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Abstrac t 

Verba l  elaboratio n o f  a  worke d exampl e ha s bee n show n t o b e 
helpfu l  t o learner s befor e attemptin g t o solv e simila r 
problems .  Thi s ha s bee n terme d a s th e self-explanatio n effect . 
(Chi ,  Bassok ,  Lewis ,  Reiman n &  Glaser ,  1989) .  Thi s stud y 
examine d ho w self-explanatio n change s befor e an d afte r 
sequentia l  proble m solvin g rounds .  W e foun d tha t  change s i n 
self-explanatio n withi n a n individua l  ma y affec t  individua l 
performanc e acros s a  serie s o f  proble m solvin g episodes . 
Also ,  som e participant s appea r  t o us e th e worked-ou t  exampl e 
as a  self-generate d feedbac k (SGF )  mechanis m t o hel p wit h 
thei r  proble m solvin g rounds ,  whil e othe r  participant s d o not . 
Location s o r  point s i n a  worked-ou t  exampl e wher e self -
explanatio n (elaboration )  i s mos t  likel y t o occu r  fo r  student s 
wit h highe r  performanc e score s versu s thos e wit h lowe r 
performanc e scores ,  i s  discussed .  Th e implication s o f  thes e 
difference s fo r  th e desig n o f  a  computationa l  cognitiv e mode l 
ar e als o addressed . 

Introduction 

Learnin g fro m example s ha s bee n show n t o b e a n importan t 
ai d i n th e learnin g proces s (VanLehn ,  1986 ,  1996) .  Usin g 
example s t o provid e a  basi s fo r  learnin g ha s als o bee n 
show n t o b e th e preferre d wa y o f  learnin g b y novice s 
(Anderson ,  Farell ,  &  Sauers ,  1984 ;  Piroll i  &  Anderson , 
1985 ;  Recke r  &  Pirolli ,  1995) .  However ,  mos t  researc h ha s 
bee n conducte d o n worked-ou t  example s whic h wer e 
presente d befor e proble m solvin g episode s (Chi ,  Bassok , 
Lewis ,  Reiman n &  Glaser ,  1989) .  Ch i  et .  al.' s  (1989 ) 
origina l  stud y wa s limite d sinc e th e worke d example s wer e 
onl y presente d prio r  t o proble m solvin g rounds ,  whic h di d 
not  allo w fo r  a n examinatio n o f  th e change s i n sel f 
explanatio n a s learnin g progressed .  I n thi s study ,  w e wil l 
loo k a t  h o w learnin g migh t  procee d i f  worked-ou t  example s 
ar e presente d followin g proble m solvin g episode s instea d o f 
prio r  t o proble m solving . 

I n th e semina l  wor k o n learnin g fro m example s (Chi , 
Bassok ,  Lewis ,  Reiman n &  Glaser ,  1989) ,  a  self-explanatio n 
effec t  wa s foun d i n effectiv e learner s w h o could ,  amon g 
othe r  things ,  us e a  worked-ou t  exampl e t o elaborat e upo n 
broade r  principle s whic h the y ha d previousl y acquire d whil e 
studyin g text .  Th e author s als o foun d tha t  effectiv e learner s 
monitore d thei r  o w n performanc e an d knowledg e bas e 

bette r  tha n ineffectiv e learners ;  whic h ha s bee n confirme d 
by som e researcher s (Ferguson-Hessle r  &  DeJong ,  1990) , 
but  questione d b y other s (Renkl ,  1997) . 

We wer e intereste d i n h o w sel f  explanation s migh t 
chang e a s subject s examine d worke d example s afte r 
proble m solvin g rounds .  O n e hypothesi s migh t  b e tha t 
subject s wil l  hav e a  strateg y o f  usin g th e worked-ou t 
exampl e whic h follow s th e proble m solvin g differentl y tha n 
the y use d earlie r  worke d examples .  Give n tha t  subject s hav e 
had th e experienc e o f  attemptin g t o solv e earlie r  problems , 
the y m a y choos e t o us e th e latte r  worke d example s a s a 
feedbac k mechanis m t o th e previou s proble m solvin g 
rounds .  W e characterize d thi s a s sel f  generate d feedbac k 
(SGF) .  Thi s feedbac k mechanis m woul d allo w subject s t o 
us e a  strateg y o f  analyzin g thei r  previou s proble m solvin g 
round s (fro m m e m o r y )  i n orde r  t o improv e subsequen t 
proble m solving .  However ,  othe r  subject s m a y decid e no t  t o 
us e th e latte r  worke d example s a s a  feedbac k mechanism , 
instea d the y m a y concentrat e al l  o f  thei r  learnin g effort s o n 
th e firs t  worke d example .  I n whic h case ,  thes e subject s 
woul d no t  sho w an y sign s o f  S G F . 

Our  researc h agend a addresses :  1 )  H o w d o self -
explanation s chang e a s performanc e improves ? 2 )  D o 
subject s us e self-explanatio n strategicall y an d ca n thes e 
strategie s b e detected ? 3 )  Whe r e i n th e worke d exampl e i s a 
subjec t  mos t  likel y t o engag e i n self-explanatio n behavior ; 
ar e thes e location s stabl e acros s differen t  worke d examples ? 

We wante d t o examin e th e possibilit y  tha t  subject s migh t 
hav e a n identifiabl e strategi c us e fo r  th e differen t  worke d 
examples .  On e strategi c us e coul d b e tha t  subject s woul d 
us e th e late r  worke d example s a s a  feedbac k mechanis m t o 
thei r  earlie r  proble m solvin g episodes .  I f  thi s wer e 
occurring ,  thi s woul d chang e th e natur e o f  th e latte r  self -
explanatio n statements .  Subject s woul d begi n t o mak e 
statement s whic h reference d earlie r  gap s i n thei r  knowledge . 
For  example ,  a  subjec t  migh t  say ,  "Oh ,  n o w I  se e ho w t o 
us e tha t  equation ,  tha t  i s no t  wha t  I  wa s doin g before. " 

We hypothesize d tha t  i f  participant s wer e usin g th e 
secon d o r  latte r  worke d example s a s a  S G F mechanism , 
the n the y woul d sho w fewe r  self-explanatio n statement s 
tha n learner s w h o relie d heavil y o n th e firs t  worked-ou t 
example .  Also ,  the y woul d utte r  fewe r  word s o n th e first 
worke d exampl e an d instea d concentrat e thei r  effort s o n th e 
latte r  worke d examples .  However ,  i f  a  subjec t  wer e relyin g 
heavil y o n th e firs t  worke d exampl e t o establis h a 
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foundatio n fo r  subsequen t  proble m solving ,  an d no t  relyin g 
on latte r  worked-example s t o provid e S G F t o thei r  proble m 
solvin g episodes ;  the n th e chang e i n explanatio n statement s 
shoul d b e significant .  Also ,  th e numbe r  o f  utterance s whil e 
studyin g th e firs t  worke d exampl e woul d b e relativel y high . 
We als o hypothesize d tha t  i f  a  subjec t  wer e usin g a  delaye d 
S GF strategy ,  the n thei r  performanc e woul d b e wors e tha n a 
subjec t  wh o wa s no t  usin g th e strategy . 

Finally ,  w e wante d t o identif y specifi c  point s i n th e 
worke d exampl e whic h wer e likel y t o trigge r  a  self -
explanatio n episode .  Thi s wa s particularl y critica l  fo r 
buildin g an y model s o f  th e self-explanatio n proces s ove r 
time .  A s ou r  mode l  proceede d throug h th e worke d example , 
th e model' s action s shoul d correlat e wit h wha t  th e averag e 
subjec t  doe s a t  eac h lin e o f  th e example .  I f  certai n line s i n 
th e worke d exampl e ar e mor e likel y t o trigge r  explanatio n 
event s b y th e participants ,  the n th e mode l  shoul d als o 
respon d wit h explanatio n event s i n th e sam e place s o f  th e 
worke d example .  Furthermore ,  i t  wa s necessar y t o se e i f  th e 
worke d example s differe d i n th e place s wh'er e explanatio n 
statement s wer e likel y t o occur ,  a s th e subject s progresse d 
throug h th e experiment . 

Method 

Participants 

Participant s wer e seve n hig h schoo l  junior s an d thre e 
colleg e students .  Th e hig h schoo l  student s wer e recruite d 
fro m th e sam e physic s clas s which ,  a  fe w month s earlier , 
had covere d vecto r  arithmeti c concept s simple r  tha n thos e 
covere d i n th e presen t  experiment .  Th e colleg e student s 
(freshma n an d tw o seniors )  ha d n o prio r  physic s trainin g 
beyon d a  hig h schoo l  course .  Al l  wer e pai d fo r  thei r 
participation . 

Materials and Design 

Participant s complete d fou r  self-explanatio n task s 
conducte d a t  regula r  interval s throughou t  th e experiment . 
Each tas k consiste d o f  th e participan t  talkin g alou d whil e 
studyin g on e o f  fou r  worked-ou t  examples .  Al l  participant s 
wer e give n th e sam e task s t o perfor m i n th e sam e order . 

Problem solving tasks. 

Participant s complete d fou r  round s o f  proble m solving , 
thre e set s o f  1 0 problem s an d a  fina l  roun d o f  8  problems . 
Al l  th e problem s wer e simila r  t o th e worke d example s i n 
tha t  the y describe d tw o o r  mor e vector s (i n th e contex t  o f 
th e story )  an d aske d th e participant s t o fin d th e magnitud e 
and directio n o f  th e resultant .  Unlik e th e worke d examples , 
th e proble m statemen t  wa s include d n o diagram . 

Procedure 

Student s participate d i n individua l  session s lastin g 2. 5 3 
hours .  T o complet e th e experiment ,  student s generall y 
attende d 5  sessions ,  althoug h som e student s neede d fewe r 
sessions .  I n th e firs t  session ,  student s studie d a  textboo k 

chapte r  o n vecto r  arithmeti c an d complete d th e first  self -
explanatio n task .  Fo r  th e self-explanatio n task ,  student s 
wer e aske d to ,  "Stud y thi s exampl e a s i f  yo u wer e studyin g 
fo r  a  test .  Tr y t o understan d wh y eac h solutio n ste p wa s 
take n an d wh y th e solutio n correctl y answer s th e question. " 
Student s ha d acces s t o a  calculato r  whil e performin g al l 
tasks .  Durin g th e study ,  student s wer e aske d t o "tal k aloud " 
(Ericsso n &  Simon ,  1993) ,  providin g concurren t  verba l 
protocols . 

The remainin g session s include d bot h self-explanatio n 
task s an d proble m solving .  I n th e secon d session ,  student s 
complete d 1 0 vecto r  arithmeti c problem s (referre d t o a s 
roun d 1  o r  Rl) ,  withou t  an y feedbac k o n th e correctnes s o f 
thei r  responses .  Th e wor k don e b y th e student s durin g th e 
proble m solvin g episode s wa s no t  analyze d i n grea t  detai l 
fo r  thi s paper .  W e wer e primaril y concerne d wit h th e wor k 
don e b y th e student s whil e the y wher e studyin g th e 
examples .  Informatio n abou t  th e proble m solvin g round s i s 
presente d her e fo r  clarit y an d completeness . 

I n th e thir d an d fourt h sessions ,  student s complete d a  self -
explanatio n tas k (SE 2 an d SE3 )  followe d b y solvin g o f 
anothe r  se t  o f  1 0 vecto r  arithmeti c problems .  I n th e fina l 
sessions ,  student s complete d a  se t  o f  8  vecto r  arithmeti c 
problems ,  som e o f  whic h wer e easie r  an d som e o f  whic h 
wer e mor e difficul t  tha n problem s complete d durin g th e 
previou s sessions .  Afte r  thi s fourt h roun d o f  proble m 
solvin g (R4) ,  student s complete d th e fina l  self-explanatio n 
tas k (SE4) .  Student s wer e the n debriefed . 

Results 

Background 

Thi s stud y proceede d i n tw o majo r  phase s an d 
consequentl y th e result s wil l  b e presente d i n tw o majo r 
sections :  replicatio n an d change s i n self-explanation .  Th e 
replicatio n sectio n addresse s th e majo r  finding s o f  th e Ch i  e t 
al .  (1989 )  study .  Th e "change s i n self-explanation "  sectio n 
include s discussion s o n th e observe d change s i n self -
explanatio n ove r  time .  Ther e ar e als o subsection s whic h 
includ e th e strategie s participant s exhibite d whil e usin g th e 
worke d example s an d th e computationa l  cognitiv e mode l 
whic h wa s base d o n exper t  performanc e whil e studyin g on e 
worke d example . 

Replication 

Replicatio n o f  th e Ch i  e t  a l  (1989 )  stud y wa s conducte d t o 
determin e th e validit y an d generalizabilit y  o f  ou r  dat a an d t o 
determin e i f  ther e wer e an y inconsistencie s wit h th e origina l 
wor k o f  Ch i  e t  al .  (1989) .  However ,  a  fe w problem s wer e 
encountered .  Mos t  o f  th e dat a whic h Ch i  e t  al .  (1989 ) 
analyz e wa s spli t  int o goo d versu s poo r  performers ,  o f 
whic h the y seeme d t o hav e a  clea r  delineation .  W e 
conducte d a  simila r  spli t  ( a media n split )  however ,  w e ha d 
onl y on e subjec t  performin g abov e 5 0 percent . 

Chi  e t  al .  (1989 )  firs t  analyz e thei r  dat a determinin g a 
coun t  o f  th e numbe r  o f  phrase s mad e b y goo d an d poo r 
student s durin g th e proble m solvin g episodes .  Instea d o f 
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usin g a  lin e count ,  w e use d wor d coun t  b y eac h subjec t 
whil e the y wer e studyin g th e example .  Becaus e som e o f  th e 
verba l  protoco l  line s wer e long ,  wherea s othe r  line s wer e 
singl e word s o r  phrases ,  w e fee l  a  wor d coun t  migh t  b e 
mor e accurat e tha n a  lin e count .  The y fin d th e lin e coun t  t o 
be significan t  "(14 2 line s versu s 2 1 lines ,  t(6 )  =  1.97 ,  p  < 
.05). "  W e foun d tha t  o n averag e th e goo d student s uttere d 
mor e word s tha n th e poo r  performin g subject s (1119.3 3 
versu s 586.75 ,  t(5 )  =  1.96 ,  p  >  .05 )  performanc e o n th e firs t 
set  o f  te n problem s fo r  7  subject s i n th e experiment .  A  fairl y 
hig h Pearson' s correlatio n coefficien t  o f  (r(6 )  =  .42 ,  p  >  .05 ) 
was obtaine d but ,  du e t o th e smal l  sampl e size ,  thi s wa s no t 
significant . 

Next ,  Ch i  e t  al .  (1989) ,  foun d tha t  goo d student s 
produce d significantl y mor e explanation s tha t  relate d t o th e 
conten t  o f  th e proble m tha n di d th e poo r  student s (15. 3 
versu s 2.8) .  Ou r  dat a suppor t  thi s resul t  (22. 6 versu s 12.5) . 
Chi  e t  al .  (1989 )  g o o n t o analyz e th e numbe r  o f  time s th e 
goo d an d poo r  student s refe r  t o th e worked-ou t  example s 
durin g proble m solvin g rounds .  The y foun d th e goo d 
student s referre d t o th e exampl e les s ofte n tha n di d th e poo r 
students .  W e looke d a t  th e tw o bes t  performin g subject s 
(wit h performanc e score s i.e .  question s answere d correctl y 
of  8 0 an d 50 )  i n compariso n wit h th e tw o wors t  performin g 
subject s (wit h performanc e score s o f  2 0 an d 30 )  an d foun d 
tha t  th e bes t  performin g student s refe r  t o th e exampl e fewe r 
time s tha n di d th e wors t  performin g subjects .  Furthermore , 
we foun d tha t  th e amoun t  o f  explanation s whil e studyin g a n 
exampl e wa s correlate d t o th e subsequen t  performanc e o f 
th e subjec t  durin g th e followin g proble m solvin g round s 
(r(6 )  =  .65) . 

Our  dat a wa s consisten t  wit h th e result s presente d b y Ch i 
et  al .  (1989) ,  wit h th e exceptio n o f  on e are a -  th e amoun t  o f 
negativ e versu s positiv e monitorin g statement s uttere d b y 
participants .  Positiv e monitorin g statement s include d 
statement s suc h as :  " O K ,  I  understan d this" ,  whil e negativ e 
monitorin g statement s consiste d o f  statement s suc h as , 
"What  doe s thi s mean ? I  don' t  understand. "  Ch i  e t  al . 
(1989 )  foun d significan t  result s o n th e negativ e monitorin g 
variable .  Poo r  performer s average d 1. 1 negativ e monitorin g 
statement s whil e goo d performer s average d 9. 3 negativ e 
monitorin g statements .  Thi s i s wher e ou r  dat a i s inconsisten t 
wit h Ch i  e t  al.' s  (1989 )  origina l  findings .  W e found ,  i f 
anything ,  tha t  negativ e monitorin g an d subsequen t 
performanc e seeme d t o b e slightl y inversel y related , 
howeve r  th e resul t  wa s non-significan t  (r(6 )  =  -.39 ,  p  >  .05) . 
G o od student s ha d a n averag e o f  3. 3 negativ e monitorin g 
statement s whil e poo r  subject s ha d a n averag e o f  4. 0 
negativ e monitorin g statements .  Renk l  (1997 )  als o foun d n o 
relatio n betwee n th e amoun t  o f  negativ e monitorin g 
statement s durin g th e stud y o f  a  worked-ou t  exampl e 
subsequen t  proble m solvin g performance . 

Changes in self-explanation 

As a n extensio n t o th e Ch i  e t  al .  (1989 )  data ,  w e wer e 
intereste d i n thre e majo r  points .  1 )  H o w d o self -
explanation s chang e a s performanc e improve s durin g 
proble m solving ? 2 )  D o subject s hav e a  specifi c  strateg y o f 

usin g th e latte r  worke d example s a s a  feedbac k mechanis m 
t o th e earlie r  proble m solvin g round s an d doe s thi s affec t 
thei r  subsequen t  performanc e o n th e proble m solvin g 
rounds ? 3 )  Wher e i n th e worke d example s i s a  subjec t  mos t 
likel y t o engag e i n self-explanatio n behavior ,  an d ho w doe s 
thi s likelihoo d t o explai n chang e acros s proble m solvin g 
rounds ? 

Nin e ou t  o f  te n subject s showe d a n decreas e i n th e 
amount  o f  explanatio n statement s fo r  th e secon d worked-ou t 
example .  Th e tota l  amoun t  o f  explanatio n statement s fo r  1 0 
participant s fo r  th e firs t  worked-ou t  exampl e (SEl )  wa s 
163 ,  o r  a n averag e o f  16. 3 pe r  subject .  Fo r  S E 2 an d SE 4 th e 
explanatio n statement s droppe d t o 9 6 (9. 6 pe r  subject ) 
statement s fo r  S E 2 an d 7 6 (7. 6 pe r  subject )  explanatio n 
statement s fo r  SE4 .  Thi s chang e i n explanatio n statement s 
yielde d a  significan t  sig n tes t  o f  (X2(l )  =  6.4 ,  p  <  .025) .  A 
Wilcoxo n matched-pair s signed-rank s tes t  showe d a 
significan t  differenc e betwee n SE l  an d S E 2 o n explanatio n 
(t(10 )  =  10 ,  p  <  .05 )  a s wel l  a s betwee n SE l  an d SE 4 o n 
explanatio n (t(10 )  =  0 ,  p  <  .005) .  A  significan t  differenc e 
was als o foun d fo r  overal l  wor d count .  Th e Wilcoxo n 
matched-pair s signed-rank s tes t  yielde d a  significan t  effec t 
fo r  numbe r  o f  word s fo r  SE l  compare d wit h SE 2 (t(7 )  =  0 , 
p< .001) . 

I n general ,  whil e th e overal l  U-en d i n explanatio n 
statement s decrease s acros s th e differen t  worked-ou t 
example s a s proble m solvin g continues ,  learnin g i s stil l 
continuin g a s evidence d b y th e improve d performanc e o f 
eac h subjec t  acros s th e rounds .  Ou t  o f  te n participants ,  th e 
averag e improvemen t  i n scor e fro m th e firs t  proble m 
solvin g roun d t o th e las t  proble m solvin g roun d wa s 7 7 
percent .  Th e mos t  improve d subjec t  (JE08 )  wen t  fro m a 
scor e o f  2 0 o n th e firs t  roun d t o a  scor e o f  10 0 b y th e las t 
roun d o f  proble m solving . 

Acros s al l  th e participants ,  th e percentag e o f  explanatio n 
statements ,  i n relatio n t o thei r  tota l  numbe r  o f  statement s 
(whic h woul d includ e th e extr a categorie s o f  "read" , 
"monitor "  an d "other" )  di d no t  chang e acros s th e self -
explanatio n rounds .  Th e percentag e o f  al l  statement s whic h 
wer e explanatio n statements ,  fo r  1 0 subjects ,  fo r  SEl ,  SE 2 
and SE 4 wa s 2 7 % ,  2 6 % ,  an d 2 7 % respectively .  However , 
ther e wer e som e smal l  an d relativel y consisten t  difference s 
when comparin g goo d versu s poo r  participants .  O n SEl , 
goo d performin g subject s ha d 3 0 percen t  explanatio n 
statement s whil e poo r  performin g subject s ha d 2 6 percent . 
By SE2 ,  th e ga p widene d slightl y wit h th e goo d student s 
havin g 3 0 percen t  explanatio n statement s whil e th e poo r 
student s ha d 2 4 percen t  explanatio n statements .  Finally ,  o n 
SE4,  thi s differenc e wa s stil l  fairl y  consisten t  wit h th e goo d 
student s havin g 3 0 percen t  explanatio n statement s an d th e 
poo r  subject s havin g 2 5 percen t  explanatio n statements . 

Self-explanation strategies 

I n general ,  som e participant s appeare d t o us e th e firs t 
worke d exampl e (SEl )  t o provid e a  soli d foundatio n fo r 
thei r  subsequen t  proble m solvin g rounds ,  whic h w e terme d 
th e upfron t  strategy .  Thi s wa s evidence d b y a n apparen t 
decreas e i n wor d coun t  fro m SE l  t o SE2 .  Thes e learner s 
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appeare d t o expen d les s effor t  whil e examinin g th e secon d 
worke d example ,  a s compare d t o th e first ,  an d consequentl y 
had a  reductio n i n wor d count .  However ,  othe r  participant s 
use d S E 2 a s mor e o f  a  S F G mechanism ,  relyin g o n i t  t o fil l 
i n an y gap s the y m a y hav e ha d i n thei r  knowledg e whic h 
the y ma y hav e stil l  ha d afte r  th e first  roun d o f  proble m 
solving .  W e terme d thi s th e catch-u p strategy .  Again ,  thi s 
was evidence d b y th e increas e i n wor d coun t  fro m SE l  t o 
SE2.  W e hypothesize d tha t  i f  participant s wer e usin g S E 2 a s 
a S G F mechanism ,  the n the y woul d sho w les s o f  a  reductio n 
i n wor d coun t  tha n a  subjec t  w h o relie d heavil y o n SEl . 
However ,  i f  someon e i s relyin g heavil y o n th e first  worke d 
exampl e t o establis h a  foundatio n fo r  subsequen t  proble m 
solving ,  an d no t  relyin g o n S E 2 t o provid e S G F t o thei r 
proble m solvin g episodes ;  the n th e chang e i n wor d coun t 
fro m SE l  t o S E 2 shoul d b e large .  Mor e importantly ,  th e 
number  o f  explanatio n statement s shoul d sho w th e sam e 
chang e i n directio n a s wa s hypothesize d fo r  th e wor d 
counts . 

We foun d tha t  change s i n wor d coun t  fro m th e first 
worked-ou t  exampl e (SEl )  t o th e secon d worked-ou t 
exampl e (SE2 )  wer e correlate d wit h performanc e i n th e 
hypothesize d directio n (r(6 )  =  .65 ,  p  >  .05) .  However ,  th e 
more sensitiv e coun t  o f  explanatio n statements ,  an d usin g 
more participants ,  produce d a  smal l  negativ e correlatio n i n 
th e opposit e directio n (r(9 )  =  .13) .  Thos e subject s w e ha d 
categorize d a s usin g th e upfron t  strategy ,  base d o n thei r 
chang e i n explanatio n statements ,  ha d a  tota l  combine d 
scor e 47. 5 question s answere d correcdy .  Thos e subject s 
whic h wer e categorize d a s usin g th e catch-u p strategy , 
base d o n thei r  chang e i n explanatio n statements ,  ha d a  tota l 
combine d scor e o f  51. 3 question s answere d correctly .  S o 
one woul d hav e t o conclud e tha t  eve n thoug h th e change s i n 
wor d count s wer e occurrin g i n th e hypothesize d direction , 
change s i n explanatio n statements ,  whic h mus t  b e 
considere d a  bette r  indicator ,  wer e no t  occurrin g i n th e 
hypothesize d direction . 

The subject s whic h ha d th e smalles t  absolut e change s i n 
wor d count s fro m SE l  t o S E 2 wer e subject s K B 0 7 ,  JE08 , 
M T 16 an d M T l l  respectively .  Thes e protocol s wer e 
searche d fo r  example s o f  possibl e S G F examples ,  an d 
example s wer e foun d fo r  subject s K B 0 7 ,  JE0 8 an d subjec t 
M Tl  1 .  Thes e appeare d t o b e instance s wher e th e participan t 
was referrin g bac k t o th e previou s proble m solvin g round s 
whil e studyin g a  late r  worked-ou t  example .  Fo r  thi s 
analysis ,  w e concentrate d specificall y o n th e latte r  worke d 
example s afte r  th e proble m solvin g episode s (SE 2 an d SE4 ) 
and looke d fo r  an y statement s whic h mad e reference s t o 
earlie r  proble m solvin g episodes . 

Whil e examinin g th e fourt h worke d example ,  o n line s 3 0 
t o 32 ,  subjec t  KB-0 7 make s thes e statements : 

30) Okay, add 'em up, you get Rx and get Ry 
31)  Woa ,  Woa ,  Woa ,  Oh. ,  s o that' s wher e yo u pu t  i n 
32)  bu t  it' s  stil l  positiv e 1. 8 ft . 

This subject is examining where certain positive and 
negativ e value s cam e fro m an d appear s t o realiz e a t  wha t 
par t  i n th e proces s o f  solvin g th e equatio n tha t  th e value s ar e 

actuall y necessary . 
Whil e examinin g th e secon d worke d example ,  o n line s 

77-84 ,  subjec t  K B - 0 7 realizes : 

77) X squared 
78)  Rx ,  R y square d 
79)  S o we'r e lookin g 
80)  Oh! ! 
81)  S o we'r e lookin g fo r  thi s to o 
82)  S o thi s woul d b e equa l  t o 6.25 ,  wait . 

Participant KB-07 has realized that part of the process she 
had previousl y use d di d no t  includ e a  necessar y step .  Henc e 
th e exclamation ,  "oh ,  s o w e ar e lookin g fo r  thi s too" . 

Participan t  JE08 ,  o n line s 5 4 t o 5 6 make s th e statement : 

54)  Th e directio n o f  R  ma y b e 
trigonometri c functio n suc h a s arcta n 

55)  N o w her e i s wher e I  ge t  lost . 

foun d usin g a n invers e 

Subjec t  JE0 8 know s fro m previou s proble m solvin g 
round s tha t  ther e i s a  ga p i n he r  declarativ e knowledg e 
whic h stil l  ha s no t  b e resolved ,  eve n b y th e tim e sh e get s t o 
th e secon d worke d example . 

Whil e examinin g th e secon d worke d example ,  o n line s 4 9 
t o 53 ,  subjec t  M T - 1 1 make s thes e statements : 

49) Ok, they find out where this was 
50)  So ,  an d us e thi s right  angl e 
51)  arcta n 
52)  adjacen t  ove r 
53)  hypotenus e .. .  Ah ,  i t  doesn' t  matte r 

The subject has realized that the example provides an 
alternativ e wa y t o approac h th e proble m fro m wha t  th e 
subjec t  ha d previousl y bee n doing .  Th e subjec t  realizes , 
fro m studyin g th e example ,  tha t  a  ste p th e subjec t  ha d 
previousl y take n whil e solvin g th e proble m "doesn' t 
matter" ,  an d th e exampl e show s h o w th e ste p ca n b e 
eliminated . 

So whil e th e explanatio n statement s di d no t  decreas e i n 
th e anticipate d directio n t o sho w evidenc e o f  possibl e S G F 
fo r  thos e subject s w h o w e categorize d a s usin g th e catch-u p 
strategy ,  ther e wa s som e indicatio n withi n th e protocol s tha t 
S GF wa s takin g place . 

Model data 

Result s fro m ou r  analysi s wil l  b e use d t o buil d a  cognitiv e 
model  o f  self-explanatio n behavior .  A n exper t  leve l  mode l 
of  a  subjec t  solvin g vecto r  arithmeti c task s ha s alread y bee n 
developed .  Th e mode l  solve s a  vecto r  arithmeti c proble m b y 
usin g th e first  worked-ou t  exampl e (SEl )  a s a  guide .  Th e 
model  assume s exper t  performanc e i n tha t  th e mode l  know s 
what  eac h nex t  ste p is ,  an d th e mode l  know s i n wha t  orde r 
t o d o eac h step .  Th e mode l  ha s fou r  basi c decisio n point s a s 
i t  precede s throug h th e worked-ou t  example .  Th e mode l 
use s logica l  evaluation s a t  eac h o f  th e fou r  step s t o 
determin e th e informatio n neede d b y th e mode l  t o find  an y 
unknow n variables ,  the n i t  proceed s t o th e nex t  step .  Th e 
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progressio n i s linear ,  throug h th e worked-ou t  example , 
towar d a  solution . 

To furthe r  analyz e th e data ,  an d t o furthe r  hel p u s develo p 
our  cognitiv e model ,  w e wer e intereste d i n wher e i n th e 
worked-exampl e participant s wer e elaboratin g o r  doin g self -
explanation .  Mos t  participant s proceede d i n a  linea r  fashio n 
throug h th e worke d example .  A s a  subjec t  reache d eac h lin e 
of  th e example ,  th e numbe r  o f  explanatio n statement s tha t 
occurre d a t  tha t  lin e wer e totaled .  Th e highes t  point s o f 
explanatio n occu r  a t  line s 6 ,  7 ,  12 ,  14 ,  1 7 an d 21 .  Th e fou r 
majo r  decisio n point s o f  th e previousl y describe d exper t 
model  occu r  a t  line s 6 ,  7 ,  (on e decision )  11 ,  12 ,  (on e 
decision )  1 7 an d 21 .  S o th e mode l  seem s t o b e makin g 
critica l  decision s a t  th e appropriat e point s i n th e worked-ou t 
example .  Thes e point s appea r  t o b e occurrin g primaril y a t 
mathematica l  area s o f  th e worke d exampl e (formulas )  an d 
not  textua l  (written )  sections . 

The tota l  numbe r  o f  explanatio n statement s fo r  seve n 
subject s wer e als o totale d fo r  eac h exampl e (no t  jus t  SE l  o n 
whic h th e mode l  wa s base d upon )  an d th e total s wer e 
the n compared .  A s wit h SEl ,  subject s appea r  t o b e 
concentratin g o n th e formula s o f  th e worke d example s 
much mor e tha n th e textua l  component s o f  th e worke d 
examples .  Also ,  th e subject s studyin g SE 2 an d SE 4 tende d 
t o d o a  grea t  dea l  o f  explainin g nea r  th e en d o f  th e round . 
For  SE2 ,  whic h ha d 1 0 lines ,  th e larges t  amoun t  o f 
explanatio n statement s occurre d a t  line s 10 ,  7  an d 6 
receptively .  Fo r  SE4 ,  whic h ha d 2 1 lines ,  th e larges t 
number  o f  explanatio n statement s occurre d a t  line s 11 ,  14 , 
and 1 5 (whic h wer e tied )  an d line s 21 ,  1 0 an d 2  (whic h wer e 
als o tied) .  A  direc t  compariso n o f  SE l  wit h SE 4 wa s 
possibl e sinc e thes e worke d example s wer e highl y simila r  t o 
eac h other .  Generally ,  i n percentag e terms ,  th e amoun t  o f 
explanatio n statement s decrease s from  SE l  t o SE4 .  Bu t 
also ,  ther e wa s a  tendenc y fo r  explanatio n statement s t o 
occu r  late r  i n th e worke d exampl e fo r  SE 4 a s oppose d t o 
SEl . 

Whil e th e curren t  versio n o f  th e mode l  ca n accoun t  fo r 
th e area s wher e a  participan t  i s mos t  likel y t o self-explain ,  i t 
does no t  accoun t  fo r  th e tendenc y o f  subject s t o d o mos t  o f 
thei r  explainin g nea r  th e en d o f  th e worke d example .  Whil e 
th e mode l  doe s sho w an d increas e i n explanatio n statement s 
near  th e en d o f  th e example ,  i t  i s  no t  proportiona l  t o th e 
amount  show n b y th e subjects . 

Furthe r  developmen t  o f  th e mode l  need s t o tak e plac e i n 
tw o specifi c  areas .  First ,  i n orde r  t o accoun t  fo r  ou r 
empirica l  data ,  th e mode l  need s t o sho w explanatio n 
statement s a t  th e ver y en d o f  th e worke d example . 
Secondly ,  mode l  doe s no t  simulat e wha t  w e hav e calle d 
self-generate d feedback ,  an d doe s no t  accoun t  fo r  th e 
utterance s w e identifie d i n ou r  protocol s a s SGF .  S G F i s a n 
importan t  chang e i n self-explanatio n behavio r  tha t  doe s no t 
occu r  durin g th e first  S E roun d bu t  rathe r  i t  i s mor e likel y t o 
occu r  i n th e latte r  rounds .  Thi s chang e i n self-explanatio n 
behavio r  mus t  b e addresse d b y ou r  mode l  o f  th e self -
explanatio n effect . 

Discussio n 

I t  i s  clea r  tha t  th e self-explanatio n effec t  i s  a  powerfu l 
phenomena i n th e stud y o f  examples .  Replicatio n o f  th e 
self-explanatio n effec t  ha s bee n conducte d b y othe r 
researcher s (Renkl ,  1997) .  Th e majorit y o f  ou r  dat a show s a 
clea r  indicatio n o f  th e self-explanatio n effec t  a s i t  wa s firs t 
define d b y Ch i  e t  al .  (1987) .  However ,  w e di d fin d 
difference s fro m th e Ch i  e t  al .  (1987 )  stud y i n th e amoun t  o f 
negativ e monitorin g statement s an d performanc e durin g 
proble m solvin g rounds .  Ou r  dat a i s consisten t  wit h tha t  o f 
th e late r  Renk l  (1997 )  study ,  therefor e i t  woul d b e difficul t 
fo r  u s t o conclud e tha t  increase d negativ e monitorin g i s on e 
of  th e underlyin g feature s o f  th e self-explanatio n effect . 

Beyon d replication ,  w e wer e intereste d i n examinin g ho w 
self-explanation s chang e a s performanc e improve s durin g 
proble m solving .  W e foun d tha t  self-explanatio n decrease s 
as problem-solvin g performanc e increases .  Thi s woul d b e 
expecte d i f  self-explanatio n wa s occurrin g i n orde r  t o fill  i n 
gaps i n thei r  declarativ e knowledge .  I f  subject s wer e usin g 
self-explanation s t o fill  i n gap s i n thei r  declarativ e 
knowledg e base ,  the n a s thei r  performanc e improved ,  the n 
ther e shoul d b e les s nee d t o d o an y self-explanation . 

Next ,  w e addresse d th e questio n o f  whethe r  subject s hav e 
a specifi c  strateg y o f  usin g th e latte r  worke d example s a s a 
feedbac k mechanis m t o th e earlie r  proble m solvin g round s 
and doe s thi s affec t  thei r  subsequen t  performanc e o n th e 
proble m solvin g rounds .  Wha t  w e foun d wer e example s i n 
th e protocol s o f  subject s usin g th e latte r  worke d example s a s 
a feedbac k mechanis m t o thei r  earlie r  proble m solvin g 
episodes .  Thi s occurre d i n subject s wh o ha d th e smalles t 
chang e i n wor d coun t  fro m SE l  t o SE2 .  However ,  w e coul d 
not  find  an y reliabl e change s i n performanc e fro m th e 
subject s usin g thi s strategy . 

Finally ,  w e examine d area s i n th e worke d exampl e wher e 
a subjec t  wa s mos t  likel y t o engag e i n self-explanatio n 
behavior ,  an d ho w doe s thi s likelihoo d t o explai n chang e 
acros s proble m solvin g rounds .  W e als o foun d tha t  subject s 
tende d t o d o a  grea t  dea l  o f  explainin g a t  th e en d o f  th e 
worked-examples ,  especiall y fo r  latte r  worke d example s 
(SE 2 an d SE4) .  Thi s wa s als o supporte d b y a n analysi s o f 
th e bes t  performin g subjec t  ( A M 19) ,  wh o seeme d t o d o 
most  o f  he r  explainin g a t  th e en d o f  th e example ,  whil e th e 
wors t  performin g subjec t  (JE08 )  di d not .  W e construe d tha t 
participant s wil l  frequentl y reflec t  a t  th e en d o f  a  proble m 
solvin g episode ,  eve n whe n n o ga p i n thei r  declarativ e 
knowledg e ha s bee n identified .  Apparentl y a  significan t 
amount  o f  learnin g coul d occu r  durin g thes e reflective ,  non -
impass e periods ,  an d thi s assumptio n i s supporte d b y th e 
dat a o f  ou r  bes t  performin g subjec t  ( A M 19) ,  a s wel l  a s ou r 
aggregat e data .  Th e fac t  tha t  th e bes t  performin g subjec t 
uses thi s strateg y migh t  reflec t  difference s i n goo d versu s 
poor  performanc e o f  participants .  Perhap s goo d student s 
ten d t o b e mor e reflectiv e afte r  proble m solving ,  whil e poo r 
performin g student s d o mos t  o f  thei r  proble m solvin g onl y 
when the y encounte r  a  ga p i n thei r  knowledge .  However , 
th e importan t  assumptio n her e i s tha t  gap s ar e no t  presen t 
when th e learne r  ha s reache d th e en d o f  th e worke d 
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example .  Obviously ,  a  counte r  argumen t  coul d b e mad e tha t 
thi s ha s no t  bee n prove n t o b e th e case ,  an d mor e researc h 
need s t o b e don e t o clarif y thi s issue .  However ,  i f  on e 
accept s th e assumptio n tha t  a  ga p i n knowledg e i s no t  likel y 
t o b e identifie d afte r  a n exampl e ha s bee n completed ,  the n 
thi s i s consisten t  wit h VanLeh n (1992 )  findings  tha t  no t  al l 
learnin g occur s a t  impasses . 

Othe r  model s impl y tha t  ther e ar e sU-ateg y difference s 
withi n participant s w h o self-explain .  Th e Cascad e mode l 
(VanLehn ,  1992 )  use s strateg y difference s t o distinguis h 
betwee n goo d an d poo r  learner s b y forcin g th e simulatio n o f 
goo d learner s t o rederiv e a n example' s solution ,  whil e th e 
simulatio n o f  poo r  learner s neve r  attempt s an y ne w 
derivations .  Thei r  mode l  als o foun d tha t  thi s strateg y cause d 
th e goo d learne r  mode l  t o acquir e mor e knowledg e whil e 
solvin g problem s tha n th e poo r  learne r  model .  Ou r  dat a 
indicate s tha t  participant s continu e t o lear n eve n whil e self -
explanatio n behavio r  decreases ,  an d i t  woul d see m tha t  th e 
Cascad e mode l  ca n accoun t  fo r  thi s aspec t  o f  ou r  data . 

Our  computationa l  cognitiv e mode l  simulate d subjects ' 
performanc e durin g th e first  worked-example .  W e foun d 
tha t  ou r  mode l  o f  SE l  wa s consisten t  wit h ou r  empirica l 
data .  Th e mode l  engage d i n self-explanatio n behavio r  i n th e 
same area s wher e participant s wer e mos t  likel y t o engag e i n 
sel f  explanatio n behavior .  However ,  ou r  mode l  doe s no t 
accoun t  fo r  th e larg e numbe r  o f  self-explanatio n statement s 
tha t  occu r  a t  th e en d o f  th e proble m solvin g episodes .  Th e 
model  als o need s t o incorporat e specifi c  instance s o f  SGF , 
whic h w e ha d identifie d i n th e latte r  protocol s o f  subject s 
(SE 2 an d SE4) .  Thes e ar e tw o importan t  aspect s o f  th e 
chang e i n self-explanatio n behavior ,  whic h wil l  b e 

addresse d i n futur e version s o f  th e model . 
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