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Lea rn in g b y P r o b l e m Solvin g versu s b y E x a m p l e s : 

T h e Benefit s o f  Generat in g a n d Receivin g Informat io n 

Marsh a C .  Lovett * 
Departmen t  o f  Psycholog y 

Carnegi e Mello n Universit y 
Pittsburgh .  P A 1521 3 
lovett@psy.cmu.ed u 

A b s t r a c t 

Thi s experimen t  contrast s learnin g b y solvin g problem s 
wit h learnin g b y studyin g examples ,  whil e attemptin g 
t o contro l  fo r  th e elaboration s tha t  accompan y eac h 
solutio n step .  Subject s wer e give n differen t 
instructiona l  material s fo r  a  se t  o f  probabilit y 
problems .  The y wer e eithe r  provide d wit h o r  aske d t o 
generat e solutions ,  an d the y wer e eithe r  provide d wit h 
or  aske d t o creat e thei r  o w n explanation s fo r  th e 
solutions .  Subject s wer e the n teste d o n a  se t  o f  relate d 
problems .  Subject s i n al l  fou r  condition s exhibite d 
goo d performanc e o n th e nea r  transfe r  tes t  problems . 
On th e fa r  transfe r  problems ,  however ,  subject s i n tw o 
cell s exhibite d stronge r  performance :  thos e solvin g an d 
elaboratin g o n thei r  o w n an d thos e receivin g bot h 
solution s an d elaboration s fro m th e experimenter . 
Ther e als o wa s a n indicatio n o f  a  generatio n effec t  i n th e 
fa r  transfo *  case ,  benefitin g subject s w h o generate d thei r 
o wn solutions .  I n addition ,  subjects '  self-explanation s 
o n a  particula r  concep t  wer e predictiv e o f  goo d 
performanc e o n th e correspondin g subtas k o f  th e tes t 
problems . 

Swelle r  an d Coope r  (1985 )  hav e foun d tha t  subject s 
usin g worke d example s require d les s stud y tim e an d 
exhibite d bette r  nea r  transfe r  performanc e tha n subject s 
solvin g problems .  However ,  thei r  metho d o f  learnin g 
by example s actuall y include d proble m solvin g hal f  o f 

th e time. '  I n addition ,  man y researcher s hav e foun d tha t 
th e particula r  conten t  o f  worke d example s ca n seriousl y 
affec t  subjects '  learnin g outcome s (e.g .  Catrambone . 
1991 ;  PiroUi .  1991 ;  War d &  Sweller .  1990) .  Therefore . 
th e experimenta l  procedur e use d t o implemen t  learnin g 
by example s an d th e conten t  o f  th e example s ar e 
importan t  variable s t o conside r  whe n evaluatin g thi s 
method .  I n th e cas e o f  learnin g b y proble m solving . 
othe r  variable s (e.g .  th e typ e an d timin g o f  feedback ) 
must  b e take n int o accoun t  sinc e the y to o hav e bee n 
show n t o affec t  subsequen t  performanc e (e.g .  Lewi s & 
Anderson .  1985 ;  Schoole r  &  Anderson .  1990) .  Finally . 
individua l  difference s amon g subject s ca n als o influenc e 
th e efficac y o f  thes e instructiona l  methods .  Fo r 
example ,  th e relationshi p betwee n th e qualit y o f 

subjects '  self-explanations ^  an d subsequen t 
performanc e ha s bee n demonstrate d (Ch i  e t  al. ,  1989 ; 
PiroU i  &  Bielaczyc .  1989) . 

In t roduct io n 

Solving problems and studying examples are both 
viabl e method s fo r  learnin g t o solv e problems .  Solvin g 
practic e problon s provide s subject s wit h th e experienc e 
of  "doing "  an d force s the m t o conside r  al l  aspect s o f  th e 
solution .  Studyin g exampl e problem s accompanie d b y 
thei r  solution s (together ,  calle d worke d examples ) 
provide s student s no t  onl y wit h th e correc t  answer s bu t 
als o wit h som e informatio n o n h o w thos e answer s wer e 
obtained .  So ,  whic h metho d (i f  either )  i s  better ? 
Experimenta l  result s o n tha t  questio n d o no t  ye t 
provid e a  defmitiv e answer . 

The autho r  wa s supporte d b y a  N S F Graduat e Fellowship . 
Fundin g fo r  subject s wa s provide d throug h MDR-87-5189 0 
grante d t o Dr .  Joh n R .  Anderson . 

E x p e r i m e n t 

The current experiment attempts a preliminary 
compariso n betwee n learnin g b y example s an d learnin g 
by proble m solving ,  whil e dealin g wit h man y o f  thes e 
issue s i n a  systemati c way .  Subject s worke d o n thre e 
practic e problem s i n introductor y probability .  The y 
wer e eith a provide d wit h solution s o r  aske d t o generat e 
thei r  own .  an d the y wer e dthe r  provide d wit h complete , 
elaborat e explanation s o f  th e solution s o r  aske d t o 

'  Fo r  example .  Experimen t  I I  containe d fou r  pair s o f 
isomorphi c practic e problems .  Subject s i n th e worked -
exampl e grou p studie d a  worke d exampl e fo r  th e firs t 
proble m i n eac h pai r  an d the n solve d th e second . 

^Self-explanation s ar e th e elaboration s generate d b y 
subjects ,  usuall y whil e studyin g a n exampl e problem ,  i n 
whic h the y explai n variou s concept s t o themselves . 
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creat e thei r  own .  Thi s desig n allowe d u s t o compar e th e 
tw o instructiona l  method s a n d t o manipulat e th e 
conten t  o f  worice d example s i n th e sam e experiment . 

We denot e thes e fou r  condition s usin g th e for m <x> -
<y> ,  wher e < x > correspond s t o th e sourc e o f  th e 
solution s an d <y > correspond s t o th e sourc e o f  th e 
elaborations .  Th e condition s ca n b e characterize d a s 
follows :  subject-subjec t  =  learnin g b y proble m solvin g 
and self-explaining ;  experimenter-subjec t  =  learnin g b y 
studyin g "sparse "  example s an d self-explaining ; 
subject-experimente r  =  learnin g b y proble m solvin g 
wit h explanator y feedback ;  an d experimenter -
experimente r  =  learnin g b y studyin g elaborat e worke d 
examples .  (Se e Appendi x A  fo r  a n exampl e o f  th e 
informatio n provide d t o subject s i n th e fou r 
conditions. ) 

I n accordanc e wit h previou s result s o n th e generatio n 
effec t  (e.g .  Bobro w &  Bower .  1969 ;  Slameck a &  Graf , 
1978) .  w e expecte d subject s w h o generate d thei r  o w n 
proble m informatio n t o perfor m better .  Fo r  example , 
generatin g one' s o w n solutio n m a y m a k e i t  mor e 
memorabl e an d s o improv e subsequen t  performance .  I n 
th e cas e o f  explanations ,  however ,  a  generatio n effec t 
may hav e t o compet e wit h a n effec t  fro m hig h qualit y 
elaborations .  Subject s creatin g thei r  o w n elaboration s 
may no t  perfor m a s wel l  a s subject s w h o receiv e th e 
experimenter' s elaborations ,  i f  th e latte r  ar e o f 
substantiall y  highe r  quality .  Thus ,  w e predicte d a 
generatio n effec t  fo r  solution s bu t  no t  fo r  elaborations . 

M e t h o d 

Subjects. Subjects included 50 undergraduate students 
at  th e Universit y o f  Californi a a t  Berkeley ,  w h o ha d 
litd e o r  n o backgroun d i n probabilit y  theory .  Al l 
subject s wer e pai d fo r  thei r  partidpation .  T w o subjects ' 
dat a wer e remove d fro m analysis :  on e becaus e o f 
inabilit y  t o lear n th e ma t ^a l  an d on e du e t o equipmen t 
failur e resultin g i n incomplet e data .  Thi s lef t  4 8 
subject s i n th e experiment ,  twelv e pe r  group . 
Assignmen t  t o thes e group s wa s random . 

Materials. Before solving the three practice problems, 
subject s wer e give n a  three-pag e introductio n t o th e 
necessar y concept s i n probability .  I t  covere d th e 
probabilit y  o f  a n even t  E  (define d a s th e numbe r  o f 
outcome s satisfyin g E  divide d b y th e tota l  numbe r  o f 
possibl e outcomes )  an d th e probabilit y  o f  multipl e 
independen t  event s (calculate d b y multiplyin g th e 
probabilitie s o f  th e individua l  events) .  Th e informatio n 
i n th e introductor y tex t  prepare d student s t o follo w 
onl y on e pat h t o th e solutio n o f  eac h problem ,  eve n 
thoug h mor e tha n on e wa s possible . 

Eleven  elementar y probabilit y  problem s wer e use d i n 
thi s experimen t  (includin g fou r  adapte d fro m Ross , 
1989) .  Al l  thre e practic e problem s wer e permutatio n 
problem s wit h peopl e choosin g object s (e.g .  scientist s 

choosin g fro m a  poo l  o f  computers ,  se e Appendi x A ) . 
For  th e eigh t  tes t  problems ,  hal f  wer e simila r 
permutatio n problem s (nea r  transfer )  an d th e othe r  hal f 
wer e combinatio n problem s (fa r  t ransfer) . 
Combinatio n problem s diffe r  fro m permutat io n 
problem s i n tha t  th e exac t  orde r  o f  event s doe s no t 
matter .  Thi s differenc e affect s th e solution ,  mainl y b y 
changin g th e calculatio n o f  th e numerator .  I n addition , 
bot h nea r  an d fa r  transfe r  problem s wer e spli t  accordin g 
t o whethe r  the y containe d peopl e choosin g object s o r 
object s bein g assigne d t o people .  Ros s (1989 )  firs t 
foun d tha t  thes e rol e assignment s coul d affec t 
performance :  w h e n a n exampl e problem ,  i n whic h 
humans choos e objects ,  wa s followe d b y role-reverse d 
tes t  problems ,  performanc e wa s wors e than  w h e n th e 
same role s wer e maintaine d betwee n practic e an d test . 
(Se e Appendi x B  fo r  sampl e tes t  problems. )  Th e tes t 
problem s wer e give n i n th e sam e orde r  t o al l  subject s -

fro m "nearest "  transfe r  t o "farthest". ^ 

Procedure. In this experiment, subjects went through a 
lesso n i n probability .  The y rea d som e introductor y 
text ,  worke d o n thre e practic e problems ,  an d the n 
solve d eigh t  tes t  problems .  Al l  subject s wer e 
instructe d t o provid e talk-alou d protoco l  durin g th e 
practic e an d tes t  problem s and .  whe n ̂ plicable .  t o rea d 
experimenter-provide d elaboration s ou t  loud .  Mistake s 
made b y subject s solvin g th e practic e problem s wer e 
treate d a s follows :  i n th e subject-subjec t  condition . 
onl y th e fractio n correspondin g t o th e correc t  ste p (e.g . 
1/11 )  wa s provided ;  an d i n th e subject-experimente r 
condition ,  bot h th e fractio n an d th e prepare d elaboratio n 

fo r  tha t  ste p wer e given.* *  Subject s neve r  receive d 
coachin g o r  correction s o n thei r  o w n elaborations .  I n 
orde r  t o equaliz e subjects '  time-on-tas k fo r  th e practic e 
problems ,  w e ensure d tha t  al l  subject s spen t 
approximatel y thre e minute s studying/solvin g eac h 
practic e problem .  Then ,  fo r  th e tes t  problems ,  subject s 
wer e aske d t o wor k a s quickl y an d accuratel y a s 
possible . 

^  Subject s receive d th e tes t  problem s i n th e followin g orde r 
permutatio n problem s wit h th e sam e role s a s th e practic e 
problem s (peopl e choosin g objects) ,  permutatio n problem s 
wit h reverse d role s (object s bein g assigne d t o people) . 
combinatio n problem s wit h sam e roles ,  an d finally . 
combinatio n problem s wit h reverse d roles . 
^  Not e tha t  th e manipulation s i n thi s experimen t  coul d no t 
be purel y execute d suc h tha t  subject s generate d everythin g 
or  nothin g accordin g t o thei r  condition .  Fo r  example .  5  o f 
th e 1 2 subject s i n th e subject-subjec t  cel l  receive d a t  leas t 
one correctio n fro m th e experimenter .  Nevertheless ,  case s 
lik e thes e onl y mad e th e group s mor e simila r  and .  hence . 
made difference s betwee n group s harde r  t o find. 
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Resu l t s a n d D iscuss io n 

In analyzing these data, we were mainly interested in 
findin g performanc e difference s tha t  migh t  exis t 
betwee n th e fou r  experimenta l  groups .  W e als o wante d 
t o explor e tw o othe r  question s abou t  th e data :  Di d 
subjects '  performanc e o n th e tes t  problem s var y 
signiflcantl y accordin g t o transfe r  distanc e (nea r  vs .  far ) 
and rol e correspondence  (sam e vs .  reversed)  betwee n th e 
practic e an d tes t  problems ? And .  i n wha t  wa y di d 
individua l  difference s impac t  o n subjects '  performance ? 

A 2x2x2x 2 Mixe d A N O V A o n subjects '  percentag e 
of  tes t  problem s solve d correctl y provide d a n overal l 
analysi s o f  th e performanc e data .  Th e between-subject s 
factor s i n thi s analysi s wer e sourc e o f  solution s an d 
sourc e o S elaborations ,  an d th e within-subject s factor s 
wer e transfe r  distanc e an d rol e reversal .  (Se e Tabl e 1 
fo r  thi s breakdow n o f  th e data. )  Wit h respec t  t o th e 
between-subject s factors ,  n o mai n effec t  fo r  sourc e o f 
solutio n o r  fo r  sourc e o f  elaboratio n wa s found ,  bu t  th e 
interactio n o f  thes e factor s wa s significan t  (/̂ sol(l>'̂ ) 
= 1.24 ;  Feiab(1.44 )  <  1 ;  Fin,e,<1.44 )  =  5.82,/ )  <  .05 ;  M S E 
= 1510) .  A  post-bK K analysi s o f  thes e dat a indicate d tha t 
th e interactio n wa s du e t o hig h performanc e i n th e 
subject-subjec t  an d experimenter-experimente r  group s 
compare d t o th e othe r  tw o {F(l,46 )  =  6.33. p =  .02 ;  M S E 
= 375) . 

Sinc e thi s performanc e patter n arise s i n late r  analyses , 
i t  i s  worthwhil e t o conside r  i t  here .  First ,  th e findin g 
tha t  subject s w h o solv e an d explai n o n thei r  o w n 
perfcH m wel l  i s  consisten t  wit h th e generatio n effec t  a s 
describe d above .  However ,  th e hig h performanc e o f 
subject s w h o receive d al l  thei r  problem-solvin g 
informatio n fro m th e experimente r  show s th e opposit e 
of  a  generatic m effect .  I t  seem s tha t  receivin g correc t 
soluticm s an d hig h qualit y explanation s benefite d thes e 
subjects .  Indeed ,  th e experimenter-provide d 
elaboration s wer e generall y o f  highe r  qualit y tha n 
subjects '  o w n elaborations .  Fo r  example ,  onl y fiv e ou t 
of  th e 2 4 subject s elaboratin g fo r  themselve s verbalize d 
thre e o f  th e mos t  importan t  concept s foun d i n th e 
experimenter-provide d elaborations .  (Later ,  w e wil l 
presen t  evidenc e tha t  th e subject s wit h mor e complet e 
self-explanation s d o perfor m better. ) 

near-sam e 

near-reverse d 

nea r  overal l 

far-sam e 

far-reverse d 

fa r  overal l 

al l  tes t 

s-s 
% 
50 
73 
17 
38 
27 

50 

s-e 
92 
46 
<9 
0 
17 
8 

39 

e-s 
63 
50 
54 
4 
4 
4 

29 

6-e 
88 
42 
65 
17 
38 
27 

46 

al l 
84 
47 

66 

9 
24 
17 

41 

Tabl e 1 :  Averag e percentag e o f  tes t  problem s correct . 
by experimenta l  conditio n an d tes t  proble m typ e 

Thi s interpretatio n lead s t o th e predictio n tha t 
subject s i n th e experimenter-subjec t  cel l  shoul d 
perfor m poori y becaus e the y lac k th e opportunit y t o 
generat e solution s an d the y lac k hig h qualit y 
elaborations .  I n fact ,  thi s cel l  di d exhibi t  th e wors t 
performance .  Th e subject-experimente r  cell ,  however , 
di d no t  perfor m quit e a s wel l  a s a  generatio n effec t  an d 
hig h qualit y elaboration s woul d predict .  O n e possibl e 
reaso n i s th e procedura l  awkwardnes s involve d i n thi s 
condition ;  subject s solve d a  ste p i n th e solutio n an d the n 
wer e aske d t o rea d th e experimenter' s elaboratio n fo r 
tha t  step .  Althoug h subject s wer e forewarne d abou t 
thi s procedure ,  i t  stil l  migh t  hav e interfere d wit h thei r 
concentratio n an d memor y load .  I n fact ,  si x subject s i n 
th e subject-experimente r  cel l  require d hint s compare d 
t o onl y on e i n th e subject-subjec t  cel l  (chi 2 =  5.09, p < 
.05) ,  eve n thoug h ther e i s n o reaso n t o suspec t  abilit y 
difference s existe d betwee n thes e tw o groups . 
Receivin g hint s mor e ofte n coul d hel p explai n th e 
performanc e o f  th e subject-experimente r  subject s 
becaus e eac h hin t  mad e the m mis s a n opportunit y t o 
generat e a  solutio n step .  A  secon d explanatio n propose s 
tha t  inconsisten t  informatio n source s resulte d i n poo r 
performanc e i n th e subject-experimente r  a n d 
experimenter-subjec t  cell s becaus e thes e subject s ha d t o 
integrat e th e experimenter' s informatio n wit h thei r 
own.  Thi s increase d cognitiv e loa d ma y weake n th e 
subjects '  proble m memories .  Unfortunately ,  th e 
presen t  dat a canno t  teas e apar t  thes e alternativ e 
explanations . 

Also ,  i n th e 2x2x2x 2 A N O V A mentione d above ,  w e 
foun d som e interestin g within-subjec t  effects .  (Se e 
Tabl e 1 )  No t  surprisingly ,  subject s performe d bette r  o n 
near  transfe r  tha n fa r  transfe r  tes t  problem s (F(1.44 )  = 
98.2./ 7 <  .001) .  I n addition ,  subject s performe d bette r  o n 
tes t  problem s wit h th e sam e role s a s th e practic e 
problems ,  compare d t o tes t  problem s wit h reverse d 
role s (F(l,44 )  =  6.81.p = .01) .  Thi s replicates  Ross' s 
(1989 )  Hndin g an d suggest s tha t  subject s m a y b e usin g 
analogica l  proble m solvin g i n thi s experimen t  a s well . 
(Se e Compariso n wit h Relate d Woric. )  Th e onl y othe r 
significan t  effec t  i n thi s analysi s wa s th e transfe r 
distanc e x  rol e reversa l  interactio n (F(l,44 )  =  54.8. p < 
.001) .  Thi s interactio n migh t  hav e occurre d becaus e o f 
learnin g durin g th e tes t  phase ;  i n particular ,  subject s di d 
surprisingl y wel l  o n th e ver y las t  tes t  problem . 

Near  transfe r 

Since the near transfer and far transfer test problems 
resulte d i n differen t  performance ,  w e analyz e the m 
separately .  Th e averag e percentag e correc t  fo r  nea r 
transfe r  problem s i s presente d i n R o w 3  o f  Tabl e 1 .  A 
2x 2 A N O V A (sourc e o f  solution s x  sourc e o f 
elaborations )  o f  thes e dat a di d no t  reveal  an y significan t 
difference s betwee n th e cell s (Fsoi(1.44 )  =  2.32 .  n.s. ;  al l 
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othe r  F s <  1) .  Subject s i n al l  fou r  condition s seeme d t o 
do quit e well . 

Fa r  transfe r 

The average percentage correct for far transfer problems 
i s presente d i n R o w 6  o f  Tabl e 1 .  A  2x 2 A N O V A 
(sourc e o f  solution s x  sourc e o f  elaborations )  o n thes e 
dat a reveale d n o mai n effects ,  bu t  i t  di d revea l  th e sam e 
interactio n a s i n th e tota l  performanc e measur e (F(l,44 ) 
= 7.94 ,  p  <  .01 .  M S E =  656) .  Namely ,  th e subject-subjec t 
and experimenter-experimente r  condition s performe d 
th e bes t  (F(l,46 )  =  8.27 .  p  <  .01 ;  M S E =  630) .  Thi s 
patter n o f  result s ca n b e explaine d i n th e sam e wa y a s 
th e patter n fo r  th e tota l  performanc e data .  (I n fact ,  th e 
tota l  performanc e difference s ar e du e i n mos t  par t  t o 
thes e fa r  transfe r  data ,  sinc e th e nea r  transfe r  dat a di d 
not  differentiat e m u c h betwee n th e cells. ) 

Mor e specifi c  dat a ar e availabl e wit h respec t  t o fa r 
transfo -  performance .  Recal l  that ,  i n th e fa r  transfe r 
problems ,  th e numerator' s startin g valu e mus t  b e 
calculate d differentl y tha n i n th e nea r  transfe r 
problem s bu t  tha t  th e othe r  solutio n step s ar e simila r 
t o th e nea r  transfe r  problems .  Therefore ,  lookin g a t 
subjects '  choic e o f  nimierato r  startin g valu e ( N S V ) 
provide s a  sharpe r  measur e o f  fa r  transfe r  performance . 
The tota l  numbe r  o f  fa r  transfe r  problem s o n whic h 
subject s ha d th e correc t  N S V was :  subject-subjec t  29 ; 
subject-experimente r  14 ;  experimenter-subjec t  8 ;  an d 
experimenter-experimente r  19 .  A  2x 2 A N O V A (sourc e 
of  solution s X  sourc e o f  elaborations )  o n thes e dat a 
reveale d th e sam e interactio n foun d i n othe r  analyse s 
(F(l,44 )  =  8.14 ,  p  <  .01 ;  M S E =  1.73 )  a s wel l  a s a 
margina l  mai n effec t  indicatin g tha t  subject s w h o 
solve d th e practic e problem s performe d bette r  tha n 
thos e provide d wit h solution s (F(l,44 )  =  3.08 ,  p  =  .08 ; 
M SE =  1.73) .  Again ,  thes e dat a ar e indicativ e o f  a 
generatio n effec t  an d a  qualit y o f  explanation s effect . 

Individua l  dat a 

One of the main features of this experiment is that it 
contain s anothe r  experimen t  withi n it s cells .  B y 
analyzin g th e protocol s o f  th e subject s i n th e 
experimenter-subjec t  condition ,  w e ca n loo k a t  th e 
effect s o f  individua l  subjects '  self-explanation s o n 
subsequen t  performance .  Fo r  example ,  w e compare d 
subjects '  self-explanation s o f  a  particula r  concep t  i n th e 
practic e problem s wit h subsequen t  performanc e o n 
correspondin g part s o f  th e tes t  problems .  W e chos e 
N SV fo r  thi s analysi s becaus e i t  play s a n importan t  rol e 
i n thes e problem s (especiall y fo r  fa r  transfer) ,  an d i t 
h^pene d t o b e th e onl y importan t  concep t  tha t  wa s 

differentiall y  elaborate d upo n b y subjects. ^  Si x 
subject s self-explaine d N S V an d si x subject s di d not . 
Of  thos e w h o did ,  fou r  ende d u p gettin g N S V correc t  o n 
th e test .  O f  th e subject s w h o di d no t  self-explai n N S V , 
non e ende d u p gettin g N S V correc t  o n th e test .  Thus , 
specifi c  self-explanation s ha d a  significan t  effec t  o n 
spedfi c performanc e (chi 2 =  6 ,  p  <  .01) . 

Thes e result s als o provid e suppor t  fo r  th e notio n tha t 
th e qualit y o f  explanation s ca n affec t  performance . 
Above ,  subject s w h o self-explaine d N S V tende d t o ge t 
N SV correc t  o n th e tes t  problems .  W h e n subject s 
receive d th e experimenter' s elaboration s (whic h alway s 
indude d N S V ) ,  the y als o exhibite d thi s tendency .  Th e 
proportion s o f  subject s w h o go t  N S V correc t  i n a t  leas t 
on e tes t  proble m ar e a s follows :  subject-experimente r 
7/12 ;  experimenter-experimente r  8/12 .  Thes e t w o 
proportion s ar e no t  significantl y differen t  fro m th e 
proportio n o f  subject s i n th e experimenter-subjec t  cel l 
(4/6 )  w h o explaine d N S V durin g practic e an d go t  i t 
correc t  a t  leas t  onc e durin g th e tes t  (chi 2 ~  0 ,  n.s.) . 
However ,  thes e proportion s ar e differen t  fro m th e 
proportio n o f  subject s i n th e experimenter-subjec t  cel l 
(0/6 )  w h o di d no t  explai n N S V durin g practic e an d tha i 
got  i t  correc t  durin g th e tes t  (chi 2 =  1.5 ,  p  <  .01) .  Thes e 
result s sugges t  tha t  (i n thre e experimenta l  conditions ) 
subject s wit h a n elaboratio n o f  N S V durin g practic e 
ten d t o ge t  th e N S V correc t  a t  test ,  regardles s o f 
whethe r  tha t  elaboratio n wa s provide d b y th e 
experimente r  o r  self-explained . 

For  th e subject-subjec t  condition ,  w e als o evaluate d 
th e effectivenes s o f  self-explainin g N S V .  Here ,  th e 
proportio n o f  subject s gettin g N S V correc t  o n th e tes t 
problem s wa s highe r  tha n i n th e othe r  conditions , 
regardles s o f  whethe r  th e subject s self-explaine d abou t 
N SV durin g practice .  Specifically ,  al l  thre e o f  th e 
subject s w h o self-explaine d N S V durin g practic e go t  i t 
right  durin g th e test ,  an d eigh t  o f  th e nin e subject s w h o 
di d no t  self-explai n N S V durin g practic e go t  i t  right 
durin g th e test .  Th e latte r  proportio n i s m u c h greate r 
tha n th e proportio n o f  subject s i n th e experimenter -
subjec t  cel l  (0/6 )  w h o di d no t  self-explai n N S V bu t 
stil l  go t  i t  right  ichi 2 =  11.43 .  p  <  .001) .  Thi s larg e 
differenc e indicate s tha t  subject s i n th e subject-subjec t 
conditio n wer e learnin g abou t  N S V .  whethe r  o r  no t 
the y self-explaine d abou t  it .  Thi s i s a n advantag e o f 
learnin g b y proble m solvin g tha t  i s no t  otherwis e 
c^ture d i n ou r  performanc e data . 

Comparison s wit h Relate d W o r k 

Research by Ross (1989) and Catrambone (1991) is 
especiall y relevan t  t o thi s wor k becaus e i t  use s th e sam e 
typ e o f  probabilit y  problem s i n th e contex t  o f  learnin g 

^Recal l  that ,  i n th e nea r  transfe r  problems ,  th e numerato r  i s 
alway s 1 ,  bu t  i n th e fa r  transfe r  problems ,  subject s mus t 
calculat e th e numerato r  startin g value . 
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by studyin g worke d examples .  Ros s (1989 )  foun d tha t 
human/objec t  role s affecte d subjects '  us e o f  thei r 
exampl e proble m memorie s i n suc h a  wa y tha t  reversin g 
th e human/objec t  role s betwee n th e exampl e an d tes t 
problem s mad e th e tes t  problem s mor e difficul t  t o 
solve .  Likewise ,  Catrambon e (1991 )  varie d th e 
human/objec t  role s betwee n exampl e an d tes t  problem s 
and produce d a  simila r  result .  I n th e curren t 
experiment ,  w e als o foun d subjects '  performanc e t o b e 
significand y wors e o n th e role-reverse d tes t  problem s 
Uia n o n th e same-rol e tes t  problems .  Thus ,  ou r  flnding 
lend s furthe r  suppor t  fo r  Ross' s (1989 )  conclusio n Uia t 
subject s ma y b e usin g a n object-mappin g approac h tha t  i s 
affecte d b y human/objec t  rol e correspondences . 

Catrambone' s (1991 )  experimen t  als o resemble s th e 
curren t  experimen t  becaus e th e conten t  o f  worke d 
example s wa s varied .  O f  Catrambone' s fou r 
instrucdooa l  groups ,  onl y tw o ar e comparabl e t o th e 
curren t  design :  th e numeralorldenominator-subgoa l 
grou p i n whic h subject s receive d a n elaborate d 
descriptio n o f  eac h ste p i n th e solution ,  includin g 
explanation s fo r  th e choic e o f  numerato r  an d 
denominator ,  an d th e subgoa l  grou p i n whid i  subject s 
receive d onl y a  brie f  descriptio n o f  eac h ste p i n th e 
solution .  Catrambone' s numerator/denominator -
subgoa l  conditio n i s virtuall y equivalen t  t o ou r 
experimenter-experimente r  condition .  Hi s subgoa l 
condition ,  however ,  reside s somewher e betwee n ou r 
experiment-subjec t  an d experimenter-experimente r 
condition s i n th e amoun t  o f  informatio n i t  provide s t o 
subjects .  Comparin g percentage s o f  tes t  problem s 
solve d correctl y b y subject s i n thes e condition s 
demonstrate s substantia l  consistenc y betwee n th e tw o 
experimoits .  Fo r  example ,  Catrambone' s numerator / 
denominator-subgoa l  an d subgoa l  group s average d 7 0 
and 6 6 percen t  correct ,  respectively ,  o n permutatio n 
problem s (isomorphi c t o th e example )  a n d 
iq>proximatel y 1 4 an d 0  percen t  correct ,  respectively ,  o n 
combinatio n problems .  Thes e value s ar e quit e simila r  t o 
thos e o f  ou r  quasi-correspondin g condition s 
(experimenter-experimente r  an d experimenter-subject) : 
65 an d 5 4 percen t  correc t  fo r  th e permutatio n problem s 
and 2 7 an d 4  percen t  correc t  fo r  th e combinatio n 
problons .  I n fact ,  th e orderin g o f  performanc e (acros s 
th e tw o experiments )  i s fairl y  consisten t  wit h a n 
orderin g o f  informatio n provide d t o subjects .  I n th e 
curren t  experiment ,  however ,  w e embedde d thi s 
compariso n o f  worke d example s wit h differen t 
content s i n th e large r  contex t  o f  comparin g tw o 
instructiona l  methods .  W e hav e als o include d th e 
analysi s o f  subjects '  protocol s withi n thi s s a m e 
experiment .  Thes e feature s allowe d u s t o captur e 
difference s betwee n condition s an d betwee n individua l 
subject s tha t  migh t  otherwis e hav e bee n missed . 

Conc lus i on s 

In this experiment, we found reliable performance 
difference s betwee n subject s generatin g an d receivin g 
differen t  amount s o f  practic e proble m information .  W e 
foun d tha t  o n fa r  transfe r  problems ,  subject s i n tw o 
group s performe d bes t  -  thos e generatin g solution s an d 
explanation s fo r  th e practic e problem s o n thei r  ow n an d 
thos e receivin g hig h qualit y solution s an d explanation s 
fro m th e experimenter .  I n addition ,  o n a  particula r 
subtas k o f  th e tes t  problems ,  subject s w h o solve d th e 
practic e problem s performe d bette r  tha n thos e w h o 
receive d solutions ,  regardles s o f  thei r  sourc e o f 
elaborations .  Thes e result s suppor t  th e existenc e o f  a 
generatio n effec t  whic h benefit s subject s w h o solv e 
problem s o n thei r  ow n i n th e domai n o f  probability . 

We als o foun d evidenc e tha t  th e qualit y o f 
elaboration s durin g practic e ca n greatl y improv e 
subsequen t  performance .  Hig h performanc e i n th e 
experimenter-experimente r  cel l  i s  on e exampl e o f  thi s 
sinc e experimenter-provide d elaboration s wer e 
generall y o f  highe r  qualit y tha n subjects '  self -
explanations .  I n addition ,  w e examine d th e effect s o f 
individua l  subject' s self-explanation s an d foun d tha t 
subject s wh o verball y elaborate d o n a  particula r  concep t 
i n th e practic e problem s performe d bette r  o n 
correspondin g step s i n th e tes t  problem s tha n subject s 
who di d not . 
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A p p e n d i c e s 

Appendix A: Sample practice problem and the 
informatio n give n i n differen t  condition s 

The supply department at IBM has to make sure that 
scientist s ge t  computers .  Today ,  the y hav e 1 1 I B M 
computer s an d 8  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 .  Wha t  i s th e probabilit y  tha t  th e 
firs t  3  scientist s alphabeticall y wil l  ge t  th e lowest , 
secon d lowest ,  an d thir d lowest  seria l  numbers , 
respectively ,  o n thei r  computers ? 

1111 is the probability that the first scientist 
alphabeticall y wil l  ge t  th e compute r  wit h th e lowes t 
seria l  numbe r  becaus e ther e i s onl y I  compute r  wit h th e 
lowes t  seria l  numbe r  an d ther e ar e 1 1 computer s fo r  th e 
first  scientis t  t o choos e from . 
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To ge t  th e overal l  probability ,  w e multipl y th e 
probabilit y o f  eac h scientis t  choosin g a  particula r 
computer : 

ANSWER: 1/11x1/10x1/9 

Note: The subject-subject condition received only the 
proble m statement .  Th e subject-experimente r  conditio n 
receive d th e proble m statemen t  an d wa s aske d t o rea d 
eac h explanatio n (i n italics )  afte r  solvin g th e 
correspondin g step .  Th e experimenter-subjec t  conditio n 
receive d onl y th e proble m statemen t  an d th e answer . 
The experimenter-experimente r  conditio n receive d th e 
proble m statemen t  an d al l  th e elaboration s (i n italics) . 

Appendi x B :  Sampl e tes t  problem s 

Near Transfer, Same Roles: 
Sout h Sid e Hig h Sdioo l  ha s a  vocationa l  ca r  mechanic s 
clas s i n whic h student s repai r  cars .  On e da y ther e ar e 1 2 
student s an d 1 5 car s requirin g repairs .  Th e student s 
randoml y choos e th e cars ,  bu t  g o i n orde r  o f  thei r  grade s 
on th e las t  mechanica l  exa m (highes t  grad e choosin g 
first) .  Wha t  i s  th e probabilit y  tha t  th e 6  car s i n th e 
wors t  shap e ar e worke d o n b y th e 6  student s wit h th e 
highes t  grade s o n th e las t  mechanica l  exam ,  i n orde r  o f 
thei r  grades ? (i.e .  th e highes t  grad e studen t  workin g o n 
th e wors t  car ,  etc. ) 
[Answer :  1/1 5 x  1/1 4 x  1/1 3 x  1/1 2 x  1/1 1 x  1/10 ] 

Near Transfer, Reversed Roles: 
A grou p o f  8  co-worker s wen t  t o Pizz a Hu t  t o tr y th e 
Persona l  Pa n Pizzas .  W h e n the y mad e thei r  orde r  ( 8 
Pasona l  Pa n Pizza s wit h al l  th e toppings) ,  ther e wer e 
10 suc h pizza s bein g take n ou t  o f  th e oven ,  on e a t  a  time . 
I f  Pizz a Hut' s polic y i s t o serv e thei r  pizza s a s soo n a s 
the y com e ou t  o f  th e ove n an d th e foo d serve r 
distribute s pizza s randoml y t o th e co-workers ,  wha t  i s 
th e probabilit y  dia t  th e firs t  5  pizza s t o com e ou t  o f  th e 
ove n wil l  b e give n t o th e 5  mos t  senio r  co-workers ,  i n 
order ? (i.e .  th e first  pizz a goin g t o th e mos t  senior ,  etc. ) 
[Answer :  1/ 8 x  1/ 7 x  1/ 6 x  1/ 5 x  1/4 ] 

Far Transfer, Reversed Roles: 
I n th e women' s locke r  roo m a t  Sout h Sid e Hig h School , 
certai n locker s ar e se t  asid e fo r  th e 1 8 femal e swimmer s 
on th e schoo l  team .  A t  th e beginnin g o f  th e season , 
thes e locker s ar e assigne d t o swimmers ,  startin g wit h a 
ro w o f  1 4 lodcer s nex t  t o th e showers .  Thes e locker s 
ar e assigne d a t  random ,  startin g a t  th e en d nea r  th e 
shower s an d goin g d o w n th e row .  Wha t  i s  th e 
probabilit y  tha t  th e 7  locker s closes t  t o th e shower s ar e 
assigne d t o th e 7  butterfl y swimmers ? 
[Ans. :  7/1 8 x  6/1 7 x  5/1 6 x  4/1 5 x  3/1 4 x  2/1 3 x  1/12 ] 
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