
W h a t  m e d i a t e s t h e s e l f - e x p l a n a t i o n e f f e c t ? 

K n o w l e d g e g a p s ,  s c h e m a s o r  a n a l o g i e s ? * 

K u r t  V a n L e h n 

Leanin g Researc h an d Developmen t  Cente r 

Universit y o f  Pittsburg h 

Pittsburgh ,  P A 1526 0 

VaiiLehn@cs.pitt.ed u 

(412)624-745 8 

Rando lp h M .  Jone s 

Artificia l  Intelligenc e Laborator y 

Universit y o f  Michiga n 

Ann Arbor ,  M I  48109-211 0 

rjones@engin.umich.ed u 

(313)764-068 3 

Abstrac t 

Several studies have found that learning is more 

effectiv e whe n student s explai n example s t o 

themselves .  Althoug h thes e studie s sho w tha t 

learnin g an d self-explanatio n co-occur ,  the y d o 

not  revea l  why .  Thre e explanation s hav e bee n 

propose d an d computationa l  model s hav e bee n 

buil t  fo r  each .  Th e gap-fillin g explanatio n i s tha t 

self-explanatio n cause s subject s t o detec t  an d hl l 

gap s i n thei r  domai n knowledge .  Th e schem a 

formatio n explanatio n i s  tha t  self-explanatio n 

cause s th e learne r  t o abstrac t  genera l  solutio n 

procedure s an d associat e eac h wit h a  genera l 

descriptio n o f  th e problem s i t  appUe s to .  Th e 

analogica l  enhancemen t  explanatio n i s tha t  self -

explanatio n caus e a  riche r  elaboratio n o f  th e ex -

ample ,  whic h facilitate s late r  us e o f  th e exampl e 

fo r  analogica l  proble m solving .  W e clai m that ,  i n 

one stud y a t  least ,  ga p filling  account s fo r  mos t 

of  th e self-explanatio n effect . 

Introduction 

Chi et al. (1989) found that students learn 

mor e whe n the y explai n instructiona l  materia l  t o 

themselves .  Ch i  e t  al .  too k protocol s o f  student s 

learnin g colleg e physic s b y studyin g worke d ex -

ampl e problems .  Som e subject s simpl y rea d th e 

'Thi s researc h wa s supporte d b y gran t  N00014-88-K -
0086 fro m th e Cognitiv e Science s Divisio n o f  th e Offic e o f 
Naval  Research .  We than k Mick i  Ch i  an d Joe l  Marti n fo r 
thei r  comment s o n th e firs t  draft . 

solution s wit h hardl y a  pause ,  whil e other s ex -

plaine d eac h solutio n lin e b y derivin g i t  fro m 

physic s principle s an d precedin g lines .  Th e stu -

dent s w h o self-explaine d th e exampl e solution s 

learne d more .  Thi s co-occurrence ,  calle d th e 

self-explanatio n effect ,  ha s no w bee n observe d 

when student s stud y othe r  proble m solvin g tas k 

domain s (Piroll i  &  Bielaczyc ,  1989 ;  Ferguson -

Hessle r  &  d e Jong ,  1990 )  an d whe n student s 

stud y declarativ e subjec t  matter ,  suc h a s de -

scription s o f  th e h u m a n circulator y syste m (Ch i 

et  al. ,  1991 ;  Pressle y e t  al. ,  1992) .  Trainin g ex -

periment s indicat e tha t  subject s ca n b e taught , 

or  eve n jus t  prompted ,  t o self-explain ,  an d whe n 

the y do ,  thei r  learnin g rat e increase s (Ch i  e t  al. , 

1991 ;  Bielacsy c &  Recker ,  1991) .  Althoug h th e 

self-explanatio n effec t  appear s ubiquitou s an d 

educationall y important ,  th e studie s cite d s o fa r 

onl y demonstrat e tha t  mor e effectiv e learnin g co -

occur s wit h self-explanation .  The y d o no t  revea l 

why. 

I n analyzin g th e dat a fro m th e origina l  Ch i 

et  al .  (1989 )  study ,  w e cam e t o believ e tha t 

self-explanatio n cause d student s t o uncove r  gap s 

i n thei r  knowledg e an d fill  them .  W h e n stu -

dent s di d no t  explai n th e example s t o them -

selves ,  the y see m no t  t o discove r  thei r  ignorance , 

so thei r  knowledg e gap s persiste d an d cause d 

errors .  Thi s hypothesis ,  her e calle d gap-filling , 

i s  consisten t  wit h impasse-drive n learnin g (Van -

lehn ,  Jone s &  Chi ,  1991 ;  Newell ,  1990) ,  failure -

drive n learnin g (Schank ,  1986 )  an d othe r  learn -

in g mechanisms . 
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However ,  gap-fillin g i s no t  th e onl y possibl e 

explanatio n fo r  th e phenomena .  Piroll i  an d An -

derso n (1985 )  suggeste d tha t  studyin g a n exam -

pl e create s a  richer ,  mor e elaborate d understand -

in g o f  th e example ,  whic h increase s th e effective -

ness o f  analogica l  proble m solvin g b y increasin g 

th e chance s tha t  th e studen t  wil l  bot h retriev e a 

usefu l  exampl e an d adap t  i t  successfull y t o solv e 

th e proble m a t  hand .  Reiman n (i n press )  sug -

geste d tha t  studyin g a n exampl e create s a  prob -

le m schema :  a  moderatel y genera l  pla n fo r  solv -

in g problem s o f  thi s type .  Piroll i  an d Reiman n 

ar e bot h buildin g computationa l  model s o f  th e 

self-explanatio n effect . 

Th e computationa l  sufficienc y o f  th e gap -

filling  hypothesi s ha s alread y bee n demonstrate d 

by implementin g a  computationa l  model ,  calle d 

Cascade ,  tha t  learn s b y fillin g gap s whil e study -

in g example s an d solvin g problems .  W h e n Cas -

cad e i s directe d t o thoroughl y explai n physic s 

examples ,  i t  learn s mor e an d exhibit s severa l 

othe r  behavior s characteristi c o f  self-explainer s 

(VanLehn ,  Jone s &  Chi ,  1991) .  W h e n a n in -

dividua l  student' s protoco l  i s  fit  b y directin g 

Cascad e t o self-explai n exactl y th e sam e exam -

pl e line s tha t  th e studen t  self-explained .  Cas -

cad e behave s muc h lik e th e studen t  durin g prob -

le m solvin g (VanLeh n &  Jones ,  1993) .  However , 

thes e computationa l  studie s sho w onl y tha t  gap -

filling  suffice s t o mode l  th e self-explanatio n ef -

fect .  I t  coul d b e tha t  othe r  type s o f  learning , 

suc h a s schem a acquisitio n an d enhance d ana -

logica l  proble m solving ,  migh t  b e jus t  a s goo d 

at  modelin g th e data .  Thes e hypothesize d pro -

cesse s ar e no t  mutuall y exclusive .  A U thre e o r 

any combinatio n coul d concurrentl y mediat e th e 

self-explanatio n effect . 

The analyse s presente d belo w indicat e that , 

i n thi s stud y a t  least ,  self-explanatio n enhance s 

learnin g mostl y b y filling  knowledg e gaps ,  a  littl e 

by improvin g schem a acquisition ,  an d hardl y a t 

al l  b y facilitatin g analogica l  proble m solving . 

The Chi et al. study 

The protocols for these analyses came from 

th e Ch i  e t  al .  (1989 )  stud y o f  physic s learning . 

The subjects ,  9  colleg e students ,  reviewe d ba -

si c mathematica l  an d kinematic s materia l  unti l 

the y coul d pas s criterio n test s o n it .  The y stud -

ie d chapte r  5  fro m Hallida y an d Resnic k (1981) , 

a popula r  physic s textbook ,  whic h introduce s 

Newtonia n mechanic s an d give s a  brie f  introduc -

tio n t o solvin g physic s problems .  Th e subject s 

the n talke d alou d a s the y studie d 3  worke d ex -

ampl e problem s fro m Hallida y an d Resnick ,  the n 

solve d 1 9 problems . 

Thre e schema s (solutio n procedures )  wer e re -

quire d fo r  solvin g th e problem s an d understand -

in g th e examples .  Al l  th e example s an d 1 6 o f 

th e problem s requir e th e forc e schema ,  whic h 

has 4  steps :  decid e whic h object s t o focu s o n 

(th e "bodies"),  find  al l  th e force s actin g o n th e 

bodies ,  instantiat e Newton' s la w { F =  m a )  an d 

othe r  relevan t  principles ,  the n solv e th e result -

in g syste m o f  equations .  On e proble m mus t  b e 

solve d wit h th e scala r  equatio n schema ,  whic h 

applie s means-end s analysi s t o a  se t  o f  scala r 

equation s (a s i n solvin g high-schoo l  algebr a wor d 

problems) .  T w o problem s requir e usin g th e kine -

mati c schema ,  whic h interrelate s acceleration , 

velocity ,  distanc e an d time .  I n al l  th e proble m 

solvin g analyses ,  w e code d onl y th e 1 6 problem s 

tha t  use d th e forc e schema ,  a s tha t  wa s th e topi c 

of  chapte r  5 .  Th e kinematic s an d scala r  equatio n 

schemas wer e taugh t  earlier . 

Fro m th e protocol s take n durin g exampl e 

studyin g i t  wa s eas y t o tel l  whic h o f  th e subject s 

preferre d t o self-explai n th e solutions ,  an d whic h 

preferre d t o rea d the m casually .  Usin g th e pro -

toco l  codin g o f  Ch i  e t  al .  (1989) ,  3  subject s wer e 

clearl y hig h self-explainer s becaus e the y uttere d 

75,  5 5 an d 4 1 self-explanation s each .  Th e othe r 

6 subject s uttere d 1 9 o r  fewe r  self-explanation s 

each ,  s o w e cal l  the m th e lo w self-explainers . 

Jus t  a s Ch i  e t  al .  found ,  wit h a  slightl y dif -

feren t  method ,  th e hig h self-explainer s learne d 

mor e tha n th e lo w self-explainers .  Whil e solv -

in g th e 1 9 problems ,  th e hig h self-explainer s go t 

an averag e o f  16. 4 problem s correct ,  whil e th e 

lo w self-explainer s go t  a n averag e o f  10. 5 prob -

lem s correct ,  a  significan t  differenc e ( p <  .05 , 

t(7 )  =  3.14) .  Becaus e al l  subject s ha d simila r 

pre-tes t  score s (Ch i  &  VanLehn ,  1991) ,  th e hig h 

self-explainer s mus t  hav e learne d mor e physic s 
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tha n th e lo w self-expl&iners .  Thi s resul t  show s 

onl y tha t  self-explanatio n co-occur s wit h mor e 

effectiv e learning .  I t  doesn' t  sa y ho w tha t  learn -

in g wa s accomplished . 

An error analysis 

A direct way to find out the source of the self-

explanatio n effec t  i s  t o classif y th e error s o f  bot h 

hig h an d lo w self-explainers ,  an d se e wha t  type s 

of  error s wer e reduce d b y self-explanation .  Thi s 

shoul d indicat e whic h learnin g processe s wer e en -

gage d b y self-explanation . 

Workin g fro m th e protocols ,  6 9 error s wer e 

identifie d aji d classifie d (se e VanLeh n &  Jones , 

i n prep. )  usin g th e followin g categories . 

• Gap errors. The error was caused by lack 

of  knowledg e o f  a  physic s principl e o r  con -

cept .  Fo r  instance ,  som e subject s di d no t 

kno w tha t  whe n a n objec t  i s  supporte d b y 

a surface ,  th e surfac e exert s a  forc e o n th e 

objec t  (calle d th e norma l  force) . 

• Inappropriate analogies. Subjects were clas-

sifie d a s usin g analogica l  proble m solvin g i f 

the y opene d th e textboo k t o a n exampl e 

or  explicitl y  referre d t o a n exampl e durin g 

proble m solving .  Error s wer e cause d bot h 

by referrin g t o inappropriat e example s an d 

usin g appropriat e example s i n a n incorrec t 

manner . 

• Inappropriate schemas. Although the force 

schema wa s require d fo r  correc t  solutio n 

of  al l  problems ,  som e subject s use d th e 

scala r  equatio n schem a o n particularl y sim -

pl e problems .  Fo r  instance ,  on e proble m 

aske d fo r  th e forc e exerte d b y a  160-poun d 

fireman  o n a  pol e a s h e slid e dow n i t  a t 

10 fee t  pe r  second .  Some subject s immedi -

atel y invoke d F  =  m a becaus e F  i s sough t 

and a  i s given .  The y subgoale d t o ge t  th e 

mass,  m ,  fro m th e give n weight .  Th e forc e 

schema woul d begi n b y choosin g th e fireman 

as th e body ,  the n notin g tha t  ther e ar e tw o 

force s actin g o n th e body ,  a  frictiona l  on e 

(whos e magnitud e i s sought )  an d a  gravita -

tiona l  on e (whos e magnitud e i s given) . 

Tabl e 1 :  Mea n error s pe r  subjec t 

Erro r  typ e 

Gap error s 

Inappropriat e schema s 

Inappropriat e analogie s 

Mat h error s 

Miscellaneou s error s 

Total s 

hig h S E 

*0. 0 

0. 7 

1. 3 

0. 3 

1. 0 

*2. 7 

lo w S E 

*4. 5 

1. 7 

1. 8 

0. 7 

1. 3 

10. 2 

K r 

2.2 J 

1.5 2 

0.5 £ 

0.8 8 

0.4 1 

2.8 7 

•  Mathematica l  errors . 

• Miscellaneous errors. 

Table 1 shows the mean errors for each error 

category .  Fo r  al l  classifications ,  th e hig h self -

explainer s ha d fewe r  error s tha n th e lo w self -

explainers .  However ,  th e differenc e wa s signif -

ican t  onl y fo r  on e category ,  ga p error s ( p <  .0 5 

one-tailed) .  Moreover ,  thi s categor y account s fo r 

most  (60% )  o f  th e difference s i n erro r  rate s be -

twee n th e hig h an d lo w self-explainers .  Thes e re -

sult s strongl y suggest s tha t  self-explanatio n en -

courage s som e kin d o f  gap-fillin g process .  Ther e 

ar e wea k trend s suggestin g tha t  schem a learnin g 

an d analogica l  enhancemen t  migh t  als o b e en -

courage d b y self-explanation ,  s o w e wil l  examin e 

thos e hypothese s mor e thoroughl y i n th e nex t 

tw o sections . 

S c h e ma acquisitio n a n d selectio n 

Although there are many definitions of 

"schema, "  w e us e th e ter m t o mea n th e gen -

era l  procedur e tha t  textbook s teac h fo r  solv -

in g classe s o f  equations .  Chapte r  5  o f  Hallida y 

and Resnic k explicitl y  teache s a  4-ste p procedur e 

fo r  solvin g forc e problems .  Anothe r  approac h 

(schema )  fo r  solvin g physic s problems ,  whic h ha s 

ofte n bee n note d i n novic e behavior ,  i s  t o trea t 

F =  m.a ,  w  =  m g an d othe r  vectora l  equation s 

as i f  the y wer e scala r  equations . 

Al l  subject s use d bot h schema s a t  leas t  once . 

One subjec t  use d th e scala r  equatio n schem a 

onl y o n on e problem ,  proble m 14 ,  whic h i s s o 
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Tabl e 2 :  Numbe r  o f  problem s solve d 

Metho d 

Scala r  equatio n schem a 

Forc e schem a 

Analogica l  proble m solvin g 

Unclassifiabl e 

Tota l 

hig h S E 

(N=3 ) 

4. 5 

3. 5 

1 

0 

9 

lo w S E 

(N=6 ) 

13 

3 

1 

1 

18 

simpl e tha t  th e scala r  equatio n schem a i s ar -

guabl y th e correc t  on e t o us e wit h it .  Th e othe r 

subject s use d th e scala r  equati n schem a mor e 

tha n once .  Apparently ,  subject s alread y kne w 

th e scala r  equatio n schem a (fro m high-schoo l  al -

gebra ,  perhaps )  an d ha d n o troubl e acquirin g th e 

forc e schem a fro m th e tex t  o f  chapte r  5 . 

However ,  som e error s wer e cause d b y subject s 

usin g th e scala r  equatio n schem a o n problem s 

tha t  require d th e forc e schema .  Immediatel y 

followin g proble m 1 4 wer e tw o othe r  problem s 

(on e wa s th e firema n proble m describe d earlier ) 

tha t  requir e th e forc e schem a fo r  a  correc t  solu -

tio n eve n thoug h the y appea r  jus t  a s simpl e a s 

proble m 14 .  Proble m 1 9 wa s als o a n apparentl y 

simpl e proble m tha t  require d th e forc e schema . 

We code d th e typ e o f  metho d use d b y subject s 

on thes e 3  problem s (se e VanLeh n &  Jones ,  i n 

prep ,  fo r  details) .  I n additio n t o employin g 

one o f  th e tw o schemas ,  som e subject s use d ana -

logica l  proble m solvin g an d on e subjec t  use d a 

metho d tha t  w e coul d no t  classify .  Tabl e 2  show s 

th e resultin g distributio n o f  method s fo r  th e hig h 

and lo w self-explainers .  Althoug h th e hig h self -

explainer s chos e th e forc e schem a mor e o f  ofte n 

tha n th e lo w solvers ,  th e differenc e wa s no t  sig -

nican t  (x(3 )  =  4.88) .  Thi s indicate s tha t  self -

explanatio n doe s no t  co-occu r  wit h bette r  skil l 

at  selectin g schemas . 

Moreover ,  n o subjec t  use d th e scala r  equatio n 

schema o n an y problem s othe r  tha n thes e 3  an d 

proble m 14 .  Eve n i f  ther e wer e a  tendenc y fo r 

lo w self-explainer s t o b e wors e a t  schem a selec -

tion ,  thei r  poo r  selection s o n thes e fe w 3  prob -

lem s coul d no t  accoun t  fo r  th e relativel y larg e 

differenc e i n score s betwee n th e hig h an d lo w 

self-explainers .  I t  appear s tha t  skil l  a t  selectin g 

schemas i s no t  responsibl e fo r  th e larg e perfor -

mance difference s cause d b y self-explanation . 

Analogical problem solving 

Several investigators (e.g., Pirolli & Ander-

son ,  1985 )  hav e suggeste d tha t  self-explanatio n 

of  a n exampl e create s a  mor e elaborate d under -

standin g an d memor y fo r  th e example ,  an d thi s 

cause s student s t o mor e ofte n retriev e appro -

priat e example s an d appl y the m correctly .  T o 

tes t  this ,  w e focuse d o n 8  subject s wh o rou -

tinel y trie d t o retriev e a n exampl e befor e solv -

in g a  problem ,  an d o n 1 2 problem s tha t  wer e 

isomorphi c t o exampl e problems .  W e classifie d 

eac h o f  th e 9 6 ( 8 •  12 )  retrieva l  attempt s a s suc -

cessfu l  o r  not .  O f  th e 2 4 retrieva l  attempt s b y 

2 hig h self-explainers ,  9 2 % wer e successful .  O f 

th e 7 2 retrieva l  attempt s b y 6  lo w self-explainers , 

8 3 % wer e successful .  Thi s i s no t  a  significan t 

differenc e (t(5)=0.53) ,  becaus e al l  subject s wer e 

highl y successfu l  ( a ceilin g effect) .  Restrictin g 

th e analysi s t o th e 2  problem s tha t  wer e mos t 

likel y t o caus e retrieva l  error s als o showe d n o 

significan t  difference s betwee n hig h an d lo w self -

explainer s (t(5)=0.85) . 

I n orde r  t o determin e whethe r  self-explanatio n 

facilitate s analogica l  application ,  w e examine d 

al l  case s wher e subject s explicitl y  referre d t o a n 

exampl e an d trie d t o us e i t  t o hel p the m solv e 

thei r  curren t  problem .  W e classifie d a n ana -

logica l  applicatio n a s successfu l  i f  th e subjec t 

correctl y mappe d object s i n th e exampl e t o ob -

ject s i n th e problem ,  an d correctl y importe d rela -

tionship s (usuall y equations )  fro m th e exampl e 

t o th e problem .  O f  th e 2 2 analogica l  applica -

tion s b y hig h self-explainers ,  8 2 % wer e success -

ful .  O f  th e 5 5 analogica l  application s b y lo w self -

explainers ,  8 0 % wer e successful .  Thi s differen t 

was no t  significan t  (x(5 )  =  .033) ,  s o w e conclud e 

tha t  self-explanatio n di d no t  hel p studen t  appl y 

analogou s example s t o solv e problems .  Restrict -

in g th e analysi s t o th e 2  problem s mos t  likel y t o 

caus e applicatio n error s als o showe d n o signifi -

can t  difference s (t(5)=0.0) . 
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T h e trend s wer e consisten t  wit h hypothesi s 

tha t  self-explanatio n help s analogica l  proble m 

solving ,  an d th e trend s coul d reac h significan t 

i f  mor e subject s wer e studied .  However ,  th e 

smal l  differenc e betwee n th e tw o groups '  succes s 

at  analogica l  proble m solvin g coul d no t  explai n 

th e larg e differenc e i n thei r  learnin g rates .  I t  ap -

pear s tha t  th e hig h self-explainer s ar e n o bette r 

at  analogica l  proble m solvin g tha n th e lo w self -

explainers . 

What happens to gaps 

According to the gap-filling hypothesis, incom-

plet e instructio n shoul d caus e incomplet e knowl -

edge ,  whic h i n tur n shoul d caus e error s unti l  th e 

ga p i s filled  b y learning .  T o tes t  thi s prediction , 

we locate d 9  gap s i n th e textboo k an d exam -

ine d ever y plac e i n th e protocol s wher e thes e 9 

piece s o f  knowledg e wer e relevant .  Fo r  eac h o f 

th e 9  subjects ,  w e classifie d eac h o f  th e 9  gap s 

int o on e o f  th e followin g pattern s (th e number s 

i n parenthese s ax e th e numbe r  o f  case s o f  eac h 

pattern) . 

• (6) The subject never used the knowledge 

correctly ,  an d thes e omission s cause d errors . 

• (17) At the first place where the missing 

knowledg e coul d b e used ,  th e subject' s  pro -

toco l  showe d clea r  sign s o f  learnin g followe d 

by a  correc t  usag e o f  th e knowledge .  Th e 

knowledg e wa s use d correctl y o n mos t  sub -

sequen t  occasions . 

• (14) At the first place where the missing 

knowledg e coul d b e used ,  th e subjec t  use d 

i t  correctl y bu t  di d no t  sho w verba l  sign s o f 

learning .  Th e knowledg e wa s use d correctl y 

on mos t  subsequen t  occasions . 

• (44) The subject avoided all places where 

th e knowledg e coul d b e used .  Durin g exam -

pl e studying ,  th e subjec t  di d no t  self-explai n 

line s wher e th e knowledg e coul d b e used . 

Durin g proble m solving ,  th e subjec t  use d 

analogica l  proble m solvin g t o avoi d oppor -

tunitie s fo r  usin g th e knowledge . 

Th e case s i n th e first  thre e categorie s suppor t  th e 

gap-fillin g hypothesis .  Althoug h th e 1 4 case s i n 

th e fourt h categor y coul d b e interprete d a s dis -

confirmin g th e hypothesis ,  i t  i s  mor e likel y tha t 

th e student s ha d learne d th e knowledg e befor e 

readin g th e tex t  o r  tha t  the y learne d th e knowl -

edg e a t  th e first  plac e wher e i t  coul d b e use d 

but  gav e n o sign s o f  tha t  learnin g i n thei r  pro -

tocol .  Althoug h th e naturalisti c desig n o f  thi s 

stud y doe s no t  allo w disconfirmatio n o f  th e gap -

filling  hypothesis ,  th e hypothesi s receive s som e 

suppor t  fro m th e fac t  tha t  ther e wer e 1 7 clea r 

case s o f  learnin g a t  exactl y th e place d predicte d 

by th e hypothesis ,  an d tha t  ther e wer e error s a t 

many o f  th e predicte d places . 

Th e bigges t  surpris e fro m thi s analysi s wa s 

tha t  subject s ofte n avoide d th e place s wher e 

th e missin g knowledg e coul d b e used ,  mos t  fre -

quentl y b y employin g analogica l  proble m solvin g 

instea d o f  tryin g t o solv e th e proble m fro m first 

principles .  Thi s suggest s tha t  analogica l  prob -

le m solvin g tend s t o preserv e ignorance .  I f  sub -

ject s ha d no t  bee n allowe d t o refe r  t o th e ex -

amples ,  perhap s the y woul d hav e discovere d th e 

gap s i n thei r  understandin g an d foun d way s t o 

fill  them .  Thi s interpretatio n o f  th e data ,  whic h 

has stron g pedagogica l  implications ,  i s  explore d 

i n anothe r  pape r  (Vanleh n &  Jones ,  i n press) . 

Discussion 

The primary research question was to de-

termin e th e typ e o f  learnin g tha t  cause s self -

explanatio n t o improv e post-tes t  scores .  B y an -

alyzin g errors ,  w e discovere d tha t  approximatel y 

6 0 % o f  th e differenc e i n post-tes t  erro r  rate s 

betwee n hig h an d lo w self-explainer s i s du e t o 

knowledg e gaps .  Knowledg e gap s ten d t o re -

mai n an d caus e error s amon g lo w self-explainers , 

wherea s the y ten d t o disappea r  amon g hig h self -

explainers . 

Presumably ,  self-explanatio n cause s student s 

t o discove r  thei r  ignoranc e an d d o somethin g 

abou t  it .  Thi s assumptio n wa s checke d b y proto -

col  analysi s o f  al l  th e place s wher e a  ga p coul d b e 

detected .  W e foun d 1 7 clea r  case s o f  a  ga p bein g 

filled  b y learning ,  an d anothe r  1 4 case s wher e th e 

gap wa s eithe r  fille d b y learnin g o r  di d no t  exis t 
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becaus e th e studen t  learne d th e targe t  knowl -

edg e befor e th e study .  A s predicted ,  1 1 o f  th e 

17 clea r  case s o f  learnin g occurre d wit h th e hig h 

self-explainers . 

Anothe r  analysi s checke d whethe r  analogica l 

proble m solvin g wa s aide d b y self-explanation . 

The result s indicate ,  somewha t  surprisingly ,  tha t 

hig h an d lo w self-explainer s wer e equall y goo d 

at  findin g appropriat e example s an d a t  apply -

in g analogie s t o thos e example s t o hel p the m 

solv e problems .  Thus ,  i t  i s  unlikel y tha t  differ -

entia l  succes s a t  analogica l  proble m solvin g ca n 

accoun t  fo r  th e self-explanatio n effect . 

Self-explanatio n apparentl y ha s n o effec t  o n 

whethe r  student s acquir e th e forc e schema , 

whic h i s no t  unreasonabl e give n tha t  i t  i s  taugh t 

quit e explicitl y  i n th e text .  Moreover ,  self -

explanatio n di d no t  significantl y improv e th e 

students '  skil l  a t  decidin g whethe r  t o us e th e 

forc e schem a o r  another ,  simple r  schema .  Nei -

the r  th e acquisitio n o f  schema s no r  th e acqui -

sitio n o f  skil l  a t  selectin g schema s contribute d 

much t o th e self-explanatio n effect . 
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