil l  hav e littl e guidanc e a s t o whic h step s nee d t o b e 
modified ,  a s wel l  a s wha t  ne w step s migh t  nee d t o b e 
created ,  i n orde r  t o solv e th e problem .  Conversely ,  a  studen t 
who learne d a  solutio n procedur e organize d b y subgoal s an d 
methods~ a se t  o f  step s fo r  achievin g a  subgoal-coul d 
attemp t  t o appl y thos e subgoal s t o th e nove l  problem .  Thi s 
approac h ha s tw o advantages .  First ,  th e learne r  woul d kno w 
whic h step s fro m th e learne d procedur e ar e relevan t  fo r 
achievin g a  particula r  subgoal .  Thus ,  i f  thos e exac t  step s 
ca n no t  b e carrie d ou t  i n th e curren t  problem ,  th e learne r 
knows tha t  thos e step s nee d t o b e modified .  Second ,  i f  th e 
learne r  i s attemptin g t o achiev e a  particula r  subgoa l  an d 
realize s tha t  a  modificatio n t o th e ol d step s wil l  no t  achiev e 
it ,  the n th e subgoa l  ca n hel p constrai n th e memor y searc h 
fo r  othe r  relevan t  informatio n fo r  achievin g tha t  subgoa l 
(Anza i  &  Simon ,  1979) .  Thus ,  th e searc h spac e fo r  usefu l 
informatio n woul d b e reduced . 

Factors Influencing Subgoal Learning 

Anzai and Simon (1979) offered an account of subgoal 
learnin g i n th e contex t  o f  a  perso n learnin g t o solv e th e 
Tower  o f  Hano i  problem .  The y argue d tha t  subgoa l 
acquisitio n i s  greatl y aide d whe n th e searc h spac e (e.g. , 
possibl e move s i n th e Towe r  o f  Hano i  problem )  i s 
simplified .  W h e n th e searc h spac e i s simplified ,  workin g 
memory loa d i s  reduced .  Thi s aid s subgoa l  formatio n 
becaus e a  JM^goa l  i s  forme d whe n a  learne r  i s  workin g 
toward s a  certai n goa l  (perhap s derive d fro m tas k 
instructions )  an d notice s tha t  a  se t  o f  step s place s hi m o r  he r 
i n a  situatio n t o b e abl e t o carr y ou t  additiona l  step s tha t 
ultimatel y achiev e th e goal .  Th e learne r  wil l  b e bette r  abl e 
t o notic e th e resul t  o f  th e first  se t  o f  steps ,  an d b e abl e t o 
chun k tha t  sequenc e o f  steps ,  i f  workin g memor y loa d ha s 
been reduce d (se e als o Sweller ,  1988) . 
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Labels .  A  ke y componen t  i n Anza i  an d Simon' s mode l  i s 
th e presenc e o f  a  perceptua l  syste m tha t  allow s th e learne r  t o 
observ e variou s externa l  feature s o f  th e proble m situation . 
For  example ,  i n th e cas e o f  th e Towe r  o f  Hano i  problem , 
one featur e woul d b e a  particula r  dis k bein g locate d nex t  t o a 
smalle r  disk .  However ,  i n learnin g task s tha t  ar e les s 
obviousl y perceptuall y oriented ,  suc h a s learnin g t o solv e 
wor d problem s i n probability ,  physics ,  o r  algebra ,  simpl e 
perceptua l  feature s ar e les s likel y t o pla y a  ke y rol e i n 
subgoa l  formation .  Rather ,  cue s i n worke d example s wil l 
pla y a  large r  role .  Thes e cue s ma y tak e th e for m o f  tex t  an d 
diagram s i n th e proble m tha t  direc t  th e learne r  t o relevan t 
aspect s o f  th e proble m an d relevan t  prio r  knowledg e (cf . 
W a rd &  Sweller ,  1990) .  A  labe l  ca n serv e a s a  cu e b y 
leadin g th e learne r  t o grou p a  se t  o f  step s i n th e exampl e 
solutio n an d thus ,  t o increas e hi s o r  he r  chance s o f 
recognizin g tha t  a  particula r  outcom e i s th e resul t  o f  th e 
executio n o f  thos e steps .  Tha t  is ,  th e recognitio n o f  th e 
groupin g i s hypothesize d t o lea d th e learne r  t o tr y t o uncove r 
th e purpos e o f  th e grou p o f  steps .  Thi s "purpose "  ca n b e 
conceptualize d a s a  subgoal . 

Background Knowledge. Anzai and Simon (1979) 
suggeste d tha t  on e wa y a  learne r  ca n simplif y th e searc h 
space ,  an d thus ,  t o reduc e workin g memor y load ,  i s t o us e 
prio r  knowledg e o f  certai n fact s tha t  ca n b e applie d t o th e 
domain .  I n th e cas e o f  th e Towe r  o f  Hanoi ,  suc h a  fac t 
migh t  b e tha t  m o v e repetition s ar e inefficient .  I n domain s 
suc h a s probabilit y  o r  physics ,  relevan t  backgroun d 
knowledg e migh t  includ e th e abilit y  t o recogniz e wha t  a  se t 
of  step s calculate .  Ausube l  (1968 ,  p  148-149 )  suggeste d 
tha t  th e valu e o f  "organizers "  hinge s upo n th e learne r 
possessin g relevan t  backgroun d informatio n s o tha t  th e 
piece s o f  informatio n bein g organize d alread y hav e som e 
meaning .  Fo r  instance ,  i f  a  studen t  learnin g mechanic s i s 
tol d tha t  on e par t  o f  a  solutio n procedur e i s t o determin e th e 
component s o f  forc e alon g th e x  an d y  axes ,  thi s organize r 
fo r  th e subsequen t  step s wil l  b e o f  minima l  us e i f  th e learne r 
k n o w s littl e o r  nothin g abou t  coordinat e system s o r 
trigonometry . 

Testing the Label-as-Grouping-Cue Hypothesis 

In the probability examples used in the current study, the 
ultimat e goa l  o f  eac h i s t o calculat e a  probability .  Th e 
solutio n procedur e fo r  achievin g thi s goa l  involve s a  numbe r 
of  steps ,  a  subse t  o f  whic h constitute s a  sequenc e o f 
multiplicatio n an d additio n operation s tha t  ca n b e groupe d 
unde r  th e subgoa l  "fin d th e tota l  frequenc y o f  th e event. " 

Conside r  th e "N o Label "  solutio n t o th e probabilit y 

exampl e i n Tabl e 1  involvin g th e Poisso n distribution. '  A 
learne r  coul d stud y thi s exampl e an d memoriz e th e step s fo r 
solvin g a  proble m tha t  involve s th e sam e se t  o f  steps ,  eve n 

'Th e Poisso n distributio n i s ofte n use d t o approximat e th e 
binomia l  fo r  event s occurrin g wit h smal l  probabilities .  Th e 

[(e-̂ )(>.̂ )] _ 

, where X is the average 
P(X=x )  =  ) 

Poisso n equatio n i s x ! 
(th e expecte d value )  o f  th e rando m variabl e X . 

i f  th e ne w proble m involve d farmer s an d tractor s instea d o f 
lawyer s an d briefcases .  Afte r  studyin g th e N o Labe l 
solution ,  th e learner' s knowledg e fo r  th e par t  o f  th e solutio n 
procedur e tha t  involve s finding  X ,  th e average ,  migh t  b e 
represente d as : 

Goal :  Fin d X 
Method :  1 .  Multipl y each  categor y (e.g. ,  ownin g 

exactl y zer o briefcases ,  ownin g exactl y 
one briefcase ,  etc )  b y it s observe d 
frequency . 

2.  S u m th e results . 
3.  Divid e th e su m b y th e tota l  numbe r  o f 

lawyer s t o obtai n th e averag e numbe r 
of  briefcase s pe r  lawyer . 

This representation would serve the learner well for 
problem s tha t  involv e calculatin g X  i n th e sam e wa y a s th e 
example .  However ,  thi s representatio n fail s t o captur e th e 
fac t  tha t  th e first  lin e o f  th e N o Labe l  solutio n als o involve s 
calculatin g a  tota l  frequency .  Findin g th e tota l  frequenc y i s 
a subgoa l  tha t  migh t  b e achieve d i n a  variet y o f  way s 
dependin g o n th e given s i n th e problem .  A  nove l  proble m 
tha t  require s finding  tota l  frequenc y i n a  differen t  wa y tha n i n 
th e exampl e migh t  caus e problem s fo r  th e learne r  wit h th e 
abov e representation .  Fo r  instance ,  conside r  th e proble m i n 
Tabl e 2b .  I n thi s proble m th e tota l  frequenc y i s calculate d 
by addin g a  se t  o f  simpl e frequencies .  Thi s i s a  less -
comple x metho d tha n wa s use d i n th e example ,  bu t  th e 
learne r  migh t  no t  b e abl e t o construc t  i t  becaus e th e subgoa l 
fo r  finding  th e tota l  frequency ,  an d a n instanc e o f  a  metho d 
fo r  achievin g it ,  wer e neve r  isolated .  I f  th e learne r  ha d 
forme d th e followin g representation ,  the n hi s o r  he r  chanc e 
of  solvin g th e proble m i n Tabl e 2 b migh t  b e bette r  sinc e 
thi s representatio n identifie s th e step s involve d i n finding 
th e total : 

Goal :  F ind X 
Method :  1 .  Goal :  Fin d tota l  numbe r  o f  briefcase s 

Method :  a .  Multipl y eac h 
categor y b y it s 
observe d frequency . 

b.  S u m th e result s t o 
obtai n th e tota l 
number  o f  briefcases . 

2.  Divid e th e tota l  numbe r  o f  briefcase s 
by th e tota l  numbe r  o f  lawyer s t o 
obtai n th e averag e numbe r  o f 
briefcase s pe r  lawyer . 

Catrambone (1995) found that learners studying the 
"Meaningfu l  Label "  solutio n i n Tabl e 1  wer e mor e likel y 
tha n thos e studyin g th e N o Labe l  solutio n t o find  th e tota l 
frequenc y a s measure d b y thei r  succes s a t  solvin g problem s 
suc h a s th e one s i n Tabl e 2 .  Thi s wa s take n a s initia l 
evidenc e tha t  th e forme r  grou p ha d learne d th e subgoa l  t o 
find  a  total .  Whil e th e result s o f  Catrambon e (1995 )  wer e 
consisten t  wit h th e clai m tha t  a  labe l  aid s subgoa l  learnin g 
by leadin g a  learne r  t o grou p a  se t  o f  steps ,  the y di d no t 
constitut e a  stron g tes t  o f  th e account .  I t  i s  possibl e tha t 
par t  o f  th e transfe r  advantag e enjoye d b y th e Meaningfu l 
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Labe l  grou p coul d hav e bee n du e t o th e fac t  tha t  th e labe l 
itsel f  provide d informatio n beyon d servin g a s a  cu e t o grou p 
a se t  o f  steps .  Tha t  is ,  th e labe l  indicate d tha t  th e tota l 
number  o f  briefcase s wa s bein g found .  Thus ,  instea d o f  th e 
labe l  leadin g learner s t o grou p a  se t  o f  step s an d t o lori n a 
subgoa l  t o represen t  th e steps '  purpose ,  i t  ma y simpl y hav e 
provide d the m wit h thi s fact :  finding  th e tota l  numbe r  o f 
thing s i s somethin g tha t  on e doe s whe n solvin g Poisso n 
problems . 

One wa y t o teas e apar t  thes e possibl e explanation s i s t o 
provid e learner s wit h labels ,  suc h a s th e labe l  " Q "  use d i n 
th e "Less-Meaningfu l  Label "  solutio n i n Tabl e 1 ,  tha t 
contai n n o explici t  informatio n abou t  th e domai n an d 
examin e whethe r  transfe r  performanc e i s a s goo d a s transfe r 
performanc e b y learner s w h o stud y example s wit h mor e 
meaningfu l  labels .  A  secon d wa y t o ge t  a t  thi s issu e i s t o 
examin e th e effect s o f  learners '  backgroun d o n subgoa l 
formation . 

A learne r  wit h a  wea k mat h backgroun d migh t  loo k a t  a 
serie s o f  additio n an d multiplicatio n step s fo r  th e N o Labe l 

solutio n i n Tabl e 1  (i.e. ,  "1(180 )  +  2(17 )  +  3(13 )  +  4(9)" ) 
and no t  grou p the m an d therefor e no t  notic e tha t  the y 
calculat e a  total .  Eve n a  learne r  wit h a  reasonabl e mat h 
backgroun d (bu t  littl e o r  n o trainin g i n probability )  migh t 
be predicte d t o b e les s likel y t o for m th e subgoa l  o f  finding 
th e tota l  frequenc y i n thi s situatio n compare d t o a  learne r 
studyin g th e Meaningfu l  Labe l  solutio n i n Tabl e 1  i n whic h 
th e step s wer e labele d wit h "tota l  numbe r  o f  briefcase s 
owned. "  However ,  i f  i t  i s  merel y th e presenc e o f  a  label , 
rathe r  tha n it s content ,  tha t  i s  sufficien t  t o lea d a  learne r  t o 
grou p a  se t  o f  step s an d for m a  subgoa l  t o represen t  thei r 
purpose ,  the n th e Less-Meaningfu l  Labe l  solutio n i n Tabl e 
1 shoul d als o b e effectiv e i n helpin g a  learne r  t o for m th e 
subgoa l  t o find  a  total ,  a t  leas t  i f  th e learne r  ha s a  reasonabl y 
stron g mat h background .  Conversely ,  a  learne r  wit h a 
weake r  mat h backgroun d migh t  b e les s likel y t o b e abl e t o 
determin e th e purpos e o f  th e step s labele d wit h " Q "  i n th e 
Less-Meaningfu l  labe l  solutio n an d thus ,  b e les s likel y t o 
for m th e subgoa l  t o find a  total .  Thi s learne r  woul d requir e 
a mor e meaningfu l  labe l  i n orde r  t o for m thi s subgoal . 

Tabl e 1 :  Exampl e wit h N o Labe l  ,  Meaningfu l  Label ,  an d Less-Meaningfu l  Labe l  Solutions . 

A judge noticed that some of the 219 lawyers at City Hall owned more than one briefcase. She counted the number of 
briefcase s eac h lawye r  owne d an d foun d tha t  18 0 o f  th e lawyer s owne d exactl y 1  briefcase ,  1 7 owne d 2  briefcases ,  1 3 owne d 3 
briefcases ,  an d 9  owne d 4  briefcases .  Us e th e Poisso n distributio n t o determin e th e probabilit y  o f  a  randoml y chose n lawye r 
at  Cit y Hal l  ownin g exactl y tw o briefcases . 

No Label Solution: 

E(X )  =  1(180) + 2(17) + 3(13) + 4(9)  ̂  28 9 

21 9 21 9 
= 1.3 2 =  X  =  averag e numbe r  o f  briefcase s owne d pe r  lawye r 

P(X-x) = [(""^K^")] P(X=2) = 1(2:718:13032^ = (27)(1.74) ^ 235 
x!  2 !  2 

Meaningfu l  Labe l  Solution : 

g,jj. ^ 1(180)+ 2(17)+ 3(13)+ 4(9) ^ total number of briefcases owned ^ 289 

21 9 21 9 21 9 

= 1.3 2 =  A ,  =  averag e numbe r  o f  briefcase s owne d pe r  lawye r 

(rest of solution identical to No Label solution) 

Less-Meaningful Label Solution: 

g.y. 1(180)+ 2(17)+ 3(13)+ 4(9) _ W _ 289 

21 9 21 9 21 9 

= 1.3 2 =  X  =  averag e numbe r  o f  briefcase s owne d pe r  lawye r 

(rest of solution identical to No Label solution) 
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Tabl e 2 :  Sampl e Tes t  Problems . 

a.) A number of celebrities were asked how many commercials they made over the last year. The 20 celebrities made a total 
of  7 1 commercials .  Us e th e Poisso n distributio n t o determin e th e probabilit y  tha t  a  randoml y chose n celebrit y mad e exactl y 

5 commercials . 

Solution (not seen by participants): 

E(X) = — =3 55 = ^. = avg # of commercials per celebrity 
20 

P(X--5) [(2.718-^-^^)(3.55^)] _ (.029)(563.82) _ ^^^ 

5!  12 0 

b.) Over the course of the summer, a group of 5 kids used to walk along the beach each day collecting seashells. We know 
tha t  o n Da y 1  Jo e foun d 4  shells ,  o n Da y 2  Su e foun d 2  shells ,  o n Da y 3  Mar y foun d 5  shells ,  o n Da y 4  Roge r  foun d 3 
shells ,  an d o n Da y 5  Bil l  foun d 6  shells .  Us e th e Poisso n distributio n t o determin e th e probabilit y  o f  a  randoml y chose n ki d 
finding  3  shell s o n a  particula r  day . 

Solution (not seen by participants): 

4 +  2  +  5  +  3  +  6  2 0 
E(X )  = = — =  4. 0 =  ̂  =  averag e numbe r  o f  shell s pe r  ki d 

P(X-3 )  -  [(2.718-̂ Q)(4.03) ]  _  (.018)(64 )  _  ĵ j 

3!  6 

E x p e r i m e n t 

Metho d 

Participants .  Participant s wer e 15 0 student s recruite d 
from  severa l  Atlanta-are a college s wh o receive d cours e credi t 
or  paymen t  fo r  thei r  participation .  I n orde r  t o participat e i n 
th e experiment ,  a  studen t  eithe r  ha d t o hav e take n n o colleg e 
leve l  calculu s course s o r  t o hav e ha d betwee n tw o an d fou r 
college-leve l  mathematic s course s beyon d introductor y 
calculus .  However ,  n o studen t  coul d hav e take n a 
probabilit y  cours e prio r  t o participatin g i n th e experiment . 

Materials and Procedure. All participants initially 
studie d a  cove r  shee t  tha t  briefl y describe d th e Poisso n 
distributio n alon g wit h a  simplifie d notio n o f  a  rando m 
variable . 

Participant s wer e randoml y assigne d t o on e o f  thre e 
groups .  O f  th e 5 0 participant s pe r  group ,  2 5 ha d a  stronge r 
(calculus )  mat h backgroun d an d 2 5 ha d a  weake r  (n o 
calculus )  mat h background .  Th e Meaningfu l  Labe l  grou p 
studie d thre e example s demonstratin g th e weighte d averag e 
metho d fo r  finding  A,  i n whic h th e step s fo r  finding  th e tota l 
frequenc y wer e give n a  labe l  tha t  wa s assume d t o hav e 
meanin g t o th e participant s an d mad e mathematica l  sens e 
give n th e step s tha t  precede d i t  (se e th e Meaningfu l  Labe l 
Solutio n i n Tabl e 1  fo r  a n example) .  Th e Less-Meaningfu l 
Label  grou p studie d example s i n whic h th e step s fo r  finding 
th e tota l  frequency  wer e labele d wit h Q  whic h wa s assume d 
t o hav e littl e meanin g fo r  th e participant s i n th e contex t  o f 
th e example s (se e th e Less-Meaningfu l  Labe l  Solutio n i n 
Tabl e 1) .  Th e N o Labe l  grou p studie d example s i n whic h 

th e step s fo r  finding  th e tota l  frequenc y wer e no t  labele d (se e 
th e N o Labe l  Solutio n i n Tabl e 1) . 

Afte r  studyin g th e examples ,  participant s wer e aske d t o 
describ e ho w t o solv e problem s i n th e domain .  Afte r 
writin g thei r  descriptions ,  participant s solve d si x problems . 
The firs t  tw o require d th e us e o f  th e weighte d averag e 
metho d fo r  finding  X  (isomorphi c t o th e exampl e i n Tabl e 
1) .  Th e nex t  fou r  problem s require d ne w way s o f  finding  th e 
tota l  frequency :  eithe r  b y recognizin g tha t  th e valu e wa s 
give n directl y i n th e proble m (se e Tabl e 2 a fo r  a n example ) 
or  b y addin g simpl e frequencie s (se e Tabl e 2b) .  Participant s 
wer e tol d no t  t o loo k bac k a t  th e example s whe n writin g 
thei r  description s o r  solvin g th e tes t  problems .  Onl y th e 
result s fro m th e transfe r  tas k hav e bee n analyze d s o far . 

Predictions 

Most participants were predicted to find X correctly in the 
isomorphi c tes t  problem s sinc e th e sam e set s o f  step s use d 
i n th e example s coul d b e applie d t o thos e problems . 

I f  th e presenc e o f  a  label ,  rathe r  tha n it s semanti c content , 
i s  sufficien t  t o promot e grouping ,  the n learner s wit h 
adequat e backgroun d knowledg e shoul d b e abl e t o determin e 
th e purpos e o f  th e groupe d step s an d thus ,  for m a  subgoa l  t o 
represen t  tha t  purpos e regardles s o f  th e meaningfulnes s o f 
th e label .  Therefore ,  participant s wit h a  calculu s backgroun d 
shoul d b e equall y likel y t o lear n th e subgoa l  t o find  a  tota l 
i n th e Meaningfu l  an d Less-Meaningfu l  Labe l  conditions . 
Thus ,  thes e tw o group s shoul d find  X  correctl y o n th e nove l 
tes t  problem s abou t  equall y ofte n an d shoul d outperfor m th e 
No Labe l  grou p sinc e thes e problem s involve d ne w way s o f 
finding  th e tota l  frequency .  However ,  fo r  participant s wit h 
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th e weake r  mat h background ,  th e semanti c conten t  o f  th e 
labe l  i s  predicte d t o pla y a  large r  rol e i n helpin g the m t o 
understan d th e purpos e o f  th e labele d steps .  Thus ,  fo r  thes e 
learners ,  thos e receivin g th e mor e meaningfu l  labe l  shoul d 
be mor e likel y t o for m th e subgoa l  t o find a  tota l  compare d 
t o thos e receivin g th e less-meaningfu l  label .  Therefore ,  th e 
Meaningfu l  labe l  conditio n shoul d produc e mor e succes s 
tha n th e Less-Meaningfu l  Labe l  conditio n a t  finding  X ,  o n 
th e nove l  problems . 

Results 

Participants were given a score of 1 for a given problem if 
the y foun d X  correctl y an d a  scor e o f  0  otherwise .  Th e 
score s fo r  th e tw o problem s tha t  wer e isomorphi c t o th e 
trainin g examples ,  Problem s 1-2 ,  wer e summed ,  thu s 
creatin g a  scor e fro m 0- 2 fo r  performanc e o n thos e 
problems .  Similarly ,  th e score s fo r  th e fou r  nove l 
problems .  Problem s 3-6 ,  wer e summed ,  thu s creatin g a 
scor e fro m 0- 4 fo r  performanc e o n thos e problems . 

A two-wa y analysi s o f  varianc e wa s carrie d ou t  wit h 
conditio n an d mat h backgroun d a s th e factors .  Tabl e 3 
present s th e averag e score s o n th e tes t  problem s a s a 
functio n o f  group .  Ther e wa s a  significan t  effec t  o f 
condition ,  F(2 ,  144 )  =  9.49 ,  p  =  .0001 ,  M S e =  3.18 ,  an d 

mat h backgroun d F(l ,  144 )  =  19.31 ,  p  <  .0001 .  Ther e wa s 
als o a  significan t  interactio n betwee n thes e factors ,  F(2 , 
144 )  =  3.12 ,  p  =  .047 .  Th e mos t  typica l  mistak e tha t 
student s m a d e o n thes e problem s wa s t o writ e i n th e 
solutio n are a tha t  no t  enoug h informatio n wa s give n t o 
solv e th e problem .  I f  onl y participant s wit h a  calculu s 
backgroun d wer e considered ,  pairwis e comparison s indicate d 
tha t  th e tw o labe l  group s di d no t  perfor m differentl y ( p >  .7 ) 
whil e bot h showe d a  tendenc y t o outperfor m th e N o Labe l 
grou p (j > =  .0 4 v s Meaningfu l  Label ;  p  <  .0 8 v s Less -
Meaningfu l  Label ;  one-tailed) .  I f  onl y participant s withou t 
a calculu s backgroun d wer e considered ,  th e Meaningfu l  Labe l 
grou p outperforme d th e othe r  tw o group s (bot h p' s <  .0005 ) 
whil e ther e wa s n o significan t  differenc e betwee n th e Less -
Meaningfu l  an d N o Labe l  group s ( p >  .7) . 

Discussion 

Students firequently learn a solution procedure as a series of 
step s wit h littl e o r  n o higher-leve l  organizatio n (Reed , 
Dempster ,  &  Ettinger ,  1985) .  A s a  result ,  whil e the y ca n 
solv e ne w problem s tha t  involv e th e sam e step s a s a 
previously-studie d example ,  the y hav e difficult y wit h 

problem s tha t  requir e a  chang e i n th e steps ,  eve n thoug h th e 
conceptua l  structur e fro m th e exampl e t o th e proble m i s 
preserved . 

A guidin g assumptio n o f  th e presen t  researc h i s tha t 
transfe r  performanc e wil l  b e enhance d i f  a  solutio n procedur e 
i s structure d b y subgoal s an d a  metho d fo r  achievin g eac h 
one rathe r  tha n jus t  a  singl e linea r  se t  o f  step s fo r  th e entir e 
procedure .  Presumabl y ther e i s a  continuu m o f 
structurednes s dependin g o n th e numbe r  o f  subgoal s int o 
whic h a  procedur e i s broken . 

The result s fro m th e presen t  experimen t  ar e consisten t 
wit h th e hypothesi s tha t  th e presenc e o f  a  label ,  rathe r  tha n 
it s semanti c content ,  ca n b e sufficien t  t o induc e a  learne r  t o 
for m a  subgoal ,  a t  leas t  whe n th e learne r  ha s adequat e 
backgroun d t o tak e advantag e o f  th e label .  Presumably ,  a 
labe l  serve s a s a  cu e t o learner s t o grou p a  se t  o f  step s an d t o 
retriev e informatio n fro m long-ter m m e m o r y i n orde r  t o 
explai n wh y thos e step s belon g together .  Th e subgoa l  tha t 
i s  hypothesize d t o b e forme d a s a  resul t  o f  thi s proces s ca n 
ai d transfe r  t o nove l  problems .  Whil e th e presen t  result s d o 
not  includ e convergin g evidenc e o f  subgoa l  learning ,  suc h a s 
evidenc e fro m learners '  description s o f  h o w t o solv e th e 
problems ,  prio r  studie s hav e foun d suc h convergin g evidenc e 
(Catrambone ,  1994 ;  Catrambone ,  1995) . 

I t  i s  wort h notin g tha t  whil e th e presen t  result s provid e 
suppor t  fo r  th e theoretica l  clai m tha t  subgoa l  learnin g ca n b e 
aide d b y th e presenc e o f  a  label ,  regardles s o f  it s 
meaningfulness ,  ther e i s als o a  potentia l  educationa l 
implication .  A  subgoa l  tha t  i s forme d i n respons e t o a  labe l 
tha t  make s mentio n o f  superficia l  feature s fro m th e exampl e 
migh t  becom e tie d t o thos e features .  Fo r  instance ,  th e 
subgoa l  forme d b y Meaningfu l  Labe l  participant s i n th e 
experimen t  migh t  hav e bee n "fin d th e tota l  numbe r  o f 
objects. "  Conversely ,  a  subgoa l  forme d i n respons e t o a 
mor e abstrac t  labe l  migh t  b e les s likel y t o b e tie d t o 
superficia l  features .  Fo r  instance ,  th e subgoa l  forme d b y 
Less-Meaningfu l  Labe l  participant s wit h a  stronge r  mat h 
backgroun d migh t  hav e bee n "fin d th e total. "  Thi s latte r 
subgoa l  i s mor e genera l  an d close r  t o bein g formall y correct . 
O ne implicatio n o f  formin g a  subgoa l  tha t  i s  tie d t o 
superficia l  feature s i s tha t  th e learne r  i s confusin g superficia l 
and structura l  feature s o f  th e domain .  Futur e wor k coul d tes t 
thi s possibilit y  b y constructin g tes t  problem s tha t 
systematicall y manipulat e th e relationshi p betwee n 
superficia l  an d structura l  feature s an d observin g th e degre e t o 
whic h th e feature s guid e learners '  performanc e (cf .  Ross , 
1987 ,  1989) . 

Tabl e 3 :  Score s o n Nove l  Tes t  Problem s a s a  Functio n o f  Conditio n an d Mat h Background . 

Meaningful Label Less-Meaningful Label No Label 

Calculu s 
No Calculu s 

3.0 4 
2.7 2 

2.8 8 
0.8 0 

2.0 8 
0.6 4 

(Max imu m possibl e scor e =  4 ) 
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