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Abstrac t 

Examples play a critical role in guiding the 
acquisitio n o f  cognitiv e skills .  W e hav e argue d tha t 
student s nee d t o appl y th e knowledg e gathere d fro m 
studyin g example s t o solv e analogou s problem s fo r 
tha t  knowledg e t o b e effective .  Ther e i s a  tradeof f 
betwee n th e activ e natur e o f  constructin g solution s 
and th e facilitatin g effec t  o f  guidin g proble m solvin g 
wit h a  worke d example .  Th e presen t  stud y examine d 
th e impac t  o f  self-explanation s o n th e effectivenes s 
of  example s i n guidin g late r  proble m solving .  W e 
foun d tha t  withi n a  learnin g environmen t  whic h 
provide d direc t  suppor t  fo r  th e self-explanatio n o f 
worke d examples ,  suc h stud y coul d b e a s effectiv e a s 
direc t  proble m solvin g practice . 

Introduction 

Ther e ha s bee n muc h attentio n focuse d o n th e rol e o f 
example s i n acquirin g ne w skills .  Example s clearl y pla y 
a critica l  rol e i n guidin g learnin g (Sweller ,  1988) . 
Student s strongl y focu s o n example s i n instructiona l 
material ,  an d th e way s i n whic h student s proces s 
example s ha s a  stron g effec t  o n thei r  late r  proble m 
solvin g (Chi ,  Bassok ,  Lewis ,  Reimann ,  &  Glaser , 
1989 ;  VanLehn ,  Jones ,  &  Chi ,  1992) .  I n a  recen t  serie s 
of  experiments ,  w e examine d th e way s i n whic h 
processin g example s ca n b e usefu l  i n acquirin g proble m 
solvin g knowledg e (Trafton ,  1994 ;  Trafto n &  Reiser , 
1993) .  W e argue d tha t  student s nee d t o appl y th e 
knowledg e gathere d fro m studyin g example s t o solv e 
late r  problem s i n orde r  t o for m usefu l  proble m solvin g 
skill s  (cf .  Anderson ,  1987) .  Th e effectivenes s o f 
studyin g annotate d example s wa s reduce d whe n a  relate d 
proble m t o solv e di d no t  immediatel y follo w th e studie d 
example ,  suggestin g tha t  drawin g upo n informatio n 
studie d fro m a n exampl e t o construc t  one' s o w n 
solutio n t o a  ne w proble m i s a n importan t  componen t 
of  acquirin g proble m solvin g knowledge . 

Thes e result s emphasiz e th e importanc e o f  th e manne r 
i n whic h student s proces s instructiona l  examples .  A n 
importan t  approac h i n thi s wor k ha s bee n t o manipulat e 
students '  stud y activitie s o n a  se t  o f  sourc e problems , 
and the n examin e th e effect s o f  workin g wit h thos e 
source s o n thei r  abilit y  t o solv e late r  analogou s targe t 

problems .  Sourc e an d targe t  problem s overla p i n th e 
knowledg e an d subskill s  neede d t o solv e them .  W h a t 
influence s th e effectivenes s o f  a  sourc e proble m i n 
guidin g late r  proble m solving ? Swelle r  an d Coope r 
(1985 )  argue d tha t  studyin g worke d example s a s source s 
i s mor e effectiv e tha n solvin g th e sam e problems .  The y 
foun d tha t  studyin g example s interleave d wit h proble m 
solvin g drawin g upo n thos e source s produce d mor e 
effectiv e performanc e o n late r  posttest s tha n solvin g 
thos e sam e sources .  I n contrast ,  Trafto n (1994 )  foun d 
tha t  solvin g source s le d t o superio r  posttes t 
performance ,  an d produce d faste r  proble m solvin g o n th e 
target s tha n studyin g th e sam e exampl e sources . 

Clearly ,  ther e ar e man y factor s tha t  migh t  influenc e 
th e relativ e effectivenes s o f  encodin g sourc e problem s 
throug h stud y o r  solvin g the m oneself .  Trafto n an d 
Reise r  (1993 )  argue d tha t  ther e i s a  tradeof f  betwee n th e 
activ e natur e o f  constructin g solutions ,  i n whic h 
student s mus t  perfor m subgoa l  decomposition ,  operato r 
selection ,  an d execution ,  an d th e facilitatin g effec t  o f 
guidin g proble m solvin g wit h a  worke d example .  I f  th e 
searc h spac e i s  extensive ,  the n th e guidanc e o f  a n 
exampl e ma y greatl y facilitat e proble m solving ,  an d i t 
may b e difficul t  t o m a p fro m a  solutio n constructe d 
wit h muc h patchin g an d debugging .  Yet ,  i f  th e proble m 
solvin g ca n b e mad e mor e productiv e b y reducin g th e 
overhea d o f  constructin g solutions ,  makin g the m mor e 
easil y interpretable ,  the n th e additiona l  practic e o f 
generatin g solution s ma y b e mor e profitable .  Trafto n 
(1994 )  foun d tha t  whe n th e learnin g environmen t 
provide d sufficien t  suppor t  fo r  instrumenta l  part s o f  th e 
tas k (e.g. ,  minimizin g th e cognitiv e loa d o f  synta x an d 
debuggin g i n programming) ,  th e extr a practic e involve d 
i n constructin g solution s t o sourc e problem s 
outweighe d th e benefit s o f  th e guidanc e provide d b y 
worke d examples . 

The strategie s use d t o proces s example s m a y als o 
mediat e thei r  effectivenes s relativ e t o solvin g problems . 
Subject s w h o tak e a  mor e activ e rol e i n studyin g 
solutions ,  attemptin g t o explai n eac h component , 
considerin g wh y i t  wa s selecte d an d h o w i t  operates , 
lear n mor e fro m studyin g thos e example s (Chi ,  e t  al. , 
1989 ;  VanLehn ,  e t  al. ,  1992) .  Thus ,  th e degre e t o 
whic h subject s trea t  example s a s problem s t o b e 
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mentall y solve d affect s ho w wel l  thos e example s ca n 
functio n i n guidin g late r  proble m solving .  Th e initia l 
evidenc e fo r  th e effectivenes s o f  self-explanatio n ha s 
bee n correlational ,  relyin g o n classifyin g mor e an d les s 
successfu l  proble m solver s an d lookin g fo r  associate d 
difference s i n thei r  self-explanatio n behavio r  o n 
example s i n th e lesso n (Chi ,  e t  al. ,  1989 ;  PiroU i  & 
Recker ,  1994) .  Recently ,  ther e ha s als o bee n a n attemp t 
t o trai n self-explanatio n an d se e whethe r  subject s thu s 
traine d perfor m bette r  i n late r  lesson s (Bielaczyc , 
Pirolli ,  &  Brown .  1994) . 

H o w doe s self-explanatio n affec t  th e relativ e efficac y 
of  studyin g example s versu s solvin g problems ? Again , 
we focu s o n th e us e o f  knowledg e acquire d fro m 
processin g a  sourc e proble m t o facilitat e constructin g 
solution s t o targe t  problems .  Ca n self-explaine d 
example s a s source s functio n a s effectivel y a s solvin g 
thos e problem s themselves ? Th e presen t  experimen t 
examine s thi s question ,  usin g a  supportiv e learnin g 
environmen t  fo r  LIS P programming ,  i n whic h w e ha d 
previousl y observe d superio r  performanc e wit h solve d 
source s (Trafton ,  1994) .  Second ,  w e conside r  whethe r 
self-explanatio n als o affect s th e efficac y o f  a  solve d 
problem .  W e ar e explorin g th e exten t  t o whic h self -
explanatio n ca n b e supporte d i n th e structur e o f  th e 
learnin g environmen t  activities .  I n ou r  wor k o n learnin g 
environments ,  w e hav e argue d tha t  environment s ca n b e 
constructe d t o b e congruen t  wit h effectiv e reasonin g 
strategie s (Merril l  &  Reiser ,  1994) .  I n th e presen t 
experiment ,  w e examin e th e suppor t  a  learnin g 
environmen t  ca n provid e fo r  self-explanatio n strategies . 

Method 

Design 

We examine d novice s learnin g t o progra m i n LISP .  W e 
presente d subject s wit h pair s o f  sourc e an d related ,  bu t 
not  isomorphic ,  targe t  problem s whic h overlappe d i n 
th e subskill s  necessar y fo r  thei r  solution .  W e 
manipulate d th e typ e o f  sourc e proble m (worke d 
exampl e o r  proble m t o solve )  an d whethe r  subject s wer e 
give n instruction s t o self-explai n whil e studyin g o r 
solvin g th e sourc e problems .  Sourc e an d targe t 
problem s wer e interleave d t o enabl e examinatio n o f  th e 
effect s o f  th e sourc e stud y metho d o n solvin g problem s 
requirin g overlappin g subskills .  A  sampl e source/targe t 
pai r  i s show n below : 

•  Sourc e Problem :  A  sale s compan y ha s planne d 
al l  th e route s o f  it s  sale s personnel .  The n 
management  decide d tha t  al l  sale s personne l  mus t 
begi n eac h tri p a t  th e neares t  branc h offic e instea d 
of  whateve r  the y ha d originall y planne d a s a  first 
destination .  Writ e a  functio n tha t  take s tw o 
input s — th e ne w destination ,  e.g .  Chicago ,  an d a 
lis t  o f  ol d destinations ,  e.g .  (detroi t  cinc i  stl) ,  an d 
replace s th e firs t  destinatio n o f  th e lis t  wit h th e 

ne w destination .  Th e outpu t  shoul d b e th e ne w 
rout e ~  e.g. ,  (chicag o cinc i  stl) . 

•  Targe t  Problem :  Whil e a  universit y admission s 
worke r  wa s enterin g persona l  informatio n abou t 
students ,  i t  wa s discovere d tha t  man y las t  name s 
wer e entere d incorrectly .  T o simplif y futur e dat a 
input ,  writ e a  functio n tha t  take s a  correc t  las t 
name,  e.g. ,  smith ,  an d a  lis t  o f  persona l 
information ,  e.g. ,  (Joh n smi t  2 4 psychology) , 
and return s a  new ,  correcte d lis t  wit h th e las t 
name replacin g bot h th e first  an d las t  nam e o f  th e 
ol d list ,  e.g .  (smit h 2 4 psychology) .  You r 
functio n shoul d tak e tw o inputs :  th e first  shoul d 
be th e correc t  las t  nam e (a n atom) ,  an d th e secon d 
shoul d b e th e ol d informatio n ( a list) . 

Subject s i n th e Exampl e condition s studie d a  proble m 
statement ,  presente d wit h a  motivatin g cove r  story ,  an d 
a solutio n presente d wit h n o annotatio n othe r  tha n a 
sampl e inpu t  an d it s output .  Thes e subject s als o 
constructe d th e exampl e solution s i n th e editor ,  t o 
equat e fo r  interfac e practic e i n building ,  editing ,  an d 
runnin g program s acros s al l  conditions .  Subject s i n th e 
Solv e condition s sa w th e sam e sourc e problem s bu t 
solve d the m entirel y o n thei r  own .  Al l  condition s 
solve d th e sam e targe t  problems ,  whic h wer e 
indistinguishabl e i n presentatio n fro m th e sourc e 
problem s o f  th e Solv e conditions .  Al l  problem s wer e 
take n fro m Trafto n (1994) ,  an d wer e modifie d t o exclud e 
th e annotation s use d i n thi s earlie r  study ;  pilotin g 
showe d tha t  subject s wer e a t  a  los s a s t o wha t  t o self -
explai n whe n give n full y annotate d examples .  Al l 
problem s wer e presente d i n th e sam e orde r  t o al l 
subjects .  Th e desig n i s summarize d i n Tabl e 1 . 

Tabl e L  Desig n o f  th e learnin g session s 

E x a m p l e 

So l v e 

No Self-Explai n 

Studie d exampl e 
sources ;  solve d 
target s 

Solve d source s an d 
target s 

Self-Explai n 

Explaine d alou d 
exampl e sources ; 
solve d target s 

S o l v e d an d 
explaine d alou d 
sources ;  solve d 
target s 

Appa ra tu s a n d Material s 

Subject s worke d wit h V S E ,  a n interactiv e learnin g 
environmen t  fo r  LIS P whic h provide s significan t 
suppor t  fo r  th e operationa l  aspect s o f  programming : 
ensurin g lega l  synta x an d providin g stron g suppor t  fo r 
testin g an d debuggin g programs .  ( V S E i s describe d 
mor e completel y i n Merril l  &  Reiser ,  1994) .  Program s 
ar e buil t  i n V S E b y draggin g function s fro m a  men u 
and placin g the m int o a n initiall y  skeleta l  functio n bod y 
(containin g a  defu n for m wit h a  give n nam e an d empt y 
paramete r  list) ,  significantl y simplifyin g th e cod e 
constructio n process .  V S E als o enable s student s t o ru n 
thei r  program s o n tes t  inputs ,  eithe r  al l  a t  onc e o r  step -
by-step .  Solution s ar e the n submitte d t o V S E ,  whic h 
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inform s student s i f  thei r  solution s ar e correc t  o r  not . 
Further ,  a  debuggin g prob e allow s student s t o inspec t 
intermediat e functio n outpu t  value s durin g a  run . 
Finally ,  V S E provide s simpl e hint s o n lega l  us e o f 
function s whe n error s aris e whil e runnin g programs . 
V SE allow s student s t o focu s les s o n th e operationa l 
aspect s o f  programmin g LIS P functions ,  an d mor e o n 
th e semantic s o f  combinin g functions .  Fo r  th e Self -
Explai n conditions ,  V S E wa s slightl y modifie d t o 
promp t  subject s t o predic t  th e outpu t  o f  thei r  functions , 
base d o n th e inpu t  value s the y entered ,  immediatel y 
prio r  t o an y cod e bein g evaluated .  I n thi s way ,  th e 
justification s o f  thei r  cod e elicite d throug h self -
explanatio n wer e immediatel y tie d t o thei r  expectation s 
abou t  progra m behavior .  Thi s shoul d enhanc e an y 
effect s o f  self-explanatio n b y instantiatin g an y newl y 
generate d domai n knowledg e i n explicitl y  visibl e 
progra m behavior . 

Procedure 

Subject s participate d i n a  singl e sessio n whic h the y 
bega n b y readin g th e firs t  chapte r  fro m a n introductor y 
lAS P textboo k (Anderson ,  Corbett ,  &  Reiser ,  1987) . 
The tex t  describe d som e basi c LIS P functions ,  th e rol e 
of  function s i n programming ,  an d th e us e o f  variables . 
Subject s retaine d thi s tex t  fo r  referenc e throughou t  th e 
acquisitio n phas e o f  th e experiment .  Followin g th e 
reading ,  subject s i n th e Self-Explai n condition s wer e 
give n a  brie f  explanatio n o f  th e purpos e o f  self -
explanatio n an d som e initia l  practic e i n self-explanatio n 
techniques .  T o groun d thi s explanation ,  thes e subject s 
solve d a  constraint s satisfactio n proble m (fro m Nathan , 
Mertz ,  &  Ryan ,  1994) ,  unrelate d t o L IS P o r 
programming .  Subject s i n th e Exampl e Self-Explai n 
conditio n wer e give n thi s practic e proble m an d a  step -
by-ste p solutio n whic h the y wer e aske d t o explain . 
Subject s i n th e Solv e Self-Explai n conditio n wer e give n 
th e sam e proble m withou t  a  solution ,  an d aske d t o 
solv e i t  an d justif y eac h ste p i n thei r  solution . 

Subject s i n th e tw o Self-Explai n condition s wer e the n 
provide d instructio n o n th e purpos e o f  self-explanatio n 
and th e kind s o f  thing s t o explai n whe n solvin g a  LIS P 
problem .  Specifically ,  subject s wer e instructe d t o 
explai n th e purpos e o f  eac h functio n use d i n a  solutio n 
wit h respec t  t o th e requirement s state d i n th e problem , 
and h o w tha t  functio n achieve d it s purpose .  Subject s 
wer e als o instructe d t o explai n th e rol e o f  an y variable s 
use d i n th e problem ,  includin g wha t  informatio n tha t 
variabl e hel d upo n entr y t o th e functio n an d h o w i t  wa s 
operate d on .  A t  thi s time ,  subject s wer e give n a  lis t  o f 
strategi c question s fro m Bielaczy c et .  a l  (1994 )  an d 
instructe d tha t  askin g themselve s thes e question s woul d 
hel p the m t o construc t  self-explanations .  Thi s explici t 
instructio n i n self-explanatio n wa s intende d t o contro l 
th e kin d an d qualit y o f  elaboration s subject s produced . 
I n particular ,  w e aime d t o maximiz e th e qualit y o f  self -
explanation s i n orde r  t o maximiz e it s benefits . 

Subject s i n al l  fou r  condition s the n receive d a 
demonstratio n o f  th e compute r  system ,  workin g 
throug h tw o problem s (on e source ,  on e target )  wit h th e 
experimenter .  Subject s the n worke d throug h five  source -
targe t  proble m pairs ,  uninforme d o f  th e sourc e vs .  targe t 
distinction .  Al l  subject s worke d o n eac h proble m unti l 
correct .  I n th e Self-Explai n conditions ,  subject s rea d 
eac h sourc e proble m alou d an d the n proceede d t o explai n 
eithe r  th e solutio n give n (Example )  o r  thei r  o w n 
solutio n (Solve) .  Thes e sourc e problem s wer e solve d i n 
fron t  o f  th e experimenter ,  w h o prompte d subject s onl y 
when necessar y t o clarif y vagu e statements ,  w h e n 
subject s pause d talkin g fo r  mor e tha n a  fe w seconds ,  o r 
when subject s neede d t o spea k mor e loudly .  Subject s 
wer e no t  require d t o explai n solution s i n an y particula r 
order .  Fo r  th e Exampl e Self-Explai n condition ,  thi s 
meant  tha t  subject s coul d explai n th e rol e o f  an y 
functio n i n an y order ,  no t  necessaril y  fro m lef t  t o right . 
For  th e Solv e Self-Explai n condition ,  subject s wer e 
encourage d t o explai n eac h ste p a s the y went .  Subject s 
wer e required ,  however ,  t o explai n al l  portion s o f  thei r 
cod e the y ha d no t  ye t  explaine d prio r  t o thei r  first  ru n o f 
a ne w o r  modifie d solution .  Followin g th e successfu l 
solutio n o f  th e source ,  subject s wer e lef t  alon e t o solv e 
th e nex t  targe t  problem . 

Durin g th e acquisitio n phase ,  subject s receive d hel p 
fro m th e experimente r  onl y fo r  question s relate d t o th e 
operatio n o f  V S E .  Subject s wer e referre d t o th e tex t  fo r 
LISP-relate d questions .  Direc t  hel p o n an y proble m wa s 
provide d onl y i f  subject s too k a n inordinat e amoun t  o f 
tim e t o reac h solutio n (mor e tha n 2 0 minute s o n a 
singl e problem) .  Hel p wa s alway s give n a s hints ,  neve r 
as direc t  suggestion s a s t o wha t  t o d o next ,  o r  whic h 
functio n t o use ,  etc .  Hel p wa s offere d b y th e 
experimente r  onl y afte r  a  reques t  fro m a  subject ,  bu t 
was actuall y rarel y sought . 

Posttest :  Followin g th e acquisitio n phase ,  al l 
subject s complete d th e sam e posttest .  Subject s wer e no t 
instructe d t o self-explai n durin g th e posttest ,  bu t  the y 
wer e als o no t  discourage d fro m doin g so .  Durin g th e 
posttest ,  th e referenc e tex t  rea d prio r  t o th e acquisitio n 
phas e wa s unavailable ,  a s wa s th e V S E featur e allowin g 
function s t o b e ru n an d debugged .  Subject s constructe d 
what  the y though t  wa s th e correc t  solutio n t o a 
problem ,  an d submitte d i t  withou t  feedbac k o n it s 
correctnes s fro m th e syste m o r  experimenter . 

Subjects 

Subject s wer e 4 0 Northwester n Universit y 
undergraduate s wit h on e quarte r  cours e o r  les s o f 
compute r  programmin g experience .  N o subjec t  ha d prio r 
experienc e wit h LISP .  Dat a fro m on e potentia l  subjec t 
wer e no t  include d i n thes e analyse s becaus e th e subjec t 
exhibite d substantiall y  mor e difficult y wit h th e materia l 
tha n othe r  subject s (a s indicate d b y solutio n tim e an d 
errors) ,  an d appeare d t o b e engagin g i n a  guessin g 
strateg y (submittin g unteste d answers )  differen t  fro m 
othe r  subjects .  O f  th e 4 0 subjects ,  2 6 wer e femal e an d 
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14 wer e male .  Th e ag e o f  th e subject s range d fro m 1 8 t o 
22 years ,  mea n 2 0 years . 

Subject s wer e randoml y assigne d t o conditio n s o a s t o 
approximatel y balanc e mathematic s S A T scores .  Th e 
mean mat h S A T score s o f  eac h conditio n were : 
Exampl e No-Self-Explai n 673 ,  Exampl e Self-Explai n 
675 ,  Solv e No-Self-Explai n 676 ,  an d Solv e Self -
Explai n 677 .  Th e media n mat h S A T scor e fo r  al l 
condition s wa s 670 . 

Results and Discussion 

We wer e intereste d i n tw o aspect s o f  subjec t 
performance :  difficult y i n solvin g targe t  problem s an d 
posttes t  performance .  First ,  w e considere d th e tim e 
subject s too k t o solv e th e targe t  problem s a s a  measur e 
of  th e relativ e utilit y  o f  thei r  wor k o n th e precedin g 
sourc e problem .  W e performe d a  2x 2 analysi s o f 
covarianc e o f  sourc e proble m typ e (exampl e o r  solve ) 
and sourc e instructio n (self-explai n o r  not) ,  usin g mat h 
S AT scor e a s th e covariant .  Ther e wer e n o mai n effect s 
of  eithe r  sourc e proble m typ e o r  sourc e instruction s o n 
targe t  proble m solutio n time .  Th e patter n o f  results , 
show n i n Figur e 1 ,  suggest s differentia l  effect s o f  self -
explanatio n dependin g o n sourc e instruction ,  bu t  th e 
interaction  w a s onl y marginall y reliable , 
F(l ,  35 )  =  2.42 ,  p  =  .13 .  Becaus e w e expecte d ther e 
may b e differentia l  effect s o f  sel f  explanatio n dependin g 
upo n whethe r  subject s studie d o r  solve d th e sourc e 
problems ,  w e compute d tw o planne d comparison s t o 
separatel y examin e th e effect s o f  self-explanatio n fo r 
eac h o f  th e Exampl e an d Solv e conditions .  Also ,  t o 
examin e mor e closel y exactl y wher e subjects '  tim e wa s 
bein g spent ,  w e brok e targe t  solutio n tim e dow n int o 
fou r  components :  initia l  plannin g tim e (tim e spen t 
lookin g a t  a  proble m prio r  t o an y activity) ,  buil d tim e 
(th e tim e spen t  insertin g ne w function s o r  variable s int o 
code) ,  edi t  tim e (deletin g an d replacin g code) ,  an d testin g 
tim e (tim e spen t  runnin g programs) . 
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Figure 1: Time to Solve Targets 

Of the four components of target solution time, the 
interactio n o f  sourc e instructio n an d proble m typ e wa s 
reliabl e fo r  editin g time ,  F(l,35 )  =  4.9 ,  p  <  .0 5 
(Figur e 2) ,  an d no t  fo r  th e othe r  thre e components .  Th e 
planne d compariso n reveale d tha t  subject s w h o self -
explaine d example s spen t  significantl y les s tim e editin g 
thei r  solutions ,  F(l,35 )  =  3.8 ,  p  =  .05 .  I n contrast , 
ther e wer e n o effect s o f  self-explanatio n fo r  subject s 

solvin g sourc e problems ,  F< 1 o n an y targe t  solutio n 
tim e components . 

Subject s wh o self-explaine d example s als o displaye d 
fewe r  error s durin g progra m runs ,  1. 3 vs .  3  errors , 
althoug h thi s tren d wa s no t  reliable ,  F(l,35) = 1.96 , 
p =  .17 .  Consisten t  wit h this .  Exampl e subject s 
delete d somewha t  fewe r  progra m component s o n target s 
i f  the y self-explaine d th e sources ,  6. 3 vs .  13. 1 deletes , 

althoug h thi s tren d als o wa s no t  reliable , 
F(l,35) = 1.56 ,  p > . 2 0 .  Thes e result s sugges t  tha t 
subject s w h o di d no t  self-explai n example s ma y hav e 
performe d mor e edit s o r  spen t  mor e tim e decidin g ho w 
t o repai r  thei r  program s tha n subject s tha t  di d self -
explain . 

Take n together ,  th e tim e an d erro r  trend s sugges t  tha t 
subject s wh o self-explaine d example s wer e abl e t o mor e 
effectivel y encod e th e relevan t  knowledg e and  subskill s 
fro m sourc e problem s an d appl y the m successfull y t o 
subsequen t  targe t  problem s wit h fewe r  errors .  Indeed ,  a s 
Figur e 1  suggests ,  thi s improve d encodin g improve d th e 
performanc e o f  th e Exampl e Self-Explai n conditio n t o 
th e leve l  o f  th e Solv e conditions .  Interestingly ,  ther e 
was n o evidenc e tha t  self-explanatio n benefite d th e 
subject s wh o solve d th e sourc e problems . 

12.5- , 

£ 7.5 -
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Figure 2: Time Editing Targets 

We also examined the posttests to determine the 
effect s o f  sourc e stud y metho d o n late r  performance . 
Ther e wer e n o mai n effect s o f  sourc e proble m typ e o r 
sourc e instructio n o r  a n interactio n o n posttes t  score ,  al l 
F<1 (se e Tabl e 2) .  I t  seem s likel y tha t  ou r  subject s 
reache d a  ceilin g effec t  o n posttes t  score ,  sinc e al l 
subject s eventuall y correctl y solve d al l  th e problem s i n 
th e acquisitio n phase ,  usin g th e debuggin g tool s 
availabl e i n th e environment .  Ther e was ,  however ,  a 
significan t  interactio n o f  sourc e typ e an d instructio n o n 
th e tim e t o construc t  solution s o n th e posttest , 
F(l,35 )  =  5.38 ,  p  <  .05 .  Again ,  thi s interactio n wa s 
due t o th e improve d performanc e o f  th e Exampl e 
subject s wh o self-explaine d source s ove r  thos e wh o di d 
not ,  F(l,35 )  =  8.39 ,  p < . 0 1 ,  whil e ther e wa s n o 
effec t  o f  self-explanatio n o n th e Solv e conditions ,  F<1 . 
Thus ,  th e benefi t  o f  self-explainin g example s carrie d 
ove r  t o proble m solvin g efficienc y o n th e posttest .  Self -
explanatio n whil e studyin g example s improve d 
performance ,  a s evidence d b y faste r  solutions ,  an d 
improve d i t  t o th e leve l  o f  subject s w h o solve d th e 
origina l  sources . 
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Tabl e 2 : 

Scor e 

T i m e (min ) 

Delete s 

Scor e 

T i m e (min ) 

Delete s 

Performanc e o n th e Posttes t 

E x a m p l e 
No Self-Exp l 

78. 0 

19. 0 

9. 0 
S o l v e 

No Self-Exp l 

83. 0 

15. 7 

5.1 

E x a m p l e 
Self-Exp l 

80. 4 

13. 6 

5. 7 
S o l v e 

Self-Exp l 

81. 4 

16. 2 

6. 6 

H o w di d th e self-explanation s whil e studyin g 
example s le d t o greate r  proble m solvin g efficacy ? 
VanLeh n e t  al .  (1992 )  propose d tha t  th e elaboration s 
generate d durin g self-explanatio n provid e ne w 
knowledg e whic h ca n b e use d t o guid e late r  proble m 
solving .  Ou r  finding s sugges t  thi s i s indee d th e cas e 
withi n thi s environment .  Recal l  tha t  subject s wer e 
explicitl y  instructe d t o provid e domain-base d 
justification s fo r  th e us e o f  functions :  wh y on e woul d 
want  t o us e a  particula r  functio n i n a  certai n place ,  an d 
h o w tha t  functio n woul d achiev e a  subgoa l  o f  th e 
problem .  Thes e subjects '  self-explanatio n activit y wa s 
thu s focuse d o n encodin g bot h th e operationa l  behavior s 
of  LIS P function s an d th e kind s o f  subgoal s tha t  piece s 
of  cod e coul d accomplish .  Thi s encodin g the n enable d 
the m t o bette r  m a p th e knowledg e acquire d studyin g 
example s t o analogou s situation s i n targe t  problems . 
Thus ,  self-explanatio n o f  example s allowe d subject s t o 
mor e accuratel y guid e thei r  searc h o f  th e solutio n spac e 
durin g targe t  problems ,  a s reflecte d b y th e lesse r  amoun t 
of  tim e spen t  editin g erroneou s solutions .  Furthermore , 
subject s no t  onl y elaborate d thei r  understandin g o f  wh y 
a particula r  exampl e solutio n woul d work ,  bu t  als o 
teste d thei r  prediction s o f  th e outcom e o f  eac h solutio n 
component .  Thus ,  subject s coul d tes t  an d debu g thes e 
encoding s prio r  t o subsequen t  proble m solving .  W e 
believ e tha t  thi s explici t  suppor t  withi n th e learnin g 
environmen t  fo r  testin g prediction s contribute d t o th e 
efficac y o f  self-explanatio n fo r  thes e subjects . 

Th e result s i n Figur e 1  ar e consisten t  wit h th e 
finding s o f  Trafto n (1994) ,  i n whic h student s solvin g 
sourc e problem s outperforme d student s studyin g 
examples .  Here ,  self-explanatio n o f  example s seem s t o 
hav e improve d performanc e t o th e leve l  exhibite d b y th e 
Solv e condition s i n thes e studies .  Subjects '  self -
explanatio n o f  example s allowe d the m t o construc t  th e 
kin d o f  proble m solvin g knowledg e tha t  th e Solv e 
conditio n subject s wer e generatin g b y constructin g thei r 
o wn solutions .  Consisten t  wit h ou r  earlie r  argument s 
(Trafton ,  1994 ;  Trafto n &  Reiser ,  1993) ,  subject s w h o 
self-explaine d example s wer e activel y constructin g 
solution s simila r  t o Solv e subjects ,  whil e benefitin g 
fro m th e guidanc e o f  a  complete d solutio n the y wer e 
attemptin g t o explai n tha t  the y kne w t o b e correct . 

Bein g hig h o n bot h level s o f  thi s tradeof f  appear s t o b e 
an advantag e fo r  subsequen t  proble m solving . 

We mus t  ask ,  o f  course ,  wh y self-explanatio n ha d n o 
positiv e effec t  fo r  subject s solvin g sourc e problems . 
Th e explanatio n m a y b e simpl y that ,  withi n thi s 
environmen t  a t  least ,  th e ac t  o f  generatin g solution s t o 
problem s le d t o th e acquisitio n o f  subsequentl y relevan t 
proble m solvin g knowledge ,  an d ther e wa s littl e roo m 
fo r  self-explanatio n t o hav e an y benefit .  V S E provide s 
significan t  suppor t  fo r  proble m solving ,  effectivel y 
reducin g th e searc h spac e subject s mus t  travers e t o buil d 
solutions .  I n suc h a  constraine d proble m space ,  th e nee d 
fo r  strategi c monitorin g o f  proble m solvin g i s reduced , 
thu s reducin g a  majo r  benefi t  o f  self-explanation . 
Furthermore ,  th e domai n proble m solvin g knowledg e 
tha t  subject s self-explainin g example s wer e constructin g 
was alread y bein g directl y generate d b y subject s i n th e 
Solv e conditions .  Thus ,  th e elaboration s elicite d b y 
self-explanatio n ma y hav e bee n n o mor e productiv e tha n 
th e elaboration s subject s wer e alread y constructin g t o 
selec t  an d execut e plan s an d operators . 

Th e result s her e ar e consisten t  wit h th e result s fro m 
othe r  recen t  studie s demonstratin g a n advantag e fo r  self -
explanatio n (Bielaczyc ,  e t  al. ,  1994 ;  Nathan ,  e t  al. , 
1994 ;  Piroll i  &  Recker ,  1994) .  Bot h Bielaczy c e t  al . 
and Piroll i  an d Recke r  measure d performanc e gain s a s 
we di d o n targe t  problems :  th e numbe r  o f  error s o n 
subsequen t  proble m solvin g trials ,  rathe r  tha n o n 
posttests .  W e d o no t  se e th e improvemen t  i n posttes t 
score s foun d b y Nathan ,  althoug h i t  seem s mos t  likel y 
tha t  ou r  subject s reache d a  ceilin g effec t  o n th e posttes t 
due t o th e substantia l  feedbac k provide d b y V S E an d th e 
requiremen t  tha t  subject s correctl y solv e al l  problem s i n 
th e learnin g session . 

I n summary ,  ou r  result s sho w a  marke d tren d towar d 
improve d performanc e fo r  thos e subject s w h o self -
explai n example s ove r  subject s employin g thei r  defaul t 
stud y strategies .  O n e m a y wonde r  w h y subjects ' 
decrease d editin g tim e i s no t  significantl y reflecte d i n 
our  othe r  measure s o f  th e proble m solvin g process , 
suc h a s th e tim e t o plan ,  build ,  o r  tes t  solutions .  O n e 
possibl e explanatio n i s tha t  th e interventio n describe d 
her e i s quit e short .  Subject s ha d minima l  instructio n o n 
self-explanatio n an d wer e abl e t o practic e i t  o n onl y fiv e 
problems .  I n Bielaczy c et .  al' s  (1994 )  study ,  fo r 
example ,  subject s spen t  ove r  1 2 hour s proble m solving , 
wit h mor e tha n a n hou r  devote d solel y t o learnin g self -
explanatio n strategies . 

Still ,  eve n wit h th e minima l  trainin g provide d here , 
subject s w h o self-explaine d worke d example s wer e abl e 
t o mor e efficientl y solv e targe t  problem s an d posttes t 
problems .  Ou r  result s sugges t  tha t  th e benefi t  thes e 
subject s gaine d wa s a  cleare r  understandin g o f  wha t  eac h 
functio n the y ha d learne d di d an d h o w the y coul d b e 
combined .  Tha t  is ,  subject s w h o self-explaine d 
example s buil t  correc t  targe t  solution s wit h les s effor t 
spen t  repairin g erroneou s solution s tha n thei r 
counterpart s w h o merel y studie d examples .  T h e 
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elaboration s tha t  thes e subject s produce d enable d the m 
t o construc t  relevan t  proble m solvin g knowledg e a s i f 
the y ha d solve d th e problem s themselves . 

The benefi t  o f  self-explanatio n appeare d onl y whe n 
subject s ha d worke d example s t o explain .  Subject s i n 
th e Solv e condition s ha d t o d o considerabl y mor e wor k 
t o generat e sourc e solution s tha n thei r  exampl e 
counterparts .  Thi s wor k apparentl y pai d of f  durin g targe t 
proble m solution ,  regardles s o f  whethe r  i t  wa s self -
explained .  Self-explanatio n di d no t  appea r  t o affec t 
subjects '  abilit y  t o generat e solution s o n thei r  own . 

Conclusion 

The presen t  stud y complement s ou r  earlie r  studie s 
(Farie s &  Reiser ,  1995 ;  Trafton ,  1994 ;  Trafto n & 
Reiser ,  1993 )  showin g tha t  th e effectivenes s o f  th e 
stud y o f  example s a s a  metho d o f  skil l  acquisitio n i s 
criticall y relate d t o students '  abilit y  t o appl y th e 
knowledg e gaine d throug h suc h stud y t o proble m 
solvin g practice .  W e hav e previousl y argue d tha t 
studyin g example s i s no t  i n itsel f  enoug h t o ensur e 
usefu l  learnin g i n suc h domain s a s programming ; 
example s mus t  b e activel y an d productivel y applie d t o 
new problem s t o b e effective .  Thi s stud y show s tha t 
self-explanatio n enhance s th e utilit y  o f  example s an d 
students '  abilit y  t o mor e efficientl y appl y ne w 
knowledg e gaine d throug h suc h stud y o f  worke d 
example s t o ne w problems . 

I t  i s  unclea r  fro m ou r  curren t  findings  whethe r  self -
explanatio n can ,  unde r  som e conditions ,  hav e a 
beneficia l  effec t  fo r  student s tryin g t o solv e problem s 
on thei r  own .  Perhap s th e strategie s fo r  self-explainin g 
self-generate d solution s ar e differen t  tha n fo r  self -
explainin g worke d examples .  I f  suc h i s th e case ,  i t  ha s 
importan t  implication s fo r  inquir y learning ,  wher e 
student s ar e ofte n generatin g no t  onl y thei r  ow n 
solutions ,  bu t  thei r  ow n problems .  Here ,  th e abilit y  t o 
successfull y monito r  one' s ow n proble m solvin g 
activit y become s paramount .  W e ar e investigatin g thes e 
issue s i n a  considerabl y les s procedura l  domain : 
scientifi c  reasonin g (Tabak ,  Sandoval ,  Smith ,  Agganis , 
Baumgartner ,  &  Reiser ,  1995) .  W e expec t  tha t 
supportin g student s i n articulatin g an d explainin g thei r 
own inquir y wil l  b e crucia l  t o thei r  success . 
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