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(404 )  894-268 2 
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Abstrac t 

It is hypothesized that labels in examples help learners 
grou p a  se t  o f  step s an d t o tr y t o explai n wh y thos e step s 
belon g together .  Th e resul t  o f  thes e groupin g an d self -
explanatio n processe s migh t  b e th e formatio n o f  a 
subgoal .  I t  i s  conjecture d tha t  th e meaningfulnes s o f  th e 
labe l  itsel f  migh t  no t  b e critica l  i n orde r  fo r  th e groupin g 
and self-explanatio n processe s t o occur .  Thi s conjectur e i s 
supporte d i n a n experimen t  i n whic h subject s studyin g 
example s i n probabilit y  tha t  ha d step s labele d transferre d 
t o nove l  problem s mor e successfull y tha n subject s whos e 
example s di d no t  contai n labels .  Furthermore ,  subject s 
who sa w les s meaningfu l  label s transferre d a s successfull y 
as subject s studyin g example s wit h mor e meaningfu l 
labels .  Thus ,  i t  appear s tha t  th e meaningfulnes s o f  th e 
labe l  doe s no t  see m t o affec t  subgoa l  formatio n a s muc h a s 
th e presenc e o f  a  label .  Thi s resul t  support s th e 
interpretatio n tha t  subgoa l  learnin g i s affecte d b y label s 
and tha t  label s produc e thi s benefi t  b y helpin g learner s 
grou p th e step s int o a  purposefu l  unit ,  perhap s throug h a 
self-explanatio n process . 

Introduction 

Learners typically prefer to use examples to help them solve 
nove l  problems ,  ye t  the y hav e grea t  difficult y generalizin g 
from  example s i n orde r  t o solv e thos e problem s (e.g. ,  Chi , 
Bassok ,  Lewis ,  Reimann ,  &  Glaser ,  1989 ;  Piroll i  & 
Anderson ,  1985 ;  Reed ,  Dempster ,  &  Ettinger ,  1985) .  O n e 
sourc e o f  thi s difficult y i s a  tendenc y b y learner s t o focu s o n 
feature s o f  example s tha t  ar e superficial ,  tha t  is ,  feature s tha t 
can var y from  a n exampl e t o a  proble m withou t  affectin g th e 
solutio n procedur e (Ross ,  1987 ,  1989) .  Learner s wil l 
incorrectl y interpre t  superficia l  change s a s cue s fo r 
procedura l  change s an d superficia l  similarit y a s cue s fo r 
procedura l  similarity .  Conversely ,  learner s ofte n fai l  t o 
detec t  component s o f  examples '  solution s tha t  represen t  th e 
domai n theor y an d thus ,  ar e invarian t  acros s example s an d 
problem s (Catrambon e an d Holyoak ,  1990 ,  Reed , 
Ackinclose ,  &  Voss ,  1990 ;  Ree d e t  al. ,  1985) . 

Thes e invarian t  component s migh t  fruitfull y  b e considere d 
subgoals .  "Subgoal "  i s  use d her e t o represen t  th e tas k 
structur e t o b e learne d fo r  solvin g problem s i n a  particula r 
domain .  I t  i s  assume d tha t  thes e subgoal s ca n b e taugh t  t o 
learner s (e.g. ,  Catrambone ,  i n press ;  Catrambon e & 
Holyoak ,  1990 ;  Dixon .  1987 ;  Eyio n &  Reif ,  1984) .  O n 
thi s view ,  a  subgoa l  group s a  se t  o f  step s unde r  a 
meaningfu l  tas k o r  purpos e (e.g. ,  Anza i  &  Simon ,  1977 ; 
Chi  &  VanLehn ,  1991) .  Fo r  instance ,  i n th e probabilit y 

material s use d i n th e experiment ,  a  se t  o f  multiplicatio n an d 
additio n step s ca n b e groupe d unde r  th e subgoa l  "fin d th e 
tota l  frequency  o f  th e event. " 

Learner s appea r  t o b e mor e successfu l  solvin g nove l 
problem s whe n the y lear n th e goa l  structur e o f  th e problem s 
the y wil l  b e solvin g (e.g. ,  Anza i  &  Simon ,  1979 ;  B rown , 
Kane ,  &  Echols ,  1986 ;  Eylo n &  Reif ,  1984) .  Subgoal s 
appea r  t o b e usefu l  becaus e the y provid e a  purpos e fo r  a  se t 
of  steps .  Thus ,  whe n th e learne r  i s workin g o n a  nove l 
problem ,  th e learne r  ca n us e th e subgoal s t o guid e him -  o r 
hersel f  t o th e step s from  th e ol d solutio n procedur e tha t  nee d 
t o b e modifie d i n orde r  t o achiev e th e subgoal s i n th e ne w 
problem .  I n contrast ,  a  learne r  w h o ha d simpl y memorize d a 
strin g o f  step s fo r  solvin g a  particula r  proble m type , 
withou t  groupin g set s o f  step s unde r  th e subgoal s the y 
achieve ,  wil l  hav e fewe r  cue s t o direc t  hi m o r  he r  t o th e 
step s tha t  nee d modificatio n fo r  th e nove l  problem . 

Learner s migh t  b e mor e likel y t o lear n subgoal s whe n 
step s fo r  achievin g thos e subgoal s ar e labeled .  Label s m a y 
perfor m a t  leas t  tw o function s relate d t o subgoa l  learning . 
O ne i s t o grou p a  se t  o f  steps .  Thi s groupin g migh t  lea d a 
learne r  t o construc t  a  purpos e fo r  th e step s sinc e th e labe l  i s 
implicitl y  informin g th e learne r  tha t  th e step s for m a 
coheren t  unit .  A  secon d possibl e functio n o f  a  labe l  i s t o 
provid e a  mini-explanatio n o f  th e steps '  purpose .  Th e 
explanatio n migh t  b e crucia l  i n orde r  fo r  a  learne r  t o for m a 
domain-meaningfu l  subgoal .  Th e presen t  experimen t  wa s 
designe d t o tes t  th e importanc e o f  th e meaningfulnes s o f  a 
labe l  i n subgoa l  formation . 

The Test Domain: The Poisson Distribution 

Th e Poisso n distributio n i s  ofte n use d t o approximat e 
binomia l  probabilitie s fo r  event s occurrin g wit h som e smal l 

probability. The Poisson equation is "! 
wher e "k  i s th e averag e (th e expecte d value )  o f  th e rando m 
variabl e X . 

Tabl e 1  show s a  us e o f  th e Poisso n distributio n t o predic t 
th e probabilit y o f  a  randoml y chose n lawye r  ownin g a 
certai n numbe r  o f  briefcases .  Th e metho d fo r  th e goa l  o f 
findin g X ,  th e averag e frequency  o f  th e even t  (e.g. ,  ownin g a 
briefcase) ,  coul d b e represente d a s show n i n Tabl e 2a . 
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Tabl e 1 :  Trainin g Exampl e wit h Meaningful .  Less-Meaningful ,  an d N o Labe l  Solution s 

A judge noticed that some of the 219 lawyers at City Hall owned more than one briefcase. She counted the number of 

briefcases each lawyer owned and found that 180 of the lawyers owned exactly 1 briefcase, 17 owned 2 briefcases, 13 owned 3 

briefcases, and 9 owned 4 briefcases. Use the Poisson distribution to determine the probability of a randomly chosen lawyer 

at City Hall owning exactly two briefcases. 

a.) Meaningful Label Solution: 

Total number of briefcases owned = [1(180) + 2(17) + 3(13) + 4(9)] = 289 

28 9 
E(X )  =  =  1.3 2 =  X ,  =  averag e numbe r  o f  briefcase s owne d pe r  lawye r 

I>(X=x )  = [{cH^ 4 
x! 

P(X-2)-[(2-'^^8"^'^^X^-32^) J -(•^7)(1.74 )  _  23 5 

2!  2 

b. )  Less-Meaningfu l  Labe l  Solution : 

Q. = [1(180) + 2(17) + 3(13) + 4(9)] = 289 

289 
E(X )  =  =  1.3 2 =  A,  =  averag e numbe r  o f  briefcase s owne d pe r  lawye r 

21 9 

[Remainder of solution identical to Meaningful Label solution} 

c.)No Label Solution: 

E(X) = K180) +2(17)+ 3(13)+ 4(9) ^ 289 ^ j 32 ^ ^ ^ average number of briefcases owned per lawyer 
21 9 21 9 

[Remainder of solution identical to Meaningful Label Solution) 

Tabl e 2 :  Representation s o f  th e Weighted-Averag e Metho d fo r  Findin g A, 

a.) Goal: Find A, 
Method :  1 )  multipl y eac h event-categor y (e.g. ,  ownin g exactl y 0  briefcases ,  ownin g 

exactl y 1  briefcase ,  etc )  b y it s observe d frequenc y 
2)  su m th e result s 
3)  divid e th e su m b y th e tota l  numbe r  o f  trial s (numbe r  o f  lawyers )  =  averag e 

number  o f  briefcase s pe r  lawye r 

b.) Goal: Find A. 
Method :  1 )  Goal :  Fin d tota l  numbe r  o f  briefcase s 

Method :  a )  multipl y eac h event-categor y b y it s observe d frequenc y 
b)  su m th e result s =  tota l  numbe r  o f  briefcase s 

2)  divid e tota l  numbe r  o f  briefcase s b y th e tota l  numbe r  o f  trial s =  averag e 
number  o f  briefcase s pe r  lawye r 
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Tabl e 3 :  Sampl e Tes t  Problem s 

a. )  Tota l  Frequenc y Provide d Directl y 

A numbe r  o f  celebritie s wer e aske d ho w man y commercial s the y mad e ove r  th e las t  year .  Th e 2 0 celebritie s mad e a  tota l  o f 
71 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 . 

Solutio n (no t  see n b y subjects) : 

71 
E(X )  =  — =  3.5 5 =  X  =  averag e numbe r  o f  commercial s pe r  celebrit y 

20 

p(X-5)-[(2.718-3-^^)(3.55^) ]  _  (.029X563.8 )  _  jg g 

5!  12 0 

b. )  Tota l  Frequenc y Calculate d b y Addin g Simpl e Frequencie s 

Over the course of the summer, a group of 5 kids used to walk along the beach each day collecting seashells. We know that 
on 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 , 
and 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 findin g 
3 shell s o n a  particula r  day . 

Solution (not seen by subjects): 

4 + 2 + 5 + 3 + 6 20 
E(X )  = = — =  4. 0 =  A,  =  averag e numbe r  o f  shell s pe r  ki d 

P(X=3 )  =  [(2-718-4Q)(4.03) ]  ̂  (.018)(64 )  ̂ 

3!  6 
= .19 5 

Learner s ar e goo d a t  memorizing ,  fro m examples ,  th e 
step s fo r  th e weighted-averag e metho d i n orde r  t o achiev e th e 
subgoa l  o f  finding  th e averag e frequenc y o f  a n even t  fo r 
problem s wit h differen t  story-line s (Catrambon e &  Holyoak , 
1990) .  However ,  the y ofte n fai l  t o notic e tha t  step s # 1 an d 
#2 i n th e metho d i n Tabl e 2 a coul d als o b e viewe d a s a 
metho d fo r  achievin g th e subgoa l  o f  findin g th e tota l 
frequenc y o f  th e even t  (e.g. ,  tota l  numbe r  o f  briefcase s 
owned) .  A s a  result ,  learner s ofte n hav e troubl e finding  th e 
averag e fr-equenc y o f  a n even t  whe n a  proble m provide s th e 
tota l  frequenc y o f  tha t  even t  directl y (se e Tabl e 3a )  o r 
require s th e tota l  frequenc y t o b e calculate d i n a  ne w wa y 
(se e Tabl e 3b )  (Catrambone ,  unde r  review ;  Catrambon e & 
Holyoak ,  1990) . 

Catrambone and Holyoak (1990) demonstrated that if a 
perso n learn s th e subgoa l  "fin d th e tota l  frequenc y o f  th e 
event, "  h e o r  sh e i s bette r  abl e t o find  A,  i n a  nove l  proble m 
tha t  require s a  chang e fro m th e example s i n ho w tota l 
frequenc y i s found .  Fo r  example ,  i n th e metho d discusse d 
earlie r  fo r  finding  th e averag e numbe r  o f  briefcase s owne d 
per  lawyer ,  transfe r  i s  improve d i f  th e learner' s metho d fo r 
finding  X  i s organize d a s show n i n Tabl e 2b . 

E x p e r i m e n t 

This experiment examined subgoal learning by manipulating 
th e meaningfulnes s o f  th e labe l  fo r  a  se t  o f  steps .  Th e N o 
Labe l  grou p studie d example s demonstratin g th e weighte d 
averag e metho d fo r  finding  X  (se e Tabl e 1 ,  th e "N o Label " 
solution) .  Th e Meaningfu l  Labe l  an d Less-Meaningfu l 
Labe l  groups '  example s differe d i n tha t  th e step s fo r  finding 
th e tota l  frequenc y wer e explicitl y  labele d rathe r  tha n merge d 
wit h th e overal l  se t  o f  step s fo r  finding  A ,  (se e Tabl e 1 ,  th e 
"Meaningfu l  Label "  an d "Less-Meaningfu l  Label " 
solutions) . 

Subgoa l  learnin g wa s assesse d i n tw o ways .  Th e first  wa s 
t o analyz e transfe r  performance—ho w successfull y subject s 
foun d \~o n nove l  problems .  Th e secon d wa s t o hav e thes e 
subject s describ e ho w t o solv e problem s i n th e Poisso n 
domain .  I f  "label "  subjects '  description s mentio n th e label s 
use d i n th e trainin g examples ,  thi s woul d provid e on e piec e 
of  evidenc e tha t  label s mak e learner s mor e likel y t o grou p a 
set  o f  steps .  I f  thes e subject s solv e th e nove l  problem s 
more successfull y tha n th e N o Labe l  subjects ,  thi s woul d 
provid e convergin g evidenc e tha t  labe l  subject s learne d a 
subgoal .  I f  th e Meaningfu l  Labe l  subject s outperfor m th e 
Less-Meaningfu l  Labe l  subjects ,  thi s woul d sugges t  tha t  th e 
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meaningfulnes s o f  th e labe l  als o affect s th e likelihoo d o f 
formin g a  domain-meaningfu l  subgoal . 

No differenc e wa s predicte d amon g th e group s i n th e 
frequenc y o f  mentionin g th e notio n o f  findin g a n averag e (o r 
X)  i n thei r  description s sinc e al l  example s mentio n th e ter m 
"average "  i n th e solutions .  Finally ,  al l  group s wer e 
predicte d t o b e quit e successfu l  solvin g transfe r  problem s 
tha t  ar e isomorphi c t o th e trainin g examples . 

Method 

Subjects. Subjects were 100 students recruited from an 
introductor y psycholog y clas s a t  th e Georgi a Institut e o f 
Technolog y w h o receive d cours e credi t  fo r  thei r 
participation .  Non e o f  th e subject s ha d take n a  probabilit y 
cours e prio r  t o participatin g i n th e experiment . 

Materials and Procedure. Subjects were randomly 
assigne d t o on e o f  thre e groups .  Th e Meaningfu l  Labe l 
grou p ( n =  34 )  studie d thre e example s demonstratin g th e 
weighte d averag e metho d fo r  fmdin g A ,  i n whic h th e step s fo r 
finding  th e tota l  frequency  wer e explicitl y  labele d wit h a 
labe l  tha t  presumabl y ha d meanin g t o th e subject s an d mad e 
mathematica l  sens e give n th e step s tha t  precede d it .  Th e 
label s see n b y th e Meaningfu l  Labe l  grou p wer e specifi c  t o 
th e contex t  o f  th e proble m (e.g ,  "tota l  numbe r  o f  briefcase s 
owned") ,  an d no t  phrase d a t  a  genera l  leve l  (e.g. ,  "tota l 
frequency")  i n orde r  t o minimiz e additiona l  explici t  genera l 
domai n instruction .  Th e Less-Meaningfu l  Labe l  grou p ( n = 
34 )  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 presumabl y ha d littl e 
meanin g fo r  th e subject s i n th e contex t  o f  th e examples . 
The N o Labe l  grou p ( n =  32 )  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  labeled . 

Afte r  studyin g th e examples ,  subject s wer e aske d t o writ e 
explanation s o f  h o w the y woul d teac h someon e t o solv e 
problem s o f  th e typ e the y ha d jus t  studied .  I t  wa s 
conjecture d tha t  thes e explanation s migh t  provid e additiona l 
informatio n abou t  th e organizatio n o f  subjects '  proble m 
solvin g knowledg e afte r  havin g studie d th e examples . 
Subjects '  explanation s o f  h o w t o solv e problem s i n th e 
domai n wer e score d fo r  tw o primar y features :  a n explici t 
mentio n o f  tryin g t o find  th e tota l  frequenc y (and/o r  Q  i n 
th e cas e o f  th e Less-Meaningfu l  group) ,  an d a n explici t 
mentio n o f  tryin g t o fin d a n average .  T w o rater s 
independentl y score d th e explanation s an d proble m solution s 
and agree d o n scorin g 9 5 % o f  th e time .  Disagreement s wer e 
resolve d b y discussion . 

Afte r  writin g thei r  explanations ,  subject s solve d si x tes t 
problems .  Th e first  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 thir d an d fourt h problem s provide d th e tota l 
frequenc y directl y (an d thu s X  coul d b e foun d b y simpl y 
dividin g th e give n numbe r  b y th e tota l  numbe r  o f  trials) . 
The latte r  typ e include d th e proble m i n Tabl e 3 a an d anothe r 
proble m isomorphi c t o it .  Th e fifth  an d sixt h problem s 
involve d addin g simpl e frequencies  i n orde r  t o find  th e tota l 
frequenc y (se e Tabl e 3 b fo r  a n example) .  Subject s wer e tol d 
not  t o loo k bac k a t  th e example s whe n solvin g th e tes t 
problem s o r  writin g thei r  explanations . 

Subjects '  writte n solution s wer e score d fo r  whethe r  the y 
foun d X  correctly .  Th e frequencie s wit h whic h th e group s 
correctl y foun d X  an d mentione d th e subgoal s wer e analyze d 

usin g th e likelihoo d rati o chi-squar e tes t  (G^ ;  Bishop , 
Fienberg ,  &  Holland ,  1975) . 

Results 

Transfer as a Function of Group. As expected, all 
thre e group s di d quit e wel l  a t  finding  X  o n tes t  problem s tha t 
wer e isomorph s t o th e trainin g example s (se e Tabl e 4 , 
Problem s 1-2) .  Ther e wa s n o significan t  differenc e amon g 
th e group s o n eithe r  o f  th e isomorphi c problems . 

As predicted ,  ther e wa s a  significan t  differenc e amon g th e 
group s a t  finding X  successfull y o n th e fou r  tes t  problem s 
tha t  involve d th e ne w metho d fo r  finding X  (se e Tabl e 4 , 

problem s 3-6) ,  0^(2 )  =  9.72 ,  p  =  .008 ;  G^(,2 )  =  8.47 ,  p  = 

.01 ;  g2(2 )  =  11.14 ,  p  =  .004 ;  0^(2 )  =  18.80 ,  p  =  .0001 , 
fo r  problem s 3-6 ,  respectively .  Th e mos t  typica l  mistak e 
tha t  subject s mad e o n problem s # 3 an d #4 ,  i n whic h th e 
tota l  frequenc y wa s give n directl y i n th e problem ,  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 .  Thi s mistak e wa s als o mad e 
frequently  i n problem s # 5 an d # 6 a s wel l  a s th e mistak e o f 
takin g eac h valu e i n th e proble m an d multiplyin g i t  b y a 
number  fro m a n increasin g sequenc e (i.e. ,  1 ,  2 ,  3 ,  etc) , 
perhap s a s a n attemp t  t o mimi c th e procedur e fro m th e 
trainin g examples . 

The Meaningfu l  Labe l  grou p ha d th e highes t  percentag e 
correc t  fo r  eac h o f  th e nove l  problem s an d th e N o Labe l 
grou p ha d th e lowes t  percentag e correct .  Pairwis e 
comparison s indicat e tha t  th e Less-Meaningfu l  Labe l  grou p 
outperforme d th e N o Labe l  grou p o n eac h o f  thes e problems , 

g2( 1 )  =  3.87 ,  p  =  .049 ;  g2(1 )  =  3.92 ,  p  =  .048 ;  G^(\ )  = 

3.86 ,  p  =  .05 ;  0^(1 )  =  6.98 ,  £  =  .008 ,  fo r  problem s 3-6 , 

respectively .  Th e Meaningfu l  Labe l  grou p neve r 
significantl y outperforme d th e Less-Meaningfu l  Labe l 

group ,  g2(1 )  =  1.32 ,  p  =  .25 ;  G^( l )  =  0.77 ,  p  =  .38 ; 

g2(1 )  =  1.98 ,  p  =  .16 ;  g2(1 )  =  3.17 ,  p  =  .08 ,  fo r  problem s 
3-6 ,  respectively . 

Explanations as a Function of Group. Subjects' 
explanation s wer e score d fo r  whethe r  the y explicitl y 
mentione d th e subgoa l  o f  finding  th e tota l  frequency  (and/o r 
Q fo r  th e Less-Meaningfu l  Labe l  group )  an d th e subgoa l  o f 
finding  th e averag e o r  X .  A s expected ,  th e group s wer e 
equall y likel y t o mentio n finding  th e averag e (se e Tabl e 5) , 

2^(2 )  =  2.17 ,  E  =  .34 ,  presumabl y becaus e th e averag e wa s 

labele d fo r  al l  conditions . 
The group s significantl y differe d i n th e frequenc y o f 

mentionin g finding  tota l  frequenc y i n thei r  explanation s (se e 

Tabl e 5) ,  6.2(2 )  =  13.87 ,  £  =  .001 .  Interestingly ,  th e 

combine d rat e o f  mentionin g eithe r  tota l  frequency  o r  £ 1 b y 
th e Less-Meaningfu l  Labe l  grou p wa s th e sam e a s th e rat e o f 
mentionin g tota l  frequenc y b y th e Meaningfu l  Labe l  group . 
Thi s suggest s tha t  th e Less-Meaningfu l  Labe l  grou p 
appeare d t o lear n a  subgoal ,  articulate d a s "tota l  frequency" 
or  " Q "  fo r  th e step s fo r  finding  tota l  frequenc y a s ofte n a s 
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th e Meaningfu l  Labe l  group .  I n contrast ,  onl y 1 6 % o f  th e 
No Labe l  subject s seeme d t o for m a  subgoa l  fo r  thes e steps . 
I t  coul d b e conjecture d tha t  som e N o Labe l  subject s provide d 
idiosyncrati c term s fo r  relatin g th e step s fo r  fmdin g tota l 
frequenc y an d tha t  thes e term s wer e ignore d i n th e subgoal -
scorin g process .  I n fac t  thoug h thi s neve r  appeare d t o 
happen ;  N o Labe l  subject s typicall y provide d th e step s 
withou t  a  statemen t  abou t  wha t  the y accomplished . 

Transfer as a Function of Explanations. As 
predicted ,  ther e wer e n o significan t  performanc e difference s 
betwee n subject s wh o mentione d finding X  an d thos e w h o 

di d no t  o n an y o f  th e tes t  problem s (se e Tabl e 6) ,  Q^(l )  =  0 ; 

q2(1 )  =  0.95 ,  £  =  .33 ;  Q?( l )  =  1-06 ,  £  =  .30 ;  g2(1 )  = 

0.07 .  n  =  .79 ;  a ^ D =  0.11 ,  e  =  .74 ;  Q?(\ )  =  0.23 ,  g .  = 

.63 ,  fo r  problem s 1-6 ,  respectively . 
The compariso n amon g subject s a s a  functio n o f  whethe r 

or  no t  the y mentione d tota l  frequenc y i n thei r  explanation s 
produce d performanc e difference s o n al l  fou r  nove l  tes t 

problem s (se e Tabl e 6 ,  problem s 3-6) ,  ̂ ^ ( i )  =  13.6O ,  1 2 = 

.0002 ;  q2(1 )  =  g  3 4 ^  =  004 ;  ^2(1 )  =  1 1 64 ,  ̂  =  .0006 , 

g2(1 )  =  17.69 ,  £  =  .0001 ,  fo r  problem s 3-6 ,  respectively . 

Pairwis e analyse s (no t  presente d here )  sho w tha t  subject s 
w ho mentione d onl y Q .  di d no t  perfor m significantl y 
differentl y o n thes e problem s tha n subject s w h o mentione d 
neithe r  tota l  frequenc y o r  Q .  However ,  onl y 1 1 subject s 
mentione d Q ,  (withou t  als o mentionin g tota l  frequency) , 
thu s comparison s wit h thi s grou p ar e difficul t  t o interpret . 

Tabl e 4 :  Percentag e o f  Subject s Findin g X  Correctl y o n Tes t  Problem s a s a  Functio n o f  Grou p 

Grou p 

Meaningfu l  Less-Meaningfu l  N o 
Labe l  Labe l  Labe l 

( n =  34 )  ( n =  34 )  ( n =  32 ) 

AVG 

Proble m # 1 (weighte d avg. ) 
Proble m # 2 (weighte d avg. ) 
Proble m # 3 (tota l  freq .  direct ) 
Proble m # 4 (tota l  freq.  direct ) 
Proble m # 5 (simpl e frequency) 
Proble m # 6 (simpl e frequency) 

100 
100 
82 
82 
82 
97 

100 
97 
71 
74 
68 
85 

100 
97 
47 
50 
44 
56 

100 
98 
67 
69 
65 
80 

AVG 90 82 66 80 

Tabl e 5 :  Percentag e o f  Subject s Mentionin g Feature s i n Explanation s a s a  Functio n o f  Grou p 

Grou p 

Mention s X 

Mention s Tota l  Frequenc y 
Mention s Q 

Meaningfu l 
Labe l 

71 

56 
0 

Les s -Meaningfu l 
Labe l 

82 

24 
32 

No 
Labe l 

84 

16 
0 

Tabl e 6 :  Percentag e o f  Subject s Findin g X  Correctl y o n Tes t  Problem s a s a  Functio n o f  Explanation s 

Feature Mentioned 

Proble m # 1 (weighte d avg. ) 
Proble m # 2 (weighte d avg. ) 
Proble m # 3 (tota l  freq.  direct ) 
Proble m # 4 (tota l  freq.  direct ) 
Proble m # 5 (simpl e frequency) 
Proble m # 6 (simpl e frequency) 

Tota l 
Frequenc y 

(n=32 ) 

100 
100 
91 
88 
88 
100 

n 

(n=ll ) 

100 
100 
54 
54 
46 
82 

Neithe r 

(n=57 ) 

100 
96 
56 
61 
56 
68 

X 

1=79) 

100 
98 
65 
68 
66 
81 

Not 
X 

(n=21 ) 

100 
100 
76 
71 
62 
76 
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D i s c u s s i o n R e f e r e n c e s 

Th e transfe r  performanc e o f  th e thre e trainin g group s i s 
consisten t  wit h th e hypothesi s tha t  th e presenc e o f  a  labe l 
help s learner s grou p a  se t  o f  step s int o a  meaningfu l  unit . 
Thi s uni t  migh t  b e characterize d a s a  subgoal .  Eve n a 
relativel y meaningles s labe l  aid s thi s groupin g function , 
possibl y becaus e i t  encourage s learner s t o retriev e 
informatio n fro m long-ter m memor y i n orde r  t o explai n wh y 
a se t  o f  step s belon g together .  Th e transfe r  performanc e a s a 
functio n o f  explanation s demonstrate d tha t  subject s w h o 
mentione d finding  tota l  frequenc y transferre d bette r  t o nove l 
problems .  Thi s resul t  i s  als o consisten t  wit h th e predictio n 
tha t  subject s learnin g th e subgoa l  t o find  tota l  frequenc y 
woul d perfor m bette r  o n nove l  problem s tha n subject s w h o 
di d no t  lear n tha t  subgoal . 

I t  appear s tha t  th e groupin g effec t  o f  labels ,  no t  thei r 
domain-meaningfulness ,  i s  mos t  responsibl e fo r  subgoa l 
learning ,  a t  leas t  fo r  domain s i n whic h th e learne r  ha s 
relevan t  prio r  knowledge .  Tha t  is ,  i t  i s  suggeste d tha t  a 
label ,  eve n on e wit h littl e meaning ,  lead s learner s t o attemp t 
t o explai n t o themselve s wh y th e step s g o together .  Thi s 
self-explanatio n lead s t o subgoa l  formatio n (Ch i  e t  al. , 
1989) .  Thus ,  th e presenc e o f  th e labe l  ca n b e see n a s a  wa y 
of  aidin g th e self-explanatio n process . 

I f  a  perso n i s learnin g t o solv e problem s i n a  domai n fo r 
whic h h e o r  sh e ha s littl e relevan t  prio r  knowledge ,  the n 
perhap s label s tha t  ar e relativel y meaningles s wil l  no t  ai d 
th e learne r  i n formin g usefu l  subgoals .  I n thos e cases , 
meaningfu l  label s wil l  presumabl y produc e bette r  subgoa l 
learnin g sinc e th e extr a domai n informatio n provide d b y a 
meaningfu l  labe l  wil l  hel p th e learne r  mak e sens e o f  th e 
step s an d t o understan d thei r  purpose . 

The experimen t  di d no t  directl y tes t  th e assumptio n tha t 
when learner s ar e le d t o grou p step s the y the n tr y t o explai n 
t o themselve s wh y th e step s g o together .  Thi s assumptio n 
coul d b e examine d b y havin g subject s tal k ou t  lou d abou t 
what  the y ar e learnin g whe n the y stud y example s tha t  var y 
i n th e us e o f  labels .  I f  dat a fro m thi s approac h sugges t  tha t 
eve n a  relativel y meaningles s labe l  lead s learner s t o tr y t o 
self-explai n wh y a  serie s o f  step s ar e grouped ,  an d i f  thes e 
subject s sho w superio r  transfe r  fo r  th e subgoa l  represente d 
by th e grouping ,  ̂ e n additiona l  suppor t  woul d b e gaine d fo r 
th e connection s betwee n labeling ,  grouping ,  self -
explanation ,  an d subgoa l  learning . 
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